
he need for radioactive agents that will label neu
trophils (PMNs), either cohertly in bone marrow before
they are released, or even randomly, after they are
released in circulation, was realized decades ago (1â€”3).
Modest success was achieved using radioactive DNA
precursors for cohert labeling and non-DNA agents for
random labeling (3). A chemoattractant polypeptide
such as N-formyl methionyl leucyl phenylalanine
(FMLP) has also been used with some success (unpub
lished data). However, none of these agents has been
successful enough to radiolabel neutrophils for imaging
inflammatory processes in humans. Although neutro
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phils labeled with indium-i 11 (â€œIn)oxine or other
lipophilic compounds are routinely employed in such
applications, these agents are nonspecific, require phle
botomy, and separation of PMNs from other blood
cells for in vitro labeling (4). This is undesirable and
restricts the use of this otherwise excellent modality to
only a limited number of medical centers.

Recent advances in hybridoma technology have pro
vided investigators with the tools to produce mono
clonal antibodies (MAbs) specific for neutrophil surface
antigens. Such MAbS,when labeled with a radionuclide,
should serve as ideal agents to label human neutrophils
specifically in whole blood in vitro and possibly in vivo
by injecting the radioiabeied MAb into the systemic
circulation of a patient. This will eliminate the current
in vitro procedure and greatly enhance the use of radi
olabeled neutrophils in diagnostic applications.

This study was undertaken to investigate several
â€œneutrophilspecificâ€•monocional antibodies, as poten
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Tenmonoclonalantibodies(MAbs)havebeenevaluatedas agentsfor selectiveradiolabeling
of humanneutrophils(PMN5).Fourbifunctionalchelatingagents(BFCA)havebeencompared
in order to determine the one that gives the best labeling of MAbs with radionuclides. Of
these,the cyclicanhydndeof diethylenetriaminepentaaceticacid(DTPA)hasbeenchosenfor
routineusesinceit incorporated1111nefficiently,andonlyminimallyalteredthe
immunoreactivity of the MAb. Two [111ln]DTPA MAbs (1 @gor less, anti-SSEA-1 and
B.37.2.1) incorporated80 Â±5% and 72 Â±6% of the addedradioactivitywith 10@separated
PMNsin 0.5 ml plasma.In wholebloodthesevalueswere27 Â±5% and38 Â±9%,
respectively. Using the other three BFCAs with anti-SSEA-1, the corresponding values of
70%â€”80%and 3%â€”5%,respectively were obtained. Polyacrylamidegel eIectr@ophoretic
examinationsof the radioactivitythat did not bindto bloodcellsrevealedthat when DTPA
was usedas the BFCA, 21% of the radioactivitywas associatedwith a plasmaproteinof mol
wt 60â€”80kD and 57% remained bound to the MAb (mci wt 900 kD). When the other three
BFCAswere employed,these valueswere >42% and <19%, respectively.When up to 4% of
the PMNsurfaceantigenswereMAbbound,the PMNsphysiologicfunctionremained
unaltered. For two MAbs, anti-SSEA-i , and B 37.2.1 , the PMN specificity was found to be
1.6 x I 011M and 2 x 1011M, respectively,and the numberof cellsurfaceantigenswas
estimated to be 5.1 x iO@a@nd7.8 x i0@,respectively. For @â€œTclabeling of MAbS, the use of
four differentreducingagentswereexamined.Oneagent,sodium-dithionite(Na@S@O4),at a
concentrationof 0.2 mg/mIreactionmixtureandwith a molarratio3 x 10@:1to the MAb,
gave us resultsthat were comparableto thoseobtainedwith [1111n]MAb.We concludethat at
leasttwo of the ten MAbs, anti-SSEA-1and B.37.2.1 are worthyof evaluationin humans.
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TABLE1Monoclonal
AntibodiesSpecificfor HumanNeutrophilsNameTypeFormSupplier

tial agents for radiolabeling human neutrophils. The
preliminary results are reported herein.

MATERIALS AND METhODS

Antibodies
Ten murine antibodies, listed in Table 1 were obtained as

generous gifts from various investigators and commercial
companies. Some of the MAbs presented were already puri
fled, but some were in ascites fluid. The pure antibodies were
used without further processing. Those in ascites fluid were
separated using a Protein A Sepharose C1-4Baffinity column
(0.3 cm X 15 cm) and the procedure described by Pharmacia
(5). The eluent was monitored by a uv detectorand fraction
ated using an automatic fraction collector. The appropriate
fractions were pooled and the MAb was concentrated using a
Centricon-30 microconcentrator (6). The MAbS were washed
in 0.9% NaC1 adjusted to pH 7, collected, and their concen
tration determined spectrophotometrically. One hundred mi
crograms aliquots of the protein were then dispensed into a
series of clean sterile microcentrifuge tubes and frozen until
needed.

Labeling with Indium-ill
Indium-l 11 solution with a high radioactive concentration

(Atomic Energy Canada, 50 mCi/mi, 0.iM HC1) was chosen
in order to minimize a quantity of metallic impurities. Four
bifunctional chelating agents were evaluated. The cyclic an
hydride of diethylenetriaminepentaacetic acid (DTPA), (not
to be confused with the free acid DTPA), and ethylenedia
mine-di-o-hydroxy-phenylacetic acid (EDDHA) were oh
tamed commercially (Sigma Chemical Corp.) (S)-4-[2,3-
bis[bis(carboxymethyl)amino]propyl]alanine (aminobenzyl
EDTA,ABE),and (S)-N-4[2,3-bis[bis(carboxymethyl)amino]
propyl] phenyl bromoacetamido (bromoacetamidobenzyl
EDTA,BABE)werepreparedafterDeRiemeret al. (8,9). The
purity of the newly synthesized ABE and BABE, before and
after â€˜â€˜â€˜Inlabeling was examined with high performance liquid
chromatography (HPLC) (Water's NOVA-PAK C-i 8 column
and a mobile phase containing 4% acetonitrile, 2% methanol,
and 2% gl. acetic acid in water) equipped with both a uv

monitor and a Nal (Ti) crystal detector. Small samples of
ABE and BABE, generously supplied by Dr. Claude Meares
(Dept. of Chemistry, University of California, Davis.) served
as controls.

ABE, BABE,and EDDHA were dissolvedin 0.9% NaG,
pH 7. DTPA was suspended (1 mg/mi) in dry, metal free
chloroform and sonicated for uniform particle size.

MAbs (100 @Lgeach time) used were either 1gMor IgG and
their mol wt was assumed to be 900,000 or 150,000 D,
respectively. For conjugation with EDDHA (MAb to EDDHA
molar ratio 1:2.5) the Rodwell (9) carbiodiimide procedure,
and for the conjugation with ABE (control) and BABE (MAb
to BFCA molar ratio 1:10 to 1:3) the Meares (8) method was
followed. The MAt, to DTPA molar ratios of 1:1 to 1:5 were
examined. The objective was to assess the ratio that would
provide us with the optimal radionucide yield and yet would
not drastically alter the biochemical specificity of the protein
as determined by the PMN labeling yields. Unreacted BFCA
was eliminated by washing the protein twice with 2 ml 0.05M
TRIS bufferpH 6.1 in a microconcentrator.The protein was
then collected and a required quantity of â€˜â€˜â€˜Inacetate (0.1M,
pH 6.1) was added (10). Followinga 30-mm incubation at
22Â°C,the labeled antibody solutions were washed as above
and then tested for any unbound â€˜â€˜â€˜In,with instant silica.gel
thin layer (ITLC-SG) chromatography (Gelman Sciences Inc.
MI.) developedwith 2M urea or with paper chromatography
(Whatman No. 1)using (1: 1)methanol and 0.lMammonium
acetate as the solvent. [â€˜â€˜â€˜In]MAbRf = 0.0 and [â€˜â€˜â€˜In]DTPA
RI = 1:0). A further confirmation of the association of radio
activity with the protein was also obtained by HPLC (Water's
Protein Pakâ€”300SW column, 0.05M phosphate buffer pH
7, flow rate of 1.0 mi/mm.).

In each antibody labelingpreparation 100 @gof MAb and
100 @ghuman serum albumin (HSA) not conjugated with
BFCAservedas controls for any nonspecificbinding of the
radionuclide. One microgram of each of these labeled MAbs
(1 @g1gM = -@-6.3x 10' â€m̃olecules) was then incubated each
with -@.-l0@isolated human neutrophils suspended in 0.5 ml
plasma. The number of MAb molecule was too small to
saturate the antigenic binding sites available on neutrophil
surfaces (see below). Following a 30-mm incubation at 22Â°C,
the radioactivity associated with the neutrophils in each prep
aration was determined and plotted as a function ofthe MAb
to DTPA molar ratios.

Determination of DTPA Molecules per MAb Molecule
The number of DTPA molecules attached per MAb mole

cule was estimated using the indium carrier method described
previously (10). The radioactivity associated with the protein
was determined, and the bound to free ratio and the number
of indium ions bound per MAt, molecule were calculated.
The data were plotted according to Feldman in order to
determine the number of DTPA molecules bound per MAb
molecule (11).

Determination of Neutrophil Specificity
The antigenic specificity of the MAb and the number of

antigenic sites present per human neutrophil were determined
for B 37.2.1 and anti-SSEA-l using â€˜â€˜â€˜Inor iodine-l25 as
tracers. Radioiodination was carried out as previously de
scribed (10), using Iodo-Gen (Pierce Chemicals) as the oxidiz
ing agent. The unbound radioactivity was eliminated as before,

B.37.2.1lgMPurifiedWistarlnst.*MCA
161IgGiAscitesfluidSerotecfFMC
11IgGiAscitesfluidSera@LabtFMC
14lgMAscitesfluidSera@LabtMCA

87lgG2aPurifiedSerotecMCA
149 AIgGiAscitesfluidSerotec@MCA

2151gMPurifiedSerotecMCA
167lgG2aAscitesfluidSerotecanti-SSEA-1lgMPurifiedWistar

lnst.*B.6.2lgGPurifiedNIH
(NCI)

. Bioproducts for Science Inc., Madison, WI.

t Accurate Chemicals and Scientific Corporation, Westbury,
NY.

@ Philadelphia.
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and the quantity of MM, was determined spectrophotomet
rically. Neutrophils were separated from 100 ml anticoagu
lated blood freshly drawn from normal volunteers and the cell
concentration was determined using a ZM Coulter counter
( 12). The PMNs were then divided equally into eight 15-mi
sterile polypropylene test tubes, each containing 2.8 x l0@
cells in 0.5 ml plasma. To these was then added a known but
increasing quantity of labeled MAb and the suspensions were
allowed to incubate at 22Â°Cfor 30 mm. The cells were then
centrifuged, washed once with 2 ml plasma, centrifuged and
the corresponding supernatants combined. The quantity of
the radioactivity associated with the cells was determined.
This allowed us to estimate the number of MAb molecules
bound per cell. The experiment was repeated and data were
subjected to Scatchard plots and regression analysis to deter
mine the best fit for the intercepts at X and Y axis.

Labeling DTPA-MAb with Technetium-99m: The Choice
of ReducingAgents

The major initial investigations were centered around re
duction of technetium-99m (@â€œTc)for binding to DTPA
MAb. Stannous chloride, ascorbic acid, sodium borohydride
and dithionite were chosen as reducing agents. To a known
quantity of @â€œTcO4solution in four groups of several test
tubes in duplicate was added an increasing quantity of each
agent and the mixtures were allowed to incubate at 22Â°Cfor
10 mm under a nitrogen atmosphere. The contents from one
group of these were then added to 100 @igeach of DTPA
coupled anti-SSEA- 1 in 100 @l0.05M TRIS buffer pH 6.1.
The reducingagentto MAt,molar ratios rangedfrom 8 x 10@
to 1 x lOg. Following a 15-mm incubation at 22Â°C,the
reaction mixture from each test tube was centrifuged, using
the microconcentrator devices, and washed twice with 2 ml
0.05M TRIS buffer pH 6.1. The quantities of radioactivity
associated with the protein, retained on the filter and washed
through, were determined. The relative percentages of these
were calculated and plotted as a function of the molar ratio.
The protein determinations were verifiedusing paper chro
matography and HPLC.

Determining the Optimal Concentration
of the ReducingAgent

Since the 99mTcconcentration (mCi/mi) available for label
ing may vary each time, the influence of the quantity of
dithionite, the best observed reducing agent, on the protein
labeling efficiency was studied.

In a series of six clean test tubes, 200 @iCiof freshlyeluted
@â€œTcwasdispensedand the final volume ofthe solution was

adjusted with 0.9% NaG to 500 @d.Freshly prepared dithionite
solution was then added to the test tubes in such a way that
the reducing agent concentration ranged from 0.05 @g/@iIto
0.6 @g/zl.Following a 10-mm incubation at 22Â°C,the radio
activity was transferred to test tubes each containing 100 @ig
protein. The reaction mixture was then allowed to incubate
for 15 mm at 22Â°Cand filtered through Centricon devices.
The radioactivity in the filtrate, bound to the filter and asso
ciated with the protein was then measured, the percentages
calculated, and the values were plotted as a function of the
dithionite concentration.

Elimination of @â€œTc-Colloidfrom the Final Product
Most reducing agents used during [@â€œTcJMAbpreparation

form @mTc@colloid(13). Using the optimal dithionite concen

tration (0.2 @ig/@il),as determined above, the following exper
iments were performed to ensure that the final product was
free of colloidal @â€œTc.

Samplesfrom the preparationsbefore Centricon purifica
tion were analyzed with HPLC. Absorbance and radioactivity
elution peaks were monitored and fractions were collected to
determine the quantity of radioactivityeluted. This was com
pared with standards consisting of samples equal in volume
to that chosen for the HPLC injection. Similar analyses were
also performed on the radiolabeled MAb samples recovered
after the Centricon purification step, and on those that were
purifiedby Centricon after filtration through 0.22 @mMilli
pore membrane.

Labeling Human Neutrophils, Separated Versus
in Whole Blood

Antibodies were labeled with â€˜â€˜â€˜Inor @mTcas described
above.Anticoagulatedfreshvenousblood wasobtained from
normal volunteers. Depending upon the aim of the study,
leukocytes,or neutrophilswere separated(12) and their num
berdetermined.Thecellsweresuspendedin autologusplasma,
or, for the gelelectrophoresisexperiments,in phosphatebuff
ered saline (PBS)pH 7.4. The radiolabeledantibodies were
then added to the cell suspensionor to a known volume of
whole blood in such a way that the MAb moleculeswould
not saturate the neutrophil surfaceantigens.Followingincu
bation, radioactivity associated the neutrophils, and superna
tant, or in the case of whole blood, the neutrophils,erythro
cytes, and plasma were determined. On each occasion, the
labeledneutrophilswerewashedwith freshautologusplasma,
to removeany unassociatedradioactivity.The percent of the
radioactivity associated with the cells was then determined.

CeHViabilityFollowingMAb Labeling
The DTPA coupled anti-SSEA-i was chosen for this study.

Approximately9 X 106neutrophilswere separatedfrom hu
man blood and suspendedin 0.5 ml plasma in each of the
five test tubes. Four ofthese received0.5 to 5 zgofthe labeled
MAt,. Assuming uniform and 100% interaction, the highest
MAb concentrationwould bind 10%of all availableneutro
phil antigens. The cells in the fifth test tube served as control.
Followinga 30-mm incubation, cells in all of the test tubes
werecentrifuged,washedfreeof unbound MAb,resuspended
in 0.5 ml plasma and labeled with [â€˜â€˜â€˜In]Merc(2-mercapto
pyridine-N-oxide), using our routine protocol (14). These
were then subjected to a nylon wool adherence test as de
scribed previously (15). The experiment was repeated to oh
tam duplicate results. In another set of experiments, the
control cells and those exposed to the MAb, were allowed to
phagocytose [99mTc]antimony sulfide colloid (Cadema Med.
Inc., Westtown, NY). The un-engulfed @â€œTc-colloidwas then
eliminated using the method of Schroth et al. (16).

In each case the radioactivity associated with the neutro
phils was determined and compared to the control cells.

Interaction of Labeled MAb with Neutrophils
of Other Animal Species

Cross reactivity of the MAb with a laboratory animal
neutrophils would permit the development ofan experimental
animal model for in vivo studies including the location of
abscesses. In order to determine such a specificity, the anti
SSEA-l and B.37.2.1 MAbSwere labeled with â€˜â€˜â€˜Inin the
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manner described above and evaluated for interaction with
neutrophils separated from the blood ofrats, cats, guinea pigs,
dogs,rabbits,sheep,and pigs.

Gel Electrophoresis

The objective of the gel electrophoreticstudy was to deter
mine the chemical form of radioactivity that remained in
plasma or PBS following the incubation of â€˜â€˜â€˜In-labeledanti
bodieswithneutrophilsin wholebloodor in PBS.Ten percent
polyacrylamide gel plates were prepared using the technique
of Osterman (1 7). Twenty to fifty microliters of the superna
tent was loaded into each of two wells. One hundred micro
grams of (5 mg/ml PBS) transferrin was incubated with the
PBS supernatant and analyzedsimilarly.In addition, [â€œIn]
chloride, [â€˜â€˜â€˜In]DTPA,[â€˜â€˜â€˜In]transferrin,â€˜â€˜â€˜In-labeledMAb,
and other molecular weight markers such as the albumin and
trypsin inhibitor, were loaded as reference in other wells.

Followingelectrophoresis,(SDS-Trisborate bufferpH 7.4,
250 V, 4 hr) autoradiography was performed, the gel was cut
into 0.5-cm sections and the radioactivity associated was
counted. The resultswere plotted as the percent of the total
radioactivity versus the distance in cm from the lower end of
the corresponding well.
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FIGURE2
Percent of radioactivity displaced from the [111In]DTPA
B.37.2.1 labeled human PMNs, followingthe challenge
with DTPA-labeledand unlabeledB.37.2.1

RESULTS

The MAbS evaluated in this work are listed in Table
1. The use ofCentricon's microconcentrator device (18)
eliminated the need for the Sephadex column chromat
ographic procedure employed previously (11) for the
separation of unbound DTPA or unlabeled â€˜â€˜â€˜In.The
device previously washed with 100 @lof 2% HSA
solution, minimized the protein losses (2%â€”5%â€œInor
99mTc) and avoided dilution of the protein solution.
This in turn enhanced the apparent labeling yields
which were in the range of 70%â€”80%.The thin layer
chromatographic and HPLC analysis of the final prod
uct revealed that only a negligible quantity of â€˜â€˜â€˜Inwas
unbound. The HPLC analysis of â€˜â€˜â€˜In-or @mTc@labeled
protein was able to distinctly separate the 1gM, any IgG
impurity and the unbound radioactivity (Fig. 1). This
clearly indicated that the final product contained <2%
unbound radioactivity. The recovery of radioactivity
through the HPLC column for [â€œInJMAb was >98%
and [99mTc]MAb before Centricon purification was
â€˜@@â€˜80%.Since neither colloidal â€˜â€˜â€˜Innor colloidal @mTc
are eluted through the HPLC column, one may be able
to conclude that the unrecovered radioactivity may be
a result of the formation of colloid, particularly in the
case of@mTc. Following membrane filtration and Cen
tricon purification ofthe [@mTcJMAb,the recovery was
almost quantitative. The amount ofradioactivity bound
nonspecifically to unconjugated anti-SSEA-i averaged

@2%.
The DTPA to MAb molar ratios of 1:1 to 5:1did not

alter the immunoreactivity of the protein as measured
by the quantity of the [â€˜â€˜â€˜In]DTPA-MAb associated
with human neutrophils.

In all subsequent preparations therefore a DTPA to

In- 111-MAb Tc-99m-MAb

IgG Ig6
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FIGURE1
HPLCelutionpatternof 1111n-and @â€˜Tc-labeIedanti-SSEA
1. (ProteinPak 300 SW, 0.05M phosphatebuffer pH 7;
flowrate 1 mI/mm).A andB, andC andD arefourseparate
injectionsfor [111InJMAband [@â€œTc]MAb,respectively.A
and C (top = radioactivityand bottom = absorbancefor
each injection)elutions indicatethat the 1gM, IgG, and
unbound radioactivity can be separated and quantitated.
The elution curves B and D are the injections of labeled
MAb after purificationfrom unboundradioactivity.
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MAbClassPMNPlasmaNPMNABCPlasmaNAnti-SSEA-11gM80
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MAb(IgM) ratio of5:l was used. Usingthis proportion,
we have obtained on the average, one DTPA molecule
bound per MAb molecule. In a set ofexperiments where
human neutrophils labeled with [â€˜â€˜â€˜In]DTPA-B.37.2.1
(DTPA:MAb: 5: 1) were challenged with uncoupled or
DTPA coupled B.37.2. 1, indicated that uncoupled
MAb were able to displace only -@-5%more radioactivity
from the cells than that with DTPA coupled MAb (Fig.
2). These results suggest that at least some MAb mole
cules conjugated with DTPA were unable to interact
with the cells and exchange with the [â€˜â€˜â€˜In]DTPA-MAb
molecules already bound to the cell surface antigens.

When a given quantity of [â€œIn]anti-SSEA-i, pre
pared using ABE, BABE, EDDHA, or DTPA (Fig. 3)
as the bifunctional chelating agent was incubated with
an equal number of isolated human neutrophils sus
pended in plasma, 70% to 80% ofthe radioactivity was
cell associated (Table 2). In whole blood, however, the
quantity of neutrophii associated [â€˜â€˜â€˜In]DTPAMAb

averaged 27%, compared with that ofonly 3%â€”5%with
[â€˜â€˜â€˜InIABE,[â€˜â€˜â€˜In]EDDHA, or [â€˜â€˜â€˜In]BABE-MAb. In
cases of the latter three, the quantity of radioactivity

that remained in plasma was >75% as compared to
-@40%with [â€œIn]DTPA-MAb (Table 3). Gel electro
phoretic analysis of the radioactivity remaining in
plasma indicated that â€˜@-2i%,42%, and 57%, for DTPA,
ABE, and BABE, respectively, was associated with
plasma proteins with mol wt 70â€”8OkD,which is in the
range of the mol wt of transferrin. The radioactivity
that remained in plasma as mol wt 900kD (probably as
[â€˜â€˜â€˜In]DTPA-anti-SSEA- 1, [â€˜â€˜â€˜In]ABE-anti-SSEA- 1and
F'â€˜â€˜In]BABE-anti-SSEA-1) was 57%, 12%, and 19%,
respectively. The results shown in Figure 4 also mdi
cated that the transferrin added to the [â€˜â€˜â€˜InJABE-anti
SSEA-i-PBS supernatant was able to bind @@@70%of
â€œâ€˜In,compared with that ofonly â€˜@.-i5%from the [â€ẫ€˜â€˜In]

DTPA-anti-SSEA-i-PBS supernatant.
The cell labeling results obtained with other [â€˜â€˜â€˜In]

TABLE2
Evaluation of Human Neutrophil (PMN) Specific AntibOdieSCoupled with DTPA and Labeled with 1111n

Separatedcells(%) Wholeblood(%)
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% 111lnand

Agent Neutrophils(Anti-SSEA-1)

99mTcassociated with (N=4)ErythrocytesPlasma

Inseparatedcells
DTPA 80 Â±5 (80 Â±4) â€” (20 Â±3) 20 Â±5
EDDHA 70Â±4 â€” 30Â±2
ABE 73Â±3 â€” 27Â±3
BABE 80Â±4 â€” 21Â±3

. The numbers in parentheses are the results obtained using

dithionitereduced [@Tc]DTPA-anti-SSEA-1.

@00K 80K 69k 20K

PLASMA DTPA-SSEA-1

PLASMA ABE-SSEA-1

- â€” â€”

PLASMA BAASE-SSEA-1

@A-SSEA-1@NSFERRIN

PBS ABE-SSEA-1 + TRANSFERRIN

PBS DTPA-SSEA.1

TABLE3
Results of Comparison of Four Bifunctional

ChelatingAgents

DISCUSSION

The aim of this investigation was to evaluate 99mTc@
or â€˜â€˜â€˜In-labeledMAbs as agents that will label human
PMNs selectively in whole blood, in vitro, and perhaps
in the future, in vivo. In order to be able to make a fair
assessment and reach a suitable practical judgement
several related parameters were carefully examined.

Of the ten MABs studied, antibody raised against
stage specific embryonic antigen-i (SSEA-l) was most
promising in terms of its availability in purified form,
high specificity, and the high degree of interaction with
human neutrophils in plasma as well as in whole blood.

Out of the four bifunctional chelating agents tested,
the association constants for [â€˜â€˜â€˜In]DTPAare equiva
lent to those of [â€˜â€˜â€˜In]transferrin,which are higher than
those of[â€•In]EDTA and its analogs (19). Our results,
in which on the average not more than one BFC mol
ecule was bound to one MAb molecule, show that the
incorporation of' â€˜â€˜Inwith human neutrophils in whole
blood was higher (27%) when DTPA was used as the

InwholebloodDTPA27Â±5(30Â±3)â€¢
28Â±2(27Â±3)44Â±2(43Â±4)EDDHA3Â±218Â±279Â±3ABE4Â±220Â±477Â±6BABE3Â±115Â±281Â±5

DTPA labeled MAbs are given in Table 2. These too
indicated higher labeling efficiencies in isolated neutro
phils than in whole blood.

For labeling DTPA conjugated MAb with 99mTc, the
use of dithionite gave the best results (Fig. 5). We
routinely use 0.2 zg dithionite per zl of the reaction
mixture (Fig. 6) for labeling 100 @gDTPA-IgM in 300
@zl,giving us the reducing agent to MAb molar ratio of
3,000: 1. At this concentration, -@-75%of the added
radioactivity binds to protein, 5% remains unreduced
and 20% forms colloid. We also found that reducing
99mTcfirst enhances labeling, giving us approximately
the same yield as with â€˜â€˜â€˜In(70%â€”80%). [Antibodies
labeled with 99mTclabeled human neutrophils in whole
blood with efficiencies (30 Â±3%)] equivalent to those
with [â€˜â€˜â€˜In]DTPA-MAb (Table 2).

The neutrophil specificity and the number of surface
antigens for B37.2. 1 and anti-SSEA-i were (Fig. 7A,B)
2 x l0â€•M, 1.6 x l0â€•M, and@ x iO@and 5.1 x
iO@per cell, respectively. These compared closely to
that with â€˜251-labeiedMAbS. When an average of 10%
of the available surface antigens were bound to anti
SSEA-l, the phagocytic ability and nylon wool adher
ence of human neutrophils was â€œ.â€˜70%and 80% of the
respective control cells. At 4% or lower antigenic satu
ration, no apparent changes in cell function was oh
served.

The MAb, MCA-167, also cross-reacted with human
platelets and, therefore, was not considered further for
the PMN work. The most promising antibodies, anti
SSEA-i and B.37.2. 1, were tested for their affinity with
the neutrophils of several different animal species. In
none of these cases was there more than 3% of the
radioactivity PMN associated.
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FIGURE4
Percent radioactivity distribution as a function mol wt in
each of the seven (horizontal) polyacrylamide gel electro
phoreticlanes.The lane representingthe histogramson
the top of the figure containedradiolabeledcompounds
rangedfrom mol wt 900 k to 20 kD. The histogramsin
lanes2, 3, 4, and 7 show the distributionof radioactivity
remained in the supematant following cell labelings (see
brief description). Lanes 5 and 6 represent distribution of
radioactivity following the incubation of [111ln]DTPA-anti
SSEA-1 and [1111n]ABE-anti-SSEA-1with transferrin.Note
that in the caseof the latter, a largeproportionof radio
activity has migrated to protein with mol wt 60â€”80 D. In
the case of the former (lane 5) >80% of radioactivity
remainedwith anti-SSEA-1(molwt 900 k).
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for all MAbS(with the exception ofMCA-167) and that
with the erythrocyte fraction was -@.-30%.When neutro
phils were isolated, the [â€˜â€˜â€˜InJDTPA-anti-SSEA-ilabel
ing efficiency increased to â€˜@.â€˜80%.It is interesting to
note that Locher et al. (20), by injecting iodine-i23
(1231) labeled anti carcino embryonic antigen MAb-47

(CEA-A47) into humans had successfully detected oc
cult abscesses, and yet had reported that only 40%
antibody was associated with isolated neutrophils.

In labeling MAb with @mTc,we observed that dithi
onite was the agent ofchoice not only because it resulted
in the higher association of radioactivity with the pro
tein and the PMNs but also it is water soluble and has
potential for inclusion in a possible kit. For imaging
occult abscesses, the use of@mTc may be more desirable
due to its ready availability and shorter half-life than
I I â€˜In. However, 99mTc, unlike â€˜â€˜â€˜In, may be sponta

neously eluted from labeled cells in vivo and may

90@

80

70

60

50

40

30

20

10

DithionIte

SodiumB

SnCl2

>@bi@@cid

.o0-@

500

â€˜@;_@ a

@300 7

0 V

U â€œ7'
.0@200 1P
< I
r / _____

0
1001

@ ,/@0@ , ,
0 20 40 60 80 100 120

MAbug/mL

>.
.Â°J

U
.â€˜

0 2 4 6 8

(Thousands) A
MAb: AgentMolarRatio

FIGURE 5
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preparation of [@â€˜Tc]DTPA-MAb.Percent radioactivity is
the proportionof the total radioactMty(apparently)asso
ciatedwith protein.

bifunctional chelate than when EDTA analogs were
used (Table 3). Our results (Fig. 4) also indicated that
of the [â€˜â€˜â€˜In]DTPAremaining in plasma, 21% was
bound to protein of mol wt 70â€”80W compared with
that of 42% and 57% of [â€˜â€˜â€˜InJABEand BABE. This is
surprising but may be due to the lower stability con
stants of [â€˜â€˜â€˜InJABEand BABE than those of [â€˜â€˜â€˜In]
DTPA ( 19). The actual cell labeling efficiency with
[I@ â€˜In]DTPA-MAb may be higher than 27% observed,

since only -@.-70%ofPMNs can be separated from whole
blood by the methods used.

The radioactivity associated with platelets was <2%
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subsequently prove to be unacceptable. Such advan

tages or disadvantages can be assessed more reliably
only after controlled studies of both agents have been
performed in humans. This is particularly true since
anti-SSEA-i or B37.2. 1 did not cross-react with the
neutrophils obtained from several commonly available
laboratory animal species. Unlike the screening of MAb
specific for certain human tumors, which can be grown
in animals such as the nude mice, the in vivo evaluation
of MAb specific for human neutrophils is limited to
only human subjects unless the MAb also interacts with
neutrophils of the laboratory animal species.

The previous experience using MM, specific for hu
man PMNs is limited to ten patients in whom 123I@
labeled CEA-A47, was administered (21). In these stud
ies, abscesses were imaged but up to 60% of the radio
activity was estimated to be in the bone marrow. This
made the visualization of abscesses ambiguous and
called for SPECT imaging. The anti-SSEA-l is an 1gM
class of MM, produced by immunizing mice with mu
rine embroyal carcinoma F9 cells (22). A survey of

normal human tissues indicated that the SSEA-i anti
gen is expressed on granulocytes, their precursors, brain,
stomach, colon, breast, adrenal gland, salivary gland,
bladder, and kidney (23) but not on the liver, erythro
cytes, or lymphocytes (24). Using immunoperoxidase
microscopy, Ballou et al. (25) have found that SSEA-l
is also present on several normal mouse tissues espe
cially kidney and the brain (but not neutrophils) and
yet there was no significant retention ofthe radiolabeled
anti-SSEA-l injected in vivo. Liebert et al. (23) have
reported that the peptic fragments (F[ab']2@) of the
anti-SSEA-i has poor (l0@M) affinity for single human
cell in vivo. These findings, together with our observa
tion that the anti-SSEA-l gave us the best human
neutrophil specificity (l0' â€˜M),make the agent most
desirable for labeling human neutrophil in vivo.

When a number of MAb molecules sufficient to
saturate 10% of the available neutrophil antigens were
incubated, the phagocytic ability and nylon wool ad
herence of the PMNs was 70% and 80%, respectively
of the unexposed control cells. When 4% of the anti
genic receptors were MAb bound no difference in the
above PMN functions was observed. If the circulating
PMN pool in an average normal human adult is esti
mated to be --3x 1010, there would be a total of

@ l.5x 1016antigens available for the anti-SSEA-l bind
ing. At a rate of 4% saturation, a mg of the MAb could
be administered, we plan to inject only â€˜@100 @gof the
labeled MAb in human trials.

We realize that such research at the intersection of
many disciplines and yet unknown biochemical and
physiologic parameters may be challenging, but believe
that it will be a worthwhile exercise, since, if successful,
it has so much to offer in clinical care as well as in
biomedical research.
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