
he majority of monoclonal antibodies (MoAbs)
studied in vivo have been murine IgG MoAbs. These
MoAbs have been labeled with a variety of radio
nucides and administered to both animal models and
humans (1â€”4).Very little in vivo data has been pub
lished concerning radiolabeled 1gM MoAbs in either
mice or humans, and in these cases the radionucide
was usually radioiodine (5,6). Because of dehalogena
tion problems ( 7,8), such data are hardto interpret.We
present mouse distribution data on seven 1gM MoAbs
labeled with three different radionucides. In some
cases, monomers of these MoAbs were also studied.

MATERIALS AND METHODS

Antibodies
Six humanmonoclonal1gMMoAbswerestudiedin this

set ofexperiments They are designatedYBC-l22, YBD-047,
YBC-058, YBB-l90, YBM-209, and YBY-088. One murine

ReceivedJuly 31, 1987;revision accepted Mar. 23, 1988.
Forreprintscontact:SamuelE. Halpern,MD, NuclearMcdi

cine Service(I 15), VA MedicalCenter,3350 LaJollaVillageDr.,
San Diego,CA 92161.

1gMMoAb,designatedCCK-06l, was also studied. The hu
man antibodies were obtained by fusing mouse myeloma
P3X63Ag8.653 to human lymphocytesobtainedfrom re
gional lymph nodes draining breast cancers. The myeloma
cellsand the lymphocyteswerefusedas describedby Gerhard
(9), then transferred to appropriate media. The resultant
MoAbs were tested by ELISA for reactivity with glutaralde
hyde-fixedhumanbreasttumorcelllinesandothertumorcell
lines.The six humanantibodiesreactedstronglywithbreast
cell linesanddid not bindnormalfibroblasts.Subsequently,
these MoAbs were tested by immunohistochemical technique
on cryostat sections of tumor and nontumor human tissue
and by ELISAon membrane and cytosol fractions of fresh
frozen human tissue. Only three antibodies, YBB-l90, YBM
209, and YBY-088 reacted in ELISA with extracts of breast
tumors. The cross-reactivities of these three MoAbs with
normal tissues have been described elsewhere (10). Briefly,
the targetantigensare presenton a varietyofnormal epitheial
tissues. However, the antigens cannot be detected in the sera
of advancedstagebreast cancer patients or on normal blood
elements. Selected human 1gMMoAbs were produced in vitro
in stirred tank vessels in serum free medium or in RPM! 1640
media containing 10% fetal calf serum. These MoAbs were
purified by concentration, sodium sulfate precipitation, and
separationover Sephadex5-400columns.
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Thedistributionandkineticsof six humanandonemunnemonoclonal1gManthod@s(MoAb)
werestudiedin BALB/cmice.Labelingwas with @ln,@ and1251Themonomersand
pentamers of certain MoAbs were studied. Human distribution stud@swere also performed.
Theserumcontaining[1â€•ln]MoAbwasObtainedfromoneof the patients24 hr after
administration and injected into mice which were then killed and assayed for â€œ1Indistribution.
Ingeneral,the [75Se]and[1â€•In]MoAbshaddistributionandkineticpatternsthat weresimilar
while the @HabeIedMoAbs dehalogenated after 4 hr. Monomers and pentamers had highly
similar distributions suggesting that the distribution of IgMs may be based on factors other
thanmc@ecuIarsize.Themunne1gMshoweda somewhatdifferentdistributionin micethan
did human IgMs. Serum from the patient containing [1â€•In]MoAbhad a distribution in mice
similarto that of the patientwith highliverandgastrointestinaluptake.Thehumanimaging
indicates that it is possible to target tumor with human 1gMMoAbs, but significant problems
remain in regard to their clinical use.
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The CCK-061 MoAb was obtained by the fusion of
P3X63Ag8 .653 cells with spleen cells ofBALB/c mice hyper
immunized with human colon cancer cytosol. This mouse
MoAb reactsstronglywith colon carcinoma and normal mu
cosa, but does not cross react with other human organs with
the exception of minor binding to normal lung and prostate.

To generate monomers, purified YBB-l90 and YBM-209
were reduced with 1 mM dithiothreitol for 1 hr at 37Â°Cthen
acetylated with 5 mM iodoacetamide for 0.5 hr at room
temperature. Complete reduction to monomer without further
reductionto heavyand lightchainwasobtainedas verifiedby
polyacrylamide gel electrophoresis on nonreducing gels. Mon
omer preparationswere dialyzed overnight against phosphate
bufferedsaline (PBS) and analyzed under reducing and non
reducing conditions by SDS polyacrylamide gel electrophore
sis and high performance liquid chromatography (HPLC) on
TSK-2000 and TSK-3000 columns in a series.

Indium-ill Labeling
The indium-i 11 (1111n)labeling was performed using a

modification of the bifunctional chelation technique of
Krejcarek and Tucker (11). The labeling efficiency of all of
the IgMsfell into a rangeof92â€”lOO%,and the specificactivity
was @1@Ci/@g.The antibodies retained pentameric and mon
omenc form after labeling as determined by size exclusion
HPLC. They also retained their ability to bind the antigen.
When radiolabeled1gMwas separatedon SephadexG-75 and
S-400 columns, â€˜@-75%ofthe radiopharmaceutical adhered to
the column. For this reason, in some experiments, we have
administered the radiopharmaceuticals in both their immedi
ate postlabeling form and column purified form. Unless oth
erwise indicated, however, the radiopharmaceuticalswere ad
ministered after column purification.

RADIOIODINELABELING

Both the pentamers and monomers of the IgMs were iodi
nated by the lactoperoxidase technique (12). The specific
activity following iodination was in the range of 1 mCi/mg,
and the material was administered to animals in the column
purifiedmanner. The MoAbs retainedtheirabilityto bind the
antigen after the iodination process.

Selenium-75 Labeling
Selenium-75 (75Se)labeling of the protein was performed

as previously described (13). Basically, the hybridoma was
starved for methionine for 30 mm by administering only
1/100 normal levels of methiomne. Following this, the cells
were fed [75Se]methionine (Amersham Searle, Arlington
Heights,IL;specificactivity 183 mCi/mg) for 24 hr.The [â€œSe]
MoAbwasthen isolatedfrom the tissueculture supernateby
concentration, salt cut and standard sizing chromatography
over SephacrylS-200.The elution profile of labeled MoAb
over the sizing column assuredthat the [75Se]MoAbwas intact
pentamer. A specific activity of 1-5 mCi/mg was estimated.

Endogenously-Labeled Antibodies
Two experiments were performed with â€œSeendogenously

labeled MoAbs as baseline work for other studies. In the first
experiment, between 850,000 and 1.25 million cpm of 75Se
labeledYBC-122, YBD-047, and YBC-058 wereadministered
i.v. in 200 Aof solution. This represented -â€˜-1ig of antibody.

The mice were killed 4 hr postadministration by cardiac
exsanguination and cervical fracture. Blood, bone, heart, kid
ney, lung, liver, muscle, skin, spleen, and intestine were taken,
the tissues washed twice in water, blotted dry, and wet-weighed
on an analytical balance. The samples were counted on an
autogamma well counter, along with standards prepared from
the injected material. The organs in their entirety were
counted when possible. The data are presented as % dose/
organ. In the case ofthe heart, kidney, lung, liver, spleen, and
intestine, each organ was weighed and counted in its entirety.
The data for blood, bone, muscle, and skin were computed
fromthe total weightofthe mouseby assumingthat the blood
was7%ofthe bodyweight,the bones 15%ofthe bodyweight,
and the muscle 40% ofthe body weight. Urine and feces were
separated from one another and counted by the same tech
nique.

In the experimentusingYBB-190,the MoAb was studied
as both the monomer and pentamer in parallel groups of
animals. The total volume ofsolution administered per mouse
was50A,the total counts varyingfrom 750,000to 1.2million
cpm. The protein mass was â€˜-@lbig.These animals were killed
in groups of four at 4, 24, and 48 hr after injection and their
tissuesprocessedas indicated in the first experiment. Urine
and feces were collected at the 24- and 48-hr time periods.

Exogenously-Labeled Studies
The distribution of iodine-i25 (125j)and â€˜@!nYBM-209,

both the pentamer and monomer, were studied in normal
BALB/c mice. In the â€˜â€˜â€˜Inportion of the experiment, the
animalswereadministered .-4 @&Ci(1 @tg)of intact YBM-209
i.v. and anothergroup ofmice received â€˜251-labeledYBM-209
monomers (8 MCi; @@-0.2pg). All groups were killed at 4 and
24 hr and the tissues processed as described earlier. The
thyroidglandsofthe mice were blocked by adding a saturated
solution of potassium iodide to their drinking water 3 days
before the radiopharmaceuticalwas administered. Urine and
feceswerecollectedfor the 24-hr time point.

In the mouse 1gMexperiment â€˜-@1@iCi(1 gig)of CCK-06l
was administeredi.v. and the animals killedat 4 and 24 hr.
Urine and fecesweretaken at the 24-hrtime point. The tissues
were processed as described earlier.

Effect of Column Purification and â€œPatientFiltrationâ€•on
â€œIn1gM MoAb Kinetics

In the processofworking with the â€˜@ 11n-labeledhuman 1gM
MoAbs, we observed that a large percentage of the dose was
removed in passageover G-75 and S-400 Sephadex columns
despite the fact that HPLC indicated that the material re
mained as a pentamer after labeling. The pre- and post
column materialwere identical by analytical HPLC on TSK
2000 and TSK-3000 columns@SDS-reduced and nonreduced
gels and had similar specific activities. The nature of the 1gM
fractionswas studied in the followingexperiment using the
YBY-088MoAb.

The [â€˜â€˜â€˜In]YBY-088was prepared using 1 mg MoAb. An
aliquot ofthis material was removed prior to its S-400 column
purification for animal work. A portion ofthe column purified
material was also saved for animal studies. For human studies,
19 mg of purified unlabeled (unconjugated) YBY-088 was
administeredi.v. followed by 1.7 mCi â€˜â€˜â€˜Inon 1mg of column
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purified antibody. The MoAb was infused into the patient
over a 2-hr period and 24 hr later, blood was obtained for
animal work. Approximately10 @iCi(1 @g)of YBY-088was
administered to six mice without benefit of column purifica
tion.Ina parallelgroupofanimals,themicereceived 1 @Ci
of column purified[â€˜@ â€˜In]YBY-088.A thirdgroupof mice
received 200Xofserum from a patient (@.â€˜24hr after injection)
that had received the column purified material. It is estimated
that the @Cidose in the serum injectedwasbetween0.05 and
0.1 MCi.The quantity of protein associatedwith the activity
was unknown. All the mice were killed 24 hr postadministra
tion and processedas previouslydescribed.

After administration of the antibody to the patient, scan
fling was performed at 30 mm, 24 hr. 48 hr, 72 hr. and 144
hr. Blood was drawn at the end of infusion, at 30 mm, 60
mm, 2 hr. 3 hr. 6 hr. 24 hr. 48 hr, and 72 hr postinjection.
Scanning was performed on a gamma camera (General Elec
tric 400AT, General Electric, Milwaukee, WI) using both the
173 and 243 keV photopeaks. A 20% window and medium
energy collimation was used. Prior to the 144-hr scan, the
patient wasadministeredcathartics.

RESULTS

Figure 1 shows the mouse distribution of three â€œSe
labeled human 1gM MoAbs 4 hr following their i.v.
administration.The three MoAbshavevirtuallyiden
tical distribution with the exception ofthe liver in those
animals receiving YBC-058, which shows greater â€œSe
uptake than with the other MoAbs. Significantly, the
blood levels of all three MoAbs are in the vicinity of
10% of the injected dose/organ while 20% of the in
jecteddosehasalreadybeenaccumulatedby the intes
tine.

Figure 2A shows the distribution of 75Se-labeled

FIGURE 1
The above pentameric1gMMoAbs
are endogenously labeled and thus
do not contain material that might
possibly be damaged in the exoge
nous labeling process. Note the high
liver uptake of all three antibodies
and the high intestinaluptake.Only
10% remains in the vascular corn
partment 4 hr after administration.
Five mice/datapoint with standard
deviations for most tissues -@-15%of
themean.

YBB-190 pentamer and Figure 2B its monomer at 4,
24, and 48 hr. The general distribution of YBB-190 at
4 hr is very similar to that ofthe three previous MoAbs.
From 4 hr onward the only tissue that changes signifi
cantly is the liver which decreases by half. Nearly 30%
of the material was excreted in the feces by 48 hr. The
monomer left the vascular compartment at approxi
mately the same rate and was extracted by the liver to
a lesser extent than the pentamer. Intestinal concentra
tion was similar for both proteins;however, fecal excre
tion of the monomer was slightly less over 48 hr. The
monomer appeared to enter muscle and skin tissue
more rapidly and perhaps in a greaterdegree than the
pentamer.

Figure 3 shows the 4- and 24-hr mouse distribution
data for the [â€˜â€˜â€˜In]YBM-209 preparation. The blood
levels decrease rapidly with marked liver uptake and
rapid gastrointestinal concentration. By 24 hr, over one
half of the â€œInhas been excreted in the feces with
@-10%cleared into the urine.

Figure 4 shows the results ofadministration ofa i251..
YBM-209 pentamer and monomer preparation in par
allel groups of BALB/c mice. The data was similar for
pentamer and monomer in all tissues. The route of
excretion was primarily by the kidney with 90% of the
pentamer and 64% of the monomer excreted by that
route in 24 hr. Lessthan 10%ofthe iodinated pentamer
and monomer was excreted in the feces.

Figure 5 shows a distribution of â€˜â€˜â€˜In-labeledYBY
088, 24-hr after its administration to BALB/c mice.
Three preparations were administered: the first being
the material immediately after its preparation;the sec
ond after column purification; and the third was the
â€œIn-labeled material remaining in the patient's serum
24 hr after administration ofthe column purified prep

DISTRIBUTiONOF THREE SEâ€”75 HUMAN GM MOABS
AT 4 HOURSWINCRWL MIcE
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FIGURE 2
A: The distributionof this endoge
nouslylabeledpentamesic1gMwas
followed over a 48-hr period. Again,
the highliverandintestinaluptakeis
noted and marked fecal excretion oc
curs. Bleed levelsare relativelylow
at 4 hr but do not decreasemuch
after4 hr. Fourmice/datapointwith
standard deviations at @â€”1O%of
mean. B: The monomer of the en
dogenously labeled 1gMantibody has
a verysimilardistributionto the pen
tamer shown in A. Focalexcretion
maybesomewhatlessthanthe pen
tamericformand urinaryexcretion
slighfly higher. Four mice/data point.
Standard deVietiOnSwere â€”@â€˜10%of
themean.
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isobviouslypresentin theleftposteriorchest(arrows).
Note the intense liver and colon activity. The colon was
cleansed with laxatives and at 144 hr was free of â€œIn,
indicating that this activity was not in the bowel wall.
The blood disappearance of the [â€œIn]IgMMoAb in
the patient was slower than observed in the mouse with
â€˜â€”40%of the â€˜â€˜â€˜Inleft in the patient's vascular com
partment at 24 hr. About 5% remained in the vascular
compartment of the mice at 24 hr. As in the mouse,
high liver uptake was observed with this organ being
very radioactive immediately postinfusion. A large
amount of â€˜â€˜â€˜Inwas present in the large bowel at 24,
48, and 72 hr.

aration. The distribution of all three compounds was
similar. The major difference in the preparationsis that
approximatelyhalfas much ofthe serum â€˜â€˜â€˜Inappeared
in themouse'sliveraswasnotedin theoriginalprepa
ration administered to the patient.

Figure 6 shows the results of the administration of a
[â€œIn]IgMmurine MoAb in normal BALB/c mice. The
animals were killed at 4 and 24 hr. Sixty percent of the
radioactivity was present in the vascular compartment
at 4 hr and over 20% at 24 hr. The liver acquired over
20% ofthe dose by 4 hr and has nearly 30% ofthe dose
by 24 hr. Fecal and urinaryexcretion at 24 hr was â€˜@@-5%.

Figure 7 shows the 48-hr scan of the patient. Tumor
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tion of this class of MoAbs in animal models or hu
mans. Since a human radioimmunoimaging program
was in place at our institution, it allowed for a compar
ison of the radiopharmaceutical in mice and humans.
It was also possible to do mouse distribution studies of
the radiolabeled material remaining in the patient's
vascular compartment following its administration.
There are a variety of interesting observations in these
data.

There is a definite difference in the in vivo distribu
tion of â€˜â€˜â€˜In-labeledmurine monoclonal IgO that we
have studied in the past, and the â€œIn-labeled human
or murine 1gM MoAbs used in these experiments. These

so
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FIGURE 3
The4- and 24-hrmousedistribution
data from a [111In]YBM-209penta
menc preparationis shown above.
The blood levels decrease rapidly
with marked liver uptake and rapid
gastrointestinalconcentration.By24
hr over half of the 111lnhas been
excreted in the feces with â€˜@.-1O%
clearedintotheurine.Fourmice/data
point. Standard deviations for most
organs range from 10-20% of the
mean.

DISCUSSION

Human MoAbs offer theoretical advantagesas radio
pharmaceuticals for radioimmunoimaging. As proteins
of human origin, they should be less immunogenic in
humans than murine MoAbs which would allow re
peated administration to patients with less danger of
anaphylaxis or serum sickness. It is also reasonable to
expect less cross-reactivity with normal tissue than oc
curs with polyclonal or monocbonal antibodies of ani
mal origin. The first human MoAbs available to our
group that exhibited tumor affinity were 1gM. Little is
known about the kinetics, body distribution, or excre
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FIGURE 4
Results following the administration
of a 1251YBM-209 pentamer and
monomer preparation to parallel
groups of mice. The blood disap
pearanceof the two species was
similar.Thedatawassimilarfor pen
tamerandmonomerinallthetissues.
The routeof excretionwas predom
inantly by the kidney with 90% of the
pentamer and 64% of the monomer
excretedby that routein 24 hr. Four
mice/data point. Standard deviations
of 4-hr data <10% of mean,slighdy
widerat24-hrtimeperiod.
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FIGURE 5
Distributionof the pentameric1gM
[111In]MoAb(A) prior to column purl
fication(B),after columnpurification
and(C),the materialremainingin the
patient'sserum24 hr after adminis
trationof the isotope.Themicewere
killed at 4 hr postinjection. The only
majordifferencesoccur in C where
less of the 111Incompoundwas ac
quired by the animal's liver. Five
mice/data point at group A, six/data
point in groups B and C. Standard
deviationsare @â€”2O%for eachgroup.

FIGURE 6
Distributionof a 111l@@ penta
merlemunne1gM.The blood levels
remainhigherfor longer periodsof
time than occurred with human lgMs
in the mouse, and there was less
â€œInexcretionin the feces.Six mice
wereusedperdatapointwith stand
arddeviations-@-1O%of mean.
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differences were obvious in both mice (1,7,8,13) and
humans (14â€”16).Murine IgG MoAb exhibits a slower
disappearance from the serum, less liver uptake and less
gut and fecal excretion in the mouse than did human
IgMs in the same model. This is in keeping with earlier
data concerning 1gMantibodies which indicate a short
ened serum half-time vis-a-vis IgG antibodies (5). The
rapid and marked uptake of [â€œIn]IgM MoAbs by the
liver was also observed by Buchsbaum (5) who did not
see this when â€˜@â€˜Iwas employed as the label. Our data
indicates the liver uptake occurs with both endogenous
â€œSeand exogenous â€œIn-labeledmaterial. This suggests
that 1gM MoAbs are rapidly acquired by the liver, a
fact not obvious when â€˜@â€˜Iis the label due to the

dehalogenation. Further, the human 1gM MoAbs
cleared significantly from the liver and were excreted
into the gut unlike IgO MoAbs which tended to remain
at steadyamountsin liver tissueover similar time
periods. Interestingly, the distribution and kinetics of
murine 1gM and IgG in our studies were similar with
the exception that the liver uptake ofthe 1gMwas three
times that ofthe IgO. Very little ofthe mouse 1gMwas
excreted from the liver into the gut, however, and the
feces contained only @-6%of the injected dose â€œIn
at 24 hr.

Our studies indicate that, while there may be some
differences between the distribution and kinetics of
endogenously labeled pentamers and monomers, the
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FIGURE 7
Scansof a patientwith breastcard
noma 48 hr after receivingpenta
marie [â€˜111n]YBY-088.The mouse
distribution of this material is shown
inFigure5. Notethehighliveruptake
and the bowel uptake. Lesions(ar
rows)arepresentin the left lung.

distribution of the monomer (180,000 D) resembles
that ofthe pentameric 1gM MoAbs (â€œ-900,000D) more
than it does a murine IgO MoAb (150,000 D). In short,
size of the molecule may not be the determining factor
(or the only factor) in the human 1gM distribution in
the mouse model. The reasons for the above observa
tions could be due to a difference in the quantities of
carbohydrate present on the 1gM and IgO molecules.
Carbohydrates constitute at least 7â€”11% (1 7) of the
intact 1gM molecules but <5% of IgG (18). It is also
known that carbohydrate receptors exist in the liver
and can be found on both hepatocytes and reticuloen
dotheial components (19,20). Why or how the human
1gM molecule is so rapidly excreted from the liver into
the gut is unknown. In general, large molecules are not
excreted through the biliary system. That this did not
occur with murine 1gM in the same mouse model is
even more difficult to explain.

Another observation of note from this study is the
difference between the overall kinetics and distribution
of the 1gM species based on radiolabels. While the
general distribution â€˜â€˜â€˜In-labeledMoAb is similar to

the endogenously labeled IgMs with rapid liver uptake
and gastrointestinal excretion of the label, somewhat
less of the â€œInremains in the bone, kidney, muscle,
and skin at both 4 and 24 hr than is observed with the
â€œSelabel. This is different than what was observed
when the same experiment was performed in IgO stud
ies. There the RUIn data was highly similar to the â€œSe
protein (13).

The radioiodinated IgMs, in contrast, show an early
(4 hr) distribution slightly more in keeping with the
distribution ofthe endogenously labeled 1gM than does
the â€œInlabel.However,by 24 hr the patternradioio
dinated MoAb exhibits is very confusing. The 1251ob
served in the gastrointestinal tract, which should have
been excreted through the feces, is predominantly cx
creted through the kidney. This probably represents free
iodine since the 75Se and â€˜â€˜â€˜Inlabels that enter the
gastrointestinal tract were not reabsorbed but eimi
nated in the feces. Free iodine is rapidly absorbed in
the small bowel, then excreted in the urine ifthe thyroid
gland is blocked, as it was in this experiment by the
additionof potassiumiodideto the drinkingwaterfor
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3 days prior to the study. When the iodinated data from
our study is compared with that from Buchsbaum et al.
(5), Ballou et al. (21) and Pimm and Baldwin (22), the
problems associated with interpreting in vivo studies
performed with iodinated proteins become obvious.
This is especially true of anything which is acquired by
the liver since dehalogenation by this organ occurs
relatively rapidly. If 1gM antibodies are to be used in
clinical studies, these data strongly indicate that isotopes
other than iodine should be used as a radiolabel, or new
methods of iodination should be used.

A comparison of the distribution and kinetics of the
I I â€˜In-labeled murine monoclonal 1gM and human

monoclonal 1gM in the mouse model suggests there
may be differences in the handling ofthe two molecules
in the mouse. Ballou et al. (21) found a 24-hr blood
disappearance of intact murine 1gM that was less than
for our murine MoAb; however, this could be due to
differences in the particular MoAbs that were used in
these experiments. While dehalogenation can account
for the differences in the solid tissues, our data with
murine IgO suggests that dehalogenation is not aggres
sive in the vascular compartment. Interestingly, while
we did not find any large differences between the dis
tribution of an intact pentamer and its monomer com
ponent, Ballou's group (21) found a very significant
difference between the half-times of intact murine 1gM
and a labeled F(ab')2M,with the pentamer remaining in
the animals much longer than the fragment. Again, this
could be due to individual MoAb differences, or in this
case, to species differences, as our monomers were
derived from human 1gM. Another factor that might
be important in the rapid disappearance of the 1gM
fragment is a further splitting ofthe molecule to a Fab'
species, a phenomenon we have observed for F(ab')2
derived from murine IgG (23). Why such changes
occur, and why it is more or less characteristic for each
particular MoAb is obscure.

While P1mm and Baldwin were unable to target
tumor in a murine system using a radioiodinated 1gM,
their data indicates extremely rapid dehalogenation in
the manner noted by Ballou et al. (21). We did not
have an animal tumor model for this work, yet we did
have human subjects and were able to image tumor in
humans with at least two 1gM MoAbs. While the first
author agrees with Pimm and Baldwin (22) that size
does effect entrance of MoAb into tumor with the
smaller fragments entering faster than the larger mole
cules (24,25), our data indicate that an 1gMcan pene
trate the capillaries and enter the tumor and result in
tumor targeting as shown in Figure 7, and in other
patients studied in our laboratory (26). Blood levels
remain much higher and liver levels lower when murine
IgMs are administered to a mouse than when human
IgMs are administered. Furthermore,the excretion pat
terns are different for the two. Whether this is unique

to the particular murine 1gM MoAb that we have
chosen to study or whether we are looking at a true
species difference, is impossible to say since we have
data on only one murine 1gMMoAb.

Compartmentalization is a problem with murine
IgGs in humans (15), and it is frequently necessary to
â€œsaturateâ€•some of these unknown â€œbindingsitesâ€•with
unlabeled MoAb (16). This is accomplished by increas
ing the MoAb mass. In fact, we found that this was still
necessary in the 1gM studies performed in humans
employing YBM-209 and YBY-088 (These data will be
the subject of a separate communication) (26). The
distribution of the â€˜â€˜â€˜In1gM antibodies in the human
resemblesthat of the mouse with high liver uptake and
in some cases dramatic excretion into the feces. In fact,
the excretion from the biliary system in one patient was
so rapid that it caused the gallbladder to visualize.
HPLC analysis ofserum from the patient on TSK-2000
and TSK-3000 indicated that theâ€•â€˜Inlabeled materials
remained attached to a pentameric size molecule 24 hr
after administration. This â€œInspecies had a distribu
ton in mice similar to both the column purified and
noncolumn purified material with the exception that
the uptake in the liver was less than for the native
materials.At the time ofthis writing, the reason for this
phenomenon is unknown; however, it could represent
aggregates of damaged MoAb (but not apparently so)
or less likely some form of colloidal indium. Similarly,
it has not been possible to identify what 1gM species
adheres to the G-75 and 5-400 column. The bound
fraction cannot be eluted under nondenaturing condi
tions, and pre- and post-column radiolabeled antibody
is identical in specific activity, charge and molecular
weight. Most 1gMantibodies show nonspecific binding
to a variety of solid phases including glass and plastic.
Thus, we believe the presence of a fraction of the
radiolabeled antibody which binds Sephadex columns
isaninherentpropertyof 1gMmolecules,possiblydue
to large size, extensive glycosolation, and poor solubil
ity. These propertiesmay be useful in triggeringin vivo
immunological properties associated with 1gM antibod
ies such as agglutination and complement fixation.

In summary, human 1gM MoAbs appear to have
unique properties in vivo as compared to murine IgO
MoAbs. The monomeric derivatives are similar to the
pentamers in distribution. High liver uptake and fecal
excretion characterizes these species when labeled en
dogenously with [75Se]methionineor exogenously with
â€œIn.lodination oflgM MoAbs led to rapiddehalogen
ation in vivo. Early evidence suggests that tumor can
be targetedwith labeled 1gMMoAbs but obvious prob
lems remain in their use.

REFERENCES

1. Halpern SE, Stern PH, Hagan PL, et al. The labeling
of monoclonal antibodies with â€œIn:technique and

1695Volume29 â€¢Number10 â€¢October1988



advantages compared to radioiodine labeling. In: Bur
chiel SW, Rhodes BA, eds. Radioimmunoimaging and
radioimmunozherapy. New York: Elsevier, North
Holland Biomedical press, 1983: 197â€”205.

2. Larson SM, Brown JP, Wright PW, et al. Imaging of
melanoma with 1-131labeled monoclonal antibodies.
JNuclMed 1983;24:123â€”129.

3. Levine 0, Ballou B, Reiland J, et al. Localization of
1-131-labeled tumor-specific monoclonal antibody in
a tumor-bearing BALB/c mouse. J Nuci Med 1980;
21:570â€”573.

4. Rhodes BA, Burchiel SW. Radiolabeling of antibodies
with technetium-99m. In: Burchiel SW, Rhodes BA,
eds. Radioimmunoimaging and radioimmunotherapy.
New York: Elsevier, North-Holland Biomedical press,
1983:207â€”222.

5. Buchsbaum D, Randall B, Hanna D, Ct al. Compari
son of the distribution and binding of monoclonal
antibodies labeled with â€˜3'iodineor â€˜â€˜â€˜indium.Eur J
NuciMed 1985;10:398â€”402.

6. Menard S, Miotti S, Tagliabue E, et al. Tumor radio
immunolocalization in a murine system using mono
clonal antibodies. Tumori 1983;69:185â€”190.

7. Halpern SE, Dillman RO, Hagan PL. The problems
and promise of monoclonal antitumor antibodies.
Diaglmag 1983; 5:40-47.

8. Stern P, Hagan P, Halpern S, Ctal. The effect of the
radiolabel on the kinetics ofthe monoclonal anti-CEA
in a nude mouse-colon tumor modeL In: Mitchell MS,
Oettgen HF, eds. Hybridomas in cancer diagnosis and
treatment. New York: Raven Press, 1982: 245â€”253.

9. Gerhard W. Fusion of cells in suspensions and out
growth ofhybrids in conditional medium. In: McKeon
and Bechtol, eds. Monoclonal antibodies. New York:
Plenum Press, 1980:370â€”371.

10. Burnett KG, Oh E, Hayden J. Breast cancer antigens
detected with human monoclonal antibodies. In: Cer
jam RL, ed. International workshop on monoclonal
aruibodies and breast cancer. Boston: Martinus
NijhoffPublisher, 1985: 179â€”189.

11. Krejcarek GE, Tucker KL. Covalent attachment of
chelatinggroups to macromolecules. Biochem Biophys
Res Commun 1977;77:581â€”585.

12. Morrison M, Bayse GS. Catalysis of iodination by
lactoperoxidase. Biochemistry 1970; 9:2995â€”3000.

13. Halpern SE, Hagan PL, Garver PR, et al. Stability,
characterization, and kinetics of â€˜â€œIn-labeledmono
clonal antitumor antibodies in normal animals and
nude mouse-human tumor models. Can Res 1983;
43:5347â€”5355.

14. Halpern SE, Dillman RO. Radioimmunodetection

with monoclonal antibodies against prostatic acid
phosphatase. In: Winkler C, ed. Nuclear medicine in
clinical oncology. Berlin: Springer-Verlag Press, 1986:
164â€”170.

15. Halpern SE, Dillman RO, Witztum KY, et al. Radio
immunodetection of melanoma utilizing In-l 11 96.5
monoclonal antibody: a preliminary report. Radiology
1985;155:493â€”499.

16. Halpern SE, Hagan PL, Frincke JM, et al. Radioim
munodetection of human cancer with Indium-l 11
labeled monoclonal antibodies. In: Muccino RR, ed.
Synthesis and applications ofisocopicallylabeled com
pounds. Amsterdam: Elsevier, 1986: 195â€”200.

17. Cahour A, Ollier-Hartmann M-P, Mihaesco C, et al.
Monosaccharide composition of human monoclonal
(18) and normal (8) 1gM immunoglobulins: proposed
structural models for the glycan chains. Biomed 1981;
35:133â€”136.

18. Goodman JW. Immunoglobulins - I. Structure and
function. In: Stites DP, Stobo JD, Fudenberg HH,
Wells JV, eds. Basic and clinical immunology, 4th
Edition. Los Altos, CA: Lange Press, 1982: 32.

19. Hubbard AL, Stukenbrok H. An electron microscope
audioradiographic study of the carbohydrate recogni
tion systems in rat liver. II. Intracellular fates of the
125! ligands. JCellBiol 1979; 83:61â€”81.

20. Hubbard AL, Wilson G, Ashwell 0, et al. An electron
microscope audioradiographic study of the carbohy
drate recognition systems in rat liver. I. Distribution
of 1251ligands among the liver cell types. J Cell Biol
1979; 83:47â€”64.

21. Ballou B, Reiland J, Levine G, et al. Tumor location
usingF(ab')@froma monoclonal1gMantibody:phar
macokinetics.JNuclMed 1985;26:283â€”292.

22. Pimm MV, Baldwin RW. Distribution oflgM mono
clonal antibody in mice with human tumor xeno
graphs: lack of tumor localization. Eur J Can Clin
Oncol 1985;21:765â€”768.

23. Halpern SE, Hagan PL, Bartholomew RM, et al. The
distributionof various â€œInF(ab')2 preparationsin
normal mice. JNuclMed 1987; 28:692.

24. Halpern 5, Buchegger G, Schreyer M, et al. Effect of
size ofradiolabeled antibody and fragments on tumor
uptake and distribution in nephrectomized mice. J
NuelMed 1984;25:112.

25. Halpern SE, Dillman RO. Problems associated with
radioimmunodetection and possibilities for future so
lutions. J Biol Resp Mod 1987; 6:235â€”262.

26. Ryan KP, Dillman RO, DeNardo SJ, et al. Imaging
ofbreast cancer using In-l 11 human 1gM monoclonal
antibody: preliminary studies. Radiologj@in press.

1696 Halpern,Hagan,Chenetal The Journal of Nudear Medicine




