
The multi-pI banding pattern, observed by Hamilton
(1), goes unnoticed by (SDS-PAGE) (10%), and thus is
often unsuspected. The cause of the phenomenon could
stem from post-translational changes such as amidation or
deamidation of glutamate or glutamine residues (2,3).
Glycosylation can also result in a charge shift ofthe protein
band ofselected non-IgG heavy-chain Ig myeloma proteins
(4). Treatment of Mab IgG with neuraminidase failed to
decrease gamma heavy chains to a single spot in two
dimensional gels (4,5). In any event, these shifts in the
IgOs p1 signify posttranslational modifications which ap
pear consistent within a given hybridoma cell line. An
exception, of course, is class switching, which is fairly
uncommon (6).

Fragments of Mabs have been shown to give earlier and
superior lesion-to-background ratios in tumor models
when compared with intact Mabs, and to improve image
quality in human radioimmunodetection (RID) (7-10).
For these reasons, much work in radioimmunodiagnosis
now focuses around Mab fragments. While Fab and Fab'
fragments offer an advantage for RID, they are not without
problems, one of which is a half-log decease in affinity
over bivalent species and an increased probability that a
randomly applied radiolabel will involve the one remain
ing variable region. The end result of the above could be
reduced tumor targeting. Since the possibility exists that
some of the p1 bands described by Hamilton et al., repre
sent none or less immunoreactive materials, we have at
tempted to investigate each band separately in regard to
its immunoreactivity and in vivo distribution and tumor
targeting. Our interest was selection of the most appropri
ate band for RID. The following represents the results of
our efforts.

MATERIALS AND METHODS

Characterizations of Antibody ZCE-025 and Its
Fragments

The originalinfusionthat producedthe hybridomacamefrom
the laboratoryof Dr. J-P. Mach in Lausanne,Switzerlandand is
known as Mab-35 in his publications. The ZCE-025 used in this
study, however, was produced by Hybritech, Inc., San Diego, CA.
ZCE-025hasan affinityofapproximately6 x i0@forcarcinoem
bryonicantigen(CEA)when studiedwitheither a radioiodineor
â€ẫ€ẫ€˜In label. It migrates at 150,000 daltons on SDS-PAGE gels and

has an immunoreactivity of 70%. ZCE-025 was separated from

Isoelectricfocusing (IEF)of the Fab' derivativeof murine
monoclonalantibodyZCE-025is knownto detectat leastsix
bands having isoelectric points (pI) ranging from 5.4 to 7.8.
Chromatofocusingwas employedto separatethese bands.
Electrophoresis of the starting materials under nonreducing
conditions indicated all of the materials to migrate as Fab'.
The electrophoresis of unne samples obtained from Balb/c
and nude mice 8 hr after the i.v. injectionof the various 1251
bands revealed the low p1bands to migrate approximately as
a 125l-Fab'. The higher p1band activitywas located in lower
molecular weight regions. Serum samples taken at 8 hr
postinjection from the above mice revealed a series of what
appearedto be highmolecularweightcomplexesand some
low molecularweightspecies.Biodistnbutionstudiesin com
panson BaIb/c mice and nude mice revealed that the low p1
1251-Fab'bands gave an organ and tumor uptake at 8 hr very
similar to Fab' , while the high p1 @l-Fab'bands were rapidly
excretedinto the urineandfecesanddid not concentratein
the tumor. The data suggest that the population of molecules
makingup the Fab' of this antibodyis heterogeneousand
variably stable. Theoretically, some of the entities observed
could be counter productive to successful radioimmunoim
aging. It is also possible that some of the labeled molecules
are associatingin vivowith endogenousproteinsthat might,
in some Mabs, affect the biodistnbution of the radiopharma
ceutical.
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amilton et al. (1) have examined murine mono
clonal antihuman IgO subclasses by isoelectric focusing
(IEF)-affinity immunoblot analysis as well as by other
techniques. The results indicated isoelectric point (p1)
microheterogeneity, immunoreactivity and specificity dif
ferences in these monoclonal antibodies (Mabs). As a
group, the above Mabs had pls ranging from 6. 1 to 7.8
and consisted of one to five major dense bands flanked by
up to four minor faint bands. The major dense bands
displayed a restricted charge heterogeneity (0. 1â€”0.6pH
units).
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other proteins by sodium sulfate salt precipitation followedby
diethylaminoethyl (DEAE) chromatography.

To preparethe Fab', the intactmoleculewasreducedto F(ab')2
by pepsin digestion. This was followed by ultragel AcA-54 chro
matography. The resultant F(ab')@ presents as a single band
corresponding to 100,000 daltons on SDS-PAGE gels and the Ka
remained at 6 x l0@M/liter with the same immunoreactivity as
the starting preparation.

Fab' was prepared from the F(ab')2by reduction for 30 mm
in excesscystine followed by blockade ofthe free sulhydryl groups
by iodoacetamide (10). This preparation was dialyzed to remove
excess cystine. The Fab' produced from this reaction was 95%
pure by SDS-PAGE and confirmed by HPLC. The Ka was
reduced, compared to the parent molecule, by half a log, i.e., 1
x l0@.The immunoreactivity remained at 70%. These findings
are in keeping with predicted values. Nonreducing SDS-PAGE
(10%) (11) revealed one major band at ca. 50,000 daltons at RI
4, whichcorrespondedto the expectedsizeofa Fab'. Specifically,
there was no evidenceof small speciesthat would suggestFab'
had been fragmentedin any wayto componentparts.

Chromatofocusing
Chromatofocusing was performed on ZCE-025 Fab' fragments

(3.22 mg/mi) in a C10/20 column of polybuflerexchanger74
equilibrated with 25 mM imidazole HQ buffer (pH 7.4). The
purified ZCE-025 Fab' fragments had been extensively dialyzed
againstthe above buffer.Followingaddition of the protein, the
column was developed with degassed polybuffer 74, diluted 9-
fold and adjusted to pH 4.0 according to the recommended
protocol (12).

The flow rate on the column was 40 ml/hr, and 1 ml fractions
were collected and examined for protein by measuring the optical
density at 280 mm and multiplying by 0.71 (10). After determin
ing the pH ofthese protein-containing fractions, they were selec
tively pooled and dialyzed against 80% ammonium sulfate to
removethe polybuffer74 followedby exhaustivedialysisagainst
TriS.HC1buffer (pH 7.4). The protein samples were then concen
trated and reexaminedby IEF.The lowesttwo p1bands, 5.4 and
5.8, were in fractions 91â€”102,and the lowest p1 band (5.4) was
in fractions103â€”108.

As the remaining bands had not eluted, 10 column volumes
of eluent buffer containing 0.3 M sodium chloride (13) was
appliedand 1 cc fractionswere collected.This was followedby
eluent buffer containing 1.0 M NaG. All fractions were again
examinedforprotein.The protein sampleswerepooled,dialyzed
and concentrated.Examinationby IEFrevealedp1bands6.1and
6.3 in fractions10â€”14,whichhadbeencollectedafter0.3 M
sodium chloride elution. p1 band 7.0 appeared in fractions 15-
20. The highest p1 band (7.8) eluted in fractions 11â€”14after the
additional 1.0 M sodium chloride.

Radiolabeling/lmmunoraactivityAssay
ZCE-025Fab' and its bands were labeledwith 1231usingthe

lactoperoxidasetechnique(14). The immunoreactivityassaywas
performed by an established procedure (15). Briefly, an excess of
a second Mab known to recognizea site stericallyindependent
of the site recognizedby the labeledMab was immobilizedon a
polystyrene ball. A known number of counts per minute of the
labeledantibody and either 0 or 500 ng of CEA were added to
each of three tubes containing a ball. The tubes were incubated
overnightat 37Â°C.After two washes,the percentageof labeled

Mab bound to each ball was determined.From this the immu
noreactivitywascomputed.

AnimalModelStudies
The protocolused in the distributionand excretionstudiesin

Balb/c mice and nude mice bearing the T-380 human colon
tumor has been previously described (10). Basically the mice
were injected intravenously via tail vein with less than 1 @Ciof
the appropriate1251fraction.At a time intervalof no longerthan
8 hr, the mice were killed by cervical dislocation and the organs
indicated in Tables 4 and S were acquired and weighedon an
analytical balance. Counting was performed using an auto gamma
counter, the tissues being compared to a standard prepared from
the injectate. The data were computed as a percentage of the
injected dose per gram (%ID/g) for all organs and as a percentage
of injected dose (%ID) for urine and feces. All statistical evalua
tions on the biodistribution studies were performed using the
two-tailed Student's t-test and a p of 0.05 or less was considered
significant(16).

Electrophoresis/GelStripStudies
The â€˜25I-labeledFab' and chromatofocusedbands were ex

amined by nonreducing SDS-polyacrylamide gel electrophoresis
usingseparatingand stackinggelscontaining 10%and 5%acryl
amide, respectively (9,10,17). In a similar fashion, serum and
urine samplesfrom mice injected with â€˜25I-labeledFab' or one
ofthe â€˜25I-labeledbands werecollectedafter 8 hr. The molecular
weights of these materials were approximated by running visual

standards in a parallel lane (18). The radioactive strips were not
stainedbut insteadwere slicedinto nine segmentsof 1 cm each
immediatelyafter the completionof the electrophoresis.The gel
segments were counted on a gamma well counter to correlate the
distributionofthe associatedradioactivitywith molecularsize.

RESULTS

Isoelectnc focusing confirmed earlier studies in our
laboratory (10) that ZCE-025.Fab' fragments separate into
six bands ranging in p1values from 5.4 to 7.8. These bands
were located at 5.4, 5.9, 6.1, 6.35, 7.0 and 7.8 p1 units,
respectively. Specifically, the pre-focused material migrat
ing electrophoretically as Fab' under nonreducing condi
tions indicated that the starting material was without small
protein contaminants. Isoelectric focusing of the chroma
tofocused â€˜251-Fab'gave five groups ofprotein, referred to
as Bands Aâ€”E.Thus, Band A is a p1 = 5.4 + 5.9 double
band, Band B is a 5.4 band, Band C is a 6.1 + 6.35 double
band, Band D is a 7.0 band and Band E is a 7.8 band. The
tandem immunoreactivity assay revealed that 1251Fab'
fragments (the starting material) had an immunoreactivity
of57%, while â€˜251-BandsA-E had immunoreactivity levels
of45%, 37%, 14%, 6% and 4%, respectively. Bands A and
B accounted for 80% ofthe material recovered and Bands
C-E 20%. These data correlate quite closely with the
results of the electrophoretic (nonreducing conditions)
studies of these entities, which indicated that most of the
protein in bands Câ€”Emigrate at less than 50 kD.

Electrophoresis/gel slice data (Table 1) of the radiola
beled materials revealed that 1251Fab' had 76% of its
radioactivity located in piece 4, which is the piece proven
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â€˜@I-Bandsp1=5.4p1=6.1and5.9p1=5.4and6.35p1=7.0pl=7.8Visual

STDSSliceVisual
STDSdistancesnumberBand

ABand BBand CBand DBand E @l-Fab' MWin K(cm)

Counts:@ greater than 2x background; t greater than 5x background;@ greater than lOx background.
Datarepresentspercentageof activityat eachonecmsliceof gel.Thebandsarethoseisolatedfollowingisoelecthcfocusingof the Fab'

ofmonoclonalantibodyZCE-025.

Counts:@ greater than 2x background; t greater than 5x background;@ greater than lOx background.
The bands used for injectlon have the same pls as shown in Table 1. The Rfs also correspond to the ndecular weights indicated in Table

1. lime of samplecollectlonswas8 hr pos@njectlon.

TABLE I
Electrophoresis Data on 1251-ZCE-025Fab' Bands A-E

Slice
number Serum Uiine

NO NO 0%
0%
0%
3%
4%

RADIOAC 45%*
16%
15%
19%

SIG

10%0%0%0%0%021%1%t0%1%1%*1%180K1.6531%t1%*5%s17%s7%*0%1

16 K
84K2.22.7469%s69%s14%@19%@76%*58

K
48.5K3.43.855%*4o@f@*2%@3%t3%t4%*3@

K4.8612%@8%@39%*6%s5%t8%t26.6
K5.478%s8%*11%@6%*8%:6%t83%*10%*26%39%*40%*4%*91%t1%t8%*14%@16%@1%0.67K8.0

to contain the Fab' by staining an electrophoresis strip to
which nonlabeled Fab' had been applied with Comassie
blue indicator. Iodine-125 Band A and â€˜251-BandB both
had 69% of their radioactivity located in piece 4. Band C
had only 9% of its activity at piece 4 and 39% located in
piece 6. Bands D and E had more radioactivity located in
piece 8 than any other, i.e., 39% and 40%, respectively,
yet, a peak did occur at piece 4. Pieces 5 and 6 were shown
to correspond to a 26.6 and 36 Kd standard respectively,
while piece 8 was adjacent to the 0.67 Kd bromophenol
blue front.

Serum and urine samples from comparison Balb/c mice
and nude mice injected with â€˜25I-BandsAâ€”Ewere sub
jected to electrophoresis. Levels of radioactivity sufficient
to easily determine a migratory pattern was achieved in all

A-C samples at 8 hr, whether serum or urine. This was
true in nearly all urine samples (A-E) at 8 hr. Only band
E in the nude mice failed to produce significant urine
counts (Tables 2 and 3) to allow determination of migra
tion. The peak activity of Bands A and B was found in
slice 4 for both urine and serum. For all â€˜251-Bands,urine
samples indicated elevated radioactivity in piece 6 (when
significant counts were recovered). Activity at this site was
higher for Bands C-E than for A and B. The serum samples
taken from Balb/c mice injected with â€˜25I-BandsA and B
reveal significant amounts of radioactivity in pieces 1â€”3,
which correspond to high molecular weight complexes not
present in the starting materials. To a lesser extent this
same phenomenon is found in the serum from nude mice
injected with â€˜251-BandsA and B.

TABLE 2
Electrophoresis Data on Serum and Urine from BaIb/C Mice Injected with 125l-ZCE-025Bands A-E

BandA -* BandB -. BandC â€”@ BandD -@ BandE â€”@

Serum Lkine Serum Wne Serum LMne Serum Wne

113%0%lOW1%5%0%219%t1%19%t1%2%0%316%t3%*18%t1%*7%9%420%t45%*20%t56%*9%8%*518%t15%t15%t8%t18%*4%*615%*24%*12%*19%s35%*59%*73%6%*5%7%t18%*16%t81%3%*1%4%â€¢7%8%*90%2%@0%3%*0%5%*1%
0%

516 0%
1%
1%

RADIOAC 490/*
16%*
13%
19%*
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. BandA BandB BandC BandD BandE
Slice

number Serum Lhine Serum Wne Serum Wne Serum Urine SerumLkine1

3% 1% 5% 1% 12%* 3% NO 6% NONO2
5% 1% 15W 4% 13W 5% SIG 7% SIGSIG3
9%* 2% 11%* 8%* 12W 5% RADIOAC 7% RADIOAC RADIOAC4

5@%t 53%* 41%* 39%* 15%* 8%8%5
8%* 7%* 9%* 7%* 10%* 6%4%6
8%* 18%* 11% 2@%t fl%t 45%*27%*7
7%* 10%t 6% 10%t 7% 15%11%8
4% 6% 3% 7%* 6% 6%18%9
2% 2% 2% 3% 2% 7%13%Counts:

@ greaterthan2x backroundt greaterthan5x background; greaterthan lOxbackground.The

â€˜251-BandC serum samples gave a smear of radio- 25% in â€˜25I-BandC and 30%â€”36%in â€˜25I-BandsD andE.activity,
with the largest single amounts located in piece 6, In other words, for â€˜251-BandsCâ€”Dand E, the amountof35%

and 22%,respectively.All serumsamplesfrom Bands radioactivityexcretedinto the urine doubled in compari
D andE failedto givesignificantcounts. sontoâ€˜25I-Fab'.It

is important to note that there is virtuallyno evidence Table 5 displaysthe resultsofthe biodistributionstudies(solvent
front) of free iodine excreted into the urine in of â€˜25I-Fab'and â€˜25I-BandsAâ€”Ein nude mice hostingtheBands

A-C, indicating that at 8 hr dehalogenation had not T-380 human colon carcinoma. The mice were killed 8hrplayed
a major role in this study. after intravenous injection of the bands and 6 hr aftertheTable

4 displaysthe resultsofthe biodistributionstudies â€˜25I-Fab'.The highest radioactivity observed for thebandsin
Balb/c mice 8 hr following the intravenous injection of was in the kidneys followed by the blood and lungslices.â€˜25I-ZCE-025.Fab'

and â€˜25I-BandsA-E. Thesedatacanbe Thiswasin accordancewith the distributionin compari
used for comparison with the nude mouse data below. The son BaIb/c mice. Of special interest is the fate ofthehighest

activities observed for 125I-Fab'were in the kidneys chromatofocused material in terms oftumor uptake.Both(1
1.3% ID/g) and the lungs (7.46% ID/g). Bands A and B â€˜25I-BandA and B show an enhanced trend oftumorshowed

a trend towards diminished renal uptake and uptake. Unfortunately, the standard deviations arewidemarkedly
diminished lung uptake (p < 0.05) from com- and statistical significance is not achieved. While BandCparison

values. Perhaps the most striking trend in the data showed evidence of tumor uptake, Bands D and Ewereis
the increase in the amount of radioactivity found in not concentrated by thetumor.urine

when one compares 125I-Fab'with â€˜25I-BandsA-E. In contrast to what was observed in comparisonBalb/cOn
a %ID basis, the amount of radioactivity increases mice, the percent of the dose excreted in the urineofapproximately

l5%â€”20%in â€˜25I-BandsA and B compared tumor mice decreased approximately 17% for â€˜25I-BandAto
â€˜25I-Fab'.This discrepancy widens to approximately and 31% for â€˜251-BandB. This is offset somewhat byanTABLE

4Biodistribution
of 1@l-Labe1edZCE-025 Fab' and Its Labeled Bands in Balb/cMice(Mean

%ID/g Â±s.d.)Organ

â€˜@1-Fab' Band A Band B Band C Band D BandEBlood

5.74Â±1.66 3.82Â±0.25 4.93Â±0.28 2.54Â±0.20 0.63Â±0.02 1.40Â±0.80Bone
1.21 Â±0.16 1.06 Â±0.47 1.00 Â±0.13 0.59 Â±0.04 0.24 Â±0.07 0.65 Â±0.51Heart
2.37Â±0.76 1.39Â±0.02 1.59Â±0.14 0.99Â±0.08 0.23Â±0.03 0.56Â±0.37@(j@j@y*
5.64Â±0.85 4.42Â±0.10 5.41Â±0.52 2.74Â±0.19 1.33Â±0.08 2.41Â±0.92Liver
2.31 Â±0.67 1.41 Â±0.31 1.79Â±0.21 1.88Â±0.59 1.18Â±0.152.03Â±0.79Lung
7.46 Â±2.92 3.30 Â±0.37 3.62 Â±0.29 2.16 Â±0.31 0.50 Â±0.03 1.24 Â±0.78Muscle
0.91Â±0.13 0.66Â±0.14 0.74Â±0.06 0.14Â±0.02 0.09Â±0.01 0.23Â±0.17Skin
2.02Â±0.28 1.55Â±0.26 1.70Â±0.15 1.08Â±0.20 0.31Â±0.08 0.57Â±0.36Spleen
2.48Â±1.28 1.66Â±1.06 1.35Â±0.13 0.87Â±0.09 0.34Â±0.160.75Â±0.55Intestine
2.03Â±0.43 1.25Â±0.51 1.49Â±0.43 0.81Â±0.18 0.35Â±0.05 2.58Â±2.50(kinet

24.5 39.2 44.0 50.8 61.054.2Fecest
2.4 5.1 1.5 5.8 24.04.2a

Represents data from a singlekidney.t

Data calculated as percentage of total dose injected; all data normalized to a 20-9 animal.

TABLE 3
Electrophoresis Data on Serum and Urine from Nude Mice Injected with 1@I-ZCE-O25Fab' Bands A-E
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Mean%ID/g1@l-Fab'Organ

6-hrdata +BandA +BandB +BandC +BandD +BandE

TABLE6ElectrophoresisData
from Serum and Urine of

Injected with 1@l-Fab'b/C
MiceSliCe

numberâ€˜251-ZCE-025Fab' SerumUrine

Counts:@ greater than 2x background; t greater than 5x back
ground;@ greaterthanlOx background.

SamplesCOlleCted6 hr after injection of radiopharmaceutlcal.

TABLE 5
Biodistnbutionof @l-LabeIedZCE-025Fab' andIts 1@l-LabeIedBandsin Tumor-BearingNudeMice

6.33Â±0.533.81Â±0.643.18Â±0.462.10Â±0.740.84Â±0.180.89Â±0.27Bone0.96
Â±0.310.93 Â±0.300.53 Â±0.110.36 Â±0.120.25 Â±0.090.17 Â±0.04Heart1.75
Â±0.461.30 Â±0.280.96 Â±0.080.61 Â±0.240.31 Â±0.120.29 Â±0.12Kidney*11.44Â±4.468.86Â±3.7812.82Â±8.282.96Â±0.541.54Â±0.231.56Â±0.29Uver1.75

Â±0.131.62 Â±0.811.36 Â±0.710.83 Â±0.230.74 Â±0.150.80 Â±0.20Lung4.07
Â±0.473.36 Â±0.312.37 Â±0.271.62 Â±0.360.79 Â±0.140.71 Â±0.28Muscle0.74
Â±0.260.69 Â±0.180.46 Â±0.070.26 Â±0.090.17 Â±0.070.13 Â±0.08Skin3.24
Â±0.712.29 Â±0.532.35 Â±0.681 .25Â±0.280.69 Â±0.040.47 Â±0.20Spleen1.96
Â±0.562.12 Â±1.381.26 Â±0.750.66 Â±0.210.39 Â±0.220.32 Â±0.14Intestine3.42
Â±1.701 .58Â±0.371 .67Â±0.671 .26Â±0.271 .72Â±0.801 .16Â±0.40Tumor4.43Â±2.186.96Â±3.9910.19Â±7.435.82Â±2.130.66Â±0.180.54Â±0.21Urinet39.122.013.154.661.863.4FeceSt4.010.014.17.45.016.9

a Represents data from a single kidney.

t Data caiculatedas percentage of total dose injected Animals were killed 8 hr after injection all data nOrmaliZed to a 20-g animal.

increase of 5% and 13% in radioactivity in the feces of
these two bands, respectively. As was the case in compar
ison Balb/c mice, over 50% of the injected dose of 125I@
Bands C-E was excreted in the urine with some fecal
excretion.

Data from the electrophoresis of serum and urine col
lected from Balb/c mice 6 hr after injection of â€˜251-Fab'
are shown in Table 6. The peaks in slice 4 are obvious in
all ofthe specimens. Also, a large species in the serum and
a small species in the urine are observed.

DISCUSSION

Intact Mabs and their fragments have been shown to
give single bands of the expected molecular weights on
polyacrylamide gels developed under nonreducing condi
tions (9,17). Our resultswith â€˜25I-Fab'parallel these find
ings and are also supported by the use of visual standards.
The data presented in regard to electrophoresis ofthe Fab'

used in these studies were confirmed in another laboratory
(Dr. Roberto Fagnani; Hybritech, Inc. La Jolla, CA). All
of the work described, however, was performed in the
senior author's laboratory.

Isoelectnc focusing of â€˜25I-ZCE-025Fab' indicated six
bands to exist at pls ranging from 5.4â€”7.8.Chromatofo
cusing resolved the six bands of ZCE-025 into two basic
populations, low p1 (Bands A and B) and high p1 (Bands
C-E).Theformeraccountedfor80%ofthematerialeluted
off the column. All 1251bands as well as â€˜25I-Fab'itself
were examined by electrophoresis/gel slice under nonre
ducing conditions. Under such conditions, complexes
would not be destroyed ifthey existed. We believe the data
to hold quite well for the time period indicated, however,
the possibility that alterations might vary with labeling
cannot be excluded.

Zimmer et al. (19) published HPLC radiometric elution
profiles of @mTc@labeledanti-CEA fragments in normal
saline and from the urine of athymic mice 6 hr after
injection of the radiopharmaceutical. Most of the radio
activity was associated with Fab'-like material in normal
saline. The major radiopeak in the urine sample corre
sponded to free @mTc.A significant amount of radioactiv
ity in the urine, however, was associated with an interme
diate molecular weight species, while the @Tc-Fab'frag
ments were only a minor component.

Electrophoresis ofthe urine 6 hr after administration of
the â€˜25I-ZCE-025.Fab'into nude mice indicated 59% of
the radioactivity to migrate to RI 4. This corresponds to
nonlabeled fragments.Twenty-eight percent was found in
pieces 6 and 7 and represented intermediate molecular
weight components, probably light and heavy chains. The
small amount of radioactivity in piece 8 (9%) could cor
respond to free iodine. Both â€˜25I-BandsA and B show this
same trend in urine samples from nude mice at 8 hr. Thus,

10%0%0%20%24%*9%37%*12%?0%469%*43%*59%*52%4%3%66%*6%*16%t74%*4%1@%t87%*4%9%94%*2%0%
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for these two bands, in vivo dehalogenation appears minor
in all instances, i.e., 10% or less. This is in accordance
with our previous findings that although eventually
marked, cleavage ofthe iodine from the protein is minimal
in vivo for about 8 hr unless immune complexes are
formed (20).

Our data on the serum samples taken from comparison
mice injected with â€˜25I-BandsA and B reveal a smear of
radioactivity in pieces 1â€”3,which suggests the possibility
that the â€˜25I-Fab'(s)or Bands A and B might be binding
albumin or some other serum protein during the electro
phoresis procedure itself. It is also true, however, that this
complexation could be occurring in vivo (at least to some
extent). Tracey et al. (5) have reported a tendency, in
selected serum specimens from patients with monoclonal
gammopathies, for light chains to bind albumin during
the focusing procedure, thus forming high molecular com
plexes. They were able to overcome this problem by de
albuminating the serum samples prior to isoelectric focus
ing. Hnatowich et al. (21) found the formation ofa single
high molecular weight species when they studied serum
samples ofâ€•â€˜I-labeledOC-125 antibody in cancer patients.
They did not, however, find a series of high molecular
weight species. Furthermore, Pimm et al. (22) examined
â€˜â€˜â€˜In-labeled anti-CEA gel filtration profiles on Sephacryl

S300. They studied â€œIn-labeled intact Mabs mixed with

normal mouse serum or serum of mice with colon and
gastric carcinoma xenografts. The analysis of all serum
samples indicated that â€œInwas still attached to the Mab
in a well-defined peak coincident with an IgG. There was
no evidence of antibody-CEA complexes. We have ob
served such complexes in our patient studies by HPLC
when the level of circulating CEA was quite elevated.

The immunoreactivity assay data by itself, in conjunc
tion with the work ofHamilton et al. (1)(discussed above),
supports the notion that Bands A and B, i.e., the two major
p1 bands, correspond to monoclonal IgG Fab'. The four
minor bands remain unknown, but they certainly have
less capability to target tumors than bands A and B and
are cleared faster by the kidney. When taking the addi
tional electrophoresis data into account, specifically the
dramatic fall in molecular weight ofthe major radioactive
peaks in Bands Câ€”E,the overwhelming evidence suggests
fragmentation of the Fab'. Given the rate of excretion
from mice and molecular sizing, it is reasonable to postu
late that some ofthe material in Bands Câ€”E(especially the
latter two) are light and heavy chain. These entities clear
the body so rapidly via the kidney that they would have
little effect on imaging were it to take place in the first 24
hr, provided the same clearance phenomenon is true in
humans. Interestingly, they did not appear to be acquired
and held by the kidney in the manner ofthe Fab' or Bands
A and B. This is in keeping with current thinking since
they are near electropositive or neutral. Electropositive
substances would be expected to clear faster than those
that are electronegative given the negative charge on the

glomerular capillary. Why they were not reacquired by the
proximal tubule during their transit is unknown, since
protein reabsorption is an active process at this level of the
kidney. The larger bands (A and B) were acquired by the
kidney. Finally, removal of Bands Câ€”Edid not result in
enhanced immunoreactivity over that of the starting
material.
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