
inevitably gives rise to human antibody to mouse antibody
(HAMA) (1,2). As a result, subsequent doses clear the
Mab rapidlyand could cause adverse effects such as ana
phylaxis (3,4). Humanized mouse Mabs produced by gene
manipulation can reduce these adverse effects (5,6) and
would be preferable for clinical purposes (7,8).

We have previously shown that a human Mab, HB4C5
(9), which had been establishedby immunohistological
studies to be associated with the lung cancer (10) demon
strated specific accumulation of radioactivity to lung can
cer xenografts in nude mice (11). The natureof this human
Mab as well as the specific antigen to which it binds have
been well characterized (1Z13). In the course of studying
the DNA sequence encoding this Mab, it was shown that
the light chain (lambda type) contains a consensus se
quence for N-glycosylation (-Asn-X-SerlFhr-; X is Ser in
this light chain) in its complementarity determining re
gion-1 (CDR-1)(unpublisheddata). On the other hand, the
analysis of HB4C5 by SDS-polyaciylamide gel electro
phoresis (SDS-PAOE) showed that this Mab comprises
two kinds of light chains with different sizes which are
significantly larger than the light chains of serum 1gM (12).
These facts stronglysuggested that this Mabwould contain
bulky carbohydrate residues at the antigen-binding site on
the light chain. Recent studies showed that the removal of
the carbohydrate moiety from Mab HB4C5 by the treat
ment with peptideN-glycosidase F (PNOaSeF) resulted in
a several-fold increase of the antibody activity when cx
amined in vitro by the enzyme-linked immunosorbent as
say (EUSA) using histone H2B as the antigen and by
immunoperoxidase staining with lung cancer tissues (14).

In the present study, we show in vivo evidence of en
hanced uptake and improved specificity of the N-deglyco
sylated Mab by the amplified localization of radiolabeled
Mabs to lung cancer xenografts in nude mice. These find
ings not only facilitate the applicationof this human Mab
for clinical use but also provide an invaluable method to
rescue novel Mabs whose intrinsic antigen-bindingactivi

The fractionaluptake of Intactmonodonal antibodies by tumors
Is relatively low. Various methods to alterthe molecular structure
have been used to augment tumor uptake. These chemIcal
manipulations, however, may alter the specificity of antibody
binding.Methods: Comparativestudies ofbiodistribution,radio
immunclmagingand macroautoradiographylnLC-6xenografted
n@cewere conducted with the 125@@ intact and Nermlnal
deglycosylated monodonal antIbOdIeSto evaluate the effect on
deglycosylation on antibody binding. Results: The removal of
N-gIycos@1residues from this monoclonal antibody significantly
enhanced specific localization of the radioactMty to the tumor,
espedatiy to ifs necrotic fraction. Nonspecific accumulation of
radloactMtytothe necroticfractionofthetumorwas excludedby
biodisthbution studies demonstrating selective accumulation of
125l@@ monodonal antibody after coadminlatrahon of 1@l@
monoclonaJ antibody Qntact or N-deglycosylated) with 131I.4e-
baled control 1gM.ConclusIon: The lung cancer-associated hu
man monoclonal antibody HB4C5, which recognizes histone
H2B as the antigen,accumulatesspedflcallyto the necrotic
fraction of tumor. The uptake is enhanced by removal of N-tar
minalglycos@1residues fromthe antigen-bindingsite of the light
chain.

Key Words: lung cancer monoclonal anUbody human;
deg@

J NuciMed1994;35289-295

undamentalrequirementsfor clinicaluse of monoclonal
antibodies (Mab) in immunotherapy and radioimmunoim
aging are high specificity and high antigen-binding activity.
Very few human Mabs have satisfactorily met these re
quirements compared with those of mouse origin, which to
date have been employed as the major vehicle for the
delivery of radioisotopes or toxins to target tissues. The
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mouse Mab administered to the human body, however,



ties are hindered by the presence of bulky carbohydrate
residues at the binding site.

MATERIALS AND MEFHODS

HB4@@5
HB4C5, an 1gM in immunoglobulin with lymphocytes from

lymph nodes of lung cancer patients is produced by a human
human hybridoma established by hybridizing NAT-30 cell line
withlymphocytesfromlymphnodesof lungcancerpatients(9).
Immunohistologicalstudies revealed that HB4CSreacted with
diverse lung carcinoma cell lines (9) as well as lung carcinoma
tissuesof varioushistologiesexceptsmallcell carcinoma(10).

HB4C5 purified from serum-free culture media (12) showed
essentially no protein band other than those of the heavy- and
light-chaincomponentsofthe Mabwhenanalyzedby SDS-PAGE
employingthe silver stainingmethod.The purified1gMfrom
normalhumanserum (ICN, Lisle, IL) was used as a control.

DsglycosyteOon of HB4C5
N-deglycosylation of HB4@5 was performed as detailed previ

ously(14).In brief,HB4C5at a concentrationof 500 @ig/mlin 250
mM sodium phosphatebuffer,pH 7.5, was incubatedfor 18 hr at
37Â°Cin the presenceof 12 Units/mIof peptideN-glycosidaseF
(PNGaseF)fromFlavobacte,iummenutgacepticum(EC3.2.2.18;
Boehringer Mannheim GmbH, Mannheim, Germany). After men
bation, theN-deglycosylatedMabwas separatedfromother con
taminating materials such as PNGase F by gel ifitration chroma
tography on Superose 12 (Pharmacia, Uppsala, Sweden).
N-deglycosylatedHB4C5thus purifiedshowedthe proteinbands
of Mabconstituentsonly when examinedby SDS-PAGEand
could be stored with no loss of activity for at least 3 mo at 4Â°Cin
thepresenceof 0.01%thimerosal.

Immunostalnlng
Immunoperoxidase staining of the formalin-fixed sections of

lung cancer tissue was performed with the intact and N-deglyco
sylatedMabsby thedoubleantibodymethodusinga peroxidase
conjugated goat anti-human 1gM (Tago, Code #2392, Burlingame,
CA) as the second antibody.

Enhancementof Mab activityby the N-deglycosylationwas
evaluatedin terms of the reciprocalof Mabconcentrationneces
sai@rfor giving the same immunostaining intensity as with 2.5
/L@l intact Mab.

Radlolabaling
TheMabsbeforeandaftertheN-deglycosylationwereradio

labeledwith1251to a specificactivityof 10 @&CWpgbytheiodogen
method of Fraker and Speck (15). The control 1gM from human
serum, on the other hand, was labeled with 1311to the same
specific activity in the same manner. No significant loss of Mab
activity was observed after radiolabeling when examined with the
immunoperoxidase staining method.

Tumor Xsnograft
Cells of LC-6, a human lung squamous-cell carcinoma cell line,

were transplantedto 6â€”8-wk-oldmale BALB/c nude mice by
subcutaneousinjectionofa 0.1-mi-aliquotofthe cellsuspensionat
a densityof 5 x 10@cells/nilin ERDFmedium(9). The mice
bearing1-2g LC-6xenografts,whichrequired4-5 wk to develop
after the transplant,were used forbiodistributionandradioimmu
noimagingstudies. All the tumor xenograftsdevelopedviscous
liquidin the central part, occupying10%â€”30%of the total tumor

mass, which we defined as â€œnecroticfractionâ€• and was easily
removed with a syringe.

B@dIstÃ±buUon
Twelvenudemicecariymgthe tumorxenograftreceivedinjec

tions via the tail vein with a mixture of each 20 pCi of 1@I-labeled
MabHB4C5(intactorN-deglycosylated)and131I-labeledcontrol
1gM. The mice were divided into three groups, each consisting of
four mice. At 24, 72 and 120 hr postinjection, the mice were
sacrificed. After blood was withdrawn from each mouse by car
diac puncture, organsincludingthe tumorxenogra.ft(total tumor
mass comprising solid and necrotic parts) were dissected and
weighed.Radioactivitiesof 1@Iand 1311in the blood and organ
tissues from each mouse were measured and biodistributions of
the radioactivitiesat the indicatedperiodswere calculatedin
terms ofthe percentage ofinjected dose per gram oftissue (%ID/g
tissue) with corrections for the physical decay.

Measurements of the necrotic fraction of tumor were carried
out in the samemanneraftermeasurementsof the totaltumor
mass were completed. The biodistribution of radioactivity in dii
ferent mice was standardizedby takingthe tissue-to-blood ratio,
i.e., %ID/gtissue divided by %ID/gblood (16).

Radlolmmunolmaglng
After receiving the intravenous injection of 100 @Ciof 1@I.

labeled Mab HB4@5 (before or after N-deglycosylation),
xenografted mice were subjected to the gamma-scintigraphy 5
days postinjection,using a gamma-scintillationcamera (Model
Sigma410,OhioNuclear, Solon,Ohio)equippedwith a crossed
grid for x-rays.

Macroautoradlography
Thexenograftedmiceusedinthestudiesabovewereanesthe

tized, frozen in acetone-dry ice, sliced into 40-gm thick slices with
an autocryotome, freeze-dried for 24 hr at â€”20Â°C.Autoradio
grams were obtained by exposure of the x-ray films for 1-4 wk.

RESULTS

Immunoreactivityof N-DsglycosylatedHB4@5
The treatmentof HB4C5 with PNOase F under the con

ditions described resulted in approximately 50% removal
of the carbohydratemoiety from the light chain when an
alyzed by SDS-PAOE. PNOase F was employed for the
N-deglycosylation since this enzyme can remove all types
ofN-glycosyl residues from glycoproteins by cleaving the
linkage between the innermost glycosyl residue and the
asparagine to which the oligosaccharide is linked (17). The
complete removal of carbohydrate residues on the light
chain while retaining Mab activity could not be attained
even when treated with high concentrations of PNOase F
in the presence of nonionicor zwitterionicdetergent such
as Nonidet P-40, n-octylglucoside and 3-[(3-cholamido
pro-pyl)dimethylammonioj-1-propanesulfonate (CHAPS),
though total conversion of the light chain to carbohydrate
depleted form with no Mab activity was achieved by the
PNOase F treatment after denaturationof Mab with SDS
(14). The partially N-deglycosylated Mab HB4C5 after
treatment with PNOaSe F in the absence of detergent
showed an approximately fourfold increase in the immu
nostaining activity as compared with the intact Mab. Lung
cancer tissue sections immunostained with an equal con
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HB4C5concentration
(14/mOReection

(A.15)Intact

N-Deg@o@ed

A plasticimmunoplatewas coatedw@icaltthymushistoneH2Bat a
concentrationof 10 @g/m1,blockedand then reactedwfthInt@ or
N.deglycosylatedHB4C5acoordlngtothemethoddescribedpreviously
(14). The Mab bound to hlstone H2B was determIned by the double
antibodymethodusIngthe peroxldase-conjugateof goat anti-human
1gM.MabconcentrationsweredetermInedPhOtOmetricallyOflthebasis
thati mg/mIis1.33InA,@.

BlodlstÃ±budon
A set of biodistributionexperiments was conducted to

demonstrate the enhanced activity of N-deglycosylated
HB4CS as compared with the intact Mab in vivo. In one
experiment after N-deglycosylation, â€˜@I-labeledHB4C5
was simultaneously injected into xenografted mice with
â€˜31I-labeledcontrol 1gMfollowed by counting @Iand â€˜@â€˜I
in the blood and dissected organs at appropriateintervals.
Another similar experiment of biodistnbution by the co
administration of â€˜@I-intactMab and control â€˜3'I-IgMwas
performed in parallel, and the results of these experiments
were compared with each other.

In the biodistribution experiment with â€˜@I-degly
cosylated Mab, concentrations of â€˜@Iradioactivity in the
blood of mice, as expressed in terms of %ID/g, averaged
092, 0.04and0.01at 24, 72 and 120hr postinjection,
respectively (Table 2), indicating almost complete clear
ance of the Mab from circulation within 5 days. Clearance
rates of the radioactivity in the spleen, heart, muscle and
lung were as rapid as in the blood, whereas those in the
liver and kidney were much slower. Although %ID/g val
ues for â€˜@Iin the liver andkidney kept decreasing through
out the experimental period, those values in the whole
tumor stayed constant around 0.10 for 2 days after 72 hr
postinjection (Fig. 2), suggesting the specific accumulation
of deglycosylated Mab in the tumor. This tendency of
specific accumulation of the radioactivity in the tumor was
more remarkablein the necrotic fractionwith higher%ID/g
values of around0.27 (Table 2 and Fig. 2).

Biodistribution of the radioactivity in different mice was
standardized by using the tissue-to-blood ratio as a mea
sure for the tissue specificity of Mab localization. Since
%ID/g values of â€˜@Iradioactivity in the tumor and its
necrotic fraction remained constant over the period be
tween 72 and 120 hr postinjection while those in the blood
kept decreasing with time (Fig. 2), high tissue-to-blood
ratios for whole tumor (3.3 and 7.1 at 72 and 120 hr,
respectively) and necrotic fraction (9.0 and 19.4 at 72 and
120hr, respectively) were attained (Table 2). These results
of high tissue-to-blood ratios in tumor and necrotic frac
tions indicate that the accumulation of â€˜@I-labeledHB4C5
after the N-deglycosylation is tumor-specific.

On the other hand, the control â€˜@â€˜I-IgMwhich had been
coadministered with â€˜@I-deglycosylatedMab showed flat
biodistributionin all tissues with %ID/gvalues comparable
to that in the blood and tissue-to-blood ratios did not cx
ceed 2.3 throughout the experiment (Table 3). Compari
sons of tissue-to-blood ratios between 1@I-degiycosylated
Mab (Table 2) and control â€˜3'I-IgM(Table 3) at each time
point indicate that the accumulation of radioactivity in
tumor is specifically dependent on HB4C5.

These results demonstrate that the accumulationof 1@I@
labeled HB4C5 after N-deglycosylation is tumor-specific
and antibody-dependent.

The biodistributionalbehavior of â€˜@I-intactMab (Table
4) differedsignificantlyfromthatof â€˜@I-deglycosylated
Mab (Table 2). The control â€˜31I-IgMwhich had been co

A

@.@

@ ... . .

b@ â€¢

. . @- â€”â€”@.
FiGURE1. Comparisonof immunoreactMtlesbetween Intact
and N-deglycosyistedHB4C5.ImmunoperoxidasestainIngof lung
cancertissuesectionswas performedwiththe Mabs(A@beforeand
(B)afterN-deglycosylatlonata concentrationof 2.5 @g/mlwiththe
double anthody method.

centration (2.5 @Wml)of Mabs before and after treatment
with PNGaSeF are representedin comparison (Fig. 1). On
the other hand, the enzyme-linked immunosorbent assay
(ELISA) which measures the Mab activity of binding to
histone H2B antigen showed about a threefold increase in
the specific activity after the partial N-deglycosylation
when ELISA was performed by the double antibody
method employing a peroxidase-conjugated goat anti-hu
man 1gM (u-chain specific) (Table 1). These results of
ELISA (Table 1) and immunostaining(Fig. 1), as well as
those of SDS-PAOE and gel isoelectrofocusing (data not
shown) (14), consistently indicate that the treatment of the
Mab with PNOase F could remove the carbohydratemoi
ety exclusively without any alteration of the primary struc
ture of Mab protein and elicited significant enhancements
of Mab activity.

TABLE 1
EUSA of Intactand PartiallyN-deglycos@t1atedHB4C5

Activmes

00.0000.0000.6250.1010.2001.250.1490.3542.50.3210.5845.00.4870.90610.00.7291.196
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24hr72hr120hrTIssue

%ID/gT/B ratIo@%IDIgT/B ratio%ID/gT/BratioBlood

0.92 Â±0.571 .00 Â±0.000.04 Â±0.011 .00 Â±0.000.01 Â±0.001.00Â±0.00Liver
0.37 Â±0.090.65 Â±0.490.09 Â±0.022.20 Â±0.390.06 Â±0.014.37 Â±0.41Kidney
0.40 Â±0.150.57 Â±0.280.15 Â±0.053.83 Â±1.170.10 Â±0.026.72 Â±I.32Spleen
0.30 Â±0.160.40 Â±0.180.04 Â±0.001.01 Â±0.260.03 Â±0.001.91 Â±0.42Lung
0.34 Â±0.160.45 Â±0.160.11 Â±0.122.29 Â±2.170.02 Â±0.001.00 Â±0.17Heart
0.21 Â±0.110.28 Â±0.120.02 Â±0.000.44 Â±0.050.01 Â±0.000.77Â±0.20Musde
0.10 Â±0.030.15 Â±0.080.01 Â±0.000.22 Â±0.060.00 Â±0.000.32 Â±0.04Tumor
0.28 Â±0.130.39 Â±0.180.10 Â±0.033.25 Â±2.050.10 Â±0.057.1 1 Â±2.49Necrosis
0.39Â±0.250.56 Â±0.360.26 Â±0.159.02 Â±8.320.27 Â±0.0719.4Â±3.84@1â€¢/B

ratio = tissue-to-bloodratio.Mean
Â±standard de@at1ondetermk@edonfourmIceeach.

â€” Is

It

11.41

i@
I.â€¢?

.i___@1
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TABLE 2
Biodistiibution of 125l@ad N-DegIyCOS@1atedHB4C5 in Xenografted Nude Mice

injected with WI-intact Mab, however, revealed essen
tially the same biodistribution proffles as those of the con
trol 131IIgJ'@4in the other set of similar experiments with
â€œ31-deglycosylatedMab (Table3). Althoughsimilarbiodis
tribution patterns were observed at 72 hr with both the

@I-Mabsofbefore and afterN-deglycosylation, â€˜@I-intact
Mab showed biodistributionwith %ID/gvalues of approx
imately one-half the values for @I-deglycosylatedMab
and kept decreasing in all tissues except the kidney until
120 hr (Fig. 3), while 1@I-deglycosylated Mab retained
constant %ID/gin the tumor over the period of 72-120 hr
(Fig. 2). Consequently, â€˜MI-intactMab had the optimal
accumulationperiodof around72 hr for tumor, ratherthan
120 hr, resulting in the maximal tissue-to-blood ratios of 5.1
and 8.3 for tumor and the necrotic fraction, respectively
(Table 4). A statistical analysis with the data in Tables 2
and 4 by the Student's t-test indicated that the difference

between intact Mab (n = 4) and N-deglycosylated Mab (n
= 4) in localization to the necrotic part of the tumor at 120

hrwas signfficantlyvalid (p < 0.02 for %ID/gand p < 0.01
for the tissue-to-blood ratio, respectively). Significantdii
ferences were also shown statisticallywhen the data on the
N-deglycosylated Mabat 120hr(Table2) andintactMabat
72 hr (Table 4) were compared, at which time each Mab
showed the highest tissue-to-bloodratioin the necrotic part
of the tumor (p < 0.05 for both the %ID/gand the tissue
to-blood ratio). Comparisons of tissue-to-blood ratios be
tween â€˜@I-intactMab (Table 4) and @I-deglycosylated
Mab (Table 2) at each time point together with the results
of statistical analysis described above indicate that the
N-degjycosylation significantly improved the specificity of
HB4C5 for tumor, especially for the necrotic fraction.

In order to confirm the enhancing effects of N-deglyco
sylation on specificity and activity of the Mab, radioimmu
noimaging with @I-Mabsbefore and after the deglycosy
lationwas performedin xenograftedmice. The scintigrams
taken at 120 hr postinjection with â€˜@I-deglycosylatedMab
showed tumor images of much higher intensities with
clearer background (Fig. 4A) than those taken with the
â€˜@I-intactMab (Fig. 4B), which were consistent with the
biodistribution results. Since nonradioactive iodine was
not administered to the mice prior to the experiment,
radioactivity in the thyroid was also observed.

In macroautoradiography, â€˜@I-deglycosylatedMab gave
clearer tumor images with much higher intensities than
â€˜@I-intactMab, showing accumulation of the radioactivity
in the necrotic part of the tumor exclusively (Fig. 5). Al
thoughmacroautoradiographicimages of the necrotic frac
tion were detectable with 1@I-intactMab, intensities were
lower and much higher backgrounds were observed in
other organs. These results of macroautoradiography(Fig.
5) together with biodistn'butiondata (Tables 2â€”4and Figs.
2 and 3) indicate that the accumulation of radioactivity in
the tumor with â€˜@Iintact and N-degiycosylated Mabs in
the above described radioimmunoimagingstudies (Fig. 4)

@L.

Ii

I

FIGURE 2. BiOdiStribUtiOnof 1@l-degIycosyIatedHB4C5In xe
nografted nude mice. Biodisthbutionofthe radloactMtyin blood (B),
lWer(14,kIdney(K@,wholetumor @I)and necroticfractionoftumor
(N)at theindIcatedperiodspostinjectionareshownintermsof
%lDIgtissue. Results represent the mean of determinatiOnSon four
miceeach. The bars indicatestandarddevistlons.
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24hr 72hr l2Ohr

Tissue %IDIg T/B ratio %lDIg T/B ratio %ID/g T/B ratio

Tissue24hr72hr120hr%ID/gT/B ratio%IDIgT/B ratIo%ID/gT/BratioBlood0.17

Â±0.021.00 Â±0.000.02 Â±0.001.00 Â±0.000.t@ Â±0.001.00Â±0.00Liver0.15
Â±0.010.91 Â±0.080.07 Â±0.013.81 Â±0.860.04 Â±0.012.78 Â±0.36Kidney0.18
Â±0.011 .08 Â±0.010.09 Â±0.015.29 Â±2.110.1 1 Â±0.037.44 Â±0.94Spleen0.14Â±0.010.85Â±0.100.04Â±0.002.78Â±1.500.02Â±0.001.51

Â±0.31Lung0.19Â±0.161.06Â±0.830.02Â±0.011.19Â±0.260.01
Â±0.000.92Â±0.07Heart0.05

Â±0.010.32 Â±0.040.01 Â±0.000.66 Â±0.050.01 Â±0.000.58Â±0.06Muscle0.01
Â±0.000.07 Â±0.010.01 Â±0.000.31 Â±0.040.00 Â±0.000.28Â±0.06Tumor0.10
Â±0.050.61 Â±0230.07 Â±0.025.11 Â±4.000.05 Â±0.013.26 Â±0.71Necrosis0.19
Â±0.111.08 Â±0.520.13 Â±0.068.30 Â±4.820.08 Â±0.035.84 Â±2.01

TABLE 3
BiodisUlbudonof 131I4@@ 1gMControl in Xenografted Nude MIce

Blood3.04 Â±0.481.00 Â±0.000.50 Â±0.191.00 Â±0.000.19 Â±0.071.00Â±0.00Uver1.07Â±0.170.84Â±0.020.36Â±0.100.76Â±0.12021
Â±0.021.29Â±0.49Kidney1.04

Â±0.210.35 Â±0.040.30 Â±0.070.67 Â±0.200.18 Â±0.021.07 Â±0.39Spleen1
.11 Â±0.290.36 Â±0.100.26 Â±0.050.59 Â±0.170.16 Â±0.020.91 Â±0.29Lung1.16

Â±0.270.40 Â±0.120.29 Â±0.130.66 Â±0.460.10 Â±0.030.52Â±0.04Heart0.73
Â±0.170.24 Â±0.050.16 Â±0.060.31 Â±0.050.07 Â±0.020.39 Â±0.05Muscle0.20
Â±0.070.07 Â±0.030.06 Â±0.@0.12 Â±0.060.03 Â±0.020.18Â±0.06Tumor0.65
Â±0.180.22 Â±0.070.36 Â±0.140.74 Â±0.210.20 Â±0.091 .03 Â±0.19Necrosis0.75
Â±0.470.31 Â±0.150.64 Â±0.241 .42 Â±0.520.41 Â±0.112.28 Â±0.48

Combined results from two sets of experiments In which l3l@4g&@4@@ vv@J@@Iji@1@$.4@!4@@4n@or 12g@@@ Mab.
Detemik@atlonson sightmiceeachare shown.

can be ascribed to the specific localization of the Mab in
the necrotic part of the tumor.

DISCUSSION

The biodistribution studies with WI-labeled intact and
N-deglycosylated HB4C5 in xenografted mice showed that
the N-deglycosylation of this human Mab significantly
enhanced specific localization of the radioactivity in the
tumor xenograft, especially in its necrotic fraction. This
observation was confirmed by the results of radioimmu
noimaging and macroautoradiography. The possibility of
nonspecific accumulation of radioactivity in the necrotic
fraction in the tumor due to largerextravascular-extracel
lular space, greater blood vessel permeabilityand less ef
ficient lymphatic drainagewere eliminatedby the selective
accumulation of @I-Mabin the biodistribution experi
ments where â€˜@I-Maband control â€˜31IIgh4were co-in
jected (16). The results of in vivo experiments with â€˜@I
Mabs and control â€˜31IIg@4consistently indicate that the
enhanced activity and improvedspecificity of the Mab can
be ascribed to the removal of its glycosyl residues. We

have already shown by in vitro experiments that the re
moval of carbohydrate group(s) from the antigen-binding
site on the light chain-enhanced Mab activity (14). This
study represents configuration of this finding.

It has been shown that some immunoglobulins are

N-glycosylated in the variable regions of heavy and/or light
chains (1819). Although glycosyl residues in constant re
gions of heavy chains are known to play important biolog
ical roles, such as antibody secretion, stabilization and
regulation of conformation, complement binding, etc.
(19,20), their roles in the variable regions ofheavy and light
chains are still obscure and are thought to interfere with the
antibody activity of binding antigen rather than play some
significant role (18). Since antibodies glycosylated in the
variable regions are rarely found in sera except those from
myeloma patients, etc., it is of little importance as far as
polyclonal antibodies are concerned. However, in Mabs,
which are of increasing importance in diagnostic and ther
apeutic fields, the modificationin the variable regions with
bulky glycosyl residues might seriously result in adverse
effects on the specificity as well as antigen-binding activity
of the Mab.

When difficulties are encountered in obtaining hybrido
mas which secrete Mabs of high activities, it has usually
been considered more practical thus far to select new
clones over and again rather than to recover the latent
activity by modifying the Mab. However, when Mabs are
directed to some restricted subtle antigenic sites, it is pos
sible that such Mabs might have required amino acid se

TABLE 4
Biodistilbution of 125l@ad Intact HB4C5 in Xenografted Nude Mice
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FiGURE 3. BiodiStilbUtIOn of @I-intect HB4C5 in xenografted

nude mice. All conditions and notations are the same as in Figure 2
except for the use of IntectHB4C5In piece of N-deglycosylated
Mab.

quences for the N-glycosylation in the variable region.
Such Mabs would inevitably have good chances of
N-glycosylation in the antigen-binding site and show
apparently low antigen-binding activities due to the termi

nal presence of a glycosyl group. As a result, it might
not be possible in such cases to get a Mab of high anti
gen-binding activity without attaching glycosyl residues
in the antigen-binding site even with exhaustive efforts

of selection. The removal of glycosyl residues from the
Mab can facilitate not only to recover the intrinsic high
potential of binding antigen but also to rescue many
Mabs which had been thought to be useless and discarded
thus far.

The dominant accumulation of the radioactivity in the
necrotic fraction of the tumor with â€˜@I-labeledMab
HB4C5 might be reasonably explained by the fact that

FIGURE5. Macroautoradiogramof an LC-6xenograftednude
mouse at 120 hr postinjectionwith 1@l-deglycosyIatedHB4C5.The
same mouse after the radioimmunoImagk@gsttdes In Figure 4A
was sliced and exposed to an x-rayfilm. (A)The autoradiogram and
the (B)shoed specimen are shown in comparison. The arrows mdi
cate tumor sftes.

this Mab recognizes histone H2B as the antigen (13).
Immunohistological studies with lung cancer tissues
showed that the antigen recognized by this Mab localizes
within the cell rather than on the cell surface (10).
Though it has been known that histones can be found on
the outer surface of cell membranes (21) and even in
milk and serum (22), concentrations of histone H2B
would be much higher inside the cells, especially in the
nuclei. In the necrotic part of the tumor, where the
nuclear membrane disappeared and borders of
organelles are indistinguishable, histone H2B freed from
the architecture of nuclei into mobile cytosol might be
much easier to be accessed by HB4C5. Since membrane
permeability is much less restricted in necrotic cells (23),
Mabs would be able to enter the necrotic tumor cells
specifically. Epstein et al. reported that their anti
nuclear Mabs of mouse origin accumulated exclusively
to the necrotic part of tumor and effectively applied to
radioimmunoimaging and radioimmunotherapy (24).
Mabs recognizing a nuclear antigen may have application
for tumors in general if the antigen is found in all tumor
cells. Studies in this aspect of human Mab HB4C5 are
currently underway.

Although the N-deglycosylation treatment of this Mab
resulted in somewhat slower clearance than the intact
Mab, it is still much faster than the control 1gM.The rapid
clearance of HB4C5 from the circulation, which would be
a characteristicnatureof this Mab, can provide advantages
for its clinical uses such as radioimmunoimagingwithout
needing its fragmentation to F(ab')2 or Fab which is fre
quently used to facilitate radioimmunoimagingof tumors
(24).

A B

FiGURE4. Rad@mmurdmagingof tumorxenografts(LC-6)In
nudemicewfth(A)125I@gly@y@ Maband(B)1@I-intactMab.
After receMng 100@ of the Indicated @I-Mth,each mouse was
subjectedtogamma-scintigraphyat120hrpostinjection.Thearrows
Indicate tumor sites.
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