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We have previously reported on a carbohydrate-based vaccine
program for immunotherapy in cancer patients. One such vaccine,
based on the globo H antigen conjugated to the protein keyhole
limpet hemocyanin (KLH), has been in clinical evaluation. Although
this and other carbohydrate vaccines have been shown to induce
antibody responses, there are currently no quantitative data on the
antibody levels achieved in immunized patients by these or other
anti-cancer vaccines. We report herein an efficient route to com-
plex synthetic oligosaccharides attached to an affinity matrix for
identifying and isolating antibodies elicited against such a carbo-
hydrate-based vaccine in humans. Pre- and postvaccination profiles
from serum samples of patients immunized with globo H-KLH were
compared. All anti-globo H antibody activity was efficiently sep-
arated from other serum constituents. The isolated antibodies
were readily quantified, and their specificities were analyzed. Since
no comparable data were available on antibodies resulting from
the vaccination of other cancer patients, we compared the ob-
served levels with those quoted in studies with bacterial polysac-
charide vaccines that had been quantified. Remarkably, cancer
patients immunized with globo H-KLH produce anti-globo H anti-
body levels often exceeding those formed by immunization with
bacterial polysaccharides. In addition, substantial quantities of
both IgG and IgM antibodies were elicited, clearly indicating a class
switch to IgG. Taken together, these analyses serve to clarify
several aspects of the immune response to the vaccine and give
several new insights to the carbohydrate-based vaccination strat-
egy. Furthermore, antibodies so isolated could well have applica-
tions in clinical therapy.

Among the many structural and functional transformations
that attend oncogenesis, altered expression of cell surface

carbohydrates has recently emerged as an opportunity for the
development of vaccine strategies. Various oligosaccharide mo-
tifs have been suggested to be either specific to or substantially
over-expressed on the surface of certain tumor cells (1). Con-
ceptually, the goal of a carbohydrate-based vaccine initiative
would be to educate the immune system to identify certain
glyco-patterns as cancer-related. An immune response thus
stimulated might prove effective against cells bearing the tumor-
associated carbohydrate, especially circulating cancer cells and
micrometastases. Thus, active immunization (2) with carbohy-
drate tumor antigens is being explored as a therapeutic modality
in a number of experimental tumor models and in cancer
patients. In recent studies, we and others have designed and
evaluated a number of carbohydrate-based cancer vaccines,
including gangliosides, e.g., GM2, GD2, GD3, and FucGM1 (3,

4), mucin-core structures, e.g., TF, Tn, and S-Tn (5–8), and
blood group-related antigens, e.g., globo H and Ley (9–11).

In the context of our total synthesis approach to the devel-
opment of anti-cancer vaccines, synthetic constructs based on
the globo H, Ley, Tn, and TF antigens have advanced on to the
level of clinical evaluation, with others being tested in mice (12).
Strictly, carbohydrate epitopes would not be expected to induce
cytotoxic T cell responses. Therefore, clinically positive out-
comes would most likely result from antibody-mediated effector
mechanisms, such as complement-dependent cytotoxicity
(CDC), antibody-dependent cellular cytotoxicity (ADCC), and
induction of inflammation. Although all the carbohydrate vac-
cines mentioned above have been shown to induce antibody
responses as measured by assays with defined carbohydrate
antigens and whole tumor cells, and the antibody levels assessed
by titer of reactivity, there is currently little reliable information
on the actual antibody levels achieved in immunized patients. We
sought a method to better evaluate the level and specificity of
vaccine-induced antibodies and to accomplish enrichment and
separation of those antibodies elicited through vaccination. In
this paper, we report on the quantitative characterization of the
antibody response generated in humans with the globo H
carbohydrate-based vaccine. Localization of the antibodies was
achieved with an affinity matrix bearing the totally synthetic
immunizing antigen.

Demonstrated immunogenicity in preclinical models is an
important milestone en route to the clinical setting. In such cases,
vaccination of animals has supported the mechanistic framework
described above. For example, we have reported CDC against
tumors bearing the globo H epitope for mice vaccinated with a
globo H-keyhole limpet hemocyanin (KLH) construct (9). Fur-
thermore, in murine models where GD2 was the target antigen,
both passively administered monoclonal and vaccine-induced
polyclonal antibodies were strong enough to retard tumor for-
mation from previously administered tumor cells and provided
deterrence to micrometastases (13). These results have led to
cautious optimism as to whether an induced and sufficiently
potent antibody response could eliminate circulating cancer cells
and micrometastases in cancer patients. However, tumor-
associated carbohydrates, though aberrantly expressed, are not

Abbreviations: CDC, complement-dependent cytotoxicity; ADCC, antibody-dependent cel-
lular cytotoxicity; KLH, keyhole limpet hemocyanin; HSA, human serum albumin.

††To whom reprint requests should be addressed. E-mail: s-danishefsky@ski.mskcc.org.

The publication costs of this article were defrayed in part by page charge payment. This
article must therefore be hereby marked “advertisement” in accordance with 18 U.S.C.
§1734 solely to indicate this fact.

PNAS u March 14, 2000 u vol. 97 u no. 6 u 2719–2724

IM
M

U
N

O
LO

G
Y



strictly foreign to the human subject. Therefore, tolerance must
be broken for an immune response to be registered without
provoking autoimmunity. While our vaccines are progressing
through various stages of clinical evaluation (12), vaccine-
induced antibodies against GM2 have correlated with improved
disease-free and overall survival in melanoma patients (4, 14).

In these contexts, we have concentrated on exploring the
therapeutic potential of several tumor antigens, and globo H is
one of our most advanced candidates. The hexasaccharide
designated globo H was identified on human prostate, breast,
and small cell lung carcinomas, as well as in a restricted number
of normal epithelial tissues (15, 16). Originally isolated in
ceramide form from the human breast cancer cell line MCF-7
(17, 18), it is also suggested to exist in the form of a glycoprotein
(19). The enhanced expression of antigens assumed to be globo
H on both primary and metastatic prostate cancer specimens
(20), along with the presence of PSA, a protein biomarker
specific to prostate cancer, drew us to the possibility of initiating
a globo H-based vaccine strategy in prostate cancer.

After completing a total synthesis (see Scheme 1) that pro-
vided suitable quantities of globo H for evaluation, we formu-
lated a vaccine wherein the globo H hexasaccharide was conju-
gated to KLH and administered with the adjuvant QS-21 (21).
Studies in mice demonstrated carbohydrate immunogenicity,
and initial clinical evaluation in relapsed prostate cancer patients
demonstrated the successful and safe induction of antibodies
specifically focused against globo H, i.e., tolerance was broken
but no autoimmune reactions occurred (9, 10). These antibodies
were able to react with globo H naturally expressed on cancer
cells and to induce CDC. We are beginning phase II trials, and
as chemical synthesis allowed us to attain strict control over the
structure of our antigens, we were uniquely poised to initiate an
effort to determine in detail additional properties of the anti-
bodies generated in cancer patients in response to our vaccine.
To this end, we have manufactured an affinity column matrix
bearing the globo H antigen. For control purposes, and for
serological evaluation in other clinical trials (22), we have also
prepared a Ley pentasaccharide-based affinity column. We know
of no previous use of affinity chromatography in the context of
a total synthesis-driven carbohydrate-based vaccination strategy
in clinical trials. As we will show, the study of purified human
polyclonal antibodies promises to be valuable in the clinical
evaluation of cancer patients by enhancing the insight into the
immunological response to vaccination.

Materials and Methods
Preparation of Globo H Affinity Column. Protected allyl glycoside 5
was prepared as described (21). Ozone was passed through a
solution of 5 (52 mg, 0.030 mmol) in MeOH (10 ml) at 278°C.
The reaction was monitored by TLC using CH2Cl2yMeOH
(10:1) as eluent. The reaction was purged at 278°C with a stream
of N2 upon disappearance of the starting material to remove
excess ozone, usually after 5 min, followed by the addition of
dimethyl sulfide (10 ml). The resulting solution was allowed to
warm to room temperature and stirred for a total of 3 h. The
crude material was concentrated with a stream of N2 and was
used immediately for conjugation to agarose.

The crude ozonolysis product was taken up in MeOH (20 ml)
and transferred to a flask charged with amino agarose (Bio-Rad;
10 ml gel, 16.29 mmolyml, 160.29 mmol), which had been
preequilibrated with MeOH (twice with 10 ml). The resultant
slurry was treated with NaBH3CN (1 M, 120 ml, 4 eq) and mixed
by vigorous agitation overnight at room temperature. The
solvent was removed by filtration, and the polymer was washed
with MeOH (twice with 10 ml). The derivatized agarose was
treated with acetic anhydride (50 ml) in MeOH (10 ml) for 30 min
to ensure that all remaining amine functions were capped.
Negative ninhydrin test on ,1 mg of material was used to verify

lack of free amine functionality. The solid matrix was washed
with MeOH (twice with 10 ml) and treated with NaOMe (25%
in MeOH, 300 ml) in MeOH (10 ml) for 12 h with vigorous
agitation at room temperature. The polymer was washed with
MeOH (three times with 10 ml), isopropyl alcohol (three times
with 10 ml), and finally with 0.05% aqueous NaN3 (twice with 10
ml), providing 10 ml of affinity column material 7. The loading
was determined to be 0.6 mmol of globo H per ml of gel as
determined by fucose analysis of the functionalized gel (23).

Preparation of Ley Affinity Column. Protected Ley-allyl glycoside 6
was prepared as described (24). Ley-agarose was prepared
following the same procedure as above with 20 mg of 6 and 4 ml
of amino agarose gel. The loading of 8 was determined to be 0.15
mmol of Ley per ml of gel as determined by fucose analysis of the
functionalized gel (23).

Sera and Antibodies. Sera from prostate cancer patients immu-
nized with a globo H-KLHyQS21 vaccine have been described
(9, 10). Sera from patients immunized with 3, 10, 30, and 100 mg
of globo H-KLH showing maximum titers (usually after three to
four immunizations) corresponding to patients 2, 4, 8, 13, 14, and
17 in ref. 10 were selected. Monoclonal antibody VK9 for the
detection of globo H has been described (25).

Isolation of Antibodies by Affinity Chromatography. Globo H- or
Ley-agarose column (3.0 ml) was first equilibrated in PBS [20 ml,
0.15 M NaCl, 0.02 M sodium phosphate buffer (pH 7.2)]. The
serum to be analyzed (1.0 ml) was then added to the column and
allowed to react for 1 h by agitating gently at 4°C. Subsequently,
the column was eluted with (i) PBS (10 ml), (ii) 1 M NaCl in PBS
(5 ml), and (iii) 0.05 M glycinezHCl (pH 2.5) (10 ml), and
fractions (1.0–2.0 ml) were collected. The samples eluted with
the third buffer were collected directly into 75 ml of saturated
Na2HPO4 to give a final pH of 6.5–7.5. The fractions were
assayed for the presence of protein by monitoring optical density
at 280 nm and for antibody activity by ELISA (see below).
Fractions showing antibody activity were pooled and used for
further analysis. The columns were used repeatedly after wash-
ing in the glycine buffer (30 ml) and re-equilibration in PBS. To
remove human serum albumin (HSA) from the eluted fractions,
the samples were reapplied to a globo H-agarose column and
washed with PBS (10 ml), PBS containing 1% Nonidet P-40 (10
ml), and PBS (10 ml) before eluting the antibody with
glycinezHCl buffer (10 ml) as above.

ELISA. ELISA was performed as described (25), except that in
some experiments, reactivity was assayed with fluorescein phos-
phate (Molecular Probes) [0.05 mM in 0.1 M Tris (pH 9.9), 50
mM NaCl, 10 mM MgCl2, and 0.1 mM ZnCl2] and quantification
in a fluorescence plate reader with excitation at 485 nm and
emission at 535 nm (Wallac, Gaithersburg, MD; model 1420).
For determination of IgG subclass, alkaline phosphatase-
coupled anti-IgG1, -IgG2, - IgG3, and -IgG4 specific antibodies
(Southern Biotechnology Associates) were used in the final step.

SDSyPAGE. SDSyPAGE in 7% acrylamide gels was carried out
under nonreducing condition as described (26).

Results
Globo H hexasaccharide (5) armed with a terminal allyl group
was synthesized by using the glycal assembly approach to oligo-
saccharide synthesis (21) (Scheme 1). The allyl group was
converted to the corresponding aldehyde by ozonolysis and
linked to amine functionalized agarose by reductive amination,
followed by capping of residual amine functionality to give globo
H-bound agarose (7). On-resin deprotection provided a fully
functional globo H antigen-bound affinity matrix. In much the
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same way, the Ley pentasaccharide (6), also as the allyl glycoside
(24), was converted to the antigen-specific affinity matrix (8).
For comparison, the unprotected globo H allyl glycoside (not
shown) was ozonized and reductively coupled to amine-
functionalized agarose to give affinity material that was identical
in all respects to 7 (data not shown). Column material, for both
globo H and Ley, could be routinely produced on a 10-ml scale
beginning with approximately 50 mg of protected carbohydrate.

Sera from six patients who had been immunized with a globo
H-KLH vaccine and sera from three normal individuals were
fractionated on a globo H-agarose affinity as described in
Materials and Methods. As assayed by ELISA, all anti-globo H
antibody activity in the sera of immunized patients was retained
by the column. Elution with high salt (1 M NaCl) did not remove
antibody from the column, but elution with a glycinezHCl (pH
2.5) buffer resulted in the elution of anti-globo H antibody (Fig.
1A). Sera obtained from the same patients before immunization,
or from normal individuals, contained undetectable, or only
trace quantities, of antibody (Fig. 1B). As a control of specificity,
no antibody from globo H-KLH immunized patients bound to
Ley-agarose column, while antibody from patients immunized

with Ley-KLH (22) did react with the Ley-agarose column (data
not shown).

Pooled fractions from the six anti-globo H sera were analyzed
for protein content by using the Lowry assay (Table 1) and by
SDSyPAGE electrophoresis for purity (Fig. 2). The total protein
content of the eluted fractions ranged from 50 to 370 mgyml of
serum. However, SDSyPAGE analysis showed that in addition to
IgG and IgM immunoglobulins some of these samples contained
substantial amounts of a component migrating with HSA. The
identity of this component was confirmed to be HSA by Western
blotting with anti-HSA antibody (data not shown). The propor-
tion of IgM and IgG immunoglobulins in the sera was estimated
by scanning the Coomassie blue-stained gel in a Bio-Rad GS700
scanner and Quantity One data analysis system (Table 1).

Removal of the contaminating HSA from the eluted antibody
samples proved to be surprisingly difficult. After reapplication of
the sample to a second globo H-agarose column, the albumin was
retained by the column and again eluted with the antibody.
Similar coelution was obtained when the sample was applied to
an N-acetylated amino-agarose column and even when fraction-
ation by ion-exchange chromatography on a DEAE-agarose

Scheme 1.
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column was attempted (data not shown). Successful purification
of the antibody was achieved by applying the sample to a globo
H-agarose column and washing the column with PBS and then
PBSy1% Nonidet P-40 (which removed the albumin) before
eluting the antibody in glycine (pH 2.5) buffer. SDSyPAGE
analysis of a typical purified sample is shown in Fig. 2, lane 7.

The presence of both IgM and IgG antibodies in the purified
antibody samples, as detected by SDSyPAGE (Fig. 2), was
confirmed by ELISA using specific antibodies (Table 2). Sub-
class analysis with anti-IgG subclass antibodies revealed that

IgG1 antibodies were detected in all six samples and that IgG2,
IgG3, and IgG4 antibodies were detected in one or more of the
samples (Table 2).

The specificity of the eluted antibodies from 5 of the 6 patients
was analyzed by direct ELISA on a panel of 15 glycoconjugates
(Fig. 3). As expected, antibody fractions from the five patients
reacted with globo H. Significant reactivity with different globo
H-related compounds, which differed substantially between the
patients, was also evident. The antibodies from all five patients
crossreacted to some extent with galactosyl-globoside (SSEA-3)
and globoside. Furthermore, in two patients, the reactivity with
these two structures was as high, or almost as high, as with globo
H itself (Fig. 3 C and E). Although Ley-ceramide showed weak
reactivity with the sera from three patients, the other antigens
tested were essentially unreactive. As a positive control, an
anti-globo H mouse monoclonal antibody (VK-9) reacted ex-
clusively with globo H (Fig. 3E).

Discussion
We first set out to develop an efficient route to manufacture
complex synthetic oligosaccharides attached to a solid support.
The protected oligosaccharides 5 (21) and 6 (24) were smoothly
converted into the functional affinity matrices 7 and 8 (Scheme
1). The syntheses are scaleable, general, and efficient even for
molecules of this sophistication. Both columns very efficiently
separated human polyclonal antibodies directed at the corre-
sponding carbohydrates from other serum immunoglobulins and
other serum proteins. The specificity of anti-globo H binding was

Fig. 1. Affinity chromatography of sera from a patient (no. 4) on globo
H-agarose column. (A) Postvaccination serum. (B) Prevaccination serum. Frac-
tions were assayed for protein levels (■, OD280) and reactivity with globo
H-ceramide by ELISA (Œ). Initial wash buffer: PBS; second wash (arrow 1): 1 M
NaClyPBS; final elution buffer (arrow 2): 0.05 M glycinezHCl (pH 2.5).

Table 1. Yields of immunoglobulins isolated from human sera by
affinity chromatography on globo H-agarose

Sera

Eluted protein,
mg*

Eluted immunoglobulin,
mg†

Preimmune Immune IgM IgG

Patients
1 ,10 150 35 65
2 ,10 110 27 49
3 ,10 180 37 75
4 ,10 370 76 210
5 ,10 140 29 64
6 ,10 50 14 11

Normal individuals
1 ,10 — — —
2 ,10 — — —
3 ,10 — — —

*Yield from 1.0 ml of serum. All eluted samples contained albumin and other
unidentified serum proteins.

†Values obtained by scanning a Coomassie blue-stained gel of the total eluted
protein sample.

Fig. 2. SDSyPAGE analysis of fractions isolated from sera from six patients,
immunized with globo H-KLH, by affinity chromatography on a globo H-
agarose column. Lanes 1–6, low pH-eluted fractions from patients 1–6. Lane
7, eluted fraction from patient 3 further purified to remove HSA. Lane S,
protein standards (220, 130, 90, 70, 60, 40, 30, and 20 kDa). The migration rates
of IgM, IgG, and HSA are indicated. The samples were separated on a 7%
polyacrylamide gel under nonreducing conditions and then stained with
Coomassie blue.

Table 2. Class and subclass typing of purified antibodies from
patients’ sera

Patient

Titer*

IgM IgG IgG1 IgG2 IgG3 IgG4

1 1:640 1:1280 1:40 ND ND ND
2 1:2560 1:5120 1:80 ND ND ND
3 1:640 1:2560 1:20 ND ND 1:20
4 1:2560 1:10240 1:80 1:160 ND 1:20
5 1:640 1:5120 1:1280 ND ND 1:40
6 1:640 1:640 1:20 ND 1:80 1:20

*The titer is the lowest dilution of antibody showing ELISA value at least 1.5
greater than background. Titers can be compared only within a given class/
subclass for each antibody sample. ND, not detected.
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demonstrated with the Ley column, in that no ‘‘cross talk’’
occurred. Thus, antibodies from patients vaccinated with globo
H-KLH bound to the globo H column; however, the anti-globo
H antibodies did not bind to the Ley affinity column. Preimmune
sera and sera from individuals with no history of cancer did not
contain antibodies binding to the globo H column. Thus, the
affinity columns were operational and proved useful for iden-
tifying and isolating polyclonal antibodies directed against the
carbohydrate portion of the parent vaccine.

Assessment of antibody response to vaccination with carbo-
hydrates, or other antigens, commonly relies on titers given as
unitless quantities. Typically, the titer values are assessed by
comparison to those given by other samples. A number of studies
with bacterial polysaccharide vaccines determined the level of
the antibody response in weight units (e.g., mgyml of serum), but
no published anti-cancer vaccine studies seem to provide such
data. In this study, we show that patients immunized with a globo
H-KLH conjugate vaccine responded with the production of
25–280 mg of antibody per ml of serum (Table 1). As no
comparable data are available on antibodies resulting from the
vaccination of other cancer patients, we compare these levels
with those quoted in a number of studies with bacterial poly-
saccharide vaccines in which antibody levels had been quantified.
In a study on antibodies elicited in adults with a pneumococcal
conjugate vaccine, Soininen et al. (27) reported IgG levels of only
0.58–1.33 mgyml of serum (they did not report IgM levels),
whereas Anttila et al. (28) reported the induction of 7.8–57.8
mgyml IgG in 15-mo-old children. Kabat and Berg (29) reported

anti-dextran antibodies, mainly in the range of 1.9–97.5 mgyml of
serum in adults immunized with dextran polysaccharide (with
two individuals with levels .250 mgyml). Remarkably, these
comparisons show that the immunization of cancer patients with
a carbohydrate conjugate vaccine resulted in the production of
antibody levels similar to, and often exceeding, those formed by
immunization with bacterial polysaccharide vaccines. The use of
affinity-purified antibodies also revealed that substantial quan-
tities of IgG, as well as IgM antibodies, were produced in
response to the vaccine. Thus, even though the globo H epitope
is apparently expressed to a small extent on normal tissues, it is
possible to break tolerance by using the conjugate vaccine
together with adjuvant and to generate a potent immune re-
sponse focused against this constellation.

The IgG subclass distribution of the anti-globo H antibodies
was surprisingly heterogeneous. It is frequently stated that
anti-carbohydrate antibody responses are restricted to the IgG2
subclass (30), though exceptions to this rule have been noted (30,
31). Our results are encouraging in that all patients responded
with the production of IgG1 antibodies, and whereas only one
produced detectable levels of IgG2, three patients also produced
IgG4 antibodies (Table 2).

Testing of the purified antibodies by ELISA against a panel of
15 glycoconjugates confirmed the ability of all the postvaccine
antibodies to react with globo H. A number of the antibody
samples, however, showed an unanticipated degree of reactivity
with galactosylgloboside and globoside (Fig. 3). Crossreaction of
antibodies with related antigen structures is commonly observed.

Fig. 3. Analysis of specificity of antibody fractions isolated from five immunized patients: patient 2 (A), patient 4 (B); patient 8 (C), patient 13 (D); and patient
14 (E) (as listed in ref. 10). Reactivity was measured with a direct ELISA using rabbit anti-human IgG (H and L chains) conjugated to alkaline phosphatase as the
second antibody. (F) Anti-globo H monoclonal antibody VK-9. Test compounds: 1, globo H-Cer; 2, gal-globoside (SSEA-3 antigen); 3, globoside; 4, Ley

(Fuca1–2Galb1–4[Fuca1–3]GlcNAcb1–3Gal)-BSA; 5, Leb (Fuca1–2Galb1–3[Fuca1–4]GlcNAcb1–3Gal)-BSA; 6, Lex (Galb1–4[Fucaa1–3]GlcNAc)-PAA; 7, Lex-Cer; 8,
Lea (Galb1–3[Fucaa1–4]GlcNAc)-PAA; 9, H type 2 (Fuca1–2Galb1–4GlcNAc)-PE; 10, H type 2-PAA; 11, H type 1 (Fuca1–2Galb1–3GlcNAcb1–3Gal)-BSA; 12, H type
1-PAA; 13, lactose-CETE; 14, Gala1–4Galb1–4Glc-CETE; 15, Gala1–4GlcNAc-CETE-BSA. Abbreviations: Cer, ceramide; BSA, bovine serum albumin; PAA, poly-
acrylamide; PE, phosphatidylethanolamine; CETE, 2-(carbomethoxyethylthio)ethyl.
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For anti-carbohydrate antibodies, these reactivities are normally
focused on the nonreducing terminal moieties. When assessed by
using whole sera, patients immunized with the globo H-KLH
conjugate seemed to have produced antibodies that mainly
recognize an epitope area encompassing five nonreducing ter-
minal carbohydrate units (9); however, when purified antibodies
from the same patients were examined, binding of internal
carbohydrate sequences was revealed as well.

The results of this study differ in several significant ways from
those previously reported using whole sera from these immu-
nized patients (10, 11). In particular, the levels of IgG induction
were found to be considerably higher than were apparent from
the titers obtained on whole sera. Our results show that signif-
icant class-switching to IgG antibodies had occurred. These
findings support the concept of using a protein carrier, such as
KLH, to increase the immunogenicity of carbohydrate antigens,
thereby broadening the spectrum of Ig classes produced. In
addition, the use of purified antibodies enabled the clear deter-
mination of the IgG subclass of the responses. Finally, the
present study demonstrated the wide spectrum of specificities
induced to structures related to globo H (galactosyl-globoside
and globoside), indicating the presence of antibodies, not ap-
parent in the earlier study, reacting with internal sequences as
well as with terminal sugar residues. These differences may
reflect the difficulties inherent in analyzing the reactivities of

whole sera by ELISA in which the levels of unrelated serum
constituents (particularly IgG) substantially dwarf the specific
antibodies reacting with the immunizing antigen. Whether this
suffices to explain the previous finding that only 2 of the 19
patients showed significant IgG reactivity, whereas 10 of 18
patients showed IgM reactivity, is uncertain. It is also possible
that the low avidity of IgG in comparison with pentameric IgM
could also explain these findings.

In summary, the development of a method for the isolation of
antibodies elicited in response to our vaccination protocol has
allowed the characterization of significant amounts of purified
anti-globo H antibodies from individual patients. Such antibod-
ies could be used in several ways. It is interesting to consider, for
example, a therapeutic study in which subjects are retreated with
their own purified antibodies as radiolabeled or drug-substituted
conjugates. Such an approach would simplify the technical
difficulties involved in ‘‘humanizing’’ mouse monoclonal anti-
bodies and the regulatory limitations of using human antibodies
derived from other sources, as well as provide new insights into
cancer and anti-cancer vaccine therapy.
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