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Abstract Tumor-associated antigens resulting from
aberrant glycosylation, such as the SialylTn carbo-
hydrate antigen, are frequently over-expressed on cancer
cells and provide potential targets for cancer vaccina-
tion. Immunization of Rhesus monkeys with SialylTn
coupled to a highly immunogenic carrier molecule and
formulated on aluminum hydroxide induced a strong
immune response against the carrier protein but only a
moderate IgM immune response against the SialylTn
carbohydrate antigen. Co-formulation with QS-21
adjuvant dramatically enhanced the anti-SialylTn
immune response and resulted in a SialylTn-specific
IgG switch. The kinetics of the carbohydrate-specific
IgG response correlated with a temporary release of
cytokines such as IFNy, IL-2, IL-13, TNFo and GM-
CSF which was measurable in the immune serum by
xMAP Multiplex technology. Furthermore, tumor cell
killing by activated natural killer cells was induced.
These data demonstrate that immunization with a
tumor-associated carbohydrate antigen in a highly
immunogenic formulation results in a temporary
release of type 1 cytokines which may be required
for the induction of a specific [gG immune response
against the carbohydrate antigen as well as for activa-
tion of effector cells against tumor cells.
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Introduction

Cancer is often associated with an increasingly impaired
immune response against the tumor. Escape mecha-
nisms of the tumor such as loss of antigen expression
[22], reduced MHC expression [35], absence of co-
stimulatory molecules [24], suppression of anti-tumor
immune responses by CD4+ CD25+ T regulatory
(Treg) cells [1], and alterations in the cytokine profile
[40]—often skewed toward a Th2 response [2, 30]—
affect the ability of the immune system to mount an
effective response against the growing tumor. On the
other hand, tumor-associated antigens can be recog-
nized by T-cells or antibodies resulting in tumor cell
destruction [13, 36, 37]. Therefore, the identification of
appropriate target antigen(s) and a Th1/Th2 balanced
cytokine profile may be essential to increase the thera-
peutic efficacy of cancer immune therapy [19, 32]. First
hints of efficacy of this approach were already provided
by the application of Coley’s toxin—a bacterial extract
administered directly into the tumor—which resulted
in marked alterations in cytokine levels and dramatic
anti-tumor responses, but also significant toxicities in
patients [23]. Application of recombinant cytokines also
has been found to be associated with severe side effects
and therapeutic effects have been shown in only few
cases so far [12, 27, 33]. This limited efficacy may be due
to the limitation in simulating correctly the biological
paracrine function of cytokines in the context of antigen
uptake and presentation [28]. Furthermore, the syn-
chronized, often synergistic, action of cytokine patterns
rather than single cytokines may be required for opti-
mal induction of an immune response [15]. Proof of
principle for the paracrine action of cytokines has been
demonstrated using cytokine gene-modified tumor cells
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[3, 6]. However, for clinical application molecularly
defined synthetic vaccines, which are amenable to a
large-scale pharmaceutical manufacturing process, are
warranted. Defined tumor-associated antigens, such as
carbohydrate and mucin antigens resulting from aber-
rant glycosylation of tumor cells, may provide specific
targets for immune therapy [20, 21, 29, 41]. The SialylTn
carbohydrate antigen is expressed in more than 80% of
cancers of breast, colorectal, prostate and ovarian origin
[10, 42] and has been shown to correlate with a more
aggressive tumor phenotype resulting in poor prognosis
[11, 39], and antibodies against the SialylTn epitope
have been found to correlate with improved survival of
metastatic adenocarcinoma patients [21].

To increase the immunogenicity of the non-immuno-
genic carbohydrate antigen, SialylTn has been coupled
to a highly immunogenic carrier protein, mAb17-1A
[4], and formulated onto aluminum hydroxide [17].
Application of this vaccine formulation (designated
IGN402) to Rhesus monkeys generated a strong
immune response against the xenogeneic carrier pro-
tein but only a moderate IgM immune response against
the SialylTn carbohydrate antigen. In contrast, co-for-
mulation of the vaccine with a strong adjuvant, QS-21,
dramatically enhanced the anti-SialylTn immune
response and resulted in production of SialylTn-specific
IgG antibodies [18]. The induction of carbohydrate-
specific IgG antibodies implicates the involvement of
carrier-induced T-cell help against the per se T-cell
independent carbohydrate antigen. To investigate the
mechanism contributing to the induction of the carbo-
hydrate-specific immune response, cytokines were mea-
sured in the serum during the time course of this
vaccination study using XM AP technology. Noteworthy,
systemically measurable levels of cytokines such as
IFNy, IL-2, IL-1B, TNFa and GM-CSF were found to
be temporarily released into the serum after boost
immunizations. In contrast, no cytokines were detect-
able in pre-serum (PS) or in serum after primary immu-
nization. A tight correlation between the kinetics of
cytokine release and the induction of the carbohydrate-
specific IgG response was found. Concurrently with the
induction of measurable levels of cytokines, activation
of natural killer (NK) cell mediated cytotoxicity against
tumor cells was found following boost immunizations.

Methods and materials
Coupling of SialylTn carbohydrate to mAb17-1A

The SialylTn carbohydrate antigen was coupled to the
mADb17-1A (murine IgG2a) protein carrier at a molar
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ratio of 18:1 by reacting 10 mg of nitrophenylated spa-
cered SialylTn, Neu5Aco2-6GalNAca-O(CH,);NHCO
(CH,),COO0O-(p-NO,C;H,) (MW 819 g/mol, Lectinity,
Finland), with 100 mg of mAb17-1A. Briefly, 100 mg of
mADb17-1A (10 mg/ml) were dialyzed twice at 4°C for
20h against 700 ml coupling buffer (0.1 M NaPO,,
0.15M NaCl, pH 8.5) using a Slide-A-Lyzer dialysis
cassette MWCO 10 K (Pierce). The concentration of
mAbl17-1A was determined by Size Exclusion Chro-
matography (SEC). In parallel, 10 mg of NeuSAco?2-
6GalNAca-O(CH,);NHCO(CH,),COO-(p-NO,C,H,)
were dissolved in 300 pl DMF and added to the ice cold
mADb17-1A. The reaction mixture was incubated rotat-
ing at +4°C. The kinetic of the reaction was monitored
by the size of the coupling product as analyzed by SEC.
After 28 h, the reaction mixture was dialyzed against
formulation buffer (1 mM NaPO,, 0.86% NaCl, pH 6)
using Slide-A-Lyzer dialysis Cassette 3.5 K (Pierce) at
+4°C for 20 h. For comparison, uncoupled mAb17-1A
was processed in parallel. SialylTn-mAb17-1A cou-
pling products were analyzed by SEC, LDS-PAGE,
Western blot, isoelectric focusing, and Resorcinol
assay as described [17, 18].

IGN402 vaccine formulations

Five hundred micrograms of SialylTn-mAb17-1A con-
jugate was adsorbed onto 1.67 mg aluminum hydroxide
in 0.5 ml formulation buffer (1 mM NaPO,, 0.86% NaCl,
pH 6). The vaccine was formulated either without addi-
tional adjuvant or co-formulated with 100 pg QS-21
adjuvant (Antigenics Inc., Lexington, MA, USA).

LAL assay and pyrogenicity test in rabbits

Levels of endotoxin in the vaccine formulations were
determined by Limulus Amebocyte Lysate—Endo-
chrome™ assay (Charles River, MA, USA) according
to the manufacturer. None of the final vaccine formula-
tions contained detectable amounts of endotoxin.

The formulated vaccines were tested for pyrogenic-
ity by i.v. application in rabbits. The formulations used
for this study were negative regarding pyrogenicity
testing with the sum of individual temperature rise
recorded in three rabbits being +0°C (w/o additional
adjuvant) and +0.3°C for vaccines co-formulated with
QS-21 adjuvant.

Rhesus monkey immunization study
Safety, tolerability and immunogenicity of multiple

subcutaneous injections of IGN402 were evaluated in
vaccination studies in Rhesus monkeys. All animal
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studies were performed under controlled and docu-
mented conditions in accordance with animal health
care standards at Biotest Ltd, Konarovice, Czech
Republic. Per group, four healthy adult Rhesus mon-
keys (age and sex matched, group I: #152, #258, #292,
#330 and group II: #38, #269, #308, #382, without or
with QS-21, respectively) were vaccinated on days (d)
1, 15, 29 and 57 by subcutaneous injection and re-
boosted on d226. Blood samples were taken before
(d =7 and d —3) and after immunization (d15, 22, 29,
43,57, 71, 85, 99) and d226 (before re-boost) and d240
(2 weeks after re-boost) for serum analytic.

In a second Rhesus monkey study animals—four
animals per group (#31, #48, #76, #318)—were vacci-
nated with four initial immunizations of IGN402 co-for-
mulated with QS-21 on d1, 21, 49 and 76. Heparinized
blood samples were taken before (d1) and after immu-
nization (d38, 60 and 86) for preparation of peripheral
blood mononuclear cell (PBMC).

All immunizations were well tolerated by all animals
with no signs of systemic or local toxicity related to
immunization.

ELISA for immune reactivity against mAb17-1A

Pre-sera and immune sera (IS) of Rhesus monkeys, i.e.,
sera obtained before and after immunization, respec-
tively, were analyzed to determine the induced immune
response against mAb17-1A by ELISA. Briefly, ELISA
plates (F96 Maxisorp, NUNC) were coated with 10 pg/
ml mAb17-1A. Wells were blocked with 10% FCS in
PBS for 1 h at 37°C and samples pre-diluted in PBS with
2% FCS were incubated for 1.5 h at 37°C. A positive
control serum (derived from a Rhesus monkey immu-
nized with mAb17-1A formulated onto alhydrogel) with
known reactivity against mAb17-1A was tested in paral-
lel and used for normalization of OD values between
different ELISA plates. For detection plates were
incubated with a 1:2,000 diluted sheep anti-human
IgG-(y-chain)-HRP conjugate (Chemicon, CA, USA)
for 30 min at 37°C. Staining with substrate OPD (10 mg
OPD dissolved in 25 ml staining buffer containing 10 pl
30% H,0,) was stopped by adding 50 ul H,SO, (30%)
and the color intensity was measured at OD g,/ The
titer was defined as reciprocal serum dilution yielding an
absorbance of OD=1.0 on a titration curve. Curve
fitting was done using GraphPad Prism version 4.0.

SialylTn-PAA ELISA
Pre-serum and IS of Rhesus monkeys were tested for

reactivity against the synthetic SialylTn carbohydrate
antigen by SialylTn-PAA ELISA. Briefly, ELISA

plates (F96 Maxisorp, NUNC) were coated with 10 pg/
ml SialylTn-PAA (Lectinity, Finland). Wells were
blocked with PBS containing 10% FCS for 1 h at 37°C.
Serum samples were pre-diluted in PBS containing 2%
FCS and 5% glucose, and incubated for 2 h at 37°C. A
positive control serum with known reactivity against
SialylTn was used for normalization between different
ELISA plates. For detection plates were incubated
with 1:2,000 diluted mouse anti-human IgM-HRP con-
jugate (Southern Biotechnology, AL, USA) or 1:2,000
diluted sheep anti-human IgG-(y-chain)-HRP conju-
gate (Chemicon, CA, USA), respectively, for 30 min at
37°C. Staining with substrate OPD (10 mg OPD dis-
solved in 25 ml staining buffer containing 10 pl 30%
H,0,) was stopped by adding 50 ul H,SO, (30%) and
the color intensity was measured at OD,qg,,5;,. Titers
were defined as reciprocal of serum dilutions yielding
an absorbance of OD = 1.0 and 0.5 for IgM and IgG,
respectively. Curve fitting was done using GraphPad
Prism version 4.0.

Cytokine release in serum (xMAP Multiplex)

Cytokines of PS or IS were analyzed by xMAP Multiplex
technology (Luminex, TX, USA). Using the Beadlyte
Human Multi-Cytokine Detection System 3 (Upstate,
Dundee, UK) according to the manufacturer’s
protocol the following cytokines were measured: IL-
1B, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12(p70), TNFa,
IFNy and GM-CSF. Briefly, 25 pul sample was incu-
bated with 25 pl assay buffer for 20 min at 25°C per
well of a 96-well ELISA filter plate. The mixture of
anti-human cytokine antibodies coupled to beads was
added, followed by addition of biotinylated anti-
cytokine antibodies and incubated 1.5h at 25°C
in the dark as described by the manufacturer. After
incubation, the liquid was removed and streptavidin—
phycoerythrin was added. Subsequently, the beads
were washed with assay buffer and the emitted fluores-
cent signal was quantitated using a Luminex100 reader
(settings—>50 events per bead, 50 pl sample size, gate—
7,500-13,000 MFT).

In vitro activation of human NK cell by IS

Human PBMCs were isolated from buffy coats of
healthy donors (obtained from the Austrian Red
Cross) on a Ficoll density gradient. The NK cell enriched
fraction was obtained from the non-adherent PBMC
fraction (after removal of adherent cells by 1h plastic
adherence) and by negative sorting on an AutoMACS™
(Miltenyi, Germany) using antibodies against CD3,
CD14, CD34 and CD19. The NK-enriched population
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was characterized by FACS analysis using CD56/CD16
as marker and consisted of at least 60% NK cells (data
not shown).

The NK-enriched cell fraction was incubated with
PS or IS (at a final dilution of 1:5), and in the presence
or absence of supplements of indicated amounts of
hIL-2, for 48 h. The medium was replaced with fresh
RPMI 1640 containing 10% FCS and incubation was
continued for another 24 h. After washing, the cells
were re-suspended in fresh medium and used as effec-
tor cells in a 4 h >'Cr-release lysis assay against labeled
KATOIII tumor target cells at effector to target (E:T)
ratios of 10:1 and 1:1, respectively. Release of >'Cr
from lysed target cells into the supernatant of the sam-
ples (“Cs”) was measured using a y-counter (Cobra
5005, Canberra-Packard, Australia). Spontaneous
release (“Sr”) and maximum release (100%, “Mr”)
were measured after incubation of target cells with
medium alone or with detergent (2% SDS), respec-
tively. Cytotoxicity was calculated using the formula
100% x (Cs — Sr)/(Mr — Sr).

Ex vivo measurement of activation of non-adherent
PBMC:s derived from Rhesus monkeys before
and after immunization

Peripheral blood mononuclear cells were isolated from
heparinized blood derived from Rhesus monkeys
before or after immunization, respectively, on a Ficoll
density gradient. After washing, the non-adherent
PBMC fraction was obtained by removal of adherent
cells following 2 h plastic adherence. Non-adherent
PBMCs were incubated in RPMI 1640 supplemented
with 10% FCS for 2 h and subsequently used as effec-
tor cells in an overnight >!Cr-release lysis assay with
labeled KATOIII target cells at the E:T ratios of 60:1,
30:1, 10:1 and 3:1. Cytotoxicity was calculated as
described above.

Results

Immunization of Rhesus monkeys with SialylTn-
mADb17-1A in the presence or absence
of QS-21 adjuvant

SialylTn-mAb17-1A conjugate was formulated onto
alhydrogel, either with or without QS-21 adjuvant.
Application of both vaccine formulations to Rhesus
monkeys was well tolerated by all animals. The
immune responses against the SialylTn carbohydrate
antigen (IgG, IgM) and the mAb17-1A carrier protein
(IgG) were analyzed by the respective ELISA. The
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summarized data of the anti-SialylTn immune
response and the immune response against the
mADb17-1A carrier molecule are shown in Fig. 1. Both
vaccines induced high IgG titers against the carrier
molecule. In the presence of QS-21, the immune
response against the carrier showed a slightly more
rapid onset (significant titers at d15 with QS-21 vs. d22
without QS-21) and approximately 5-10-fold higher
peak titers as compared to the vaccine without QS-21.
A similar kinetic was found for the IgM response
against SialylTn, with a more rapid onset and approxi-
mately tenfold higher IgM titers in the presence of
QS-21 adjuvant. The most dramatic effect of QS-21
adjuvant was the induction of a pronounced SialylTn-
specific IgG response. In three out of four animals, a
SialylTn-specific IgG response was measurable start-
ing from d29, i.e., 2 weeks after the second immuniza-
tion. In one animal (#308), the SialylTn-specific IgG
response was found only after the fifth immunization.
As expected, there was a 1-2 weeks delay in the onset
of the anti-SialylTn IgG response compared to anti-
SialylTn IgM response and IgG response against the
carrier (Fig. 1a). In contrast, no SialylTn-specific IgG
was induced in the group immunized without QS-21
adjuvant.

Specificity of anti-SialylTn response and anti-carrier
response

Specificity of the anti-SialylTn response induced by
SialylTn-mADb17-1A immunizations of Rhesus mon-
keys was confirmed by depletion experiments: IS was
incubated with Sepharose beads coupled with either
SialylTn-mAb17-1A, mAb17-1A, SialylTn-HSA,
HSA or LeY-HSA, respectively. PS or IS or depleted
IS were analyzed for binding to SialylTn in a SialylTn-
PAA ELISA. The induced immune response measur-
able in the IS was significantly decreased by depletion
with SialylTn-mAb17-1A or SialylTn-HSA Sepharose
beads, but not with mAb17-1A, or HSA, or HSA-LeY
Sepharose beads where HSA was coupled to the unre-
lated LeY carbohydrate antigen and used as control
(Fig. 2a).

The specificity of the anti-carrier (i.e., anti-mAb17-
1A) immune response induced by SialylTn-mAb17-1A
immunizations of Rhesus monkeys was confirmed by
depletion experiments: IS was incubated with Sepha-
rose beads coupled with either SialylTn-mAb17-1A,
mAb17-1A, SialylTn-HSA, HSA or LeY-HSA,
respectively. Untreated PS or IS or depleted IS were
analyzed for binding to mAbl17-1A by ELISA. The
induced immune response measurable in the IS was
found to be significantly decreased by depletion with
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Fig.1 Immune responses against carrier protein and SialylTn
after immunization with Sialyl Tn-mAb17-1A vaccine with or with-
out co-formulation with QS-21. Rhesus monkeys (four animals
per group) were immunized with SialylTn-mAb17-1A vaccine
with (a) or without (b) QS-21 adjuvant at d1, 15, 29, 57 and re-
boosted at d226. PS and IS were analyzed for immune response
by ELISA. The kinetics of the immune responses, i.e., antibody
titers (geomean and scatter factor) against SialylTn (IgG, IgM)
and mAb17-1A (IgG) are shown. Statistics: *P < 0.05 vs. PS (one-
tailed, paired #-test). Arrows show immunization time points

mAb17-1A or SialylTn-mAb17-1A Sepharose beads,
but not with HSA-SialylTn, or HSA or HSA-LeY
Sepharose beads (Fig. 2b).

Cytokine release in serum after repeated vaccination

The serum cytokine profile during the time course of
the immunizations was measured using xXMAP Multi-
plex technology (Fig. 3). Apart from detectable levels
of the chemokine IL-8, no significant cytokine levels
were found in the PS (i.e., before immunization) of
healthy Rhesus monkeys. Also following the first
immunization no significant cytokine levels were mea-
sured. Starting from d22, i.e., 1 week following the
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Fig. 2 Specificity of induced immune responses. The specificity
of the immune responses against the SialylTn carbohydrate anti-
gen (a) and mADb17-1A carrier protein (b) was confirmed by
depletion experiments. PS or IS, or IS depleted by incubation
with Sepharose beads coupled to mAb17-1A (mAb), SialylTn—
mADb17-1A, SialylTn-HSA, HSA or LeY-HSA, respectively,
were measured for antibody titers against SialylTn (a) or mAb17-
1A (b) by ELISA. Summarized data (geomean and scatter factor)
of four Rhesus monkeys are shown. Statistics: *P < 0.05 vs. IS and
**P < (0.01 vs. IS (one-tailed, paired ¢-test)

second immunization, low amounts of IFNy could be
detected. Moreover, following the third and fourth
immunizations (d43 and 71, respectively) significant
levels of IFNy, IL-8, IL-1B, TNFa, IL-2, GM-CSF and
IL-4, were measured in the serum of animals immu-
nized with the vaccine plus QS-21 adjuvant (Fig. 3a, c).
Low levels of IL-6 and IL-12 were also found in some
of the animals, but IL-10 was not measured during any
vaccination regime. In contrast, immunization with the
vaccine without QS-21 resulted in marginal cytokine
release only, with some IFNy and IL-8 measurable
after the third and fourth immunizations. Interestingly,
following a re-boost (fifth) immunization, half a year
later, in two out of four animals immunized with the
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vaccine without QS-21 significant cytokine levels were
found, although cytokine levels were generally lower
than in the QS-21 group (Fig. 3b, d vs. Fig. 3a, c).

Correlation of time kinetics of SialylTn-specific IgG
response and cytokine release

Comparing the kinetics for induction of immune
responses against carrier molecule (IgG) or the SialylTn
carbohydrate antigen (IgM, IgG) (Fig.1) with the
kinetics for cytokine release (Fig.3) suggested a
timely correlation between IgG switch induction
against SialylTn and the cytokine release measurable
in serum. For more detailed analysis, for each animal
the kinetics of the immune responses against the car-
rier and the SialylTn carbohydrate antigen, respec-
tively, and the kinetics of the cytokine release were
superimposed on the same time scale (Fig.4). The
absolute values for IgG titers (against carrier and
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Fig.3 Cytokine release after immunization with SialylTn-
mADb17-1A vaccine with or without QS-21 adjuvant. Rhesus
monkeys (four animals per group) were immunized with Sial-
ylTn-mADb17-1A vaccine with (a, ¢) or without (b, d) QS-21
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SialylTn) were normalized by a multiplication factor
as indicated to fit the scale for the cytokine levels (pg/
ml). Neither induced SialylTn-specific IgG antibodies
nor measurable cytokines were found during the first
two immunizations. In contrast, after the third and
fourth or fifth immunizations along side with high titer
IgG responses against the carrier molecule also detect-
able IgG responses against the SialylTn carbohydrate
antigen were found. Noteworthy, the induction of the
anti-SialylTn IgG response coincided with the tempo-
rary cytokine release measurable in the IS. A particu-
larly consistent correlation in timing was evident for
the SialylTn-specific IgG switch induction and the
release of IL-2, IL-1P and IFNy (Fig. 4a—d). In one
animal of this group, #308, the IgG switch against
SialylTn was induced only after the fifth re-boost
immunization, again correlating with a pronounced
cytokine release found after the fifth re-boost immuni-
zation (Fig. 4c).
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adjuvant at d1, 15, 29, 57 and re-boosted at d226. PS and IS were
analyzed for cytokine release by XMAP technology (Luminex).
Cytokine levels (pg/ml) measured in serum are shown (mean and
SD). Arrows show immunization time points
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Fig. 4 Kinetics of IgG immune response against SialylTn
coincides with a temporary cytokine release in serum. Rhesus
monkeys were immunized with SialylTn-mAb17-1A vaccine co-
formulated with 100 pg QS-21 adjuvant at d1, 15, 29, 57, and re-
boosted at 24 weeks after last immunization at d226. PS (d —7,

dl) and IS (d15, 22, 29, 43, 57, 71, 85, 99, 226 and 240) were ana-
lyzed for reactivity against SialylTn (IgG) or mAb17-1A carrier

In vitro activation of human NK activity
by pre-incubation with IS

To elucidate whether the induced cytokines may have
triggered further biological effects, the potential acti-
vation of NK cells was investigated. NK cells are
known to kill target cells in a MHC independent man-
ner and without re-exposure to antigen. NK cells have
been shown to be activated by cytokines such as IL-1,
IFNy and IL-2 [25] and can be induced by high dose
IL-2 to obtain feature of lymphokine-activated killer
(LAK) cells [26]. Our preliminary experiments using
enriched human NK cells showed efficient lysis of the
NK sensitive target cells K562, but only marginal
efficacy against the NK-resistant DAUDI cells or
KATOIII tumor cells. In contrast, pre-incubation of
the NK cells with high doses of recombinant IL-2
(1,000 U/ml) resulted in pronounced lysis of DAUDI
cells and KATOIII cells indicating the generation of
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(IgG) by ELISA and cytokine release in the serum was measured
by xXMAP Multiplex technology (Luminex). Antibody titers and
cytokine levels (pg/ml serum) of each individual Rhesus monkey
(a, b, ¢, d, respectively) are shown. The indicated multiplication
factor was used to align antibody titer values with the cytokine

levels (pg/ml)—figure scales are adjusted to cytokine levels.
Arrows show immunization time points

LAK cells (data not shown). To test the effect of
released cytokines on NK effector functions, the NK-
enriched cell fraction of human PBMCs was incubated
for 2 days with 1:5 diluted PS or IS derived from Rhe-
sus monkeys following repeated boost immunizations
(at time points of the highest measured cytokine lev-
els). In order to compensate for potential inhibitory
factors present in the Rhesus monkey serum, PS and
IS were used either alone or supplemented with a
moderate IL-2 dose (100 U/ml) which by itself was
not sufficient to induce sufficient activation of NK cells
to lyse DAUDI or KATOIII tumor cells (data not
shown). Incubation of effector cells with IS enhanced
the lytic activity of NK-enriched human PBMCs
against KATOIII target cells in three out of four ani-
mals (Fig. 5). No effect (specific lysis less than 10%,
data not shown) was seen in animal #38 which showed
also the lowest cytokine release in the IS (compare
scales in Fig. 4).
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Rhesus monkey derived PBMCs show enhanced
cytolytic activity against tumor cells after immunization

In order to test whether the in vitro activation of NK-

enriched PBMC by pre-incubation with IS (Fig. 5) is
reflecting also a stimulation of cellular cytotoxicity
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< Fig. 5 Natural killer cell mediated lysis of KATOIII tumor cells

after in vitro activation of human NK cells by IS of immunized
Rhesus monkeys. Rhesus monkeys were immunized with Sial-
ylTn-mADb17-1A vaccine co-formulated with QS-21. NK cells de-
rived from PBMCs (obtained after negative sorting by CD3/
CD14/CD34/CD19) were incubated with PS or IS (at peak cyto-
kine levels) for 48 h. After removal of medium, washed cells were
incubated for additional 24 h. Activated NK cells were used as
effector cells in a 4-h 3!'Cr-release lysis assay against labeled KA-
TOIII target cells. Data of three individual animals, each mea-
sured in independent triplicates (mean and SD shown), are
presented (panels a—c). Statistics: *P < 0.05 vs. respective PS con-
trol (one-tailed, paired -test)

in vivo, PBMCs derived from Rhesus monkey before
and after immunization, respectively, were tested for
their cytolytic effect on >'Cr labeled KATOIII tumor
cells at different E:T ratios. Before being used as effec-
tor cells the PBMCs were depleted of monocytes by
plastic adherence and any Rhesus monkey derived
serum was removed by repeated washing steps. The
data show that in all four tested Rhesus monkeys the
cytolytic activity of their PBMCs was enhanced follow-
ing repeated immunization of the animals compared to
the time points before immunization, i.e., d1 (Fig. 6).

Discussion

The immunogenicity of a carbohydrate—protein conju-
gate vaccine, IGN402, consisting of SialylTn carbo-
hydrate epitopes chemically coupled to an immunogenic
protein carrier, and formulated with or without QS-21
adjuvant, was tested in Rhesus monkeys. As described
previously [17, 18], our strategy is to couple tumor-asso-
ciated carbohydrate epitopes to a highly immunogenic
murine antibody with intrinsic anti-tumor activity in
order to (a) use an immunogenic carrier protein to
increase the immunogenicity of the carbohydrate anti-
gen and to (b) capitalize on the anti-tumor immune
response induced by the carrier molecule itself [4, 5].
IGN402 is a first candidate of this type of conjugate
vaccines consisting of SialylTn carbohydrate epitopes
chemically coupled to mAb17-1A. The murine 17-1A
antibody—a monoclonal antibody recognizing EpCAM
[31]—adsorbed onto aluminum hydroxide has been
used as vaccine antigen in the cancer vaccine candidate
IGN101 and has recently been reported to prolong sur-
vival in metastatic colorectal cancer patients [34].
Application of IGN402 without QS-21 induced a
strong immune response against the carrier protein but
only a moderate immune response against the SialylTn
carbohydrate antigen which was mainly of IgM type. In
contrast, co-formulation of IGN402 with QS-21 dra-
matically enhanced the anti-SialylTn immune response
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and resulted in production of SialylTn-specific IgG
antibodies, and measurable ADCC activity against
SialylTn positive OVCAR-3 tumor cells [17]. Measure-
ment of significant amounts of SialylTn-specific IgG
implicates that the carrier-induced T-cell activation
also provided help for the per se T-cell independent
carbohydrate antigen. To address the question how the
immune response induced by the immunogenic protein
carrier molecule is translated into T-cell help for the
carbohydrate-specific immune response, the cytokine
profile in the serum was measured. PS and IS of the
immunized animals were analyzed using xXMAP Multi-
plex technology. Whereas no significant cytokine levels
were found in the PS of Rhesus monkeys, a temporary
release of IFNy and other cytokines was detected in
the IS starting 1 week after the second immunization
and—more pronounced—after the third and fourth
immunizations. Noteworthy, this cytokine release pat-
tern was not found after the primary immunization but
obviously was related to the repeated-boost immuniza-
tion. In particular, following third and fourth immuni-
zations (d43 and 71, respectively) significant cytokine
levels including IFNy, IL-8, IL-1B, TNFa, IL-2, GM-
CSF and IL-4, and lower levels of IL-6 and IL-12 were
measured in the serum of animals immunized with the
vaccine co-formulated with QS-21. Importantly, IL-10
which is a negative regulator of T-cell activity was not

detected in serum. To our knowledge this is the first
report describing a systemic cytokine pattern tempo-
rarily released during the time course of a vaccination
study in non-human primates. The observed cytokine
pattern indicates that mainly type 1 cytokines such as
IFNy (TNFa), IL-2 and pro-inflammatory cytokines
such as IL-1B and TNFa as well as the pro-inflamma-
tory chemokine IL-8 are released. Moderate levels of
released IL-4 suggest that also the Th2 pathway may
partially be induced as well. Compared to the QS-21
co-formulated vaccine, immunization with the vaccine
in the absence of QS-21 showed a much less pro-
nounced cytokine release pattern, with some IFNy
release and low IL-8 release measurable after the third
or fourth immunization.

An important finding of this study is the tight corre-
lation in timing between cytokine release and the
immunoglobulin class switch leading to carbohydrate-
specific IgG antibodies. While peak IgG titers against
the carrier protein were reached shortly after the sec-
ond immunization, a significant IgG response against
the carbohydrate was measurable mainly after third or
further immunizations. Cytokines were detectable at
earliest 1 week after second immunization coinciding
with the pronounced IgG boost response against the
carrier protein and with the induction of the first
detectable SialylTn-specific IgG in the QS-21 group.
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We therefore hypothesize that this temporary systemic
cytokine release—obviously induced by the strong
anti-carrier immune response—subsequently drives
also the immune response against the co-presented
carbohydrate antigen. Co-localization and the exact
timely connection of the induced cytokine release with
the presentation of the carbohydrate antigen may help
to trigger the induction of the IgG response against the
structurally unrelated (to the protein carrier) carbo-
hydrate antigen. While additional mechanisms for the
generation of the carbohydrate-specific immune
responses, such as co-processing and co-presentation
of carbohydrate—peptide sequences on MHC of anti-
gen-presenting cells to the T-cells, may be involved as
well [8, 38], the present data indicate that the tempo-
rary induction of a type-1 cytokine profile by repeated-
boost immunizations can trigger an efficient immune
response against carbohydrate tumor-associated anti-
gens. Furthermore, the presented data indicate that
besides connecting the carrier-induced immune
response and the anti-carbohydrate immune response,
the released cytokines have the potential to activate a
variety of immune effector cells, such as NK cells or
even trigger the differentiation from NK into LAK
cells in vivo. Noteworthy, the vaccine induced cytokine
profile showed some variation between the individual
monkeys: IFNy was found to be the most prominent
and consistently released cytokine, while IL-2 and IL-
1B were found at varying amounts. A more homo-
genous cytokine pattern may be achieved by optimizing
the immunization scheme and further optimizing the
doses of both, conjugate vaccine and adjuvant.

The vaccination approach described in this study
combines the advantages of non-specific immune stim-
ulation, i.e., cytokines, with a specific immune response
against a tumor-associated carbohydrate antigen. The
synchronized release of type 1 cytokines elicited by the
anti-carrier immune response is more likely to mimic
the adequate cytokine pattern which is necessary also
for the induction of the carbohydrate-specific immune
response, as compared to systemic application of single
cytokines. The phenomenon of co-stimulation of an
immune response against a target antigen by induction
of a strong immune response against another antigen is
analogous to some approaches which are currently
under investigation in cancer immunotherapy, such as
the graft versus leukemia effect associated with a graft-
versus-host-reaction (GvHR). A moderate GvHR, i.e.,
induced by partial mismatches between the donor bone
marrow transplant and the recipient, has been found to
correlate with lower probability of relapse in myeloid
leukemia patients, and was found to be associated with
a Th1 response [7]. Furthermore, vaccination with allo-
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genic tumor cells has been shown to efficiently induce
systemic immune responses against the wild-type
tumor. This effect has been observed not only with cells
transfected with genes for stimulatory cytokines [14,
16] but also when used as non-transfected, irradiated
cells [9] indicating that this effect may have been
induced by a concomitant cytokine release during the
strong immune response against the allogenic MHC.
In conclusion, the present study indicates that
molecularly defined synthetic vaccines eliciting a spe-
cific immune response against defined target antigen(s)
together with a synchronized cytokine release may be
promising candidates for cancer vaccine development.
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