
A Novel Synthetic Bipartite Carrier Protein for Developing
Glycotope-Based Vaccines

Hsiao-Ling Chianga,b,h, Chi-Yu Lina,b,h, Fan-Dan Janc, Yaoh-Shiang Lind, Chia-Tse Hsub,
Jacqueline Whang-Pengf, Leroy F. Liug, Shin Nieha,e,*, Chun-Cheng Linc,*, and Jaulang
Hwanga,b,h,*

aGraduate Institute of Life Sciences, National Defense Medical Center, Taipei, Taiwan
bInstitute of Molecular Biology, Academia Sinica, Taipei, Taiwan
cDepartment of Chemistry, National Tsing Hua University, Hsinchu, Taiwan
dDepartment of Otolaryngology-Head and Neck Surgery, National Defense Medical Centre & Tri-
Service General Hospital, Taipei, Taiwan
eDepartment of Pathology, Tri-Service General Hospital, Taipei, Taiwan
fCenter of Excellence for Cancer Research, Taipei Medical University, Taipei, Taiwan
gDepartment of Pharmacology, The University of Medicine and Dentistry of New Jersey, Robert
Wood Johnson Medical School, Piscataway, NJ 08854, USA
hDepartment of Biochemistry, School of Medicine, Taipei Medical University, Taipei, Taiwan

Abstract
Development of successful vaccines against glycotopes remains a major challenge. In the current
studies, we have successfully developed a novel carrier protein for glycotopes based on the
concept of antigen clustering and specific stimulation of T helper cells to mount strong antibody
response to glycotopes. The bipartite carrier protein consists of a tandem repeat of a cysteine-rich
peptide for docking of clustered glycotopes to effectively activate B cells and an Fc domain for
antigen delivery to antigen presenting cells (APCs). To demonstrate its utility, we conjugated the
tumor-specific monosaccharide antigen Tn to this novel carrier protein and successfully developed
a Tn vaccine against cancer in animal models. The Tn vaccine effectively elicited high-titer IgG1
antibodies against Tn in immunized mice, and effectively suppressed the development of prostate
cancer in Transgenic Adenocarcinoma of the Mouse Prostate (TRAMP) mice. Our results suggest
that this novel bipartite carrier protein could be effectively used for developing anti-glycotope
vaccines such as the anticancer Tn vaccine.
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1. Introduction
Among the cell surface tumor markers, tumor-associated carbohydrate antigens (TACAs)
have spurred intense research into exploiting TACAs for the development of anticancer
vaccines [1–6]. Some mucin-related carbohydrate epitopes, such as Tn (GalNAcα1-O-Ser/
Thr), STn (NeuAcα2–6GalNAcα1-O-Ser/Thr) and TF (Galβ1–3GalNAcα/β-O-Ser/Thr),
are highly overexpressed in carcinomas such as breast, prostate, and ovarian cancers [5, 7,
8], and have been targeted for cancer vaccine development [2, 4, 9, 10].

Glycotopes are haptens which need to be conjugated to carrier proteins for inducing high
affinity IgG antibodies. Glycoptope-carrier protein conjugates, through the MHC-II pathway
in antigen presenting cells (APCs), can activate type II T helper cells that aid class switching
and affinity selection of stimulated B cells leading to secretion of high affinity IgG
antibodies[11–13]. Consequently, designing effective carrier proteins for glycotopes is an
essential step for developing successful glycotope-based vaccines. Indeed, carrier proteins
such as keyhole limpet hemocyanin (KLH), bovine serum albumin (BSA) and Tetanus
Toxoid (TT) have been used for developing TACA-conjugated vaccines [3, 14–16].
However, these carrier proteins still present several problems for developing TACA
vaccines [10]. For example, the conjugation reaction is difficult to control and the immune
response against unconjugated linker leads to epitope suppression [17]. Furthermore, the
carrier proteins, which are often huge in size, contain multiple B cell epitopes which can
readily induce antibody response against the carrier proteins themselves.

In the current studies, we report a novel synthetic bipartite carrier protein ((Mr = 34 kDa)
which contains the IgG Fc domain (referred to as IFD) for aiding uptake/presentation by
APCs and a tandem repeated cysteine-rich peptide (referred to as the antigen clustering
domain or ACD) for glycotope docking. It has been demonstrated that carrier proteins
containing the immunoglobulin (Ig) Fc domain (IFD) facilitate uptake through receptor-
mediated endocytosis [13, 18–21] and hence antigen presentation through the MHC II
pathway in APCs [22–24]. It has also been demonstrated that carrier proteins containing
antigen clustering domain (ACD) are highly effective in inducing strong B cell activation
[12, 25–27]. Indeed, we show in the current studies, such a bipartite carrier protein is highly
effective in inducing high affinity IgG1 antibody against the glycotope Tn. Our results could
suggest the general applicability of using this bipartite carrier protein for developing
glycotope-based vaccines.

2. Materials and Methods
2.1. Materials

The animal protocol was approved by Academia Sinica Institutional Animal Care and
Utilization Committee. Human prostate cancer specimens for staining with anti-Tn antibody
were retrieved from the archives of the Department of Pathology, Tri-Service General
Hospital (Taipei, Taiwan). Samples were fully encoded to protect patient privacy and were
used through a protocol approved by the Institutional Review Board of Tri-Service General
Hospital National Defense Medical Center.

Female New Zealand White rabbits and female BALB/c mice were acquired from the
animal center at National Taiwan University.

2.2. Construction of the plasmid encoding the bipartite carrier protein
The DNA fragments consisting of tandem repeats of the 30-mer DNA encoding the
cysteine-rich peptide (Pro-Cys-Cys-Gly-Cys-Cys-Gly-Cys-Gly-Cys) was generated by
template-repeat polymerase chain reaction (TR-PCR) [26]. The seven repeats-containing
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DNA fragment was excised from the plasmid DNA and subcloned into different expression
vectors, which express mFc (GenBank ID: EF392839), rFc (GenBank ID: K00752) or PEIa
(GenBank ID: K01397.1). The following plasmids were created: prFc(Cys42)Histag2,
pmFc(Cys42)Histag2, and pPEIa(Cys42)Histag2. The plasmid DNA encoding a single repeat
was cloned into the GST expression vector to create pGST(Cys6).

2.3. Expression and purification of the bipartite carrier proteins
Plasmids were transformed individually into the E. coli strain BL21(DE3)pLysS, and
cultured in LB medium containing ampicillin (50 μg/ml) at 37 °C. After induction, the
bacteria were harvested and resuspended in the binding buffer (20 mM sodium phosphate,
pH 7.9, and 8 M Urea) containing 1 mM DTT. After sonication and centrifugation,
supernatants were applied to the nickel column (Pharmacia). The column was washed with
the binding buffer containing 0.2 mM Tris(2-carboxyethyl) phosphine (TCEP) and 100 mM
imidazole. Recombinant proteins were then eluted with the binding buffer containing 0.2
mM TCEP and 500 mM imidazole. Plasmid GST(Cys6) was transformed into the E. coli
strain TOP10. The transformant was cultured in LB under the same conditions as described
above. The bacteria were harvested and resuspended in PBS containing 1 mM
phenylmethylsulfonyl fluoride (PMSF) and 1 mg/ml lysozyme. GST(Cys6) was purified by
glutathione-agarose affinity column (Pharmacia), and eluted with 50 mM Tris-HCl
containing 10 mM glutathione, pH 8.0.

2.4. Preparation of glycotope-carrier protein conjugates
Glycotope, are the carbohydrate epitopes, which are normally the carbohydrate part of a
glycoprotein or glycolipid, such as Tn, STn, sialic acid and GM3. The synthesis and
purification of Tn, STn, sialic acid and GM3 were described in previously studies [28–30].
Tn was conjugated to rFc(Cys42)Histag2, mFc(Cys42)Histag2 or PEIa(Cys42)Histag2 at a
glycotope/carrier protein weight ratio of 5 to 1 (STn was used as example to find an optimal
condition for maximum conjugation)(Supplementary Figure 1). Conjugation was performed
in elution buffer (20 mM sodium phosphate, pH 7.9, 8 M urea, 500 mM imidazole, and 0.2
mM TCEP). After 48 h, conjugates were refolded against PBS containing 0.2 mM TCEP.
GST(Cys6) was dialyzed against PBS containing 0.2 mM TCEP. Different glycotopes and
Linker (N-Succinimidyl-6-Maleimidocaproate) were conjugated to GST(Cys6) at 4 °C for
48 h.

2.5. Immunization of mice and rabbits with Tn-carrier protein conjugates
Six- to eight-week-old female BALB/c mice and ten-week-old TRMAP mice (Jackson
Laboratory) were immunized subcutaneously with 10 μg of mFc(Cys42-Tn)Histag2 in
complete Freund's adjuvant, followed by immunizing with the same dose of conjugates in
incomplete Freund's adjuvant three times at biweekly intervals. For immunization of rabbits,
sixteen-week-old female New Zealand White rabbits were subcutaneously injected with 100
μg of rFc(Cys42-Tn)Histag2 following the same schedule described above.

2.6. Immunocompetition assay
Approximately 5×105~1×106 HeLa cells (purchased from ATCC) were cultured on
coverslips in Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum
(Invitrogen) at 37°C in 5% CO2. Cells were fixed, permeabilized and stained with rabbit
anti-Tn serum (1:1000 dilution) which was pre-incubated with different amount of Tn
antigen (0, 1, 10, 50, and 100 μg) for 30 min at 37°C. Coverslips were then incubated for 1 h
at 37°C. Bound antibodies were visualized following treatment with the goat anti-rabbit
Texas Red (1:500 dilution) and incubation at 37°C for 30 min. Nuclei were stained with
DAPI (Thermo Scientific) (1:5000 dilution) for 10 min at room temperature.
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2.7. Quartz crystal microbalance (QCM) analysis
The 9-MHz gold chips were available from ANT Tech (Taipei, Taiwan). The binding
experiments were performed using an ANTQ300 instrument equipped with a flow-injection
system. For Kd measurement, PEIa(Cys42-Tn)Histag2 was coated on the chip surface, and
serial dilutions of purified anti-Tn IgG antibody ranging from 0.0625 μM to 2 μM were
injected onto the coated chip. PBS was used to wash out the unbound molecules at a flow
rate of 40 μl/min.

2.8. Immunohistochemical (IHC) staining of cancer tissues with anti-Tn antibody
Tissue sections were dewaxed in xylene and rehydrated in alcohol. Antigen retrieval was
carried out by incubating tissue sections in 0.01 mM citrate buffer (pH 6.0) at 95°C for 40
min. Endogenous peroxidase was blocked with 0.3 % hydrogen peroxide for 30 min.
Sections were then incubated with 5% normal horse serum in PBS for 30 min at room
temperature in order to block nonspecific antibody reaction. After washing with TBS plus
0.1 % Tween 20, slides were incubated for 40 min at 4 °C with anti-Tn antiserum. Sections
were then rinsed in TBS plus 0.1 % Tween 20 and incubated for 10 min at room temperature
with HRP polymer conjugated secondary antibody (SUPERPICTURE POLYMER KIT,
Zymed Laboratories, Inc.). Subsequently, sections were stained with DAB chromogen/
substrate, counterstained with Mayer's hematoxylin, dehydrated, and then mounted.

2.9. Isotyping of anti-Tn sera
GST(Cys6-Tn) was coated on 96-well flat-bottomed plates (Falcon) at a concentration of
0.15 μg per well. One-hundred microliter of diluted anti-Tn serum (diluted 5000-fold in
PBS containing 0.1 % BSA) was added to each coated well. After incubating at 37°C for 2
h, the wells were washed with PBS three times. Subsequently, different rabbit anti-mouse
isotype antibodies (ZYMED Laboratories, Invitrogen) were added and the plates incubated
37°C for 1 hr. After incubation, the plates were washed three times, followed by addition of
peroxidase-conjugated goat anti-rabbit immunoglobulin and continued incubation at 37 °C
for 1 h. The substrate solution contained 0.54 mg/ml 2,2'-azino-bis(3-ethylbenzthiazoline-6-
sulfonic acid) and 0.01% H2O2, and 0.1 M citric acid (pH 4.2). Absorbance was read at 410
nm using the Multiscan RC microplate reader (Labsystems, Finland).

2.10. Statistical analysis
Data were analyzed using the SPSS 13.0 software and a p value of less than 0.05 was
considered significant.

3. Results
3.1. Construction of a novel bipartite carrier protein with a synthetic cysteine-rich peptide
fused with an IgG Fc fragment

The poor immunogenicity and the inability to activate T-helper cells present major obstacles
for the development of effective glycotope-based vaccines. To overcome these hurdles, a
small bipartite fusion protein consisting of a synthetic cysteine-rich peptide and an IgG Fc
fragment was constructed. The synthetic cysteine-rich peptide is a tandemly repeated
synthetic peptide with the basic repeating unit being a 10 amino-acid sequence (Pro-Cys-
Cys-Gly-Cys-Cys-Gly-Cys-Gly-Cys) that contains six cysteine residues for glycotope
conjugation (Fig. 1). The DNA encoding the cysteine-rich peptide was created by using the
template-repeat polymerase chain reaction (TR-PCR) (Fig. 1) which is designed to produce
tandem repeated DNA sequences [26]. The PCR products are a mixture of DNA sequences
with variable tandem repeats. The 7-repeat DNA fragment was subcloned into the plasmid
DNA vector that expresses either rFc (rabbit Fc) or mFc (mouse Fc) at the N-terminus and

Chiang et al. Page 4

Vaccine. Author manuscript; available in PMC 2013 December 14.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



his-tagged (Histag2) at the C-terminus. The 7-repeat DNA fragment was inserted in-frame
between the Fc and Histag2. The fusion protein was purified by the nickel resin, and the
purity reached over 95% homogeneity as judged by coomassie-stained SDS-gel [as an
example, see purified mFc(Cys42)Histag2 protein in Fig. 2B].

3.2. An efficient single-step conjugation of tumor-associated carbohydrate antigens
(TACAs) to the bipartite carrier protein

Traditionally, TACA-carrier protein conjugation is a two-step reaction which results in low
yields. In the first step, KLH or BSA is conjugated to the heterobifunctional (SH, NH2)
cross-linker, such as m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS). In the
second step, the KLH-MBS or BSA-MBS reacts with TACA to form TACA-carrier protein
conjugates. However, unconjugated linkers, which elicits immune response against the
linker, leading to reduced immune response to TACAs [17]. To overcome this problem, we
developed a single-step reaction for the conjugation of glycotope to the carrier protein. A
glycotope containing the maleimide-functional group was chemically synthesized, and
conjugated to the thiol-groups of the cysteine residues in the bipartite carrier protein (Fig.
2A). The efficiency of the single-step conjugation reaction can be monitored, albeit
qualitatively, by SDS-PAGE, followed by immunoblotting with the anti-His-tag antibodies.
The results of individual conjugation reactions were shown in Fig. 2C–G. The apparent
reduced molecular weight of the carrier protein (Mr about 40 kDa) was increased after
conjugating with Tn, STn, sialic acid or GM3.

3.3. Glycotope-carrier protein conjugates induce high-affinity anti-glycotope IgG
antibodies

After immunization, the specificity of individual anti-glycotope antibodies was analyzed by
Western blotting (Fig. 3A–C). The sera were shown to exhibit a high degree of specificity
against Tn, STn or sialic acid respectively. In addition, the mouse sera were analyzed by
antibody isotyping. As shown in Fig. 3D, the immunized mouse sera contained primarily
IgG rather than IgM antibodies (P < 0.05). The specificity of anti-Tn antisera obtained from
mice immunized with mFc(Cys42-Tn)Histag2 was also demonstrated by immunostaining of
HeLa cells. As shown in Fig. 3E, the anti-Tn serum was able to stain HeLa cells as
monitored by the immunofluorescent assay. Exogenously added Tn was shown to reduce the
immunofluorescence in a dose-dependent manner, suggesting that the anti-Tn antiserum is
Tn-specific (Fig. 3E). In addition, we have examined the binding specificity of anti-Tn
antibody against Tn by flow cytometry. Jurkat cells can be stained by anti-Tn antibody, and
the binding can be competed by Tn. (Supplementary Figure 2). We have also determined the
binding constant of the purified anti-Tn antibody using quartz crystal microbalance (QCM).
As shown in Fig. 3F, Scatchard analysis showed that the Kd value of the anti-Tn antibody
for binding Tn is about 56.8 nM.

3.4. The Tn-conjugated vaccine prolongs the survival of TRAMP mice and suppresses
prostate tumor metastasis

The ability of the Tn-carrier protein conjugates (Tn vaccine) to elicit strong immune
response and produce high affinity IgG antibodies prompted us to examine its possible use
as an anticancer vaccine in the Transgenic Adenocarcinoma of the Mouse Prostate
(TRAMP) model [31]. At the 39th week, all immunized TRAMP mice survived, while the
survival rate of untreated mice was only 57%. At the 52nd week, 67% of immunized
TRAMP mice survived, while all control mice died (Fig. 4A). Furthermore, untreated
control TRAMP mice were not only diagnosed with the prostate tumor but also liver and
kidney metastases at the 24th week (lower-left panel of Fig. 4B). By contrast, Tn-immunized
TRAMP mice exhibited no detectable metastasis in either the liver or the kidney (lower-
middle panel of Fig. 4B). Even at the 52nd week, Tn-immunized TRAMP mice exhibited no
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detectable liver or kidney metastasis (lower-right panel of Fig. 4B). Interestingly, Tn
expression in the prostate was decreased in Tn vaccine immunized TRAMP mice as
evidenced by the reduced IHC staining of the prostate tissue (upper panels of Fig. 4B).
These results demonstrate that the Tn vaccine developed in the current studies is effective to
prevent prostate cancer development in the TRAMP model.

3.5. High-level expression of Tn in human prostate cancer as examined by the anti-Tn
antibody

Prostate tumor specimens were obtained from 26 prostate cancer patients and the
corresponding clinicopathological features were shown in Table 1a. Initially, Tn expression
was examined by immunohistochemical staining of the normal prostate tissue and four
prostate cancer tissues with different Gleason scores. As shown in Fig. 5, the Tn signal was
positively correlated with the Gleason score of the prostate tumors, suggesting a positive
correlation between Tn expression and the degree of malignancy of prostate tumors. We
then performed immunohistochemical staining on all 26 prostate tumor tissues. The data
were summarized in Table 1b. A strong correlation between Tn expression and the
clinicopathological features of prostate tumors was observed. High-level expression of Tn is
correlated with poor differentiation (p<0.001), high Gleason score (p<0.001) and high PSA
level (p<0.001). This study demonstrates that the anti-Tn antibody can be used effectively to
distinguish the pathological stages of prostate cancer tissues.

4. Discussion
The bipartite carrier protein developed in the current studies is based on two concepts,
clustered antigens for effective B cell activation and Fc-mediated antigen uptake/
presentation for T helper activation. Clustered or aggregated antigens are well known to be
an effective means to activate B cells through B cell receptor clustering [11, 12, 25, 32, 33].
In fact, our earlier studies have demonstrated that vaccines based on the concept of clustered
antigens can induce strong antibody response against weak or self-antigens [26]. Also, prior
studies have indicated that clustered TACAs can induce stronger immune response than
mono-TACAs [34, 35]. Based on the concept of clustered antigen, our bipartite carrier
protein was designed to contain a glycotope docking site that is consisted of seven tandemly
repeated 10-mer peptide (P-C-C-G-C-C-G-C-G-C). Conjugation of glycotopes to this
docking site can result in highly clustered glycotopes on the carrier protein. This synthetic
cysteine-rich peptide can be conveniently redesigned in the future to improve antigen
clustering efficiency for B cell activation. For example, the spacing between the cysteine
residues and the total number of cysteine residues can ultimately determine the optimal
activation of the B cell receptors.

The second design concept of the bipartite carrier protein is based on the Fc-mediated
antigen uptake/presentation for T helper activation. Previous studies have demonstrated that
antigens fused with the IgG Fc region increase the Fc receptor-mediated antigen uptake by
APCs, resulting in type II T helper activation and subsequent class switching and affinity
maturation of B cells [36–38]. In addition, fusion of antigen to IgG Fc can additionally
extend the serum half-life of the antigen [38, 39]. The use of IgG Fc in the bipartite carrier
protein design could represent an improvement over the previous carrier protein design
which employs the bacterial toxin receptor-binding domain for facilitating cellular antigen
uptake since the former (i.e. IgG Fc-antigen fusion) is more specific for antigen presenting
cells (APCs) while the latter is not expected to exhibit any specificity [13, 40, 41].
Consequently, the former is likely to specifically induce antibody response through
activation of type II T helper cells and hence the IgG antibody response [13, 36, 42] while
the latter may also elicit cell-mediated immunity leading to perhaps tissue damage [40].
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The current studies on the design and application of a bipartite carrier protein may have
important implications in glycotope-based vaccine development in the future. Firstly, the
conjugation reaction to our carrier protein is a single-step reaction which can largely prevent
the unconjugated linker on the surface of the carrier protein (Fig.2B~G and Fig. 3A~C).
Secondly, the carrier protein is small in size and does not contain extra glycan that can elicit
cross-reactive immune response, and the result has shown in Supplementary Figure 3. For
example, immunization with KLH alone in rats is known to induce antibodies which
recognize the TF antigen and its ß-enantiomer [43]. Our recombinant carrier protein,
isolated from Escherichia coli, is free of carbohydrates and can thus avoid this problem. It
should also be pointed out that, in addition to its application to glycotopes, the bipartite
carrier protein reported here could serve as a platform for inducing antibody response
against weak immunogens, and may be useful in general vaccine development.

Our results indicate that TACAs can be efficiently conjugated to the bipartite carrier protein,
producing high-affinity and high-specificity anti-glycotope IgG antibodies (Fig. 3). Indeed,
we have successfully employed the Tn-bipartite carrier protein conjugates as an anticancer
vaccine in animal models. The Tn vaccine reported here is highly effective in preventing the
development prostate cancer in the TRAMP mouse model (Fig. 4). It also prolonged the
survival of TRAMP mice and essentially eliminated metastasis in the liver and kidney.
These results suggest the potential use of the Tn vaccine for cancer prevention and treatment
in the future.

Using the anti-Tn antibodies, we have also demonstrated a correlation between Tn
expression and the malignancy of the prostate cancer in patients (Fig. 5, and Table 1). These
observations not only validate the use of Tn vaccine in prostate cancer prevention and
therapy, but also suggest the possible diagnostic use of the anti-Tn antibodies. It should be
noted that Tn is highly overexpressed in many tumors [6, 8], suggesting a potential broader
therapeutic and diagnostic application of the anti-Tn vaccine.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

A novel carrier protein has been developed for glycotope-based vaccines.

The immunogen can activate both B cells and antigen presenting cells.

This study offers a platform for anti-glycotope vaccine development.
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Figure 1. Construction of a bipartite carrier protein for tumor-associated carbohydrate antigens
(TACAs)
(A) Generation of DNA fragments encoding tandemly repeated cysteine-rich peptides by
template-repeat polymerase chain reaction (TR-PCR). The TR-PCR procedure uses two 30-
mer oligos, A1A2 and B2B1, both of which encode the same 10 amino acid cysteine rich
peptide (P-C-C-G-C-C-G-C-G-C). A1, A2, B2 and B1 are each 15-mer in size. A1 is
complementary to B1, and A2 is complementary to B2. The PCR reactions involved 30
cycles of denaturation at 94 °C for 60s, annealing at 62 °C for 60s, and polymerization at 72
°C for 60s, followed by a final polymerization step at 72 °C for 10 min. The product was
analyzed by electrophoresis on 8% polyacrylamide gel (M: marker; P: the product of TR-
PCR). (B) Creating the restriction site for subcloning by adaptor-PCR. The products of TR-
PCR (1:100 dilution) were subjected to adapter-PCR with the adapter primers A and B. The
amplification protocol consisted of 4 cycles of denaturation at 94 °C for 60s, annealing at 54
°C for 60s, and polymerization at 72 °C for 60s, followed by a final polymerization step at
72 °C for 10 min. The products were analyzed by electrophoresis on 8% DNA-PAGE and
the DNA fragment containing 7 tandem repeat units (each unit is a 30-mer nucleotide) was
cloned into a T vector. M: marker; P: the product of adaptor-PCR.
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Figure 2. Single-step conjugation of glycotopes to the bipartite carrier protein
(A) The single-step conjugation scheme. (B~G) Monitor the conjugation efficiency by
immunoblotting. (B) The coomassie-stained of purified mFc(Cys42)Histag2. (C ~G) The
conjugation efficiency of Tn, STn, sialic acid or GM3 to mFc(Cys42)Histag2 or
rFc(Cys42)Histag2 was monitored by SDS PAGE, followed by immunobloting with anti-
His-tag antibody. The increase in high molecular weight species reflects the degree of
carbohydrate antigen conjugation.
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Figure 3. Glycotope-carrier protein conjugates induce high affinity anti- IgG antibody in mice
Anti-Tn, -STn and –sialic acid sera from individual mFc(Cys42)Histag2 conjugated products
induced highly specific antibodies for their respected glycotope (A to C). GST(Cys6) or
GST(Cys42) conjugated with Tn, STn, sialic acid, ΔGM3 (It contains the carbohydrate, but
not lipid, part of GM3 ), or linker (N-succinimidyl-6-maleimidocaproate) was analyzed by
12.5% SDS-PAGE, followed by immunoblotting with the sera obtained from the mice
immunized with mFc(Cys42)Histag2 - glycotope conjugates.
(D) Isotyping analysis of anti-Tn sera of immunized mice (n=5). Isotyping was performed as
described in Materials and Methods. Negative control: secondary antibody is normal rabbit
serum. Other secondary antibodies were different rabbit anti-mouse-isotypes antibodies. (E)
The binding of anti-Tn antisera to HeLa cells was antagonized by exogenously added Tn.
Immunocompetition assay was performed as described in Materials and Methods. (F)
Measurement of Kd of anti-Tn IgG antibody using QCM. QCM analysis was performed as
described in Materials and Methods. ΔFmax denoted the maximal frequency shift for fully
saturated surface (Hz) and ΔF denoted the frequency shift (Hz). C denoted the concentration
of anti-Tn IgG antibody.
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Figure 4. Anti-Tn vaccine prolongs the survival of TRAMP mice and suppresses tumor
metastasis
Ten-week old male TRAMP mice immunized subcutaneously with anti-Tn vaccine four
times at biweekly intervals. The non-immunized TRAMP mice served as a control group.
(A) The survival of Tn vaccine-treated TRAMP mice (n=9) was significantly higher than the
untreated mice (n=14). At the 39th week, Tn-immunized TRAMP mice were all viable, but
only 57% of control mice survived. At the 52nd week, 67% of the Tn-immunized TRAMP
mice survived, while all the control mice died. (B) Tn vaccine suppressed metastasis of
prostate tumors in TRAMP mice. Top panels: Comparison of immunohistochemical staining
results of the prostate of anti-Tn vaccine-immunized TRAMP mice. Note that Tn expression
was significantly reduced in the prostate of Tn vaccine-treated TRAMP mice at both 24th

(middle) and 52nd weeks (right) as compared to the control TRAMP mice at the 24th week
(left). Bottom panels: Control TRAMP mice showed both liver and kidney metastases (red
arrows) at the 24th week. In contrast, no metastasis was detected in the liver or kidney at the
24th week or the 52nd week in the Tn-immunized TRAMP mice. (Magnification × 40, scale
bar measured 50 μm)

Chiang et al. Page 15

Vaccine. Author manuscript; available in PMC 2013 December 14.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 5. Tn expression correlates with the histological grading of the human prostate cancers
Comparison of immunohistochemical staining results of Tn staining between the normal
human prostate and cancerous tissue specimens was performed using rabbit anti-Tn
antiserum. Four representative prostatic adenocarcinomas graded by the Gleason grading
system (scored 6, 7, 8, and 9) showed gradient positivities of Tn staining (shown in both
upper and lower middle and right panels), while Tn staining of two normal prostate
specimens (shown in the left upper and lower panels) were negative. (Magnification × 100,
scale bar measured 50 μm)
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Table 1a

Clinicopathological features of 26 prostate cancer patients.

Total number 26

Median age 71 yrs

Tumor size

 1 7(26.9%)

 2 10(38.5%)

 3 7(26.9%)

 4 2(7.7%)

Pathological grading

 Well 2(7.7%)

 Moderate 12(46.2%)

 Poor 12(46.2%)

Gleason score

 <7 10(35.8%)

 ≥7 16(61.5%)

PSA level(ng/ml)

 <4 3(11.5%)

 4~10 11(42.3)

 10~20 6(23.1%)

 >20 6(23.1%)

The clinicopathological features of 26 prostate cancer patients were classified into several groups according to tumor size, differentiation, Gleason
grade, and PSA level.
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Table 1b

Correlation between clinicopathological features and Tn expression in prostate cancers.

Tn expression

Clinicopathological features Number Low High p value

Pathological grading <0.001*

 Well 2 2(100%) 0(0%)

 Moderate 12 9(75%) 3(25%)

 Poor 12 4(33%) 8(67%)

Gleason score <0.001*

 <7 10 10(100%) 0(0%)

 ≥7 16 3(18.8%) 13(81.2%)

PSA level ng/ml (mean) 7.41 40.19 <0.001*

The Tn expression was based on the intensity and distribution of Tn estimated from immunohistochemical staining. The representative results are
shown in Fig. 5. The data shown in this table were based on 26 prostate tumor tissues. The detail results of Tn levels, Gleason score, and PSA
levels of each individual patient are presented in Supplementary Figure 4.
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