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ABSTRACT: Aberrant glycosylation is a fundamental charac-
teristic of progression of diseases such as cancer. Therefore,
characterization of glycosylation patterns of proteins from
disease tissues may identify changes specific to the disease
development and improve diagnostic performance. Thus, anal-
ysis strategies with sufficient sensitivity for evaluation of glyco-
sylation patterns in clinical specimens are needed. Here, we
describe an analytical strategy for detection and verification of
glycosylation patterns. It is based on a two-phase platform in-
cluding a pattern discovery phase to identify the glycosylation
changes using high-density lectin microarrays and a verification
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phase by developing lectin-based immunosorbent assays using the identified lectins. We evaluated the analytical performance of the
platform using the glycoprotein standard and found that the lectin microarray could detect specific bindings of glycoprotein to
lectins at the nanogram level and the lectin-based immunosorbent assay could be used for verification of protein glycosylation. We
then applied the approach to the analysis of glycosylation patterns of two glycoproteins, which are highly expressed in prostate
cancer in our prior studies, prostate specific antigen (PSA) and membrane metallo-endopeptidase (MME), from aggressive (AC)
and nonaggressive prostate cancer (NAC) tissues. The observed differences in glycosylation patterns of PSA and MME may
represent a significant clinical importance and could be used to develop multiplex assays for diagnosis of aggressive prostate cancer.

lycosylation is one of the most common modifications to

proteins; its presence affects protein—protein interactions,
cell—cell recognition, adhesion, and motility.F3 Mounting evi-
dence suggests that glycosylation is altered in disease states such
as cancer and associated with disease development.*”” There-
fore, analysis of glycosylation patterns of glycoproteins is ex-
pected to improve the specificity of disease diagnosis.

Most clinical biomarkers are glycoproteins, but the assays for
proteins alone have limited clinical performance.® For example,
since the discovery of prostate specific antigen (PSA), assays that
detect this serum biomarker (together with digital rectal exams)
have been used for the screening of prostate cancer.” PSA testing
has resulted in early detection and intervention.'”'" However,
the PSA protein itself is not specific enough to distinguish
aggressive cancer (AC) from latent or nonaggressive cancer
(NAC)." The AC is the type of prostate cancer that eventually
causes patient death. How to detect the AC is important for
cancer management. However, there are no reliable methods to
prospectively predict those individuals who will develop AC.
Therefore, detecting the AC-specific glycosylations of glycopro-
teins, which are highly expressed in prostate cancer samples, may
largely improve the identification of AC from NAC.

v ACS Publications ©2011 american chemical Society

Two methods have been used preferentially in analyzing the
glycosylation patterns of the glycoproteins. The first and tradi-
tional method has been a combination of the separation of
glycoproteins using gel electrophoresis or chromatography to
release glycans from the purified glycoprotein and identification
of glycans by mass spectrometry (MS)."*”'” In this method,
glycoproteins and glycans are purified before the MS analysis and
are used to analyze the protein glycosylation from human cells
and body fluids. To date, the method has not been applied to the
analysis of glycosylation patterns from individual prostate tissues,
mainly due to the large quantity of purified glycoprotein required
(micrograms to milligrams) and limited sample throughput. The
second method is based on the interaction of glycans with
different glycan binding proteins such as lectins and antibodies.
Several lectin-based detection formats, such as lectin microarray,
lectin chromatography, and lectin-based immunosorbent assays
(LIA) have been developed to detect the glycosylation pat-

terns. Usmg the reported PSA glycosylation, we have shown
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that Sambucus nigra Agglutinin (SNA), which specifically is
bound to sialylated PSA, can be used to develop LIA assay to
investigate PSA sialylation with the sensitivity, reproducibility,
and throughput required for the analysis of clinical specimens.
However, no statistical differences between benign and cancer
sera were detected using lectin SNA alone, as additional LIA
assays are needed for the detection of prostate cancer, especially
for AG. In this context, screening for glycosylation changes of
glycoprotein using clinical specimens with similarly high sensi-
tivity is desired because it allows for profiling glycosylation
patterns and identifying lectins that detect the glycosylation
changes for the development of LIA assays.

Here, we describe a sensitive and high-throughput platform to
detect and verify glycosylation changes associated with AG based
on a two-phase discovery and verification approach. The dis-
covery phase is based on the recently developed high-density
lectin microarray to identify the lectins specific to the altered
protein glycosylation associated with disease.””*> The verifica-
tion phase is based on the developing LIA to verify the identified
lectins.'”** Using this two-phase platform, we first analyzed the
known glycoprotein marker, PSA, as a standard protein to
evaluate the analytical performance. The sensitivities of lectin
microarray and LIA both reached at nanogram levels that can be
used to profile glycosylation patterns from clinical specimens.
We further applied the platform to characterize glycosylations of
PSA and membrane metallo-endopeptidase (MME) that are hi§hly
expressed in prostate cancer samples in our prior studies.”
Glycosylation changes of the two glycoproteins in AC and
NAC tissues were identified and verified using the two-phase
platform. The glycosylation patterns and the LIA assays can
potentially be used individually or as a panel in the validation
study to identify AC to improve the clinical management of pro-
state cancer patients.

B METHODS

Materials. The 94 lectins were collected from four commercial
sources.”> Human PSA was from Lee BioSolutions, Inc. (St.
Louis, MO). The MME protein was from Abnova (Taipei City,
Taiwan). Mouse antihuman PSA antibody was from Scripps
Laboratories (San Diego, CA). Mouse antihuman MME mono-
clonal antibody was from Abcam (Cambridge, MA). Rabbit
antimouse IgG-Alexa Fluor 647 conjugate was from Invitrogen
(Eugene, OR). The incubation chamber and holder for the lectin
microarray were purchased from Whatman Schleicher & Schuell
(Keene, NH). Components for the electrochemiluminescence
assays were purchased from Meso Scale Discovery (Gaithersburg,
MD). Sodium periodate was from Bio-Rad Laboratories
(Hercules, CA). 4-(4-N-Maleimidophenyl) butyric acid hydra-
zide hydrochloride (MPBH) was from Thermo Fisher Scientific,
Inc. (Rockford, IL). Biotinylated Jackfruit lectin (Jacalin), SNA,
Griffonia Simplicifolia Lectin IT (GS-1I), and Maakia Amurensis
Lectin I (MAL-I) were from Vector Laboratories (Burlingame,
CA). All other chemicals and reagents were purchased from
Sigma-Aldrich (St. Louis, MO).

Specimen. Samples and clinical information were obtained
with informed consent and performed with the approval of the
Institutional Review Board of the Johns Hopkins University. In
this study, primary prostate cancers were collected from radical
prostatectomy specimens at Johns Hopkins Hospital and Johns
Hopkins Bayview Medical Center. Under the NCI-funded Johns
Hopkins prostate cancer SPORE project, annual follow-up data

has continuously been obtained from consenting subjects, allow-
ing the clinical follow-up data to be used in conjunction with the
pathologic data. The four NAC and four AC prostate tissues were
selected from cases with known Gleason scores and clinical
outcome following each surgery. The NAC tissues were micro-
disected from primary tissues with Gleason scores of 3 +3 =6
and without cancer recurrence after 11—15 years of follow-up.
The AC tissues were microdissected from primary tissues from
cancers with Gleason scores of 5 + 4 =9 (3 cases) or S +3 =8
(one case) and either seminal vesicle or pelvic lymph node
involvement (or both). Two of the men with AC died of prostate
cancer 2 and 6 years after the surgery, one died of myocardial
infarction S years after surgery with known prostate cancer
recurrence, and one is thought to have been surgically cured of
AC as he shows no evidence of recurrence 15 years after surgery.
Four metastatic prostate cancer tissues that were selected from
33 men who died of metastatic prostate cancer between 1995 and
2004 were used in our recent genomic studies.”® Normal prostate
tissues were surgically removed prostates from transplant tissue
donors. The collection process was performed with support from
the Transplant Resource Center of Maryland (TRCM). These
tissue samples are currently being maintained in the laboratory
without specific personal information as defined by HIPAA.

About § slides of a 6 4m section (1 cm X 1 cm) were collected
into a centrifuge vial from each frozen OCT-embedded tissue.
The tissue sections were solubilized with 200 4L of RIPA buffer
containing 150 mM NaCl, 1.0% IGEPAL CA-630, 0.5% sodium
deoxycholate, 0.1% SDS, and 50 mM Tris, pH 8.0. The samples
were sonicated (1 min), vortexed (1 min), and centrifuged at
13200 rpm for S min. The supernatant was collected for gly-
cosylation analysis, and BCA assay was performed to determine
the protein concentration.

Determination of Sensitivity of the High-Density Lectin
Microarray with Purified PSA. Lectin microarray was fabricated
based on the procedure published previously** with the following
changes. The lectin microarray was first immersed in 50 mM
ethanolamine in borate buffer (pH 8.0) for 1 h for surface
blocking. The slide was washed and dried by spinning at 500g
for S min. PSA protein isolated from seminal fluid was diluted
into 200 uL using PBST buffer (for concentrations of 0, 0.02, 0.2,
2,20, and 200 ng). The samples were applied to lectin microarray
and incubated at room temperature (RT) for 2 h. The primary
antibody (mouse antihuman PSA antibody) and the secondary
antibody (rabbit antimouse IgG-Alexa Fluor 647 conjugate)
were mixed with 20 mM sodium periodate to oxidize sugar
groups at 4 °C for 1 h in the dark. The oxidized glycans of
antibodies were then blocked with 1 mM 4-(4-N-maleimidophe-
nyl)butyric acid hydrazide hydrochloride (MPBH) for 2 h
followed by 1 mM Cys-Gly dipeptide in 4 °C overnight.'® Then,
200 uL of 2 ug/mL oxidized mouse antihuman PSA antibody
and 200 uL of 2 ug/mL oxidized rabbit antimouse IgG-Alexa
Fluor 647 conjugate were sequentially hybridized with the
microarray for 1 h. After washing, secondary antibody was added;
200 uL of 2 ug/mL oxidized rabbit antimouse IgG-Alexa Fluor
647 conjugate was hybridized for 1 h with gentle shaking. After
washing with PBST buffer, the microarray was removed from the
incubation chamber and washed twice with water. The array was
dried by spinning at 500g for 5 min and scanned using a GenePix
4000B scanner at a wavelength of 647 nm and PMT setting of
800. The slide images were analyzed using GenePix 3.0 software
to convert to numerical format (GPR) using homemade “.GAL”
files. The median of the foreground spot intensity, medium of the
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background spot intensity, and the lectin protein identification
were used in this analysis. The signal-to-noise ratio (the medium
of spot foreground intensity relative to the medium of spot
background intensity) of each lectin spot was used to determine
the LOD of each lectin.

Glycan Profiling of Glycoproteins PSA and MME Extracted
from Prostate Tissues Using a High-Density Lectin Micro-
array. The pooled tissue samples for each group were generated
by mixing equal amounts of tissue proteins (50 ug) from the four
cases in the normal (N), nonaggressive cancer (NAC), aggressive
cancer (AC), and metastasis (M) groups.

For protein glycosylation analysis using a lectin microarray,
PSA and MME proteins were extracted from each tissue group
using antihuman total PSA antibody or antihuman MME mono-
clonal antibody immobilized on 100 #L of magnetic beads. The
magnetic beads were incubated with pooled tissue samples at
4 °C for 12 h.*” The PSA and MME proteins were eluted using
100 uL of 100 mM glycine (pH 2.3). The final protein con-
centration was determined using the Beckman Access Hybritech
PSA assay.

PSA protein (40 ng) and MME protein (50 ng) isolated from
each of the clinical samples were incubated with the lectin
microarray using the protocol described above. PBST buffer
without protein was used as the negative control. The signal-to-
noise ratio of PSA and MME proteins divided by the signal-to-
noise ratios of the control was used for data analysis.

Developing Lectin-Based Immunosorbent Assays and
Evaluating Analytical Performances. To verify the glycopro-
tein-lectin interactions, LIA assays for targeted glycoprotein—
lectin interactions were developed. A 384-MSD plate was first
coated with 10 #L of 10 sg/mL mouse antihuman PSA or MME
antibody overnight at 4 °C. The MSD plate was blocked using 50
4L of nonprotein blocker by incubation at RT for 1 h. The plate
was washed three times using PBST buffer. To reduce back-
ground from lectin-antibody binding, the PSA/MME monoclo-
nal antibody was oxidized using 50 4L of 20 mM sodium
periodate in 150 mM NaCl and 100 mM sodium acetate
(pH 5.5) in 4 °C in the dark for 1 h as previously described by
Haab.'® The oxidized glycans of PSA/MME monoclonal anti-
body were then blocked with 1 mM MPBH for 2 h followed by
1 mM dipeptide at 4 °C overnight. PSA protein extracted from
pooled prostate cancer tissue was diluted using PBST buffer to
generate a concentration gradient ranging from 1000 to 0.24 ng/
mL (1000, 250, 62.5, 15.6, 3.9, 0.98, and 0.24 ng/mL). MME
protein extracted from pooled metastatic prostate cancer tissues
was diluted using PBST buffer to generate a concentration
gradient ranging from 25 ug/mL to 6 ng/mL (25, 6.25, 1.56,
0.39, 0.098, 0.024, and 0.006 ¢g/mL) with a 4-fold dilution. For
each immunosorbent assay, 10 uL of glycoprotein sample was
incubated in triplicate in wells of MSD plates coated with
monoclonal antibody at RT for 2 h with gentle shaking. Unbound
proteins were removed by washing three times with PBST buffer.
Then 10 L of 20 ug/mL biotinylated lectin (SNA and Jacalin for
the PSA test and GS-II and MAL-I for the MME test) and 5 ug/mL
streptavidin SMLFO-TAG were added to each well and the plate
was incubated at RT for 1 h with gentle shaking. Unbound lectin and
SMLFO-TAG were removed by washing three times with PBST
buffer. Finally, S0 4L of 1x MSD read buffer was added to each well
and plates were immediately analyzed using the MSD SECTOR
Imager 2400. The data were analyzed using Prism software.

Verify the Identified Lectin—Glycoprotein Interactions
Using Lectin-Based Immunosorbent Assays. Four frozen

tissues from each of the four groups of prostate tissue samples
(normal, nonaggressive primary prostate cancer, aggressive pri-
mary prostate cancer, and metastatic prostate cancer (N, NAC,
AC, M)) were analyzed. The protein lysate containing the same
amount of PSA (1 ug of total PSA) from each individual was used
in each PSA lectin-based immunosorbent assay. For the MME
analysis, 1 ug of total protein, instead of MME protein level, was
used for each sample since there is no available assay to measure
absolute MME protein at a concentration of the nanogram/
milliliter level. In brief, 10 uL of each sample was added in
triplicate into blocked and oxidized PSA or MME antibodies
coated 384-MSD plates as described above. Then 10 uL of
20 ug/mL biotinylated Jacalin or SNA for PSA analyses and
biotinylated GS-II or MAL-I for MME analyses were mixed with
S ug/mL streptavidin SMLFO-TAG. Finally, 50 4L of 1x MSD
plate read buffer was added to each well, and electrochemilumi-
nescence was detected using the MSD SECTOR Imager 2400.
The statistic analyses were done using Graphpad Prism V5
software. The significance was set at 0.05.

B RESULTS

Glycosylation Pattern Analysis of Glycoprotein Using
High-Density Lectin Microarrays and Evaluation of Analy-
tical Performance. With the use of this platform, the detectable
glycosylation of glycoproteins, the relative abundance of glycans,
and the different glycosylation patterns between normal and
disease states were simultaneously identified (Figure 1A). We
first optimized the procedure and evaluated the specificity and the
sensitivity of the lectin microarray using PSA protein. To prevent
nonspecific binding of the primary and secondary antibodies to
lectins, the antibodies were treated with sodium periodate to
oxidize glycans from antibodies followed by blocking the oxi-
dized glycans with MPBH and dipeptide solutions.'® There was
minimal signal from the lectin array without PSA whereas 200 ng
of PSA produced specific binding to some lectins (Figure 1B).

Then, different amounts of purified seminal fluid PSA were
analyzed to evaluate the sensitivity of the lectin microarray. To
ensure a detectable signal, we required that the ratio of sample
(with seminal fluid PSA) to blank (without seminal fluid PSA) for
the same lectin spot was greater than 1.5. The limits of detection
(LOD) were 0.2 ng of PSA for binding to SNA, 2 ng of PSA for
CALSEPA, and 2 ng of PSA for LcH A. The glycan—lectin
binding curves of SNA and CALSEPA are shown in Figure 1C.

Glycosylation Pattern Analysis of Glycoproteins Extracted
from Aggressive and Nonaggressive Prostate Cancer Using
High-Density Lectin Microarrays. To apply lectin microarrays
for comprehensive analysis of glycan structures from complex
clinical specimens, PSA and MME proteins were extracted from
the four groups of pooled prostate tissues (N, NAC, AC, M)
using protein immunoprecipitation. The lectins with detectable
signals are defined as (1) signal-to-noise of each lectin spot >1.5;
(2) (S/N of lectin spots with sample)/(S/N of lectin spots with
control) > 1.5 for at least one group of tissue samples. For PSA
protein, 16 lectins demonstrated specific interactions with PSA
(Figure 2A and Supplementary Table 1A in the Supporting
Information). These structural features correlated well with
known PSA glycan structures.’>">?** This is the first quanti-
tative study of PSA glycosylation using a lectin microarray to
determine the glycosylation changes in AC tissues compared to
NAC prostate cancer tissues, and the result provides the follow-
ing glycosylation changes in AC and metastatic prostate cancer:
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Figure 1. Detection of glycosylation patterns and identification of lectins that interact with PSA using high-density lectin microarrays: (A) diagram of
lectin microarrays for the analysis of target glycoprotein, (B) specific binding of lectins on lectin microarrays to PSA, and (C) detection sensitivity of the

specific lectin—PSA interactions.

(1) increased NeuSAca2-6 sialylated glycans as evidenced by
increased binding on SNA and PSL; (2) galactosylated glycans
that were detected by the increased binding to Jacalin and PTA
gal; (3) manosylated, glucosylated, or N-acetylglucosaminylated
glycans detected by increased binding to lectin LcH B; and (4)
increased N-acetylgalactosaminylated glycans that were detected
with WFA (Figure 2A and Supplementary Table 1 in the Sup-
porting Information).

For MME protein, which have reported to associate with
prostate cancer,”>*° lectin microarray analysis provided the
following information: (1) the lectins that bound to MME were
different from those that interacted with PSA; (2) unlike PSA,
most lectins did not show changes in aggressive and metastatic
cancer compared to normal and NAC; (3) increased N-acet-
ylglucosaminylated glycans detected by increased binding to
lectin GS-II in metastatic prostate cancer; and (4) slightly
increased lacNAc motif (Gal1-4GIcNAc) detected by MAL-I
in AC and metastatic prostate cancer (Figure 2B and Supple-
mentary Table 1 in the Supporting Information).

Developing Lectin-Based Immunosorbent Assays. The
identified lectins can be used to develop LIA to verify the lectins
for the analysis of different glycosylation isoforms of glycopro-
teins. PSA protein was first used to optimize the LIA procedure.
PSA was captured by a PSA monoclonal antibody immobilized
on electrochemiluminescence (ECL) plates. The glycans of PSA
were detected with biotinylated lectins and streptavidin conju-
gated ECL-detection agent (Figure 3A). Six biotinylated lectins
with elevated binding to PSA from AC/metastasis cancer in
lectin microarrays, including Jacalin, LcH B, PSL, PTA gal, SNA,
and WFA, were used to develop LIA assays. PSA extracted from
metastatic prostate cancer tissues was diluted using PBST buffer

to 0.244—1000 ng/mL in triplicates. We were able to successfully
establish two LIAs using biotinylated SNA and Jacalin, in which
the electrochemiluminescent signals increased with correspond-
ing PSA concentrations (Figure 3B). The limits of detection
(LODs) of SNA and Jacalin binding were 1.44 and 1.35 ng/mL,
respectively. The coefficients of variation (CVs) of the SNA and
Jacalin LIAs were 14.7% and 12.8% (n = 3) at the concentration
of LODs, respectively. The assay linear range for PSA__SNA was
1.44—250 ng/mL and the linear range for PSA_Jacalin was
1.35—62.5 ng/mL (Figure 3B).

The MME protein showed different glycosylation from lectin
microarray analysis. To verify the glycosylation of MME and
develop LIA assays, a similar procedure was used to establish
LIAs. The LIAs for GS-II and MAL-I were successfully devel-
oped. The analytical performances were determined using the
calibration curve with the LODs for lectins GS-II and MAL-I as
96.07 and 235.0 ng/mL with a CV of 11.1% and 14.3%, respec-
tively, at the concentration of LODs. MME proteins within the
96.07—6250 ng/mL concentration range were in the quantitative
range for the MME_GS-II assay and a 235.0—1562.5 ng/mL
concentration was in the quantitative range for MME_MAL-1
(Figure 3C). The analytical performances for both PSA and
MME indicate that the developed LIAs using the identified
lectins from the lectin microarray can be used to analyze gly-
cosylation patterns of glycoproteins from clinical specimens.

Analyses of Clinical Specimens with the Lectin-Based
Immunosorbent Assays. We then applied the developed LIAs
to the analyses of glycosylation patterns of PSA and MME from
normal prostate, NAC, AC, and metastatic prostate cancer
tissues with four individual tissues in each group with three
analyses for each tissue specimen.
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Figure 2. Identification oflectins interacting with PSA and MME from normal prostate, nonaggressive, aggressive, and metastatic prostate cancer tissues
using lectin microarrays: (A) lectins that interact with PSA from pooled tissue samples of different groups and (B) lectins that interact with MME from

pooled tissue samples of different groups.

From the analyses of PSA from four groups of prostate tissues
using the developed SNA and Jacalin LIAs, we found that (1) the
relative abundances of PSA SNA and PSA Jacalin in each
group were correlated reasonably well with the lectin microarray
signals from the pooled tissue specimens from each group;
(2) there are considerable variations of glycosylations for PSA
detected by SNA and Jacalin for each individuals in each group;
but (3) signals from tissues with aggressive prostate cancer and
metastatic prostate cancer are elevated compared to normal and
NAC prostate cancer tissues for both PSA_SNA (p = 0.0049)
and PSA_Jacalin assays (p = 0.0060) (Figure 4A).

Similar results were observed for MME _GS-Iland MME_MAL-I
assays. For the MME_ GS-II assay, the significance between AC/
metastatic prostate cancer tissues to normal/NAC tissues is

0.0221. For the MME_MAL-I assay, the significance between
the AC/metastatic prostate cancer tissues and normal/NAC
prostate cancer tissues is 0.0003 (Figure 4B).

l DISCUSSION

Glycosylation is a common modification on proteins found in
extracellular environments, including membrane proteins, cell-
surface proteins, and secreted proteins.>>** These proteins are
easily accessible for diagnostic purposes.” The analyses of the
glycosylation patterns have potential to identify glycosylation
isoforms to increase the clinical performance of glycoproteins
for AC diagnosis. However, here are several issues to analyze
glycosylation patterns in clinical specimens. Most relevant markers
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Figure 3. Method and analytical performances of lectin-based immunosorbent assays: (A) diagram of a lectin-based immunosorbent assay,
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are often present at low abundance. The analytical sensitivity of
conventional glycosylation analysis platforms including chroma-
tography, mass spectrometry, or electrophoresis methods is
not sufficient for discovery and validation of the glycosylation
changes between different disease states in clinical samples.
Moreover, to verify the discovered glycosylation changes, an
independent assay is required to further investigate the global
screening result. The data which are consistent in both discovery
and verification have great potential to be used for large scale
validation to determine the clinical performance of the identified
glycosylation isoforms.

8514

In this study, we established a two-phase analytical platform
that included a discovery phase using high-density lectin micro-
arrays and a verification phase using lectin-based immunosorbent
assays to investigate glycosylation patterns in individual clinical
specimens. To identify the lectins that can interact with glyco-
proteins and determine the glycosylation changes in different
disease states, a large number of lectins immobilized in a
microarray were first probed with PSA and MME isolated from
pooled prostate tissues from normal prostate, NAC, AC, and
metastatic prostate cancer tissues. The identified lectins were then
used to develop LIAs for quantitative analysis of lectin—glycan
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Figure 4. Analyses of glycosylated PSA and MME in individual tissue specimens from normal, nonaggressive, aggressive, and metastatic prostate cancers
using developed immunosorbent assays: (A) PSA assays and (B) MME assays.

interactions for individuals in each group. Using this platform, we
have developed PSA SNA, PSA Jacalin, MME_GS-II, and
MME _MAL-I LIAs that have potential for diagnosis of AC. This
two-phase analytical platform is able to screen and verify disease-
related glycosylation changes of the protein in the cancer cells in
a sensitive, reproducible, and high-throughput fashion. If suc-
cessfully validated, biomarkers capable of distinguishing AC from
NAC would prevent patients with NAC from overtreatment and
could allow patients with AC to receive appropriate treatment
earlier in the course of their disease.

Because of the low abundance of marker proteins in clinical
samples, the detection sensitivity is one of the most critical
challenges for glycosylation analysis. To increase the sensitivity,
we optimized the experimental procedure. First, the glycoproteins
were extracted from clinical samples prior to lectin microarray
analysis using a covalently immobilized antibody to avoid the
interference of antibody glycans to lectin microarrays. Second, an
antibody was used to detect the target glycoprotein bound to the
lectin microarray, increasing detection sensitivity and specificity.
Third, for LIAs, the oxidation reaction was used to reduce the
background binding of glycans from antibodies to lectins."® Fourth,
we used ECL detection in the lectin-based immunosorbent assays as
ECL was more sensitive compared to colorimetric detection
(data is not shown). We were able to detect PSA and MME at
nanogram levels in both the lectin microarray and the LIAs.

Throughput is another important issue for clinical utility.
Using lectin microarrays, we were able to profile hundreds of
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lectins in a single experiment. Thus, the microarray is an excellent
tool for global screening to identify glycoprotein interacting
lectins and determine the glycosylation changes. Once the
glycosylation changes and the detection lectins are identified,
the LIAs can be developed to verify the screening results with
increased throughput using individual patient samples from each
group.'” LIA has a format similar to conventional ELISA, which is
used routinely in clinical diagnostics. In LIA, the glycoprotein is
first captured from a complex clinical sample onto antibody-
coated plates; afterward, the glycosylation of the target glyco-
protein is directly detected using lectins. Overall, this two-phase
analytical platform allows sensitive and high-throughput analysis
for glycosylation patterns in clinical specimens.

Using the developed platform, we investigated the glycosyla-
tion patterns of PSA and a new glycoprotein biomarker, MME,
for detection of aggressive prostate cancer. The increased bind-
ings of PSA to SNA and Jacalin are due to the glycosylation
changes of PSA since the same amount (1 ¢g) of PSA was used.
However, because of the lack of reliable assays for direct quan-
tification of MME protein, the changes in MME bindings to GS2
and MAL-1 could have been caused by either the changes in
MME protein or glycosylation. MME has been studied as a cell
surface peptidase, and its expression has been shown to be
associated with cancer”>*°3*3¢ while some groups reported
that MME protein could be up-regulated in tissue with a higher
Gleason score.”” In our study, we observed the higher signals for
MME_GS-1I and MME_MAL-I from AC and metastasis cancer
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tissues. This result provided additional data to support glycosyla-
tion of MME might act as a potential biomarker for AC. Our data
has provided strong evidence and an argument for the need to
develop glycosylation isoform-specific biomarkers to improve
diagnostic performance.

In conclusion, our study shows the sensitive lectin microarray
and immunosorbent assay platform for the analysis of NAC and
AC prostate tissues in order to identify glycosylation changes of
aggressive prostate cancer. These assays can be further used in
validation studies to determine the clinical utilities of different
glycosylation isoforms for the early detection of aggressive
prostate cancer.
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