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1 Introduction

Carbohydrates and their glycoconjugates are known to play impor-
tant roles in a variety of biological processes and a wide range of diseases. 
They are involved in numerous biological recognition events, inflammation, 
cancer development and metastasis, and bacterial and viral infections.1–4 
Studying the biological significances of carbohydrates, in particularly their 
roles in disease progression, are proven very challenging due in part to their 
structural diversity, the limited access to complex carbohydrate-containing 
molecules, and the lack of proper tools that enable the high-throughput 
analysis of carbohydrates interactions with other biomolecules such as 
glycan-binding proteins (GBP). Conventional methods such as isothermal 
titration calorimetry (ITC), surface plasmon resonance (SPR), and enzyme-
linked lectin assay (ELLA) can be time consuming and require significant 
amounts of material.5–7 Moreover, multivalent interactions between carbo-
hydrate ligands and GBPs are generally required to achieve good binding.

The emerging of glycan microarrays as high-throughput technology 
for studying carbohydrate interactions have overcome some of these chal-
lenges, and have greatly contributed to our understanding of the biological 
roles of carbohydrates or glycoconjugates and their interactions with a vari-
ety of macromolecules.8–13 Glycan microarrays allow for the rapid screen-
ing of thousands of binding interactions in one experiment using minimal 
amounts of precious material. Therefore, glycan microarray has become a 
powerful tool for studying carbohydrate protein interaction. Herein, we 
describe the use of glycan microarrays in biomedical applications and their 
potential role in drug discovery and development.

ChapTer Six
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2 Fabrication of glycan microarrays

The key step in the fabrication of glycan microarrays involves the 
immobilization of the glycans into solid support. Various solid supports 
such is glass microscope slides, microtiter plates, gel beads, and nitrocellulose 
membranes have been utilized in the construction of glycan microarrays. 
The two main methods used for glycan array fabrications are non-covalent 
immobilization and covalent immobilization (Fig. 6.1). The most com-
monly used solid support is microscope glass slides due to their compat-
ibility with optical detection systems, being relatively inexpensive, and ease 
of surface functionalization.

Non-covalent immobilization techniques are mainly through hydropho-
bic and electrostatic interactions. Free or modified glycans are absorbed into 
underivatized or derivatized solid surfaces. For example, polysaccharides and 
neoglycolipids have been passively adsorbed on nitrocellulose-coated glass 
slides.14–16 Negatively charged heparin polysaccharides have been immobi-
lized into lysine-coated slides via electrostatic interactions.17 Alternative non-
covalent immobilization method involves flourophilic interaction between 
fluorous-tagged glycans and slides coated with fluoroalkylsilane.18,19 Moreover, 
other non-covalent immobilization such as using biotinylated sugars to strep-
tavidin-coated surfaces and DNA-based glycan arrays have been reported.20–22

Covalent immobilization of glycan arrays usually involves having reac-
tive groups at the end of spacer moieties that reacted with functionalized 
surfaces to form a covalent bond. Covalent immobilization methods often 
involved amine and thiol chemistry. For example, amine-terminated gly-
cans are immobilized into functionalized glass slide surfaces by reacting 

Figure 6.1 Glycan microarrays immobilization. (A) Noncovalent immobilization tech-
niques based on hydrophobic absorption or by other interactions (electrostatic, fluoro-
philic, etc); (B) Covalent immobilization by linking a reactive group to the functionalized 
surface via (cycloaddition, epoxide opening, amide, thioether, etc).
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with N-hydroxysuccinamide (NHS) activated ester, epoxide, or aldehyde 
via covalent bonds.23–26 Other glycan arrays have been constructed using 
thiol chemistry by reacting maleimide functional group via disulfide bond 
formation or reacting with gold surfaces.27–31 Other methods used to con-
struct glycan arrays include cycloaddition reaction of azide with an alkyne, 
amine with epoxide functionalized surfaces, and free glycans with amino-
oxy or hydrazide surfaces.32–35

3 Detection of glycan microarrays

Various methods have been developed for glycan microarray detec-
tion including fluorescent-based methods, surface plasmon resonance, and 
mass spectrometry (Matrix-Assisted Laser Desorption/Ionization-Time of 
Flight, MALDI-TOF).36 Because of their high sensitivity and availability, 
fluorescent-based methods are the most commonly used methods for the 
detection of glycan microarray. Fluorophores such as fluorescein isothiocya-
nate, Cy3, and Cy5 are often coupled to glycan binding proteins (GBP) or 
secondary antibodies for detecting interactions with glycan microarrays. In 
general, detection of glycan microarray involves incubating the glycan array 
with GBPs, washing unbound proteins, subsequent incubation with detec-
tion reagents if necessary, followed by multiple washing steps after incuba-
tion, detection and quantification of the fluorescent signals (Fig. 6.2).

Figure 6.2 Fluorescent-based method for glycan microarray detection.
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For glycan-binding molecules labeled with a fluorescent tag, read-
out of the fluorescence intensities from the microarray can be obtained 
directly. For unlabeled GBP, a second incubation step with labeled detec-
tion reagents such as antibodies is commonly used. Alternatively, label-free 
detection methods, such as SPR and mass spectrometry have been employed 
to evaluate the interactions of GBPs. The use of gold surfaces as array sup-
port for immobilizing thiol-linked glycans allows the use of glycan arrays 
for SPR studies. Using multi-channel SPR instruments hundreds of glycans 
microspots can be analyzed simultaneously.37,38

4 Biomedical applications of glycan microarrays

Glycan microarrays have been used for studying the binding interac-
tions of a variety of glycan- binding molecules such as proteins, antibodies, 
cells, bacteria, and viruses. In the past two decades, glycan microarrays have 
become the ideal format for studying carbohydrate protein interactions. 
Hundreds of glycans can be screened to study the binding interactions, 
activities, and specificities of various glycan-binding proteins. Therefore, 
glycan microarray has emerged as a powerful high-throughput tool for 
studying the biological role of glycans and as a potential tool for disease 
detection and vaccine development (Fig. 6.3). It has been utilized for the 

Figure 6.3 Biomedical applications of glycan microarray.
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screening for biomarkers for a wide variety of diseases including cancer, 
infectious diseases, autoimmune diseases, and for monitoring immune 
response to vaccines.39 Additionally, glycan microarray can be employed 
in the high-throughput screening of potential new inhibitors for enzymes 
that are known to be complicated in the biosynthesis of disease-related 
glycans.

4.1 Cancer
Glycan microarrays have been used in evaluating cancer antigens as 
potential cancer biomarkers for cancer detection, prognosis, and response 
to treatment. Expression of altered glycans on cell surfaces is one of the 
hallmarks of cancer, and the alternation in glycosylation patterns can be 
explored for the diagnosis of cancer, drug targeting treatment, and differ-
entiating cancerous cells from normal cells. For example, higher-ordered 
branching of N-linked glycans with an increased level of fucosylation 
and sialylation has been reported to be associated with cancer develop-
ment.40–44 On the contrary, the structure of the O-linked glycans are often 
much more truncated.45 The use of these glycans as potential biomarkers 
has been extensively studied, but they are not ideal for the early detection 
of cancer as they are difficult to isolate from the tumor site. Alternatively, 
in the promise that aberrant glycosylation in tumor cells may give rise to 
changes in antibody levels aberrant glycans, many research groups have 
focused on profiling antibodies to tumor-associated carbohydrate antigens 
(TACAs) as potential biomarkers for the early detection, diagnosis, and 
prognosis of cancer.

Prior to the development of glycan microarray technology studies have 
focused on profiling antibodies to a very small number of available carbo-
hydrate antigens, including Tn antigen, TF antigen, and some gangliosides. 
Glycan microarrays allow for the high throughput screening of hundreds 
of glycans using a miniscule amount of material. A number of groups have 
demonstrated the use of glycan arrays to identify anti-glycan antibodies in 
serum as potential biomarkers for the early detection, diagnosis, and prog-
nosis of cancer. For example, glycan microarrays have been utilized to pro-
file antibody levels to Globo H and related structures in patients with breast 
cancer.46,47 They reported significantly higher levels of antibodies against 
Globo H in patients versus the healthy control group (P < 0.0001).

From profiling antibodies of patients with breast cancer and healthy 
controls, Wandall et al. reported the presence of higher levels of antibod-
ies to MUC1 in patients with breast cancer compared to that of healthy 
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controls.48 The antibodies against MUC1 were specific to the glycan moiety 
and peptide sequence, and no cross-reactivity was observed with other gly-
copeptides containing the same glycan epitopes. In addition, the same group 
profiled antibodies in serum of patients with colorectal cancer and identi-
fied cancer-associated IgG and IgA antibodies to a set of altered MUC1 and 
MUC4 glycopeptides.49 The tumor-associated Tn and sialylated Tn glycans 
were the main glycan antigens associated with these epitopes. Moreover, 
the tumor- associated Tn and TF antigens have been greatly examined as 
potential diagnostic and prognostic biomarkers as well as therapeutic targets 
for cancer.50,51 Tn/TF antigen-based vaccines for prostate cancer and breast 
cancer were developed and have progressed into clinical trials.52–54 Blixt 
and co-workers also reported a significantly higher levels of antibodies to 
tumor-associated MUC1 in patients with early-stage breast cancer, but not 
in late-stage breast cancer patients.55 They reported that the levels of IgG 
antibodies to MUC1 carrying core 3 glycans and sialylated Tn antigens are 
associated with reduced incidence and delay in metastases, which suggest 
that these antibodies may play a role in the progression of cancer and can be 
used as potential prognostic biomarkers.

A study using glycan microarray for profiling antibodies of non-
mucinous ovarian cancers reported that antibodies against a set of glycans 
can differentiate between non-mucinous borderline or ovarian cancer from 
healthy controls and that P

1
 (Galα1-4Galβ1-4GlcNAcβ) was the best can-

didate (P < 0.001) for detecting ovarian cancer.56 In another study, Vuskovic 
et al. used glycan microarray to profile antibodies in patients with mesothe-
lioma and high-risk subjects that were exposed to asbestos.57 They reported 
that glycan arrays can be used for the diagnosis and prognosis of mesothe-
lioma. The antigen Neu5Acα2-3Galβ1-4Glcβ has the best correlation for 
diagnosis (P   0.00005), while Glcα1-4Glcβ showed the best correlation 
for prognosis (P > 0.005). A Comparison study of serum antibody levels in 
classical Hodgkin’s lymphoma and healthy controls demonstrated that anti-
body levels to GalNAcα-Ser/Thr (Tn) were significantly higher in patients 
with classical Hodgkin’s lymphoma.58

Several studies reported that dietary non-human glycans, such as 
N-glycolylneuraminic acid (Neu5Gc) incorporation into human tissue cell 
surfaces is associated with the development of cancer.59,60 Comparing the 
antibody profiles of patients with carcinomas and other diseases showed that 
antibodies to Neu5Gcα2-6Tn were prominent in patients with carcinomas. 
These antibodies can mediate the killing of Neu5Gcα2-6Tn-expressing 
tumors indicating that antibodies against Neu5Gc might serve as diagnostic 
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and prognostic biomarkers or as immunotherapeutic agents in human car-
cinomas.61 Additionally, antibodies to N-glycans such as high mannose and 
multi-antennary type II chains have been detected in human sera of patients 
with prostate cancer.62

4.2 infectious diseases
Many pathogens contain specific glycans on their cell surfaces that can elicit 
immune responses in infected individuals producing specific antibodies to 
the invading pathogens. Therefore, various glycan microarrays have been 
developed and used to evaluate immune responses to infectious diseases to 
detect pathogen-specific diagnostic biomarkers. For example, glycan micro-
array was used to profile the sera of individuals infected with the parasite, 
T. spiralis and reported that GalNAcβ1-4(Fucα1-3)GlcNAc (LDNF) anti-
gen presented on BSA (bovine serum albumin) as a potential diagnostic 
biomarker for trichinellosis with very good sensitivity (96%) but modest 
specificity (67%).63 Seeberger and co-workers used glycan microarray to 
profile antibodies in malaria patients and healthy controls, and reported 
that exposure to malaria can affect the antibody levels to glycosylphospha-
tidylinositol (GPI) and their reactivity pattern control.64 They reported that 
the minimal epitope required for binding with anti-GPI antibodies is the 
pentasaccharide (Man

3
-GPI, Manα1-2Manα1-6Manα1-4GlcNH

2
α1-6-

myo-inositol-1-PO
4
). Another study indicated that specific antibodies that 

recognize glycopeptides bearing the Tn antigen is potentially useful for the 
diagnosis of Cryptosporidium parvum infection.65

Glycan microarrays have also been utilized to find biomarkers for viral 
infections. The initial step in viral cell invasion is the attachment of the 
virus to cell surface antigens that are often times glycans. The adhesion 
of the virus to the cell surface is mediated by viral surface proteins such 
as hemagglutinin (HA) in the case of influenza viruses. Glycan microar-
rays containing sialylated glycans have been used to profile the binding 
preferences of several human and avian hemagglutinins.66–68 These stud-
ies indicated that human H3N2 viruses preferentially bind to alpha2-6-
linked N-acetylneuraminic acid (Neu5Acα2-6-linked) glycans, while the 
avian H5N1 viruses prefer binding to Neu5Acα2-3-linked glycans. In 
the recent outbreak of the H1N1 influenza virus in 2009, Tumpey’s and 
colleagues demonstrated that the virus exhibited a dose-dependent bind-
ing to only Neu5Acα2-6-diLacNAc (LacNAc = Galβ1-4GlcNAc) [69]. 
In another study, a sialylated glycan array was used to study the inter-
actions of modified sialic acids using proteins and viruses.70 The results 
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demonstrated that influenza viruses H1N1 and H3N2 have preferences 
for binding to only the alpha2-6-linked glycans containing Neu5Ac or 
Neu5Ac9Lt (9O-Lactoyl-N-acetylneuraminic acid). Moreover, Blixt and 
colleagues constructed a glycopeptide array to study the immune responses 
to the herpes simplex viruses (HSV-1 and HSV-2).71 They reported the 
presence of IgG antibodies to the glycopeptide P-P-A-(GalNAc)T-A-P-G 
in HSV-2 infected individuals but not in healthy controls, or those infected 
with HSV-1. Furthermore, glycan microarray has been used to detect anti 
α-fetoprotein fraction L3 (AFP-L3) for early prediction of Hepatitis B 
hepatocelluar carcinoma.72 They demonstrated that AFP-L3 antibody lev-
els is better for differentiating between hepatocelluar carcinoma (HCC) 
and chronic hepatitis B (CHB) and could potentially be used as a bio-
marker for the early diagnosis of HCC.

Glycan microarrays have also been used to identify biomarkers in 
detecting and differentiating bacterial infections. Microarray platform con-
taining polysaccharide has been constructed to identify potential markers 
for microbial infections by profiling antibodies in serum of infected human 
or animal subjects.14,73 Parthasarathy et. al. probed the use of polysaccha-
ride array to detect antibodies against Francisellatularensis (causative agent 
of tularemia), Burkholderiapseudomallei (causative agent of melioidosis), and 
Bacillus anthracis (causative agent of anthrax).74 The results from this study 
demonstrated that glycan arrays can specifically detect and differentiate 
subjects infected with tularemia, melioidosis, and anthrax. Another study 
evaluated the use of lipopolysaccharide (LPS) for detecting antibodies in 
canine serum collected from tularemia positive and control subjects.75 The 
results indicated that LPS microarrays can detect anti-LPS antibodies at 
low concentrations and better sensitivity than the conventional immuno-
fluorescence assays. Moreover, Blixt and co-workers used glycan microarray 
to profile antibodies in sera of patients diagnosed with salmonellosis and 
detected Salmonella specific antibodies in infected subjects.76 In addition to 
detecting anti-glycan antibodies in sera, glycan microarrays have also been 
used to study direct interactions of bacteria and array glycans.77 The results 
demonstrated that glycan microarrays can be used to discriminate differ-
ent bacteria strains and that bacterial detection can be accomplished using 
complex mixtures. Using shotgun glycomics, Song et al. profiled sera from 
individuals infected with Lyme disease.78 The study showed that higher 
antibody levels to disialylated ganglioside (GD1b-lactone) were present in 
subjects with Lyme disease and can potentially be used as diagnostic mark-
ers for Lyme disease.
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4.3 autoimmune diseases
Autoimmune diseases arise from complex interactions of various factors 
such as genetic and environmental factors and affect millions of individu-
als worldwide.79,80 Autoimmune diseases occur when the immune system 
mistakenly attacks its own cells or healthy tissues. Diagnosis and prognosis 
of autoimmune diseases can be very challenging due to the lack of specific 
symptoms to a particular autoimmune disease. Human cells and a variety 
of macromolecules in nature are covered with dense complex glycans, also 
known as glycocalyx. These glycans play an important role in facilitating 
cell communications, pathogen recognition, and modulating both innate 
and adaptive immunity. Higher anti-glycan antibody levels in patients with 
autoimmune diseases are often correlated to disease progression. Therefore, 
anti-glycan antibodies can potentially be used in the detection and prog-
nostic testing of autoimmune diseases.

The development of glycan microarray technology has allowed for the 
systematic screening of serum samples of patients with autoimmune dis-
eases. This has led to the discovery of anti-glycan antibodies as potential 
diagnostic and prognostic markers for some autoimmune diseases such as 
Crohn’s disease (CD) and multiple sclerosis. Profiling anti-glycan antibodies 
in patients with chronic inflammatory bowel disease (IBD) has led to the 
identification of anti-glycan antibodies as biomarkers for CD. Dotan et al. 
reported the use of glycan arrays to identify novel anti-glycan antibodies 
against laminaribioside (P < 0.001) and chitobiosides (P < 0.05) that are 
specifically associated with CD.81 Antibodies against laminaribioside, chito-
biosides, or mannan can be sued to differentiated CD patients from ulcer-
ative colitis (UC) patients with over 99% specificity when two of these 
markers are combined. The results of this study were further validated using 
an enzyme-linked immunosorbent assay.

Multiple sclerosis (MS) is another autoimmune disease that affects the 
central nervous system as a result of damage to the myelin sheath.82,83 A 
number of research groups have attempted to identify potential biomarkers 
for the diagnosis and prognosis of MS. Miller and colleagues used glycan 
microarray to profile serum antibodies of patients with relapsing-remitting 
multiple sclerosis (RRMS). They reported significantly higher IgM anti-
glycan antibodies to Glcα1-4Glcα (P < 0.0001) in patients with RRMS 
in comparison to patients suffering from other neurological diseases.84 
The results from this study were further validated in a separate study using 
enzyme-linked immunoassay suggesting that anti-Glcα1-4Glcα IgM can 
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be used as a potential biomarker for the diagnosis or prognosis of MS.85 
Furthermore, Grader-Beck et al. reported the presence of distinct anti-
bodies to 4-sulfated LacNAc [4S-LacNAc, 4-(OSO

3
)Galβ1-4GlcNAc] in 

patients with systemic sclerosis (P = 0.02).86 The presence of antibodies 
to 4S-LacNAc was also associated with a high prevalence of pulmonary 
hypertension. This suggests that post-glycosylation modifications of glycans 
can possibly be immunogenic and may play a key role in disease progression.

4.4 Vaccine development
Glycan microarrays are very useful tools for profiling immune responses 
induced by therapeutics glycan conjugate or glycan-based vaccines. Blixt 
and co-workers used glycan microarrays to monitor immune response to 
MUC1 conjugated vaccine in cancer patients and detect the presence of 
vaccine-induced antibodies to MUC1 glycopeptides.87 Reactive antibodies 
to Tn-MUC1 epitope were only present in vaccinated patients. Globo-H 
based vaccines have been developed and made it to clinical trials. A glycan 
microarray study indicated that antibody levels against Globo-H were higher 
in patients with breast cancer.23 Comparing immune response to Globo-H 
vaccine candidates in mice showed higher antibody levels for the glycocon-
jugates with enhanced specificity.88 Zhang et al. utilized glycan microar-
rays to evaluate serum antibodies in patients with advanced prostate cancer 
before vaccination and 2–3 months after vaccination with a poxvirus-based 
vaccine (PROSTVAC-VF).89 The results indicated changes in antibody lev-
els to a number of antigens including forssman antigen and blood group 
A antigens. The PROSTVAC-VF vaccine has reached advanced stages in 
clinical trials.90–92 A follow-up study reported that the pre-vaccination IgM 
levels to blood group A trisaccharide may be used to predict survival for 
PROSTVAC-VF vaccine.93

The development of vaccines against pathogens is an ongoing effort. 
For example, anthrax-producing bacterium (Bacillus anthracis) contains a 
tetrasaccharide composed of three rhamnose and terminal anthrose on the 
spore surface of BC1A glycoprotein. Wang et al. used glycan microarrays 
to show that vaccine-induced rabbit anti-anthrax antibodies bind strongly 
to the trisaccharide (Antβ1-3-L-Rhapα1-3-L-Rhap) and tetrasaccharides 
(Antβ1-3-L-Rhapα1-3-L-Rhapα1-2-L-Rhap).94 The results illustrated 
that anthrose-containing oligosaccharides are immunogenic and are poten-
tial candidates for developing anthrax vaccines. Glycan microarrays were also 
utilized in monitoring immune responses to inactivated SARS-coronavirus 
(SARS-CoV) vaccine.95 They reported significant levels of IgG antibody 
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levels to the human serum glycoprotein asialo-orosomucoid, indicating that 
the vaccine can elicit a glycan-dependent autoimmune response. Moreover, 
glycan microarrays have been used to monitor immune responses in mice 
to a synthetic fragment of the capsular polysaccharide (PS-II) of Gram-
positive bacteria Clostridium difficile that was conjugated to an immunogenic 
carrier protein.96 The vaccine-induced antibodies in mice that specifically 
interacted with the synthetic fragment of PS-II. The same array was utilized 
to detect IgA antibodies in the stool of infected hospital patients suggesting 
that the hexasaccharide fragment of PS-II is a key target of the immune 
response produced in infected subjects.

Viral envelope glycoproteins are known to mask the virus from the 
host immune system and are believed to play a key role in viral infections.97 
Therefore, developing vaccines to fight viral infections is a continuing effort. 
For example, broadly neutralizing antibodies including 2G12 have shown 
anti-HIV activity and can protect against HIV infection in macaques.98,99 
Glycan microarray containing high-mannose oligosaccharides revealed that 
2G12 specifically binds high mannose N-linked glycans containing Manα1-
2Man determinants including Man8 and Man9.100 Glycan microarrays were 
used to monitor immune responses to see if 2G12-like antibodies are pro-
duced in vaccinated animals.101 Rabbits immunized with a mutant strain 
of Saccharomyces cerevisiea induced antibodies that recognized a broad range 
of HIV-1 and SIV envelope glycoproteins. Additionally, rabbits immunized 
with Saccharomyces cerevisiea deficient with α1-3mannosyltransferase pro-
duced sera that contained antibodies that with similar specificity to that of 
2G12.102 Another study evaluating anti-glycan antibody responses to an SIV 
vaccine and SIV infection demonstrate the potential use of glycan microar-
rays in vaccine development.103

4.5 enzyme inhibitors
Although it’s not well explored, another important application of glycan 
microarrays is for the screening of potential inhibitors for glycan-processing 
enzymes including those that are known to be complicated in the biosyn-
thesis of disease-related glycans. For example, a microtiter array was used 
to screen for fucosyl transferase inhibitors.104 The reported four potential 
fucosyltransferase inhibitors with inhibition constants in the nanomolar 
range. Fucosyltransferases transfer fucose to sialylLacNAc to form sialyl 
Lewis X, which is an antigen that is involved in inflammation. Blixt et al. 
used glycan microarray to screen various recombinant sialyltransferase to 
determine acceptor specificities and made a series of unnatural sialosides.105
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5 Conclusions

Glycan microarray is a powerful and transformative high throughput 
tool for studying protein-carbohydrate interactions. It has been extensively 
used for study the binding interactions, activities, and specificities of various 
glycan-binding proteins. Glycan microarrays have been used in a variety of 
biomedical applications, however, the potential of this technology has not 
been optimized. This is in part due to the limited number of glycans avail-
able compare to the glycan diversity found in nature. For example, only 
small fractions of the human glycan repertoire are incorporated into the 
arrays. With developments of new chemical and enzymatic methods for the 
synthesis of complexed carbohydrates and more advances of current micro-
array technology, more applications will be explored.

references
 1. Seeberger, P. H. Nature 2005, 437, 1239. 
 2. Koeller, K. M.; Wong, C. H. Nature Biotech. 2000, 18, 835–841. 
 3. Dube, D. H.; Bertozzi, C. R. Nat. Rev, Drug Disc. 2005, 4, 477–488. 
 4. Varki, A.; Etzler, M. E.; Cummings, R. D.; Esko, J. D. Discovery and classification of 

glycan-binding proteins. In Essentials of Glycobiology; Varki, A., Cummings, R. D., Esko,  
J. D., Freeze, H. H., Stanley, P., Bertozzi, C. R., Hart, G. W., Etzler, M. E., Eds.; Cold 
Spring Harbor (NY), 2009. 

 5. Shinohara, Y.; Kim, F.; Shimizu, M.; Goto, M.; Tosu, M.; Hasegawa, Y. Eur. J. Biochem./ 
FEBS 1994, 223, 189–194. 

 6. Dam, T. K.; Brewer, C. F. Methods Enzymol. 2004, 379, 107–128. 
 7. Hirabayashi, J.; Hashidate, T.; Arata, Y.; Nishi, N.; Nakamura, T.; Hirashima, M.; Urashima,  

T.; Oka, T.; Futai, M.; Muller, W. E.; Yagi, F.; Kasai, K. Biochim. Biophy. Acta 2002, 1572, 
232–254. 

 8. Oyelaran, O.; Gildersleeve, J. C. Curr. Opin. Chem. Biol. 2009, 13, 406–413. 
 9. de Paz, J. L.; Seeberger, P. H. Methods Molecular Biol. 2012, 808, 1–12. 
 10. Rillahan, C. D.; Paulson, J. C. Annual Rev. Biochem. 2011, 80, 797–823. 
 11. Lonardi, E.; Balog, C. I.; Deelder, A. M.; Wuhrer, M. Exp. Rev. Proteomics 2010, 7, 761–774. 
 12. Park, S.; Gildersleeve, J. C.; Blixt, O.; Shin, I. Chem. Soc. Rev. 2013, 42, 4310–4326. 
 13. Kline, K. A.; Falker, S.; Dahlberg, S.; Normark, S.; Henriques-Normark, B. Cell Host 

Microbe 2009, 5, 580–592. 
 14. Wang, D.; Liu, S.; Trummer, B. J.; Deng, C.; Wang, A. Nat. Biotech. 2002, 20, 275–281. 
 15. Fukui, S.; Feizi, T.; Galustian, C.; Lawson, A. M.; Chai, W. Nat. Biotech. 2002, 20, 1011–

1017. 
 16. Feizi, T.; Chai, W. Nat. Rev. Mol. Cell. Biol. 2004, 5, 582–588. 
 17. Shipp, E. L.; Hsieh-Wilson, L. C. Chem. Biol. 2007, 14, 195–208. 
 18. Ko, K. S.; Jaipuri, F. A.; Pohl, N. L. J. Am. Chem. Soc. 2005, 127, 13162–13163. 
 19. Chen, G. S.; Pohl, N. L. Org. Lett. 2008, 10, 785–788. 
 20. Guo, Y.; Feinberg, H.; Conroy, E.; Mitchell, D. A.; Alvarez, R.; Blixt, O.; Taylor, M. E.; 

Weis, W. I.; Drickamer, K. Nat. Struct. Mol. Biol. 2004, 11, 591–598. 
 21. Bochner, B. S.; Alvarez, R. A.; Mehta, P.; Bovin, N. V.; Blixt, O.; White, J. R.; Schnaar, R. L.  

J. Biol. Chem. 2005, 280, 4307–4312. 

http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0010
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0015
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0020
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0025
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0025
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0025
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0025
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0030
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0030
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0035
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0040
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0040
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0040
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0045
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0050
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0055
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0060
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0065
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0070
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0070
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0075
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0080
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0080
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0085
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0090
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0095
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0100
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0105
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0105
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0110
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0110


Glycan microarray: Toward drug discovery and development 279

 22. Chevolot, Y.; Bouillon, C.; Vidal, S.; Morvan, F.; Meyer, A.; Cloarec, J. P.; Jochum, A.; 
Praly, J. P.; Vasseur, J. J.; Souteyrand, E. Angew. Chem. Int. Ed. Engl. 2007, 46, 2398–2402. 

 23. Wang, C. C.; Huang, Y. L.; Ren, C. T.; Lin, C. W.; Hung, J. T.; Yu, J. C.; Yu, A. L.; Wu, C. Y.;  
Wong, C. H. Proc. Natl. Acad. Sci. U. S. A. 2008, 105, 11661–11666. 

 24. Song, X.; Xia, B.; Stowell, S. R.; Lasanajak, Y.; Smith, D. F.; Cummings, R. D. Chem. Biol. 
2009, 16, 36–47. 

 25. Xia, B.; Kawar, Z. S.; Ju, T.; Alvarez, R. A.; Sachdev, G. P.; Cummings, R. D. Nat. Methods 
2005, 2, 845–850. 

 26. Gama, C. I.; Tully, S. E.; Sotogaku, N.; Clark, P. M.; Rawat, M.; Vaidehi, N.; Goddard,  
W. A., 3rd.; Nishi, A.; Hsieh-Wilson, L. C. Nat. Chem. Biol. 2006, 2, 467–473. 

 27. Park, S.; Shin, I. Angew. Chem. Int. Ed. Engl. 2002, 41, 3180–3182. 
 28. Park, S.; Lee, M. R.; Pyo, S. J.; Shin, I. J. Am. Chem. Soc. 2004, 126, 4812–4819. 
 29. Smith, E. A.; Thomas, W. D.; Kiessling, L. L.; Corn, R. M. J. Am. Chem. Soc. 2003, 125, 

6140–6148. 
 30. Harris, L. G.; Schofield, W. C.; Doores, K. J.; Davis, B. G.; Badyal, J. P. J. Am. Chem. Soc. 

2009, 131, 7755–7761. 
 31. Love, J. C.; Estroff, L. A.; Kriebel, J. K.; Nuzzo, R. G.; Whitesides, G. M. Chem. Rev. 2005, 

105, 1103–1169. 
 32. Calarese, D. A.; Lee, H. K.; Huang, C. Y.; Best, M. D.; Astronomo, R. D.; Stanfield, R. L.; 

Katinger, H.; Burton, D. R.; Wong, C. H.; Wilson, I. A. Proc. Natl. Acad. Sci. U. S. A. 2005, 
102, 13372–13377. 

 33. Manimala, J. C.; Li, Z.; Jain, A.; VedBrat, S.; Gildersleeve, J. C. Chem. Biochem. 2005, 6, 
2229–2241. 

 34. Lee, M. R.; Shin, I. Org. Lett. 2005, 7, 4269–4272. 
 35. Zhi, Z. L.; Powell, A. K.; Turnbull, J. E. Anal. Chem. 2006, 78, 4786–4793. 
 36. Song, E. H.; Pohl, N. L. Curr. Opin. Chem. Biol. 2009, 13, 626–632. 
 37. Liang, P. H.; Wang, S. K.; Wong, C. H. J. Am. Chem. Soc. 2007, 129, 11177–11184. 
 38. de Paz, J. L.; Noti, C.; Bohm, F.; Werner, S.; Seeberger, P. H. Chem. Biol. 2007, 14, 

879–887. 
 39. Muthana, S. M.; Gildersleeve, J. C. Cancer Biomark 2014, 14, 29–41. 
 40. Miyoshi, E.; Moriwaki, K.; Nakagawa, T. J. Biochem. 2008, 143, 725–729. 
 41. Burchell, J.; Poulsom, R.; Hanby, A.; Whitehouse, C.; Cooper, L.; Clausen, H.; Miles, D.; 

Taylor-Papadimitriou, J. J. Glycobiol. 1999, 9, 1307–1311. 
 42. Sewell, R.; Backstrom, M.; Dalziel, M.; Gschmeissner, S.; Karlsson, H.; Noll, T.; Gatgens, 

J.; Clausen, H.; Hansson, G. C.; Burchell, J.; Taylor-Papadimitriou, J. J. Biol. Chem. 2006, 
281, 3586–3594. 

 43. Chiricolo, M.; Malagolini, N.; Bonfiglioli, S.; Dall’Olio, F. J. Glycobiol. 2006, 16, 146–
154. 

 44. Granovsky, M.; Fata, J.; Pawling, J.; Muller, W. J.; Khokha, R.; Dennis, J. W. Nat. Med. 
2000, 6, 306–312. 

 45. Brockhausen, I. Biochim. Bio. Acta 1999, 1473, 67–95. 
 46. Huang, C. Y.; Thayer, D. A.; Chang, A. Y.; Best, M. D.; Hoffmann, J.; Head, S.; Wong,  

C. H. Proc. Natl. Acad. Sci. U. S. A 2006, 103, 15–20. 
 47. Wang, C. C.; Huang, Y. L.; Ren, C. T.; Lin, C. W.; Hung, J. T.; Yu, J. C.; Yu, A. L.; Wu,  

C. Y.; Wong, C. H. Proc. Natl. Acad. Sci. U. S. A. 2008, 105, 11661–11666. 
 48. Wandall, H. H.; Blixt, O.; Tarp, M. A.; Pedersen, J. W.; Bennett, E. P.; Mandel, U.; 

Ragupathi, G.; Livingston, P. O.; Hollingsworth, M. A.; Taylor-Papadimitriou, J.; 
Burchell, J.; Clausen, H. Cancer Res. 2010, 70, 1306–1313. 

 49. Pedersen, J. W.; Blixt, O.; Bennett, E. P.; Tarp, M. A.; Dar, I.; Mandel, U.; Poulsen, S. S.; 
Pedersen, A. E.; Rasmussen, S.; Jess, P.; Clausen, H.; Wandall, H. H. Int. J. Cancer 2011, 
128, 1860–1871. 

 50. Springer, G. F. J. Mol. Med. 1997, 75, 594–602. 

http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0115
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0115
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0120
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0120
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0125
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0125
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0130
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0130
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0135
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0135
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0140
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0145
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0150
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0150
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0155
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0155
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0160
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0160
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0165
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0165
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0165
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0170
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0170
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0175
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0180
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0185
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0190
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0195
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0195
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0200
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0205
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0210
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0210
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0215
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0215
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0215
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0220
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0220
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0225
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0225
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0230
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0235
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0235
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0240
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0240
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0245
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0245
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0245
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0250
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0250
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0250
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0255


 Saddam M. Muthana280

 51. Desai, P. R. Trans. Med. Rev. 2000, 14, 312–325. 
 52. Springer, G. F.; Desai, P. R.; Spencer, B. D.; Tegtmeyer, H.; Carlstedt, S. C.; Scanlon, E. F. 

Cancer Detect. Prev. 1995, 19, 374–380. 
 53. Slovin, S. F.; Ragupathi, G.; Musselli, C.; Olkiewicz, K.; Verbel, D.; Kuduk, S. D.; Schwarz, 

J. B.; Sames, D.; Danishefsky, S.; Livingston, P. O.; Scher, H. I. J. Clinic. Oncol. 2003, 21, 
4292–4298. 

 54. Slovin, S. F.; Ragupathi, G.; Fernandez, C.; Diani, M.; Jefferson, M. P.; Wilton, A.; Kelly, 
W. K.; Morris, M.; Solit, D.; Clausen, H.; Livingston, P.; Scher, H. I. Cancer Immunol., 
Immunotherapy:CII 2007, 56, 1921–1930. 

 55. Blixt, O.; Bueti, D.; Burford, B.; Allen, D.; Julien, S.; Hollingsworth, M.; Gammerman, 
A.; Fentiman, I.; Taylor-Papadimitriou, J.; Burchell, J. M. Breast Cancer Res.:BCR 2011, 
13, R25. 

 56. Jacob, F.; Goldstein, D. R.; Bovin, N. V.; Pochechueva, T.; Spengler, M.; Caduff, R.; Fink, D.; 
Vuskovic, M. I.; Huflejt, M. E.; Heinzelmann-Schwarz, V. J. Int. Cancer 2012, 130, 138–146. 

 57. Vuskovic, M. I.; Xu, H.; Bovin, N. V.; Pass, H. I.; Huflejt, M. E. Int. J Bioinformatics Res. 
Appl. 2011, 7, 402–426. 

 58. Lawrie, C. H.; Marafioti, T.; Hatton, C. S.; Dirnhofer, S.; Roncador, G.; Went, P.; Tzankov, 
A.; Pileri, S. A.; Pulford, K.; Banham, A. H. J. Int. Cancer 2006, 118, 3161–3166. 

 59. Malykh, Y. N.; Schauer, R.; Shaw, L. Biochimie 2001, 83, 623–634. 
 60. Tangvoranuntakul, P.; Gagneux, P.; Diaz, S.; Bardor, M.; Varki, N.; Varki, A.; Muchmore, 

E. Proc. Natl. Acad. Sci. U. S. A. 2003, 100, 12045–12050. 
 61. Padler-Karavani, V.; Hurtado-Ziola, N.; Pu, M.; Yu, H.; Huang, S.; Muthana, S.; Chokha-

wala, H. A.; Cao, H.; Secrest, P.; Friedmann-Morvinski, D.; Singer, O.; Ghaderi, D.; 
Verma, I. M.; Liu, Y. T.; Messer, K.; Chen, X.; Varki, A.; Schwab, R. Cancer Res. 2011, 71, 
3352–3363. 

 62. Wang, D. J. Proteomics Bioinform. 2012, 5, 90–95. 
 63. Aranzamendi, C.; Tefsen, B.; Jansen, M.; Chiumiento, L.; Bruschi, F.; Kortbeek, T.; Smith, 

D. F.; Cummings, R. D.; Pinelli, E.; Van Die, I. Exp. Parasitol. 2011, 129, 221–226. 
 64. Kamena, F.; Tamborrini, M.; Liu, X.; Kwon, Y. U.; Thompson, F.; Pluschke, G.; See-

berger, P. H. Nat. Chem. Biol. 2008, 4, 238–240. 
 65. Heimburg-Molinaro, J.; Priest, J. W.; Live, D.; Boons, G. J.; Song, X.; Cummings, R. D.; 

Mead, J. R. Int. J. Parasitol. 2013, 43, 901–907. 
 66. Stevens, J.; Blixt, O.; Paulson, J. C.; Wilson, I. A. Nat. Rev. Microbiol. 2006, 4, 857–864. 
 67. Stevens, J.; Blixt, O.; Glaser, L.; Taubenberger, J. K.; Palese, P.; Paulson, J. C.; Wilson, I. A. 

J. Mol. Biol. 2006, 355, 1143–1155. 
 68. Stevens, J.; Blixt, O.; Chen, L. M.; Donis, R. O.; Paulson, J. C.; Wilson, I. A. J. Mol. Biol. 

2008, 381, 1382–1394. 
 69. Maines, T. R.; Jayaraman, A.; Belser, J. A.; Wadford, D. A.; Pappas, C.; Zeng, H.; Gustin, K. 

M.; Pearce, M. B.; Viswanathan, K.; Shriver, Z. H.; Raman, R.; Cox, N. J.; Sasisekharan, 
R.; Katz, J. M.; Tumpey, T. M. Science 2009, 325, 484–487. 

 70. Song, X.; Yu, H.; Chen, X.; Lasanajak, Y.; Tappert, M. M.; Air, G. M.; Tiwari, V. K.; Cao, 
H.; Chokhawala, H. A.; Zheng, H.; Cummings, R. D.; Smith, D. F. J. Biol. Chem. 2011, 
286, 31610–31622. 

 71. Clo, E.; Kracun, S. K.; Nudelman, A. S.; Jensen, K. J.; Liljeqvist, J. A.; Olofsson, S.; Berg-
strom, T.; Blixt, O. J. Virol. 2012, 86, 6268–6278. 

 72. Wu, C. S.; Lee, T. Y.; Chou, R. H.; Yen, C. J.; Huang, W. C.; Wu, C. Y.; Yu, Y. L. PLoS One 
2014, 9, e99959. 

 73. Parthasarathy, N.; DeShazer, D.; England, M.; Waag, D. M. Diagn. Micr. Infec. Dis. 2006, 
56, 329–332. 

 74. Parthasarathy, N.; Saksena, R.; Kovac, P.; Deshazer, D.; Peacock, S. J.; Wuthiekanun, V.; 
Heine, H. S.; Friedlander, A. M.; Cote, C. K.; Welkos, S. L.; Adamovicz, J. J.; Bavari, S.; 
Waag, D. M. Carbohydr. Res. 2008, 343, 2783–2788. 

http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0260
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0265
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0265
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0270
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0270
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0270
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0275
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0275
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0275
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0280
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0280
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0280
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0285
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0285
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0290
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0290
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0295
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0295
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0300
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0305
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0305
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0310
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0310
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0310
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0310
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0315
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0320
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0320
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0325
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0325
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0330
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0330
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0335
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0340
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0340
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0345
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0345
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0350
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0350
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0350
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0355
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0355
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0355
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0360
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0360
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0365
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0365
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0370
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0370
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0375
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0375
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0375


Glycan microarray: Toward drug discovery and development 281

 75. Thirumalapura, N. R.; Morton, R. J.; Ramachandran, A.; Malayer, J. R. J. Immunol. 
Methods 2005, 298, 73–81. 

 76. Blit, O.; Hoffmann, J.; Svenson, S.; Norberg, T. J. Glycoconj. 2008, 25, 27–36. 
 77. Disney, M. D.; Seeberger, P. H. Chem. Biol. 2004, 11, 1701–1707. 
 78. Song, X.; Lasanajak, Y.; Xia, B.; Heimburg-Molinaro, J.; Rhea, J. M.; Ju, H.; Zhao, C.; 

Molinaro, R. J.; Cummings, R. D.; Smith, D. F. Nat. Methods 2011, 8, 85–90. 
 79. Firestein, G. S. Nature 2003, 423, 356–361. 
 80. Hueber, W.; Robinson, W. H. Proteomics 2006, 6, 4100–4105. 
 81. Dotan, I.; Fishman, S.; Dgani, Y.; Schwartz, M.; Karban, A.; Lerner, A.; Weishauss, O.; 

Spector, L.; Shtevi, A.; Altstock, R. T.; Dotan, N.; Halpern, Z. Gastroenterology 2006, 131, 
366–378. 

 82. Trapp, B. D.; Peterson, J.; Ransohoff, R. M.; Rudick, R.; Mork, S.; Bo, L. N. Engl. J. Med. 
1998, 338, 278–285. 

 83. Lassmann, H.; Bruck, W.; Lucchinetti, C. Trends Mol. Med. 2001, 7, 115–121. 
 84. Schwarz, M.; Spector, L.; Gortler, M.; Weisshaus, O.; Glass-Marmor, L.; Karni, A.; Dot-

an, N.; Miller, A. J. Neurol. Sci. 2006, 244, 59–68. 
 85. Brettschneider, J.; Jaskowski, T. D.; Tumani, H.; Abdul, S.; Husebye, D.; Seraj, H.; Hill, 

H. R.; Fire, E.; Spector, L.; Yarden, J.; Dotan, N.; Rose, J. W. J. Neuroimmunol. 2009, 217, 
95–101. 

 86. Grader-Beck, T.; Boin, F.; von Gunten, S.; Smith, D.; Rosen, A.; Bochner, B. S. Ann. 
Rheum. Dis. 2011, 70, 2218–2224. 

 87. Blixt, O.; Clo, E.; Nudelman, A. S.; Sorensen, K. K.; Clausen, T.; Wandall, H. H.; Livings-
ton, P. O.; Clausen, H.; Jensen, K. J. J. Proteome Res. 2010, 9, 5250–5261. 

 88. Huang, Y. L.; Hung, J. T.; Cheung, S. K.; Lee, H. Y.; Chu, K. C.; Li, S. T.; Lin, Y. C.; Ren, 
C. T.; Cheng, T. J.; Hsu, T. L.; Yu, A. L.; Wu, C. Y.; Wong, C. H. Proc. Natl. Acad. Sci. U.S.A. 
2013, 110, 2517–2522. 

 89. Zhang, Y.; Campbell, C.; Li, Q.; Gildersleeve, J. C. Mol. Biosyst. 2010, 6, 1583–1591. 
 90. Gulley, J. L.; Arlen, P. M.; Madan, R. A.; Tsang, K. Y.; Pazdur, M. P.; Skarupa, L.; Jones, 

J. L.; Poole, D. J.; Higgins, J. P.; Hodge, J. W.; Cereda, V.; Vergati, M.; Steinberg, S. M.; 
Halabi, S.; Jones, E.; Chen, C.; Parnes, H.; Wright, J. J.; Dahut, W. L.; Schlom, J. Cancer 
Immunol., Immunotherapy:CII 2010, 59, 663–674. 

 91. Lechleider, R. J.; Arlen, P. M.; Tsang, K. Y.; Steinberg, S. M.; Yokokawa, J.; Cereda, V.; 
Camphausen, K.; Schlom, J.; Dahut, W. L.; Gulley, J. L. Clin. Cancer Res. 2008, 14, 
5284–5291. 

 92. Madan, R. A.; Gulley, J. L.; Schlom, J.; Steinberg, S. M.; Liewehr, D. J.; Dahut, W. L.; 
Arlen, P. M. Clin. Cancer Res. 2008, 14, 4526–4531. 

 93. Campbell, C. T.; Gulley, J. L.; Oyelaran, O.; Hodge, J. W.; Schlom, J.; Gildersleeve, J. C. 
Clin. Cancer Res. 2013, 19, 1290–1299. 

 94. Wang, D.; Carroll, G. T.; Turro, N. J.; Koberstein, J. T.; Kovac, P.; Saksena, R.; Adamo, R.; 
Herzenberg, L. A.; Steinman, L. Proteomics 2007, 7, 180–184. 

 95. Wang, D.; Lu, J. Physiol. Genomics 2004, 18, 245–248. 
 96. Oberli, M. A.; Hecht, M. L.; Bindschadler, P.; Adibekian, A.; Adam, T.; Seeberger, P. H. 

Chem. Biol. 2011, 18, 580–588. 
 97. Olofsson, S.; Hansen, J. E. J. Infect. Dis. 1998, 30, 435–440. 
 98. Trkola, A.; Purtscher, M.; Muster, T.; Ballaun, C.; Buchacher, A.; Sullivan, N.; Srinivasan, 

K.; Sodroski, J.; Moore, J. P.; Katinger, H. J. Virol. 1996, 70, 1100–1108. 
 99. Mascola, J. R.; Stiegler, G.; VanCott, T. C.; Katinger, H.; Carpenter, C. B.; Hanson, C. E.; 

Beary, H.; Hayes, D.; Frankel, S. S.; Birx, D. L.; Lewis, M. G. Nat. Med. 2000, 6, 207–210. 
 100. Adams, E. W.; Ratner, D. M.; Bokesch, H. R.; McMahon, J. B.; O’Keefe, B. R.; See-

berger, P. H. Chem. Biol. 2004, 11, 875–881. 
101. Luallen, R. J.; Lin, J.; Fu, H.; Cai, K. K.; Agrawal, C.; Mboudjeka, I.; Lee, F. H.; Montefiori, 

D.; Smith, D. F.; Doms, R. W.; Geng, Y. J. Virol. 2008, 82, 6447–6457. 

http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0380
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0380
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0385
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0390
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0395
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0395
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0400
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0405
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0410
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0410
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0410
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0415
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0415
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0420
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0425
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0425
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0430
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0430
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0430
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0435
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0435
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0440
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0440
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0445
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0445
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0445
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0450
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0455
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0455
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0455
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0455
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0460
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0460
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0460
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0465
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0465
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0470
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0470
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0475
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0475
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0480
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0485
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0485
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0490
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0495
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0495
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0500
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0500
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0505
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0505
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0510
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0510


 Saddam M. Muthana282

102. Dunlop, D. C.; Bonomelli, C.; Mansab, F.; Vasiljevic, S.; Doores, K. J.; Wormald, M. R.; 
Palma, A. S.; Feizi, T.; Harvey, D. J.; Dwek, R. A.; Crispin, M.; Scanlan, C. N. J. Glycobio. 
2010, 20, 812–823. 

103. Campbell, C. T.; Llewellyn, S. R.; Damberg, T.; Morgan, I. L.; Robert-Guroff, M.; 
Gildersleeve, J. C. PloS one 2013, 8, e75302. 

104. Bryan, M. C.; Lee, L. V.; Wong, C. H. Bioorg. Med. Chem. Lett. 2004, 14, 3185–3188. 
105. Blixt, O.; Han, S.; Liao, L.; Zeng, Y.; Hoffmann, J.; Futakawa, S.; Paulson, J. C. J. Am. 

Chem. Soc. 2008, 130, 6680–6681. 

http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0515
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0515
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0515
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0520
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0520
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0525
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0530
http://refhub.elsevier.com/B978-0-12-816675-8.00006-3/ref0530

