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Capsule Summary

In rural areas in many helminth-endemic areas,a¢dellevels of anti-glycan IgE are often seen. We
used synthetic glycan microarray technology to ati@rize anti-glycan IgE antibody responses
among rural and urban children in Ghana, West Afri@lycan microarray technology presents an
innovative approach to the exploration and diseactif antibody responses to glycan structures in

population-based studies.
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Tothe Editor:

In helminth-endemic areas, elevated levels of ereastive IgE to environmental and food allergens
are often seen that do not translate into posiskia prick tests or allergy symptorhsAmong
Ghanaian children, such cross-reactivity was shtomMpe associated witBchistosoma haematobium
infection and dominated by high IgE against cresstive carbohydrate determinants (CCDShe

specific carbohydrate motifs involved in this Ig€ognition were not determinéd.

Recently, glycan microarrays have been developaidaifow detailed characterization of IgE binding
to glycan motifs® * Here we report the use of a microarray with 126tisstic N-glycans and short
oligosaccharides to identify specific glycan mo#fssociated with IgE cross-reactivity among urban

and rural Ghanaian children.

Study methodology details are provided in the GnlRepository. Sera from children attending
schools we classified as rural (n=20), urban losicseconomic status (SES) (n=20) and urban high
SES (n=20) were assessed. We also included senaltiiban pollen allergic controls with anti-CCD
IgE (n=5) and meat allergic controls from the Udittates with anti-galactosedl,3-galactosed(-

1,3-gal) IgE (n=4).

The characteristics of the Ghanaian subjects apgvrshin Table E1. Rural participants had high
burdens of intestinal helminthiasis (50%) and malparasitemia (40%) compared to urban subjects.
S haematobium infection was found in 26.3% of urban low SES @teh compared to 5% in the other
schools. ImmunoCAP-determined IgE sensitization35&U/L) to all allergens was most prevalent

in the rural group and lowest in the urban high SEl%ool.

A heatmap identified glycan motifs preferentiallyund by IgE in each area (Fig. E2). High responses
to structures with core-1,3-fucose without core xylose (G73 and G75) webserved in rural
children compared to urban high SES children (FAgahd Table E2). Although rural children had
low responses to core xylose alone (structure G&84fgw individuals in both urban groups had
elevated IgE to this structulBesponses to structures that had both core xylue@ea-1,3-fucose

(G37 and G39) were similar to those seen to oete3-fucose alone (G73). Interestingly, in Italian

4
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controls, elevated responses were seen to stracitie core xylose (G34, G37 and G39) and less to

structures with core-1,3-fucose without core xylose (G73 and G75).

IgE responses to structure G113 containingotig3-gal motif were most elevated in rural children
and lowest in urban high SES children (Fig.1B). Wasaresponses to structure G112 ¢ghj3-gal

attached to glucose instead of N-Acetylglucosamime)e observed among rural children. For US
meat allergic patients, MFIs for structures G112 &113 were higher than those seen for rural

Ghanaian children.

IgE reactivities to core xylose and to coeel,3-fucose found in bromelain (measured by
ImmunoCAP) were compared to the same motifs onntioarray (Fig. 2). Although a weak
correlation was observed between IgE to bromelathta core xylose alone (structure G34), there
were strong correlations between IgE to bromelaid & coreo-1,3-fucose alone (structure G73,
Spearman’s rho = 0.74, P <.001) as well as to tstreed537 with both core xylose anell,3-fucose
(Spearman’s rho = 0.74, P <.001). Correlations betwigE toa-1,3-gal (measured by ImmunoCAP)
and IgE to the twa-1,3-gal motifs on the array were relatively weéd (G113, Spearman’s rho =

0.52, P<.001 and for G112, Spearman’s rho = 0.293).

To examine whethe®. haematobium infection played a role in anti-glycan IgE respesismotifs
preferentially bound by IgE amor® haematobium positives were identified by heatmap (Fig. E3 —
Online Repository). IgE responses to core xylosmealwere elevated in mo& haematobium
positives but not in negatives (Fig. E4A - OnlinepRsitory). By contrast, responses to structurats th
included corex-1,3-fucose were elevated in b&hhaematobium positives and negatives (Fig. E4 B-
D Online Repository). No significant associationsrev found between intestinal helminthiasis or

malaria parasitemia and IgE responses to microafeans.

Our study is the first to use a synthetic glycaoroarray to elucidate specific motifs associateth wi
carbohydrate-related IgE cross-reactivity (CCDsvab asao-1,3-gal). Overall, higher anti-glycan IgE
responses were observed in the rural area compataoth urban groups. Strikingly, the prevalence

of IgE sensitization tar-1,3-gal among rural subjects as determined by Imo@AP and glycan
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microarray was very high. The relatively poor ctatien between IgE titers in both assays may be
explained by the use of different antigen souregsasentingi-1,3-gal: bovine thyroglobulin with a

heterogeneous glycan compositfan ImmunoCAP versus synthetic glycans on the raitey.

Relatively high percentages of IgE sensitization-lh3-gal have also been observed in rural areas of
Kenya (76%) and Ecuador (37%])t has been proposed (but yet to be demonstrabed)besides
ticks, other ectoparasites or helminths may be lmd® In our small study, we observed no
association between helminth infection ant,3-gal sensitization. Althouglrgalactobiose has been
found in some helminths, this is mostlydi,4 orp-1,6 linkages. Only foFasciola hepatica hasa-
1,3-gal been demonstrated to be expressed on igig=l In-depth studies are needed to explore

whether other helminths exprasd,3-gal and associations with IgE sensitization.

The N-linked glycans containing coeel,3-fucose ang-1,2-linked core xylose are the main plant
and insect glycoprotein residues associated wittboteydrate-related IgE cross-reactivitfgE
reactivity in Ghanaian children was higher to dinoes with coreo-1,3-fucose compared to core
xylose alone although a few individuals in the wrlzroups had elevated IgE to the latter. This
observation may reflect the source of primary seadion. N-glycans with core xylose together with
core a-1,3-fucose and modifications have been identifirethe egg stage of schistosomés. our
study, S. haematobium infection, mainly in urban low SES subjects, waggicantly associated with
raised IgE to core xylose. Although sorfiehaematobium positives had elevated IgE to structures
with core a-1,3-fucose only, similarly raised levels to thesteuctures were observed amoS8g
haematobium negatives suggesting that these may not have théegn by schistosome infection.

Therefore, our observations link schistosome indadn IgE cross-reactivity involving core xylose.

Overall, our findings suggest that cross-reactigé bmong Ghanaian children may be directed
against both core xylose and card,3-fucose independently. Further investigatiore rmeeded to
explore other factors aside from helminths sucinascts that may drive reactivity to these motifs.
Recently, protein microarray technology has revohited allergy diagnostics by allowing the

simultaneous assessment of specific IgE to mulidblergens with a small amount of serum. Our



153  investigation illustrates how glycan microarrays ¢arther improve molecular diagnosis of specific

154  IgE to allergenic motifs by providing additionafdénmation on IgE profiles of patients.
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Figure Legends

Fig. 1A: IgE responsesto selected N-glycan matifs.

N-glycan structures eliciting the greatest IgE lnigdamong Ghanaian children were identified by
heatmap. Responses to these structures are shoamgaBhanaian children (stratified by school
category) and ltalian pollen allergic controls. Fadditional structures with key variants were
included for comparison and are indicated on theré.

*Kruskal-Wallis Test of between-area difference$ghk response among Ghanaian subjects only, P <
.05.

# Structures included for comparison

**Response missing for one Italian pollen allergantrol for Structure G37 due to smear on the

specific microarray slide that obstructed the regdif microarray spots for this structure only.

Fig. 1B: IgE responsesto a-1,3-gal motifs.

IgE reactivities tar-1,3-gal motifs are shown among Ghanaian childsénatffied by school category)
and US meat allergic controls. Lewis X sacchari@dq7) was included as a control for small
synthetic oligosaccharides.

* Kruskal-Wallis Test of between-area differenceddE response among Ghanaian subjects only, P
<.05.

# Structure included for comparison.

Fig. 2: Correlations between I1gE to bromelain measured by ImmunoCAP and IgE to N-glycans
measured by glycan microarray in Ghanaian children.

Correlation between IgE to bromelain and

A. Core xylose only (Structure G34),

B. Corea-1,3 fucose only (Structure G73)

C. Corea-1,3 fucose + core xylose (Structure G37).
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Identification of dominant anti-glycan IgE response in

school-children by glycan microarray

Online Repository

Materials and methods

Study design and population

A subset of subjects from a larger cross-sectigtatly on allergic sensitization and parasitic
infections among schoolchildren in Gh&haere included in this investigation. Briefly, thiidy was

conducted between March 2006 and March 2008 amébiidren aged between 5 and 16 years

E2, E3 E4, ES

attending schools in the Greater Accra Region. geso and African studies have observed
a protective effect of exposure to microbe-richat@nvironments on allergy outcomes in children as
well as distinct within-urban differences basedsorioeconomic status (SES). Therefore, our study
population consisted of children from rural, urdaw SES and urban high SES areas that reflected
the dynamic environmental changes associated withnization in Ghana. The study was approved
by the Noguchi Memorial Institute for Medical Res#a Institutional Review Board, Ghana

(NMIMR-IRB CPN 012/04-05).

Sera (n=60) were randomly selected from three dshd9 a rural school (Toflokpo Presbyterian)
located in the Dangme West district endemicSdnaematobium, intestinal helminths and malaria, 2)
an urban low SES public school (Nii Okine Basic}he city of Accra where approximately 18% of
recruited participants were found to be infectethv@thistosoma haematobium ¢ and 3) an urban
high SES private school (Greenhill Internationdépan Accra. There were significantly more males
randomly selected from the rural school (15 ouR0f compared to the urban schools. Given this
over-representation, we later examined the rolgeofder on anti-glycan IgE responses stratifying by

each area. No consistent independent effect ofegesrdresponses was observed.
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Sera from 5 ltalian grass pollen allergic patienith elevated IgE to bromelain and horseradish
peroxidase (HRP) were included in our investigatenreference sera for IgE positivity to cross-
reactive carbohydrate determinants (CCBsJhe Italian pollen allergic controls (3 males ahd
females) had median IgE to bromelain of 13.2 kUQR: 10.8 — 30.1) and to HRP of 6.0 kU/L (IQR:
2.3 to 7.6f’ Samples from 4 meat allergic patients from thetéthiStates were also included as
reference sera for IgE reactivity to galactos#;3-galactoseofl1,3-gal). The US meat allergics (3
males, 1 female) had median IgEotd,3-gal of 44.1 kU/L (IQR: 7.4 — 178.4) and IgEbeef of 16.0

kU/L (IQR: 1.7 — 108.8) both measured by ImmunoCAP.

Glycan microarray binding assays

A microarray of 126 synthetic N-glycans and shdityasaccharides® was used to assess IgE
responses in sera. This microarray is currently ocommercially available. Fig. E1 (Online
Repository) shows 126 of the synthetic glycan stmes on the microarray. The array also included
fluorescently-labelled bovine serum albumin (BSA)aacontrol for the printing process and &al
1,3-Gap-1,4-GlcNAc-BSA (Dextra Laboratories Ltd, Readirdnited Kingdom) as an additional

structure representingl,3-gal.

Synthesized glycan structures were immobilized oNexterion H N-hydroxysuccinimide-coated
glass slide (Schott AG, Mainz, Germany). Each stiolesisted of seven sub-arrays containing the 128
structures in quadruplicates. The synthesis ofdlgean structures, slide printing procedures and
binding studies to evaluate the array have beearitdesl in detail elsewher€® Printed glass slides
were blocked with 50 mM of ethanolamiite 50 mM sodium borate buffer, pH 9.0 for one hour,

washed, dried and stored at *€0

Microarray slides stored at -20 were thawed and dried at room temperature. Anagre incubated
while shaking with 300 pl of 1:30 diluted serumABS with 1% BSA and 0.01% Tween 2QdjTfor
one hour at room temperature, then washed in PBI$ ®W05% T, and then PBS alone. This was
followed by a 30-minute incubation in the dark wiEromoFluor 647-labelled anti-human IgE
(Sanquin reagents, Amsterdam, The Netherlandsedill:400. The PromoFluor 647 labelling of IgE

was carried out using a Promokine kit (PromoCellbBinHeidelberg, Germany) per manufacturer’s
2
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instructions. The slides were then processed tlirdimgl washing steps, spin-dried and kept in the

dark until scanning.

Microarray slides were scanned using a G2565BA rsmarfAgilent Technologies, Santa Clara
California, USA) at 1Qum resolution using 2 lasers (532nm and 633nm). Benéro 7.0 software
(Molecular Devices, Sunnyvale, California) aligrted spots using circular features with a composite
pixel intensity threshold of 10. For each spot, i@ of the median fluorescence intensity (MHl) o
the spot and local background MFI was calculatedi thien multiplied by the average background
MFI for all glycan spots. For each structure, therage over 4 spots was determined and then log-
transformed. The MFI value for all arrays combimeas 5.8. This value was used as a cut-off for IgE

responsiveness in our study.

IgE measurements to allergen extracts, a CCD marker and a-1,3-gal

ImmunoCAP (Thermo Fisher Scientific, Uppsala, Swgdaeasurements were carried out according
to the manufacturer’s instructions to determin@isespecific IgE levels to house dust mite extract
(Dermatophagoides pteronyssinus), cockroach extracB{attella germanica), peanut extractfachis

hypogaea), the CCD marker bromelain anell,3-gal (source material: bovine thyroglobulin).

Parasitological examinations

The Kato-Katz method was used to detect intestirlhinth eggs (hookwormNecator americanus
andAncylostoma duodenale, Ascaris lumbricoides, Trichuris trichiura andS. mansoni) in one 25 mg
stool sample®® Ten ml of urine was filtered through a nylon naglere filter (pore size, 12m) for
the detection o8 haematobium infection®° A small quantity of blood was used to prepare enGia-

stained thick smear slide to detect malaria passit

Statistical Analysis

Analysis was performed using IBM SPSS version 20BM Corp, Armonk, NY, USA). Area
differences in the distribution of subject charastes were examined by Pearson3 test (two
degrees of freedom) and the Kruskal-Wallis testcfumtinuous variables. A p-value of less than .05

was taken as the level for statistical significangeatmaps were constructed to identify glycan
3
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structures preferentially bound by IgE based onk#wW data according to school category as \gell
haematobium infection status. For each structure, the avelgé was calculated for each school
category as well aS haematobium infection category (positive versus negative). Mg responses
were not normally distributed following log transimation (base 2) so nonparametric tests were used
for further analysis. Kruskal-Wallis tests were dite examine anti-glycan IgE differences between
the three areas. Correlations between IgE measyréchmunoCAP and IgE to glycan motifs on the

microarray were examined using Spearman’s rankelaion coefficient.
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Figure Legends — Supplementary material (Online Regsitory)

Fig. E1: Glycan microarray with 126 synthetic glycan moii8ource: Brzezickat al, ACS Chem
Biol. 2015 May 15; 10 (5):1290-302). Two additionalstures containing BSA were included on the

array but are not shown in this figure.

Fig. E2: Heatmap of average MFIs for each structure usedstalize IgE binding to microarray
glycans according to school category. Structurigitiny the highest responses are indicated by red

and the lowest by dark blue. The motif compositiohthese structures are shown in the figure.

Fig. E3: Heatmap of average MFIs for each structure usedstmlize IgE binding to microarray
glycans according t&chistosoma haematobium infection status. Analysis was restricted to thiean

low SES group where the infection was most prevalgtmuctures eliciting the highest responses are
indicated by red and the lowest by dark blue. Tlaéifrcompositions of these structures are shown in

the figure.

Fig. E4: IgE responses to major N-glycan motifs elicitinige tgreatest responses amo8g
haematobium positives. Each motif is compared to structure ®@4thout modifications with lines
connecting responses for the same individuals. &tesgs are shown to A) core xylose alone, B) core
a-1,3-fucose alone C) core xylose + cari,3-fucose and D) core xylose, cord,3-fucose + core-

1,6-fucose.
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Table E1: Characteristics of Study Participants

Factor AREA #P value
ALL, Rural, Urban low SES, | Urban High SES,
n/N (%) n/N (%) n/N (%) n/N (%)

Age (years) §
Median (IQR) 11.8(10.0-13.1)| 11.1(9.9-124) 13.2(9.600| 11.9(11.0-12.8 .26
Gender
Male 31/60(51.7) 15/ 20 (75.0) 8/ 20 (40.0) 8 /(20.0) .04
Female 29 /60 (48.3) 5/20 (25.0) 12/ 20 (60.0 12 [(@0.0)
Parasitic infections (positive) §
Schistosoma haematobium 7 /59 (11.9) 1/20(5.0) 5/19 (26.3) 1/ 2M}5. .06
Intestinal Helminth** 11/58 (19.0) 10/ 20 (50.0 1/20(5.0) 0/18 (0.0) <.001
Plasmodium sp. 11/60 (18.3) 8 /20 (40.0) 3/20 (15.0) 0 /[(Qm) .004
Specific IgE levels (>0.35kU/L
Bromelain (MUXF3) 12 /60 (20.0) 7 /20 (35.0) 20 (20.0) 1/20 (5.0) .06
House dust mite (Der p) 12 /60 (20.0) 8/20 (0.0 4/20(20.0) 0/ 20 (0.0) .007
Cockroach (Blag) 23 /60 (38.3) 13/ 20 (65.0) / 26 (30.0) 4 /20 (20.0) .009
Peanut (Ara h) 9/60 (15.0) 5/20(25.0 3 (PR.0) 1/20(5.0) 21
Galactosex-1,3-galactoseof1,3-gal) 18 /60 (30.0) 14 /20 (70.0) 420 (20.0) 0 (D) <.001

# P value calculated for the association betweetorfa and area using Pearsg2sest (two degrees of freedom) or Kruskal-Wadist ffor continuous variables

**|ntestinal helminth =Ascaris lumbricoides, Trichuris trichiura, Schistosoma mansoni and hookworm

8 Age of one rural subject was missing

8§ Missing information for Shaematobium= 1 Rural and 1 Urban Low SES subject. Intestimdintinth = 2 Urban high SES subjects

Significant associations are shown in bold.
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Table E2: Median IgE responses to glycan structures prefiatgnbound by IgE according to the heatmap. Resps stratified by school category are

shown.
Glycan Rural Urban low SES Urban high SES Kruskal-
Structure Wallis Test
Median MFI (IQR) | Median MFI (IQR) | Median MFI (IQR) p-value
E 6.66 (6.08 - 7.57) 5.88 (5.68 - 6.70) 5.80 (5.71 - 6.38) .013
G73
E 6.81 (5.91 - 8.25) 5.99 (5.68 - 6.91) 5.82 (5.68 - 6.20) .036
G75
E 6.70 (6.07 - 7.94) 6.11 (5.90 - 7.35) 5.93 (5.77 - 6.44) .03
G39
qﬁ 7.03(6.23-8.08) | 6.82(6.05-8.03) | 5.86 (5.81 —6.33) .002
G113
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