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Lymphatic filariasis presents a complex spectrum of clinical manifestations ranging from
asymptomatic microfilariaemic (MF+) to chronic pathology (CP), including lymphedema
and elephantiasis. Emerging evidence suggests a link between the physiopathology of
filarial infections and antibody properties. Post-translational glycosylation has been shown
to play a key role in the modulation of antibodies’ effector functions. Here, we investigated
the link between total IgG-N-glycosylation patterns and the physiopathology of human
lymphatic filariasis using UPLC-FLD/ESI-MS comparison of N-glycan profiles of total IgG
purified from endemic normals (EN), MF+, and CP patients. We detected a total of 19
glycans released from all IgG samples. Strikingly, agalactosylated glycan residues were
more prominent in EN, whereas sialylation and bisecting GlcNac correlated with
asymptomatic infections. While IgG from all three clinical groups expressed high levels
of fucosylated residues, significantly lower expressions of afucosylated IgG were seen in
MF+ individuals compared to EN and CP. Our data reveal distinct N-linked IgG glycan
profiles in EN, MF+, and CP and suggest that IgG galactosylation and sialylation are
associated with chronic pathology, whereas agalactosylation correlates with putative
immunity. The results also indicate a role for sialylation, fucosylation, and bisecting GlcNac
in immune tolerance to the parasite. These findings highlight the link between N-
glycosylation and the physiopathology of lymphatic filariasis and open new research
avenues for next-generation therapeutic formulations against infectious diseases.

Keywords: IgG, filariasis, UPLC-FLD/ESI-MS, N-glycosylation, galactosylation, fucosylation, sialylation, GlcNac
Abbreviations: EN, endemic normals; MF, microfilariae; CP, chronic pathology; IgG, immunoglobulin G; GlcNac, N-
Acetylglucosamine; CFA, circulating microfilaria antigen; UPLC-FLD/ESI-MS, ultra-performance liquid chromatography-
fluorescence detector/electrospray ionization-mass spectrometry.
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INTRODUCTION

Lymphatic filariasis, commonly known as elephantiasis, is a
neglected tropical disease caused by vector-borne filarial
parasites Wuchereria bancrofti, Brugia malayi, and Brugia
timori (1). Recent estimations of the WHO indicate that
859 million people in 50 countries live in areas requiring
chemotherapy to stop the spread of the infection. The global
baseline estimate of people affected by lymphatic filariasis is 25
million men with hydrocele and over 15 million people with
lymphoedema (2). In endemic areas, most infected individuals
remain asymptomatic, showing no external signs of the infection
while bearing microfilaria (MF+) and contributing to the
transmission of the parasite (2). In contrast, putatively immune
individuals, also known as endemic normals (EN), remain
infection-free despite continuous exposition to the vector (3).
In some of the exposed individuals, the infection develops into
chronic pathology (CP), manifesting as lymphoedema (tissue
swelling), elephantiasis (skin/tissue thickening) of limbs, or
hydrocele (scrotal swelling). Besides morbidity and its
economic drawbacks, the disfiguring sequels of LF often lead
to social stigma and considerable psychological burden (4). The
clinical outcomes of the infection are tightly linked to the host’s
immune reactivity. Typically, alongside classical parasite-
induced Th2 immune responses, asymptomatic patients
present a strong immune-regulated profile with high levels of
regulatory cells, anti-inflammatory cytokines. This immune-
regulated environment is associated with elevated levels of the
non-cytolytic antibody IgG4 (3, 5, 6). It is well established that
antibodies play a key role in protection and pathology across
infectious diseases. While the antibody variable domain
facilitates antibody binding to antigens and the blockade of
infection, the constant, crystallizable fragment (Fc) mediates
cross-talk with the innate immune system. The biological
activity of the Fc region is controlled genetically via class
switch recombination, resulting in the selection of distinct
antibody isotypes and subclasses (7). In helminth infections,
the IgG4 subclass was seen to be associated with tolerance of the
parasite, whereas IgG1 and IgG3 are associated with parasite
clearance and or pathology (5). New pieces of evidence suggest a
second level of control via post-translational changes in antibody
glycosylation. Fc glycans were shown to be critical for
maintaining both the proinflammatory and the anti-
inflammatory effector functions of IgG (8). Indeed N-glycan
moieties of IgG-Fc were shown to significantly impact antibody
stability and effector functions (7, 9). All four human IgG
subclasses exhibit two variable bi-antennary glycans in their Fc
region, attached at the conserved Asn297 site (10). The Fc
glycans in the IgG molecule are bi-antennary glycans with
varying fucose content, bisecting N-acetylglucosamine
(GlcNac), galactose (Gal), and sialic acid; most IgG molecules
are fucosylated. These glycan structures have profound impacts
on antibody functions and thereby on health. Agalactosylated
and asialylated IgG glycoforms, for example, were seen to be
particularly abundant in chronic inflammatory diseases such as
rheumatoid arthritis, systemic lupus erythematosus,
inflammatory bowel disease (IBD), HIV, and mycobacterial
Frontiers in Immunology | www.frontiersin.org 2
infections (11–16). Global immune activation studies reveal
that IgG1 galactose deficiency correlated with parasitic
infections or asthma (17). Conversely, sialylation has been
associated with anti-inflammatory properties and has, for
example, been seen to reduce pathogenic properties of IgG
autoantibodies (18). Recent data from our group have
suggested that helminths modulate both the quantity and the
function of antibodies secreted in their host (19). This qualitative
modulation of antibodies’ properties may have a profound
impact on the ability of the host to tolerate or eliminate
adult worms and microfilaria. Here we analyzed the link
between different antibody-glycosylation patterns and the
physiopathology of human lymphatic filariasis using mass
spectrometry. Ultimately, this work provides critical new
insights into the functional roles of antibody glycosylation and
lays initial foundations for leveraging antibody glycosylation to
drive prevention and control across diseases.
MATERIALS AND METHODS

Study Population and Ethic Statement
The present study used archived material from previous projects.
Patients and endemic controls’ samples were collected between
2009 and 2010 in the Nzema East District in the western region
of Ghana endemic for LF. No other human filarial species were
endemic in the region. Written informed consent was obtained
from all participants. Exclusion criteria included abnormal
hepatic and renal enzyme levels (g-glutamyltransferase > 28 U/L,
glutamyl pyruvic transaminase > 30 U/L, creatinine > 1.2 mg/
100 mL) assessed by dipstick chemistry, alcohol, drug abuse, or
antifilarial therapy in the past 10 months. The participants in the
study were examined by a clinician using physical methods and a
portable ultrasound machine (180 Plus; SonoSite, Bothell, WA)
as described previously (20). Ethical clearance was given by the
Committee on Human Research Publication and Ethics at the
University of Science and Technology in Kumasi and the Ethics
Committee at the University Hospital Bonn. Microfilaremia was
determined by microscopic examination of fingerprick night
blood samples as published (20). Endemic normals (EN) were
defined as residing in the endemic region but free of infection
(CFA-, MF-, n=10), clinically asymptomatic microfilaraemic
(CFA+, MF+, n=10) chronic pathology patients (CP) with
lymphedema or elephantiasis (n=10), negative for filarial
antigen. Since IgG-glycosylation patterns can be affected by
aging and estrogens levels (21, 22), only middle-aged males
(41-48 years) were included in the analysis (Table 1). Patients
receiving any other medical treatments were excluded from
the analysis.

IgG Isolation by Protein G Agarose Beads
Complete plasma samples (500mg-1mg) were diluted in 0.4 mL
of PBS (Fisher Scientific) and filtered with Amicon ultrafiltration
filters (1.5mL, 30 kDa cutoff) at 12.500 r.p.m. (Allegra bench
centrifuge) for 3 minutes at 25°C to remove buffer and
stabilization media. This washing was repeated twice. Filtered
March 2022 | Volume 13 | Article 790895
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plasma solutions in PBS were incubated with 30mL of protein G
beads solutions for 60 minutes for antibody immobilization by
IgG-G protein binding. After binding, the solution containing
the beads was centrifuged at 12.500 r.p.m. (Allegra bench
centrifuge) for 3 minutes at 25°C to remove any unbound
excess protein. Centrifugation was repeated three times with
200uL of PBS. Subsequently, the IgG fraction (150uL in PBS) was
released from the protein G beads by incubation with 200mL of
HCL 100 mM solution (acidic conditions) for 15 minutes. The
samples were centrifuged again, and the supernatant containing
the IgG was recovered. Each purified IgG solution was
neutralized with 40mL of a NaOH 500 mM solution, and the
resulting solutions were analyzed by SDS-PAGE for assessing the
Frontiers in Immunology | www.frontiersin.org 3
purification yield (Figure 1). IgG samples were then used directly
for the next deglycosylation step.

Deglycosylation and Glycan Isolation
IgG samples (25mg-200mg) were diluted in 300mL ultrapure
water and filtered with Amicon® Ultra 0.5mL Centrifugal
filters (10,000 NMWL) at 4,500 r.p.m on an AllegraTM X-22R
Benchtop Centrifuge for 12 minutes at 25°C to remove
metabolites from media. The protein samples were
concentrated to 150mL and immediately denatured using
150mL of 1% SDS and under heating at 60°C for 30 minutes.
The solutions of denatured IgG were diluted with 350mL of
deionized water and concentrated, using Amicon® Ultra 0.5mL
FIGURE 1 | SDS-PAGE analysis of IgG purity from plasma with Protein G resin and acidic elution. Numbers 1-30 indicated the position of the corresponding
sample. M, molecular weight marker. SDS-PAGE results to determine the purity of purified IgG showed a distinct band of 50 kDa. Molecular weight marker position
corresponds to Ab heavy chain, and the band in 25 kDa position corresponds to IgG light chain.
TABLE 1 | Clinical characteristics of patients and controls.

N° Age in years Gender MF/10 ml CFA LE/Hy Antifilarial antibody titer Clinical classification

1 45 M 0 - - - EN
2 48 M 0 – – – EN
3 43 M 0 - - - EN
4 44 M 0 – – – EN
5 42 M 0 - - - EN
6 40 M 0 – – – EN
7 41 M 0 - - - EN
8 43 M 0 – – – EN
9 45 M 0 - - - EN
10 43 M 0 – – – EN
11 47 M 1101 + - + MF+
12 46 M 2710 + – + MF+
13 44 M 4264 + - + MF+
14 41 M 2182 + – + MF+
15 44 M 5166 + - + MF+
16 46 M 1182 + – + MF+
17 40 M 271 + - + MF+
18 42 M 3864 + – + MF+
19 46 M 354 + - + MF+
20 44 M 608 + – + MF+
21 48 M 0 - + + LE
22 46 M 0 – + + LE
23 47 M 0 - + + LE
24 43 M 0 – + + LE
25 41 M 0 - + + LE
26 45 M 0 – + + Hy
27 41 M 0 - + + Hy
28 46 M 0 – + + Hy
29 47 M 0 - + + Hy
30 40 M 0 – + + Hy
March 2022 | Volu
M, Male; MF, Microfilaria; CFA, Circulating Filarial Antigen; EN, Endemic Normal; LE, Lymphedema; Hy, Hydrocele.
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Centrifugal filters as described above to remove SDS. The
concentrated/denatured protein solutions were treated with
4mL of PNGase F and incubated for 90 minutes at 60°C. After
deglycosylation, released N-glycans were isolated from the
protein fraction by filtration using Amicon Ultra-0.5 mL
Centrifugal fi lters (10,000 NMWL) at 12,500 r.p.m.
(AllegraTM X-22R Benchtop Centrifuge) for 5 minutes at
25°C. The filtrate solutions containing released N-glycans
were lyophilized on a TELSTAR LyoQuest Plus -55 freeze
dryer (TELSTAR, Terrassa, Spain). The retained fractions were
recovered by inverting the filter and transferred by centrifugation
(at 1,500 r.p.m. for 1 minute at 25°C) to a second receiver vial
and stored at -20°C.

Procainamide Labeling
Recent reports on LC-FLR/MS reveal glycans labeling with
procainamide (4-amino-N- (2-diethylaminoethyl) benzamide) as
an effective method to improve MS ionization efficiency without
compromising LC separation (23). A procainamide labeling
solution was prepared following the Waters Application Note.
UPLC/FLR/QTof (MS Analysis of Procainamide-Labeled
N-glycans). Briefly, 12mg of procainamide and 6mg of sodium
cyanoborohydride were dissolved in 0.5mL of a dimethyl sulfoxide
(DMSO)/Acetic acid (7/3) mixture. The lyophilized N-glycan
samples were reconstituted in 10mL of ultrapure water. The
obtained solutions were treated with 50 mL of procainamide
labeling solution at 65°C for 3 hours under gentle shaking on a
Thermomixer (Eppendorf). After labeling, the labeling solutions
were diluted with 200mL Acetonitrile and directly analyzed
by UPLC-FLD/ESI-MS under standard conditions (Waters,
Application Note. UPLC/FLR/QTof MS Analysis of
Procainamide-Labeled N- glycans).

UPLC-FLD/MS Analysis of Procainamide
Labeled N-Glycans
Profiles of procainamide-labeled fluorescent N-glycans from
isolated IgG samples were obtained by HILIC UPLC-FLD/ESI-
MS. Labeled glycans were separated by UPLC on a HILIC
(hydrophilic interaction liquid chromatography) column, and
labeled glycans were detected by online fluorescence and ESI-
TOF mass detection. Fluorescence detection allowed us to
quantify the uniformly labeled glycans peaks with very high
sensitivity. In contrast, mass detection was employed to provide
structural data for the assignment of peaks to glycan structures
based on mass. For quantification, peaks areas were integrated
and converted into relative percentages of the total glycan
amount defined as the sum of all peaks and normalized to
100%. The UPLC analysis was performed following the
standard procedures from Waters (Application Note. UPLC/
FLR/QTof MS Analysis of Procainamide-Labeled N-glycans).

Peak Assignment - Methodology
Mass distribution spectrum assigned to the glycan; ESI-MS
spectrum confirming the mass found; and the fluorescence
chromatogram of the sample, containing all peaks, with their
corresponding retention times, total integration, and relative
Frontiers in Immunology | www.frontiersin.org 4
abundance. As an example, Figure 2 shows the chromatogram
of sample 30 for G0 glycan with a retention time of 20.9 and ESI+
mass 768.8.

Statistical Analysis
All statistical analyses were performed using Prism 5.03 software
(GraphPad Software, Inc., La Jolla, USA). Comparative analyses
among groups were conducted using the Kruskal-Wallis test with
a Dunn’s nonparametric posthoc test (> 2 groups). Significance
was accepted when p < 0.05.
RESULTS

Characterization of Glycans of IgG
We detected a total 19 glycans released from IgG purified from
all tested samples. Table 2 summarizes the proposed structures
for all 19 glycans and the code used. The identified IgG-
glycoforms can be separated according to the presence or not
of a galactose residue. 3 glycans were agalactosylated (G0). 6 were
monogalactosylated (G1), 8 glycans digalactosylated (G2) and 13
were fucosylated (F), and 6 were afucosylated. 4 glycans were
monosialylated (A1), 3 glycans were disialylated (A2), whereas
12 were asialylated. 7 glycans had a bisecting GlcNAc arm (bG0F,
bG1Fa, bG1Fb, bG2, bG2F, bG2A1F, bA2F).

Higher Heterogeneity in Antibody
Glycosylation Patterns in Chronic
Pathology Patients
To determine whether the level of complexity in glycosylation
patterns of total IgG differed between EN, CP, and MF+ donors,
N-linked glycosylation patterns of total IgG were compared
between the different groups. The data suggest that CP patients
presented significantly more glycan residues compared to MF+
and EN. No significant difference was seen between EN and MF+
individuals regarding the number of IgG-N-linked glycan
residues (Figure 3). This higher number of glycan residues
may be linked with a more pronounced inflammatory state
observed in CP patients.

Agalactosylation Correlates With
Putative Immunity
Fc-galactosylation is known to improve binding to C1q in
human IgG without affecting antigen-binding affinities (24). To
determine the importance of IgG-N-linked galactose residues in
the physiopathology of lymphatic filariasis, we analyzed the
importance of lack of galactose residue on IgG of EN, MF+,
and CP. Our data indicate that IgG from EN presented the
highest numbers of agalactosylated residues (Figure 4A). This
trend is confirmed when the most abundant agalactosylated
residue G0F is considered (Figure 4B). However, the second
most abundant agalactosylated residue (bG0F) was predominant
in IgG of MF+ individuals (Figure 4C). No substantial difference
was seen when considering other agalactosylated residues.
March 2022 | Volume 13 | Article 790895
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Galactosylation Correlates With
Chronic Pathology (CP)
Next, we analyzed the importance of IgG-N-linked mono and
bigalactosylated residues in the physiopathology of lymphatic
filariasis. The relative abundance of mono (G1, G1Fa, G1Fb,
bG1Fb, G1A1F) and bigalactosylated (G2, bG2, G2F, bG2F,
G2A1, G2A1F, G2A2) residues was therefore investigated on
IgG of EN, MF+, and CP. The results indicate that IgG from CP
patients presented the highest levels of both mono- and
bigalactosylated residues. This trend was confirmed when the 3
most abundant bi and monogalactosylated residues, G2F, G1Fa,
G1Fb are considered (Figures 5B, E). MF+ individuals generally
expressed significantly higher levels of galactosylated residues
compared to EN (Figures 5A, D), suggesting that galactosylation
of IgG is primarily associated with the infection. However, IgG
from MF+ individuals expressed slightly lower levels of G1Fb, a
less abundant glycomer of G1Fa, compared to EN. In contrast,
the afucosylated and asialylated, bigalactosylated residue G2 was
found to be more abundant of IgG of MF+ individuals compared
to EN and CP.
Frontiers in Immunology | www.frontiersin.org 5
Lower Level of Afucosylation in IgG of
Asymptomatic Microfilaremic (MF+)
IgG fucosylation in the Fc domain has been attributed anti-
inflammatory properties. To investigate the role of IgG-
fucosylation in the physiopathology of lymphatic filariasis, we
analyzed the relative abundance of fucose residues in EN, MF+,
and CP individuals. Interestingly, even though high levels of
fucosylated glycans were found on IgG of all groups, significantly
lower amounts of afucosylated residues (and higher amounts of
fucosylated residues) were found in MF+ individuals. (Figure 6).

Higher Level of Sialylated
Residues in IgG of Asymptomatic
Microfilaremic Individuals
We next analyzed the expression of IgG-N-linked sialic acid residues
on IgG of EN, MF+, and CP. Interestingly, MF+ individuals
expressed the highest amounts of sialic acid-containing residues.
This increased amount is mainly due to abundant residues
like G1A1F, G2A1, G2A1F, bG2A1F. All these residues are
galactosylated, and apart of G2A1, are fucosylated (Figure 7).
FIGURE 2 | Peak assignment strategy. Profiles of procainamide-labeled fluorescent N-glycans from isolated IgG samples were obtained by HILIC UPLC-FLD/ESI-
MS. Peaks were assigned according to the retention times. The graph displays a representative ESI-TOF mass spectra, a peak selection at 768.8 m/z (upper panel),
the corresponding extracted Single Ion chromatogram (SIC), and full FLR trace chromatogram (middle and lower panel).
March 2022 | Volume 13 | Article 790895
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Bisecting GlcNac Is Predominant in
Asymptomatic Microfilaremic
Individuals (MF+)
Attachment of bisecting GlcNac to the Fc glycan was shown to
play a critical role in antibody-dependent cell-mediated
cytotoxicity (ADCC). To determine the role of IgG-N-linked
bisecting GlcNac residues in the physiopathology of lymphatic
filariasis, we analyzed the presence of bisecting GlcNac residues
on IgG of EN, MF+, and CP. Surprisingly, MF+ patients
expressed the highest amounts of bisecting GlcNac containing
residues (Figure 8). This predominance is mainly due to the
most abundant residue with bisecting arm bG0F. However, the
same trend is observed when bG1F, a monogalactosylated
residue with the same core structure, is considered (Figure 8C).
Frontiers in Immunology | www.frontiersin.org 6
DISCUSSION

The composition of the Fc N-glycan modulates the magnitude of
antibodies’ effector functions, such as the antibody-dependent cell-
mediated cytotoxicity (ADCC) and the complement-dependent
cytotoxicity (CDC) (9). Our data suggest a higher expression in
antibody glycosylation in CP patients compared to the EN andMF+
individuals. This higher level of glycosylation might be associated
with the well-known pronounced inflammatory state in CP patients
(19). This finding is in line with previous investigations reporting an
association between the levels of Fc and Fab immunoglobulin-G-
related glycosylation with inflammation (25, 26).

The present study also demonstrates that IgG-galactosylation
patterns significantly differ from one lymphatic filariasis clinical
TABLE 2 | Detected glycan structures.

N-glycan Structure Ret. Time ESI +

GO 20.9 768.8

GOF 22.29 841.8

bGOF 23.65 943.4

G1 24.1 849.8

G1Fa 25.05 922.9

G1Fb 25.44 922.9

bG1Fa 26.02 1024.4

bG1Fb 26.41 1024.4

G2 26.82 930.9

G2F 27.11 1032.5

bG2 27.95 1003.8

bG2F 28.54 1105

G1A1F 29.05 1068.5

G2A1 30.18 1076.5

G2A1F 31.12 1149

bG2A1f 31.84 1251

G2A2 32.56 1222

A2F 33.85 1295

bA2F 34.23 1396.6
March 2022 | Volume 13 | Article
GlcNac, Fucose (F), Galactose (G), Mannose, sialic acid (A).

19 different glycan structures were detected in all tested IgG samples. 3 were agalactosylated (G0), 6 were monogalactosylated (G1), 8 were digalactosylated (G2). 13 were fucosylated (F),
and 6 afucosylated. 4 glycans were monosialylated (A1), 3 glycans were disialylated (A2) whereas 12 were asialyated. 7 glycans had a bisecting GlcNac arms (b...).
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group to the other. Indeed, IgG-agalactosylation correlates with
putative immunity, whereas galactosylation was associated with
chronic pathology. These data are in line with those obtained in a
canine filaria infection model, where IgG N-galactosylation was
increased as a result of infection with Dirofilaria immitis, a
filarial nematode closely related to Onchocerca volvulus,
Wuchereria bancrofti, and Brugia malayi (27). Even though
our results converge with part of the literature, they differ from
those obtained by O’Regan et al. in India, who demonstrated that
IgG N-galactosylation was similar in EN, CP, and
asymptomatically infected donors (28). This divergence might
be associated with different factors, including the nature of the
pathogens and the study population. Indeed, LF is caused in
Africa mainly byWuchereria bancrofti, whereas Brugia Malayi is
the causative agent in India, Malaysia, and other parts of
Southeast Asia (29). Whether these two main LF parasites have
Frontiers in Immunology | www.frontiersin.org 7
different impacts on antibody galactosylation remains to be
clarified. Nevertheless, additional investigations with larger and
multiregional cohorts are required to precisely define the
relationship between galactosylation and the physiopathology
of helminth infections. In addition, it is well established that large
variability in IgG glycome exists across multiple geographical
locations (30).

Higher IgG-galactosylation linked with inflammation was
also seen in patients with ankylosing spondylitis, a rare form of
arthritis that primarily affects the spine. In this model, the ratio
of galactosylated IgG was seen to be twice higher in patients than
in controls (31). The presence of terminal galactose on
recombinant monoclonal antibodies was reported to enhance
their capacity to induce complement-dependent cytotoxicity
(CDC) by affecting their affinity to C1q (32). CDC being a key
mechanism associated with the killing of microfilaria (33), the
A

B

C

D

FIGURE 3 | Higher IgG-Glycan heterogeneity in CP patients. (A–C) Representative electropherograms from a CP (A), MF+ (B), and EN (C) indicating all structures
present in the Fc region of IgG. (D) Relative abundance of IgG molecules carrying different glycan residues in total IgG purified from EN, MF+, and CP patients. Dots
represent individual donors. Bars represent means ± SEM. The indicated p-values refer to the significance level among all groups according to Kruskal-Wallis test.
Indicated p values reflect the level of differences after Dunn’s multiple comparisons test. Significance is accepted when P < 0.05.
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predominance of galactosylated IgG molecules in CP may
explain the absence of microfilaria in this clinical group.

Regarding fucosylation, our data suggest that fucosylation
was high in all clinical groups. However, when considering the
Frontiers in Immunology | www.frontiersin.org 8
relative abundance of afucosylated residues, CP patients
expressed significantly higher levels of afucosylated IgG
compared to both EN and MF+. Interestingly, MF+
individuals, known to have a more pronounced regulatory
A B C

FIGURE 4 | Higher levels of agalactosylated residues in EN. Graphs represent the relative abundance of all IgG-bound glycan structures lacking galactose molecules
(A), agalactosylated and fucosylated (B) or agalactosylated, fucosylated with a bisecting GlcNAc residue (C) in IgG purified from EN, MF+, and CP patients. Dots
represent individual donors. Bars represent means SEM. The indicated p-values refer to the significance level among all groups according to the Kruskal-Wallis test
and Dunn’s multiple comparisons test. Significance is accepted when P < 0.05.
A B C

D E F

FIGURE 5 | Elevated IgG- galactosylation correlates with chronic pathology. Graphs represent the relative abundance of IgG-bound glycan structures with one
(A–C) or two galactose molecules (D–F) in IgG purified from EN, MF+, and CP patients. Dots represent individual donors. Bars represent means ± SEM. Statistical
analyses were performed using the Kruskal–Wallis nonparametric test with Dunn’s multiple comparison post-test. Significance is accepted when P < 0.05.
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immune profile, presented the lowest levels of afucosylated IgG
compared to EN and CP. While little data exist on IgG
fucosylation in filarial infections, similar results were seen in
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infections, where recent investigations suggest that afucosylated
IgG responses promote the exacerbation of COVID-19 (34, 35).
Hyperreactive immune responses being the hallmark of CP, our
data confirm that excessive immune reactivity in both helminth
Frontiers in Immunology | www.frontiersin.org 9
and viral infections might be associated with elevated amounts of
afucosylated IgG.

Our results also showed a significantly higher expression of
sialylation in total IgG of MF+ individuals. Sialylated IgG Fc
domains were shown to have the ability to increase the activation
threshold of innate effector cells to immune complexes by
stimulating the upregulation of the inhibitory Fc-gamma-RIIb
(36, 37). MF+ individuals being well known to have more
A B

FIGURE 6 | Higher levels of afucosylated IgG are associated with CP. Graphs represent the relative abundance of IgG-bound glycan structures without (A) or with
(B) fucose residues (A) in total IgG purified from EN, MF+, and CP patients. Dots represent individual donors. Bars represent means ± SEM. Statistical analyses
were performed using the Kruskal–Wallis nonparametric test with Dunn’s multiple comparison post-test. Significance is accepted when P < 0.05.
A B C

FIGURE 7 | Higher levels of IgG-sialylation are associated with asymptomatic infection during LF. Graphs represent the relative abundance of IgG-bound glycan
structures with sialic acid residues in total IgG purified from EN, MF+, and CP patients (A–C). Dots represent individual donors. Bars represent means ± SEM.
Statistical analyses were performed using the Kruskal–Wallis nonparametric test with Dunn’s multiple comparison post-test. Significance is accepted when P < 0.05.
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pronounced anti-inflammatory profiles, the higher expression of
sialylated-IgG fits with the immune-regulated milieu in MF+
individuals (5). Our data confirmed previous findings suggesting
that total IgG sialylation may be involved in asymptomatic
infection during bancroftian filariasis (28).

When it comes to bisecting GlcNac, our data suggest that this
feature is more pronounced in MF+ individuals compared to EN
and CP. The impact of bisecting GlcNac on antibody functions is
not well documented. Nonetheless, the combination of bisecting
GlcNac on G0 was seen to enhance antibodies’ capacity to induce
ADCC (38). ADCC being a proinflammatory process, the higher
expression of IgG with bisecting GlcNac in MF+ individuals
seems on the first sight to be controversial. However, the most
abundant IgG glycoforms with bisecting GlcNac in MF+
individuals in our settings were also fucosylated. These
findings suggest that IgG-fucosylation may interfere with the
proinflammatory properties conferred by bisecting GlcNac in
MF+ individuals. Indeed, branching fucose residues at the core of
the biantennary glycan structure was shown to inhibit the
binding affinity of the IgG-Fc to the proinflammatory receptor
Fc-gamma-RIIIa (10), known to play a key role in the induction
of ADCC (39).

Our data highlighted the link between immune reactivity in
lymphatic filariasis and IgG glycosylation. However, the main
limitation of the present study is the fact that investigations were
done at total IgG level. Indeed, the glycan-mediated fine-tuning
of IgG functions at subclasses and antigen-specific levels may
have a more direct impact on clinical outcomes of the infection.
In addition, since Fc and Fab fragments were not purified in our
settings, our results encompass glycosylation patterns of both Fc
and Fab fragments. It can therefore not be excluded that Fab and
Fc glycosylation have distinct effects on the physiopathology of
lymphatic filariasis. Recent data suggest that Fab glycan patterns
Frontiers in Immunology | www.frontiersin.org 10
are variable and play key roles in inflammation and immune
regulation (26, 40). The present study focuses solely on N-
glycosylation. However, in addition to N-glycosylation, O-
glycosylation is also known to impact antibody effector
functions (41). Given the delicate balance of protective versus
pathological IgG glycosylation profiles across infectious diseases,
further investigations are required to better define the
implication of antibody Fab and Fc N and O-glycosylation
profiles in disease outcomes. Technical limitations might also
influence the results. Indeed, lower intensities were observed in
some of the chromatograms. This is likely associated with the
intrinsic quality of the samples. In addition, the amounts of
protein obtained after protein G purification of sample 6 (EN)
and 13 (MF+) were much lower compared to the other samples.
For these two samples, 25 and 150 µg of protein were used
respectively for deglycosylation and glycan isolation, whereas
200µg was used for all other samples. Nonetheless, excluding
these two samples would have no impact on the overall outcome.

Ultimately, the present study has identified clear differences
in IgG glycan profiles between CP, MF+ individuals, and EN and
suggests that IgG glycome alterations might potentially be useful
as biomarkers for disease severity prediction in lymphatic
filariasis. A better understanding of the impact of antibody
glycosylation may also provide critical insights for next-
generation therapeutic formulations and vaccines.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
A B C

FIGURE 8 | Higher levels of N-linked GlcNac are associated with asymptomatic infection during LF. Graphs represent the relative abundance of IgG bound glycan
structures with bisecting GlcNac, total (A), or in combination with fucose (B) or a galactose and fucose molecule (C). Dots represent individual donors. Bars
represent means ± SEM. Statistical analyses were performed using the Kruskal–Wallis nonparametric test with Dunn’s multiple comparison post-test. Significance is
accepted when P < 0.05.
March 2022 | Volume 13 | Article 790895

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Adjobimey and Hoerauf IgG N-Glycosylation in Lymphatic Filariasis
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the University Hospital Bonn,
University of Bonn, Germany. Committee on Human Research
Publication and Ethics, University of Science and Technology in
Kumasi, Ghana. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the
submitted version.
Frontiers in Immunology | www.frontiersin.org 11
FUNDING

This study was supported by the German Research Foundation
(DFG): Project number 392112800, reference: HO 2009/13-1.
AH is funded by the Deutsche Forschungsgemeinschaft (DFG,
German Research Foundation) under Germany’s Excellence
Strategy – EXC2151 – 390873048”.
ACKNOWLEDGMENTS

We thank the Ghana-based team for their support during the
recruitment of LF patients. We thank Asparia Glycomics’ teams
for the technical support.
REFERENCES
1. 489 Global Programme to Eliminate Lymphatic Filariasis: Progress Report,

2014. Wkly Epidemiol Rec (2015) 90(38):489–504.
2. WHO. Lymphatic Filariasis 2021. Available at: https://www.who.int/health-

topics/lymphatic-filariasis.
3. Maizels RM, Yazdanbakhsh M. Immune Regulation by Helminth Parasites:

Cellular and Molecular Mechanisms. Nat Rev Immunol (2003) 3(9):733–44.
doi: 10.1038/nri1183

4. Hofstraat K, van Brakel WH. Social Stigma Towards Neglected Tropical
Diseases: A Systematic Review. Int Health (2016) 8(Suppl 1):i53–70.
doi: 10.1093/inthealth/ihv071

5. Adjobimey T, Hoerauf A. Induction of Immunoglobulin G4 in Human
Filariasis: An Indicator of Immunoregulation. Ann Trop Med Parasitol
(2010) 104(6):455–64. doi: 10.1179/136485910X12786389891407

6. Babu S, Blauvelt CP, Kumaraswami V, Nutman TB. Regulatory Networks
Induced by Live Parasites Impair Both Th1 and Th2 Pathways in Patent
Lymphatic Filariasis: Implications for Parasite Persistence. J Immunol (2006)
176(5):3248–56. doi: 10.4049/jimmunol.176.5.3248

7. Irvine EB, Alter G. Understanding the Role of Antibody Glycosylation
Through the Lens of Severe Viral and Bacterial Diseases. Glycobiology
(2020) 30(4):241–53. doi: 10.1093/glycob/cwaa018

8. Arnold JN, Wormald MR, Sim RB, Rudd PM, Dwek RA. The Impact of
Glycosylation on the Biological Function and Structure of Human
Immunoglobulins. Annu Rev Immunol (2007) 25:21–50. doi: 10.1146/
annurev.immunol.25.022106.141702

9. Kiyoshi M, Caaveiro JMM, Tada M, Tamura H, Tanaka T, Terao Y, et al.
Assessing the Heterogeneity of the Fc-Glycan of a Therapeutic Antibody
Using an Engineered FcgammaReceptor IIIa-Immobilized Column. Sci Rep
(2018) 8(1):3955.

10. Reily C, Stewart TJ, Renfrow MB, Novak J. Glycosylation in Health and
Disease. Nat Rev Nephrol (2019) 15(6):346–66. doi: 10.1038/s41581-019-
0129-4

11. BiermannMH, Griffante G, Podolska MJ, Boeltz S, Sturmer J, Munoz LE, et al.
Sweet But Dangerous - The Role of Immunoglobulin G Glycosylation in
Autoimmunity and Inflammation. Lupus (2016) 25(8):934–42. doi: 10.1177/
0961203316640368

12. Go MF, Schrohenloher RE, Tomana M. Deficient Galactosylation of Serum
IgG in Inflammatory Bowel Disease: Correlation With Disease Activity. J Clin
Gastroenterol (1994) 18(1):86–7. doi: 10.1097/00004836-199401000-00021

13. Moore JS, Wu X, Kulhavy R, Tomana M, Novak J, Moldoveanu Z, et al. Increased
Levels of Galactose-Deficient IgG in Sera of HIV-1-Infected Individuals. AIDS
(2005) 19(4):381–9. doi: 10.1097/01.aids.0000161767.21405.68

14. Tomana M, Schrohenloher RE, Koopman WJ, Alarcon GS, Paul WA.
Abnormal Glycosylation of Serum IgG From Patients With Chronic
Inflammatory Diseases. Arthritis Rheum (1988) 31(3):333–8. doi: 10.1002/
art.1780310304
15. TomanaM, Schrohenloher RE, Reveille JD, Arnett FC, KoopmanWJ. Abnormal
Galactosylation of Serum IgG in Patients With Systemic Lupus Erythematosus
and Members of Families With High Frequency of Autoimmune Diseases.
Rheumatol Int (1992) 12(5):191–4. doi: 10.1007/BF00302151

16. van Zeben D, Rook GA, Hazes JM, Zwinderman AH, Zhang Y, Ghelani S,
et al. Early Agalactosylation of IgG Is Associated With a More Progressive
Disease Course in Patients With Rheumatoid Arthritis: Results of a Follow-Up
Study. Br J Rheumatol (1994) 33(1):36–43. doi: 10.1093/rheumatology/33.1.36

17. de Jong SE, Selman MH, Adegnika AA, Amoah AS, van Riet E, Kruize YC,
et al. IgG1 Fc N-Glycan Galactosylation as a Biomarker for Immune
Activation. Sci Rep (2016) 6:28207. doi: 10.1038/srep28207

18. Markina YV, Gerasimova EV, Markin AM, Glanz VY, Wu WK, Sobenin IA,
et al. Sialylated Immunoglobulins for the Treatment of Immuno-
Inflammatory Diseases. Int J Mol Sci (2020) 21(15):5472. doi: 10.3390/
ijms21155472

19. Prodjinotho UF, von Horn C, Debrah AY, Batsa Debrah L, Albers A, Layland
LE, et al. Pathological Manifestations in Lymphatic Filariasis Correlate With
Lack of Inhibitory Properties of IgG4 Antibodies on IgE-Activated
Granulocytes. PloS Negl Trop Dis (2017) 11(7):e0005777. doi: 10.1371/
journal.pntd.0005777

20. Debrah AY, Mand S, Marfo-Debrekyei Y, Batsa L, Pfarr K, Lawson B, et al.
Reduction in Levels of Plasma Vascular Endothelial Growth Factor-A and
Improvement in Hydrocele Patients by Targeting Endosymbiotic Wolbachia
Sp. In Wuchereria Bancrofti With Doxycycline. Am J Trop Med Hyg (2009) 80
(6):956–63. doi: 10.4269/ajtmh.2009.80.956

21. Gudelj I, Lauc G, Pezer M. Immunoglobulin G Glycosylation in Aging and
Diseases. Cell Immunol (2018) 333:65–79. doi: 10.1016/j.cellimm.2018.07.009

22. Ercan A, Kohrt WM, Cui J, Deane KD, Pezer M, Yu EW, et al. Estrogens
Regulate Glycosylation of IgG in Women and Men. JCI Insight (2017) 2(4):
e89703. doi: 10.1172/jci.insight.89703

23. Klapoetke S, Zhang J, Becht S, Gu X, Ding X. The Evaluation of a Novel
Approach for the Profiling and Identification of N-Linked Glycan With a
Procainamide Tag by HPLC With Fluorescent and Mass Spectrometric
Detection. J Pharm BioMed Anal (2010) 53(3):315–24. doi: 10.1016/
j.jpba.2010.03.045

24. Peschke B, Keller CW, Weber P, Quast I, Lunemann JD. Fc-Galactosylation of
Human Immunoglobulin Gamma Isotypes Improves C1q Binding and
Enhances Complement-Dependent Cytotoxicity. Front Immunol (2017)
8:646. doi: 10.3389/fimmu.2017.00646

25. Ferrantelli E, Farhat K, Ederveen ALH, Reiding KR, Beelen RHJ, van Ittersum
FJ, et al. Effluent and Serum Protein N-Glycosylation Is Associated With
Inflammation and Peritoneal Membrane Transport Characteristics in
Peritoneal Dialysis Patients. Sci Rep (2018) 8(1):979. doi: 10.1038/s41598-
018-19147-x

26. Koers J, Derksen N, Falkenburg W, Ooijevaar-de Heer P, Nurmohamed MT,
Wolbink GJ, et al. Elevated Fab Glycosylation of Anti-Hinge Antibodies.
Scand J Rheumatol (2021) 50:1–8. doi: 10.1080/03009742.2021.1986959
March 2022 | Volume 13 | Article 790895

https://www.who.int/health-topics/lymphatic-filariasis
https://www.who.int/health-topics/lymphatic-filariasis
https://doi.org/10.1038/nri1183
https://doi.org/10.1093/inthealth/ihv071
https://doi.org/10.1179/136485910X12786389891407
https://doi.org/10.4049/jimmunol.176.5.3248
https://doi.org/10.1093/glycob/cwaa018
https://doi.org/10.1146/annurev.immunol.25.022106.141702
https://doi.org/10.1146/annurev.immunol.25.022106.141702
https://doi.org/10.1038/s41581-019-0129-4
https://doi.org/10.1038/s41581-019-0129-4
https://doi.org/10.1177/0961203316640368
https://doi.org/10.1177/0961203316640368
https://doi.org/10.1097/00004836-199401000-00021
https://doi.org/10.1097/01.aids.0000161767.21405.68
https://doi.org/10.1002/art.1780310304
https://doi.org/10.1002/art.1780310304
https://doi.org/10.1007/BF00302151
https://doi.org/10.1093/rheumatology/33.1.36
https://doi.org/10.1038/srep28207
https://doi.org/10.3390/ijms21155472
https://doi.org/10.3390/ijms21155472
https://doi.org/10.1371/journal.pntd.0005777
https://doi.org/10.1371/journal.pntd.0005777
https://doi.org/10.4269/ajtmh.2009.80.956
https://doi.org/10.1016/j.cellimm.2018.07.009
https://doi.org/10.1172/jci.insight.89703
https://doi.org/10.1016/j.jpba.2010.03.045
https://doi.org/10.1016/j.jpba.2010.03.045
https://doi.org/10.3389/fimmu.2017.00646
https://doi.org/10.1038/s41598-018-19147-x
https://doi.org/10.1038/s41598-018-19147-x
https://doi.org/10.1080/03009742.2021.1986959
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Adjobimey and Hoerauf IgG N-Glycosylation in Lymphatic Filariasis
27. Behrens AJ, Duke RM, Petralia LMC, Lehoux S, Carlow CKS, Taron CH, et al.
Changes in Canine Serum N-Glycosylation as a Result of Infection With the
Heartworm Parasite Dirofilaria Immitis. Sci Rep (2018) 8(1):16625.
doi: 10.1038/s41598-018-35038-7

28. O'Regan NL, Steinfelder S, Schwedler C, Rao GB, Srikantam A, Blanchard V,
et al. Filariasis Asymptomatically Infected Donors Have Lower Levels of
Disialylated IgG Compared to Endemic Normals. Parasite Immunol (2014) 36
(12):713–20. doi: 10.1111/pim.12137

29. Small ST, Labbe F, Coulibaly YI, Nutman TB, King CL, Serre D, et al. Human
Migration and the Spread of the Nematode Parasite Wuchereria Bancrofti.
Mol Biol Evol (2019) 36(9):1931–41. doi: 10.1093/molbev/msz116

30. Stambuk J, Nakic N, Vuckovic F, Pucic-Bakovic M, Razdorov G, Trbojevic-
Akmacic I, et al. Global Variability of the Human IgG Glycome. Aging (Albany
NY) (2020) 12(15):15222–59. doi: 10.18632/aging.103884

31. Liu J, Zhu Q, Han J, Zhang H, Li Y, Ma Y, et al. The IgG Galactosylation Ratio
Is Higher in Spondyloarthritis Patients and Associated With the MRI Score.
Clin Rheumatol (2020) 39(8):2317–23. doi: 10.1007/s10067-020-04998-5

32. Hodoniczky J, Zheng YZ, James DC. Control of Recombinant Monoclonal
Antibody Effector Functions by Fc N-Glycan Remodeling In Vitro. Biotechnol
Prog (2005) 21(6):1644–52. doi: 10.1021/bp050228w

33. Hamada A, Young J, Chmielewski RA, Greene BM. C1q Enhancement of
Antibody-Dependent Granulocyte-Mediated Killing of Nonphagocytosable
Targets In Vitro. J Clin Invest (1988) 82(3):945–9. doi: 10.1172/JCI113702

34. Hoepel W, Chen HJ, Geyer CE, Allahverdiyeva S, Manz XD, de Taeye SW,
et al. High Titers and Low Fucosylation of Early Human Anti-SARS-CoV-2
IgG Promote Inflammation by Alveolar Macrophages. Sci Transl Med (2021)
13(596):eabf8654. doi: 10.1126/scitranslmed.abf8654

35. Larsen MD, de Graaf EL, Sonneveld ME, Plomp HR, Nouta J, Hoepel W, et al.
Afucosylated IgG Characterizes Enveloped Viral Responses and Correlates
With COVID-19 Severity. Science (2021) 371(6532):eabc8378. doi: 10.1126
science.abc8378

36. Anthony RM, Ravetch JV. A Novel Role for the IgG Fc Glycan: The Anti-
Inflammatory Activity of Sialylated IgG Fcs. J Clin Immunol (2010) 30(Suppl
1):S9–14. doi: 10.1007/s10875-010-9405-6
Frontiers in Immunology | www.frontiersin.org 12
37. Quast I, Keller CW, Maurer MA, Giddens JP, Tackenberg B, Wang LX, et al.
Sialylation of IgG Fc Domain Impairs Complement-Dependent Cytotoxicity.
J Clin Invest (2015) 125(11):4160–70. doi: 10.1172/JCI82695

38. Dekkers G, Plomp R, Koeleman CA, Visser R, von Horsten HH, Sandig V,
et al. Multi-Level Glyco-Engineering Techniques to Generate IgG With
Defined Fc-Glycans. Sci Rep (2016) 6:36964. doi: 10.1038/srep36964

39. de Taeye SW, Bentlage AEH, Mebius MM, Meesters JI, Lissenberg-
Thunnissen S, Falck D, et al. FcgammaR Binding and ADCC Activity of
Human IgG Allotypes. Front Immunol (2020) 11:740. doi: 10.3389/
fimmu.2020.00740

40. van de Bovenkamp FS, Hafkenscheid L, Rispens T, Rombouts Y. The
Emerging Importance of IgG Fab Glycosylation in Immunity. J Immunol
(2016) 196(4):1435–41. doi: 10.4049/jimmunol.1502136

41. de Haan N, Falck D, Wuhrer M. Monitoring of Immunoglobulin N- and O-
Glycosylation in Health and Disease. Glycobiology (2020) 30(4):226–40.
doi: 10.1093/glycob/cwz048
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Adjobimey and Hoerauf. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 790895

https://doi.org/10.1038/s41598-018-35038-7
https://doi.org/10.1111/pim.12137
https://doi.org/10.1093/molbev/msz116
https://doi.org/10.18632/aging.103884
https://doi.org/10.1007/s10067-020-04998-5
https://doi.org/10.1021/bp050228w
https://doi.org/10.1172/JCI113702
https://doi.org/10.1126/scitranslmed.abf8654
https://doi.org/10.1126 science.abc8378
https://doi.org/10.1126 science.abc8378
https://doi.org/10.1007/s10875-010-9405-6
https://doi.org/10.1172/JCI82695
https://doi.org/10.1038/srep36964
https://doi.org/10.3389/fimmu.2020.00740
https://doi.org/10.3389/fimmu.2020.00740
https://doi.org/10.4049/jimmunol.1502136
https://doi.org/10.1093/glycob/cwz048
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Distinct N-Linked Immunoglobulin G Glycosylation Patterns Are Associated With Chronic Pathology and Asymptomatic Infections in Human Lymphatic Filariasis
	Introduction
	Materials and Methods
	Study Population and Ethic Statement
	IgG Isolation by Protein G Agarose Beads
	Deglycosylation and Glycan Isolation
	Procainamide Labeling
	UPLC-FLD/MS Analysis of Procainamide Labeled N-Glycans
	Peak Assignment - Methodology
	Statistical Analysis

	Results
	Characterization of Glycans of IgG
	Higher Heterogeneity in Antibody Glycosylation Patterns in Chronic Pathology Patients
	Agalactosylation Correlates With Putative Immunity
	Galactosylation Correlates With Chronic Pathology (CP)
	Lower Level of Afucosylation in IgG of Asymptomatic Microfilaremic (MF+)
	Higher Level of Sialylated Residues in IgG of Asymptomatic Microfilaremic Individuals
	Bisecting GlcNac Is Predominant in Asymptomatic Microfilaremic Individuals (MF+)

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


