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ARTICLE INFO ABSTRACT

Lymphatic filariasis, a chronic disfiguring disease exhibits complex pathology. Based on different clinical
manifestations, infected individuals are categorized into asymptomatic-carriers and chronic-patients. The me-
chanism behind differential clinical outcomes remains unclear. Roles of filaria-specific B cell responses in fi-
lariasis have been documented, whereas the contribution of B1 cell response and poly-specific IgG and IgA in the
context of clinical filariasis is not deciphered. In this study, we measured the poly-specific IgG and IgA levels in
different clinical categories of filariasis. Asymptomatic-carriers exhibited increased IgG4 antibodies against both
filarial-antigens as well as auto-antigens compared to other clinical categories, although IgG against these auto-
antigens remained lower. IgA levels against both filarial and auto-antigens were decreased in asymptomatic-
carriers. A positive correlation between anti-filarial IgG4 and I1gG4 against auto-antigens were observed, sug-
gesting the synergistic role of poly-specific natural IgG4 with anti-filarial IgG4 in blocking the pathogenesis in
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asymptomatic microfilarial cases.

1. Introduction

Lymphatic filariasis is a major public health problem in tropical and
subtropical countries, affecting about 120 million people worldwide
[1]. This disease is caused by helminths such as Wuchereria bancrofti
(W. bancrofti), Brugia malayi (B. malayi) and Brugia timori (B. timori) and
transmitted by mosquitoes. Based on the pathogenesis and disease
manifestations, individuals are grouped into various clinical categories
such as: (i) endemic normals (EN) - subjects residing in endemic areas
but free of infection i.e absence of microfilaria (Mf), circulating filarial
antigen (CFA) and other clinical symptoms of filarial disease; (ii)
chronic (CH) - individuals with chronic elephantiasis/hydrocele or
both for more than four years; and (iii) asymptomatic carriers (AS) —
individuals with microfilaremia and antigenemia but without any
clinical symptoms [2]. The protective immune mechanism responsible
for this complex etiology remains unclear. Multiple components of the
immune system have been implicated for the pathogenesis of filariasis.
T cell hypo-response, apoptosis of T cells [3] and macrophages [4] and
production of filaria specific antibodies by B cells have already been
studied whereas, the role of natural antibody-producing Bl cells

remains largely unknown.

B1 cells, a unique B cell population, produce low-affinity poly-
reactive antibodies, viz; IgG, IgM, and IgA against an array of both self-
and non-self-components such as actin, myosin, lipopolysaccharides
(LPS), ss-DNA, etc [5]. Role of B1 cells in eliciting an immune response
against various infections have been documented. Impaired Bl cell
response resulted in increased mortality in mice infected with Salmo-
nella typhimurium (S. typhimurium) and Streptococcus pneumoniae (S.
pneumoniae) [6]. Transgenic mice expressing an increased level of B1
cells are resistant to S. pneumoniae infection [6]. These polyreactive
antibodies also protect against viruses such as vesicular stomatitis virus,
vaccinia virus, and influenza virus [7]. Role of these natural antibodies
has been documented in helminth infections [8]. B1 cell-deficient mice
are susceptible to B. malayi infection. B1 cells confer resistance to fi-
larial infection in Ragl knock out mice, even in the absence of con-
ventional B cells and T cells.

Recently, we demonstrated that differential frequencies of B1 cells
and IgM antibodies are associated with clinical outcomes of filariasis,
whereas, the role of polyreactive IgG and IgA antibodies in clinical fi-
lariasis is not yet discovered. In this present study, we measured the
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profile of polyreactive IgG and IgA antibodies in different clinical ca-
tegories of filariasis. Plasma level of IgG and IgA antibodies against
actin, myosin, LPS and ss-DNA antigens, in AS cases were significantly
less. Interestingly, we observed increased levels of IgG4 antibodies in
AS cases against the panel of self-antigens indicating that natural IgG4
antibodies might play a role in blocking the development of the pa-
thology in AS cases.

2. Materials and methods
2.1. Ethics statement

The study was approved by the Institutional Ethical Committee of
the Regional Medical Research Centre (Indian Council of Medical
Research), Bhubaneswar, Odisha, India, and informed consent were
obtained from the study subjects for the collection of blood samples.

2.2. Collection of human blood samples

Blood samples, for this study, were collected from inhabitants of
Tirumala village of Bhubaneswar, Odisha, India, after informed consent
was obtained from all individual participants. This area is highly en-
demic for W. bancrofti infection. About 5ml of nocturnal blood was
collected in heparinized vials from the study population as per the
ethical guidelines of Regional Medical Research Centre, Bhubaneswar,
Odisha, India. The plasma was separated from the collected blood
samples and stored at —80 °C until further use. Both male and female
subjects, within 15-50 years, were selected for this study. Based on
antigenemia, microfilaremia and clinical manifestations the study po-
pulation was categorized into different clinical groups [9,10].

2.3. Chemicals and antibodies

The anti-human antibodies (IgG, IgA, 1gG1, IgG2, 1gG3, and IgG4)
with appropriate conjugates, LPS from Escherichia coli (E. coli), ss-DNA
derived from calf-thymus, actin from porcine muscle, and myosin from
porcine heart, BSA, and PBS were procured from Sigma Chemical Co.,
USA. Polystyrene 96-well ELISA plates were purchased from (NUNC-
Maxisorp, Sigma-Aldrich, St. Louis, MO, USA).

2.4. Preparation of native filarial antigen

Setaria digitata (S. digitata) is a bovine filarial parasite which is
having mitochondrial genomic similarity with human filarial parasites
like W. bancrofti and B. malayi [11]. Somatic extracts of S. digitata and
B. malayi exhibit similar antigenicity. Plasma levels of IgA and IgG are
similar against both the antigens [2,12]. So, we have used S. digitata
antigen in this study and further referred as filarial antigen. Filarial
parasites were collected from bovine peritoneum, in phosphate-buf-
fered saline (PBS), supplemented with 1% glucose, from a local
butchery. Freshly collected adult female parasites of S. digitata were
used for the preparation of filarial antigens by the method described
elsewhere [13]. The parasites were washed thoroughly in PBS,
grounded in a glass homogenizer and then ultrasonicated (Artek sonic
dismembrator; Bio-Logics, Inc., Manassas, VA, USA) for 15 minutes. The
extracts were centrifuged at 1500 RPM for 10 minutes, and the soluble
supernatants were aliquoted and stored at —20 °C for further use. The
protein content was measured by Bradford calorimetry method.

2.5. Circulating filarial antigen (CFA) assay

CFA levels in plasma samples were measured using commercially
available Trop Bio ELISA kit for the quantification of antigens according
to the manufacturer’s instructions (Tropical Biotechnology Pvt. Ltd,
Townsville, Australia) and expressed as antigen units.

Cellular Immunology 341 (2019) 103927

2.6. ELISA

Levels of IgA, IgG, IgG1, IgG2, IgG3, and IgG4 against several auto-
antigens (ss-DNA, actin, myosin, LPS) and filaria antigens were mea-
sured by ELISA by the method described elsewhere [14]. 96-well ELISA
plates were coated with 1pg/well antigens diluted in PBS and in-
cubated at 37 °C for 4 hrs followed by overnight incubation at 4 °C.
Plates were blocked with 1% BSA-PBS. The plates were washed thor-
oughly, and human plasma samples diluted 1:200 in BSA-PBS con-
taining 0.01% Tween-20 (BSA-PBS-T) were incubated. After 2 hrs the
plates were washed and, were incubated with optimally diluted mouse
monoclonal anti-human subclass reagents at the following dilutions:
IgG, 1:4000; IgA, 1:1000; IgG1, 1:2000; IgG2, 1:2000; IgG3, 1:1000 and
IgG4, 1:4000. IgG4 (1:4000) to filarial native antigen, IgG4 (1:1000) to
actin and myosin, IgG4 (1:2000) to LPS and ss-DNA were added. The
plates were thoroughly washed and probed with anti-mouse IgG per-
oxidase (1:1000). Enzyme activity was measured using tetra-
methylbenzidine (TMB) (Sigma-Aldrich), and absorbance was recorded
at 450 nm using an ELISA reader. We have used the standard laboratory
procedure to calculate the ELISA unit. A pool of 30 plasma samples (10
from each category i.e. EN, AS, CH) was used as the internal standard.
This plasma pool was used in every ELISA plate along with the samples.
The O.D. value of this pool plasma was considered as 100 ELISA units
and accordingly, the ELISA units of other samples were calculated as
follows:

(O.D. of the sample/O.D. of the pool standard) x 100.

The results were expressed as arbitrary ELISA units using this in-
ternal standard.

2.7. Data analysis

Graph Pad Prism V-5 (Graph Pad Software, Inc., San Diego, CA,
USA) was used for statistical data analysis. Two-tailed unpaired
Students t-test was used for comparison of two experimental groups.
Coefficients of correlation were determined by the Pearson correlation
test. P values < 0.05 were considered as significant.

3. Results
3.1. Study population

The status of infection was evaluated by the examination of blood
smear for Mf, and the plasma samples were also tested by Og4C3 ELISA
kit (Trop Bio) for the presence of the circulating filarial antigen (CFA).
The EN and CH individuals exhibit no circulating Mf whereas the AS
category has 15.3 mean Mf density. Fifty patients in each clinical group
were recruited for this study and the antibody levels against filarial
antigens and auto-antigens were evaluated from the collected plasma
samples. This study population is free from other chronic diseases and
also free from other common helminth infections.

3.2. Asymptomatic carriers have less plasma IgG and IgA antibody levels
against auto-antigens

Previously, we have demonstrated that, during human lymphatic
filariasis, microfilaremic carriers (AS) exhibited a significant decrease
in frequency of B1 cells as well as decreased levels of IgM antibodies to
various auto-antigens and filarial antigens as compared to other cate-
gories of filariasis such as endemic normal (EN) and chronic pathology
(CH) [15]. Since IgA and IgG autoantibodies are also produced by B1
cells [16,17], we measured the profile of IgA and IgG antibodies against
several auto-antigens (such as actin, myosin, LPS, and ss-DNA) in
plasma of different clinical categories (i.e. EN, AS and CH). The titer of
IgG and IgA antibodies against auto-antigens in AS cases were sig-
nificantly lower than EN and CH cases (Fig. 1A and B), whereas IgG
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Fig. 1. Plasma level of IgG and IgA antibodies to filarial antigens and various auto-antigens in different clinical categories (EN, CH and AS) of filariasis were
measured by ELISA. (A) Level of IgG antibodies to ss-DNA, actin, myosin and LPS were significantly low in plasma of AS individuals as compared to EN and CH.
N =50, *P < 0.001, and ** P < 0.03. (B) There are significantly low levels of IgA antibodies to all auto-antigens in plasma of AS individuals compared to other

clinical categories. N = 50, * P < 0.05, ** P < 0.01, *** P < 0.001.

levels against filarial antigens were significantly higher in infected
cases (AS, CH) as compared to endemic normals (Fig. 1A). In agreement
with a previous study [2], we have observed that AS cases exhibit lower
levels of IgA against filarial antigens as compared to EN and CH cases
(Fig. 1B). Above data suggested that differential IgG and IgA antibody
profile against filarial antigens and auto-antigens might play a role in
the clinical outcome of filariasis.

3.3. Profile of IgG isotypes against different auto-antigens and filarial
antigens

It has been demonstrated that anti-filarial IgG isotype antibodies
contribute to the outcome of filarial pathogenesis [18]. So, we mea-
sured titers of IgG isotypes in plasma of filarial patients against filarial
antigens and different auto-antigens. Differential levels of IgG sub-
classes against auto-antigens among different categories of filariasis
were observed. Increased levels of anti-filarial IgG4 was found in AS
cases as compared to EN and CH. Interestingly, IgG4 levels against
different auto-antigens were also increased in AS cases whereas, a de-
finitive correlation between IgG1, IgG2, and IgG3 antibodies and clin-
ical outcome of filariasis was not observed (Fig. 2).

3.4. Levels of anti-filarial IgG4 and IgG4 antibody levels against auto-
antigens are correlated

High IgG4 titers are associated with asymptomatic infection and are
positively correlated with microfilaremia [19]. Since, increased 1gG4
antibody levels against auto-antigens were found in AS cases and these
antibodies are having low affinity and poly-specific in nature [18], we
analyzed the correlation between levels of anti-filarial IgG4 and levels
of IgG4 against auto-antigens. Anti-filarial IgG4 levels were found to be
positively correlated with auto-antigen specific IgG4 levels in AS cases,
(Fig. 3), indicating a role of natural IgG4 in blocking the development
of immunopathology.

4. Discussion

Genetic traits, the intensity of parasite infection, collateral bacterial
and fungal infections, and complex interplay between parasite and host-
immune response contribute to the etiology of lymphatic filariasis [20].
Filarial parasite skewed inflammatory response towards anti-

inflammatory Th2 type response characterized by IL-4, IL-13 produc-
tion, which ultimately induce immunosuppressive TGF-f# and IL-10
[10,21]. Suppression of inflammatory response allows the parasite to
establish a chronic infection without significant tissue damage [22,23].
Other than the cellular response, the humoral response also has been
implicated for the differential manifestation of the filarial disease.
Higher IgE and IgA antibody levels found in chronic patients whereas
increased IgG4 is associated with AS groups [24-26]. Other than filarial
specific classical B cell response, the role of Bl cells in nematode in-
fection has been documented. Poly-specific low-affinity auto-antibodies
produced by Bl cells facilitates parasite clearance in experimental
helminth infections [8], whereas its role in clinical filariasis remains
unclear. Here in this study, we found increased levels of IgG4 against an
array of auto-antigens (actin, myosin, LPS, ss-DNA) in AS cases as
compared to other clinical groups. The titer of IgG4 antibody against
auto-antigens also positively correlated with anti-filarial IgG4 levels.

Elevated level of IgG4 is, however, a hallmark of hypo-immune
response such as helminth diseases [16,27]. IgG4 antibodies are nor-
mally formed due to long-term exposure or repeated exposure to anti-
gens in a non-infectious condition. Several studies reported elevated
levels of IgG4 antibodies in AS cases of helminth infections such as
filariasis and schistosomiasis [28-31]. Individuals infected with W.
bancrofti were having higher levels of both total and filarial-antigen
specific IgG4 antibodies [32-35]. High I1gG4 expression was found in
individuals with Loa. loa microfilaremia [36]. The response to auto-
antigens at the IgG4 subclass level had not been previously character-
ized for different groups of lymphatic filariasis.

IgG4 is a prominent isotype of IgG antibodies which play an im-
portant role in the initiation of the immune response in allergic as well
as parasitic diseases. IgG4 is different from the other three isotypes by
exhibiting anti-inflammatory response [37]. High levels of 1gG4 anti-
bodies are present in the plasma of AS individuals as compared to other
clinical groups. Although the precise mechanism of this association is
yet to be explained, the anti-inflammatory and functional mono-va-
lency property of IgG4 might help the parasite for evasion of host im-
mune response. Natural IgG4 antibodies might play a role synergisti-
cally with filarial specific IgG4 in the maintenance of immune
suppressive state in AS cases and support the survival of the parasite.

Filarial infection induces alternate activation of macrophages and
escapes from the inflammatory immune response [13,38]. Furthermore,
induction of apoptosis in macrophages by APC mediated filarial antigen
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Fig. 2. Plasma levels of IgG subclasses against filarial antigens and auto-antigens in different clinical categories. Profile of IgG1 (A), IgG2 (B), IgG3 (C) and IgG4 (D)
antibodies against different auto-antigens (ss-DNA, actin, myosin, LPS) and filarial antigens in plasma of EN, AS and CH groups. N = 50 (EN, CH), N = 40 (AS), *

P < 0.05, ** P < 0.01 and *** P < 0.001.

and inhibition of T cell proliferation demonstrates the cause of defec-
tive and ineffective innate immune response against filarial parasites
[4,39]. Bl cells might play a role before the adaptive response come
into the picture and decide the fate of parasitemia and clinical out-
comes in filariasis. Further investigations might specifically decipher
how stage-specific immune response against filarial parasites regulate
the degree of infection.

Advances in the field of allergy and autoimmunity demonstrate that
incidence of these inflammatory diseases is negatively correlated to
helminth infection [40]. High titers of IgE which contribute to parasite
clearance is associated with autoimmune response [41,42]. Recently
Prodjinotho et al., demonstrated that IgG4 inhibits IgE induced release
of elastase and histamine [16]. Further, it was demonstrated that IL-10
inhibits IgE production and promotes IgG4 production [43,44]. More-
over, IL-10 induced the differentiation of IgG4 secreting plasma cells
from IgG4 switched B cells [45]. In case of lupus patients, 1gG4 and
complement deposition are negatively correlated and it was hypothe-
sized that IgG4 may dampen the inflammatory cascade in lupus pa-
thogenesis by forming non-pathogenic immune-complexes. Previously,
we have demonstrated that AS individuals have increased plasma levels
of IL-10 [15]. Here, we have demonstrated that high titers of self-re-
active IgG4 are associated with AS cases. So, the commitment of Bl
cells to produce IgG4 might block the production of other pathogenic
IgG isotype and skew the development of autoimmune response, which
in turn induce allergy and autoimmune disorder. Secondly, I1gG4 in
association with nuclear antigens might form non-pathogenic immune
complex (ICs) and blocks the formation of pathogenic 1Cs. Further

research on the dynamics of B1 cells and polyreactive antibody pro-
duction in the context of helminth infection and autoimmune response
may open of new avenues for therapy of both the diseases.
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Fig. 3. Correlation between plasma level IgG4 antibodies to filarial antigens and IgG4 antibodies to various auto-antigens such as ss-DNA, actin, myosin and LPS in
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correlation between anti-filarial IgG4 antibody and IgG4 antibody against ss-DNA (r = 0.799, P < 0.0001, N = 40) was observed.
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