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ANTI-GROUP B STREPTOCOCCI MONOCLONAL ANTIBODIES PROTECT
AGAINST INVASIVE ASPERGILLOSIS

REBEKAH E. WHARTON
MOLECULAR AND CELLULAR PATHOLOGY
ABSTRACT
Aspergillus fumigatus is a ubiquitous saprophytic fungus which can
potentially cause life-threatening infections in immunocompromised individuals.
Although a serious threat, current treatments are largely ineffective at reducing
morbidity and mortality. To this end, we have characterized a monoclonal
antibody generated against Group B Streptococci, type Ib, which also recognizes
A.f. conidia and hyphae. We show that this antibody appears to bind a similar
epitope on both pathogens and provides a significant degree of protection in a
murine model of invasive aspergillosis via a mechanism that appears to be
dependent on complement. The studies we performed using this antibody

should be useful in developing more effective therapies for I.A.

Keywords: Aspergillus fumigatus, invasive aspergillosis, Group B Streptococci,

monoclonal antibody
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INTRODUCTION

Aspergillus fumigatus (A.f.) is a ubiquitous, saprophytic fungus that is the
leading cause of invasive aspergillosis (I.A.). A.f. naturally colonizes the soil and
plays a role in breaking down organic matter. Upon asexual reproduction,
conidia are released into the air by conidiophores and are dispersed into the
environment via wind currents. A.f. conidia have a relatively small diameter of
approximately 2-3 um, allowing them to be easily inhaled by various hosts and
their small size and surface structure allows them to penetrate the alveoli of the
lung [1]. It is estimated that humans inhale hundreds of A.f. spores each day,
and while causing no adverse effects in most healthy humans, can cause a wide
range of diseases in susceptible hosts. These conditons include allergic
bronchopulmonary aspergillosis (a hypersensitivity reaction to A.f.), noninvasive
aspergillomas (colonization of A.f. in a particular body cavity, such as the lung),
and invasive aspergillosis (l.A.) (a life-threatening opportunistic infection) in
severely immunocompromised individuals [2]. While considered a relatively
harmless and uncommon pathogen for many years, the cases of |.A. are
increasing due to the prevalence of immunocompromising diseases such as
AIDS and the use of immunosuppressive regimens in haematological disorders,
autoimmune diseases, and transplants. Incidences of |.A. in these populations

ranging from 0.5%-26% depending on the underlying condition [1].



There are several types of I|.A. including pulmonary aspergillosis,
tracheobronchitis, acute invasive rhinosinusitis, and disseminated aspergillosis.
Of these, the most common form is pulmonary aspergillosis, but the most lethal
is disseminated aspergillosis, with a lethality rate exceeding 90% and a median
survival time of only 7 days after clinical symptoms occur [3]. The pathology of
l.LA. is different depending on how the host is immunocompromised. Typically,
the patients most at risk for developing |.A. are either neutropenic or are under
corticosteroid-induced immunosuppression. Transplant patients or those with
hematological diseases are often treated with cyclophosphamide, which depletes
peripheral blood leukocytes, including neutrophils. These patients typically get a
form of |LA. that is characterized by a hypo-inflammatory response and massive
hyphal outgrowth resulting in thrombosis and hemorrhage. Angioinvasion and
dissemination occur unless effective neutrophil levels are restored. Alternatively,
allogeneic transplant recipients, treated with corticosteroids to prevent graft
versus host disease, are typically non-neutropenic. In these patients, disease
lethality is often attributed to a hyper-inflammatory response, characterized by
minimal hyphal outgrowth, but excessive granulomatous infiltrates and tissue
necrosis [4].

Current treatments in the United States for |.A. include antifungal drugs
including amphotericin B and voriconazole. Unfortunately, these drugs have a
limited success rate of only ~53% of patients treated with voriconazole and ~31%
of pulmonary I.A. patients treated with amphotericin B [5]. This efficacy is even

less in patients with disseminated |I.A. Both of these drugs inhibit growth of A.f.



by targeting the primary sterols involved in A.f. cell wall ergosterol production.
Caspofungin, belonging to a new class of antifungal drug, called echinocandins,
also inhibits fungal cell wall development by targeting B-1,3-D-glucan synthesis.
The efficacy of this drug, however, is similar to that of the other antifungal drugs
[6]. The poor efficacy of these drugs is compounded by adverse side effects in
the host and emergence of drug-resistant A.f. strains [7]. Clearly, based on
these staggering statistics, the development of new therapies to treat |.A. is a
necessity.

One attractive way to treat |.A. is to stimulate the host immune system to
kill the fungus. Innate immunity plays a critical role in the immunity to A.f. This
early host defense includes anatomical barriers, humoral components, and
phagocytic cells. Mucociliary clearance by lung epithelial cells is likely the most
important anatomical barrier, trapping many A.f. conidia before they can invade
the lung. Complement is thought to be an important humoral defense against
I.A. since highly virulent strains of Aspergillus bind less C3 on their surface than
less virulent strains [8]. Additionally cytokines, including colony stimulating
factors and Th1 cytokines have been shown to be important in protection in I.A.
[9]. Phagocytic cells including macrophages and neutrophils are particularly
important in the immunity to A.f. Macrophages are able to phagocytose and kill a
majority of conidia after about 6 hours, coinciding with the time it takes for A.f. to
swell [1]. However, it has been shown that some A.f. can still germinate inside
macrophages and escape killing [10]. Neutrophils are recruited to the site of

infection by cytokines and chemokines produced by macrophages and are



especially important in killing the hyphal form of A.f. Thus, any A.f. that escape
from the macrophages or A.f. conidia that germinate outside cells are killed
efficiently by neutrophils, via reactive oxygen species and degranulation [11].
Either, or both of these cell types are able to efficiently protect mice from
challenge with high doses of A.f. [12].

Adaptive immunity also plays a role in I.A. Several studies have examined
the role of T cells and their cytokines in ILA. Disease susceptibility is associated
with increases in Th2 cytokines including IL-4, IL-5, and IL-10, whereas
protection is associated with increases in Th1 cytokines including, IFN-y, IL-2,
and IL-12. Additionally, administration of IFN-y, TNF-a., or IL-4 receptor is able to
rescue infected mice from disease progression, but interestingly, recombinant IL-
12 is not able to rescue mice [1]. Although these cytokines show promising
results in mice, their effectiveness at improving disease in humans is largely
unstudied, and often reserved for patients that are unresponsive to other
antifungal treatments.

The role of antibodies in fungal infections has remained somewhat elusive
over the years due to inconclusive results using immune serum. The use of
polyclonal serum in these studies fail to take into account important properties of
antibody-mediated protection including prozone effects, antibody specificity, and
antibody isotype that are likely responsible for the confounding results [13].
However, the development of hybridoma technology, in which studying the
protective capacity of antibodies of a single specificity and isotype can be

achieved, is beginning to shed more light on the role of specific antibodies in



disease [14]. In fact, due to several recent protection studies with anti-3-1,3
glucan mAbs as well as others, this form of treatment is now beginning to be
recognized to have potential in passive or active immunotherapy for fungal
infections. Antibodies can elicit protection against microbial infection by a wide
range of mechanisms including complement activation, cellular cytotoxicity,
opsonization, toxin and viral neutralization, direct killing of microbes, modulation
of gene expression, modulation of microbial signal transduction, and modulation
of microbial physiology. This versatility of mAbs make them ideal therapeutic
tools in I.A., especially in combination with other mAbs or antifungal drugs [15].

In order to rationally identify new targets on A.f. to be used for the
development of new therapies for |.A., a general understanding of the structure
and molecular interactions of A.f. with the host is needed. The life cycle of A.f.
involves conidia, the dormant, metabolically inactive form and invasive,
metabolically active hyphae. The conversion of the conidia to hyphae involves
four major processes: (1) overcoming spore dormancy, (2) swelling, (3)
generation of cell polarity, and (4) germ tube formation and growth. The exit from
dormancy occurs at around 2 hours after incubation in a nutritive environment
and occurs simultaneously with conidial swelling. The cell polarity is established
after ~4 hours incubation in nutritive media and by 8 hours all conidia have
formed germ tubes [16]. Polarization, germ tube formation, and growth are
highly dynamic processes that involve tight regulation of calcium gradients.
Cytoplasmic free calcium levels are maintained at particularly high levels at the

growing tip of the hyphae and are likely regulated by a variety of calcium



channels and pumps. Specifically, calcium is thought to enter the hyphae at the
growing tip via calcium channels. Homeostasis of the high calcium gradient at
the tip is then maintained by pumping out cytoplasmic calcium or its
sequestration by proteins or organelles (Fig 1). Disregulation of these calcium
gradients by raising or lowering external calcium levels results in inhibition of
hyphal growth and changes in branch frequency as well as tip morphology, thus
targeting the hyphal tip calcium gradients is an attractive therapeutic target in I.A.

[17].
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Fig 1. Mechanisms involved in maintenance of calcium gradients in the
growing hyphal tip. Adapted from [17]. High calcium levels are maintained at
hyphal tips by (1) membrane calcium channels, (2) membrane Ca2+-ATPases,
(3) endoplasmic reticulum Ca2+-ATPases, (4) mitochondria H+/Ca2+ exchanger
proteins, (5) vacuole H+/Ca2+ antiport proteins, (6) and IP3-mediated release of
calcium from vacuoles. Because the hyphal tip is an area of active growth and
remodeling, it may be susceptible to attacks by host defenses such as antibodies
and complement.



Although there are continuing wide ranging efforts to study the complex
molecular interactions between A.f. and the host, much is already known.
Resting A.f. conidia contain a relatively non-immunogenic outer membrane called
the rodlet layer, which is comprised largely of the hydrophobic proteins, Rod A
and Rod B. Although no receptor for these proteins has been identified, Rod A
partially mediates binding to BSA and collagen, likely due to non-specific
hydrophobic interactions [18]. Below the rodlet layer is the cell wall, comprised of
a complex network of polysaccharides including a-1,3 glucans, $-1,3 and -1,6
glucans, chitin, galactomannan, and mannan, which is exposed upon conidial
swelling [19]. B-1,3 glucans have been shown to interact with multiple receptors
including dectin-1, complement receptor 3 (mac1), CD5, CD36, and SCARF1
[20-22]. Mannans interact with pentraxin-3, DC-SIGN, langerin, and dectin-2,
although there is some redundancy with respect to dectin-2 since it also
recognizes a-glucans and chitin [19, 23]. These structures exposed after the
swelling of conidia are much more immunoreactive than the outer rodlet layer
and interact with multiple host cell receptors and ligands, likely leading to
complex immune responses which can either be synergistic or antagonistic [23].
In general, polysaccharide cell wall components are poor inducers of antibody
and some newly described structures are immunosuppressive [24, 25]. The cell
wall has been considered a so-called “achilles heel” for fungi since targeting
these components with antibodies can inhibit fungal replication [14]. A relatively
unstudied component of A.f. is sialic acid residues which are exposed on the

conidial surface and are thought to contribute to conidial dispersal and mediate



interactions with fibronectin [19], laminin, and fibrinogen [26], all of which are

upregulated in the context of lung injury (Fig 2).
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Fig 2. Structure and molecular interactions of A.f. conidia and hyphae.
Adapted from [19, 27]. Blue fonts indicate known host proteins and receptors
that interact with the indicated A.f. components.

Sialic acid residues are attached to polysaccharides, glycoproteins, and
glycolipids on a variety of host cells and pathogens, including Group B
streptococci (GBS), which express these terminal sialic acid residues on their
capsular polysaccharides. Each serotype of GBS contains a unique capsular

polysaccharide comprised of glucose, galactose, and N-acetylglucosamine



connected to a terminal sialic acid residue called neuraminic acid (Neu5Ac) [28-

30], the same sialic acid found on A.f. [31].
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Fig 3. Structure of the type-specific capsular polysaccharides of several
GBS serotypes. Neu5Ac, red diamonds; galactose, yellow circles; GIcNAc, blue
squares; glucose, blue circles.

NeubSAc is considered a major virulence factor of GBS and it is
hypothesized that molecular mimicry of Neu5Ac-associated epitopes on host
cells by GBS helps the bacteria evade the host immune system by acting as a
non-activating surface for complement. There are some striking correlations
between sialic acid density on both GBS and A.f. and complement activation. It
has been shown that C3 deposition via the alternative complement pathway is
impaired on larger and denser type Ib and type Ill GBS capsules compared with
less dense capsular, desialylated, and acapsular mutant strains of GBS [32].
Likewise, pathogenic A.f. have a greater density of sialic acid on its surface and
binds less C3 than lesser or non-pathogenic Aspergillus species [8, 33]. iC3b, the

cleaved product of C3 is a ligand for complement receptors on phagocytic cells,
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indicating that complement-mediated opsonophagocytosis is likely impaired for
A.f. [2]. Additionally, factor H, an inhibitor of the alternative complement pathway
is able to bind to both GBS and A.f. [34, 35]. A.f. is also able to produce a
soluble complement-inhibitory factor which can inhibit the alternative complement
pathway [36]. Taken together, these findings indicate that both highly pathogenic
GBS and A.f. have a high density of exposed sialic acid and can effectively
evade the alternative complement pathway, likely contributing to their virulence.
High titers of anti-type specific GBS antibodies are thought to overcome
this virulence factor and protect the host, by neutralization of this terminal sialic
acid residue thus weakening the p1H-C3b interaction leading to deregulation of
the C3bBb convertase [37]. Alternatively, antibody may block the sialic acid
associated residue in such a way that C3b deposition is allowed [38].
Interestingly, antibodies generated against the desialylated forms of GBS are not
protective [39] and desialylated GBS are susceptible to opsonophagocytic killing
via the alternative pathway in the absence of GBS type-specific antibody [38].
Our laboratory has generated and extensively studied mAbs against
bacterial polysaccharide antigens, so when we realized that other organisms,
such as A.f., also expressed similar epitopes, we hypothesized that some of our
mAbs may react with these epitopes on A.f. In particular, the realization that A.f
and GBS both expressed Neu5Ac, prompted us to determine whether antibodies
generated against various serotypes of GBS would also bind to Af. With the
help of Dr. David Pritchard (UAB), we were able to obtain and test type-specific

GBS mAbs for reactivity with A.f. One mAb that we tested, SMB19, bound both
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GBSIb and A.f. which led us to embark on the studies described in this thesis. In
the manuscript to follow we show that SMB19 bound intensely to the tips of A.f.
hyphae, an area of rapid growth and remodeling. We also confirmed previous
studies showing that binding of SMB19 to sialyl-lacto-N-tetraose, the type-
specific polysaccharide on GBSIb is calcium dependent [40]. We also provide
evidence that SMB19 reacts with a similar epitope on both GBS and A.f. and that
this epitope is apparently GPI-linked.

We also show that passive transfer of SMB19 or vaccination with GBSIb
provided a degree of protection in a murine model of I.A. Additionally, SMB19
IgH Tg mice, which maintain high levels of SMB19 idiotype-bearing antibodies,
were more resistant to infection with A.f. than uMT mice and WT mice. In
addition to showing that SMB19 was protective, we also show that mAbs against
a-1,3 glucans, another relatively unstudied component of the A.f. cell wall, were
not protective in this model of [.A. as well as J558 Tg mice which express high
levels of antibody against a-1,3 glucan.

Besides studying the protective capacity of SMB19 in |.A. in this thesis, we
were also eager to determine the mechanism of protection. As mentioned
above, antibodies against the intact type-specific polysaccharides of GBS are
protective in GBS infections by promoting alternative complement pathway
activation and opsonophagocytic killing of GBS. In light of this finding, we
hypothesized that SMB19 would be protective in |.A. via a similar mechanism. In
the second part of this paper, we show that SMB19’s protection in L.A. is

dependent on complement components C3 and C5 and that in the presence of
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complement SMB19 appears to promote opsonophagocytic killing of A.f.
Additionally, we show that SMB19-mediated protection is not dependent on T
cells and is only partially dependent on neutrophils, cell types that are typically at
low levels in susceptible patient populations. Further studies to elucidate the
significance of SMB19’s calcium dependent binding and staining pattern on the
tips of A.f. hyphae as well as studies to determine SMB19’s ability to protect

synergistically with antifungal drugs are currently underway.
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ABSTRACT

Aspergillus fumigatus (A.f.), the cause of invasive Aspergillosis (I.A.), has
become a leading cause of death in immunosuppressed populations, due to the
lack of effective therapies or vaccines. Studies using anti-A.f. monoclonal
antibodies indicate that they can protect against I.A. However, the lack of
detailed information on the antigenic targets of protective anti-A.f. antibodies has
hampered the development of an effective anti-A.f. vaccine. Sialylated epitopes
found on a variety of pathogens including fungi and Group B Streptococci (GBS)
are thought to be major virulence factors and are involved in attachment to host
cells, uptake by phagocytes, and complement activation. Sialylated epitopes on
A.f. may therefore provide a potential target for new therapies. Our preliminary
data show that a purified, calcium-dependent GBSIb type-specific antibody,
SMB19 (IgM,x), also binds to A.f. and prolongs survival in a murine model of |.A.
Similarly, immunization of wild type and SMB19 VH bearing immunoglobulin
transgenic mice with a GBSIb vaccine also provides protection. Our studies
further indicate that this protection is via a mechanism that is dependent on
complement, but independent of both T cells and neutrophils. These results
suggest that induction of GBSIb specific antibodies, perhaps supplemented with
other antifungal therapies, will lead to new vaccines or passive antibody

prophylaxis to prevent and treat I.A.
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INTRODUCTION

Fungal infections involving opportunistic pathogens have increased
dramatically in the last 20 yrs. This change in status of diseases caused by
organisms considered relatively harmless is the result of increased numbers of
AIDS patients, and severe immunosuppressive regimens involved in
transplantation and chemo-myeloablation. Aspergillus fumigatus (A.f.), which
causes invasive Aspergillosis (l.A.), is the most prevalent airborne fungal
opportunistic  pathogen that causes life-threatening disease in
immunosuppressed populations in medical centers worldwide. Mortality rates for
I.A. range from 40-80%, and this disease, already a significant health problem, is
likely to become more prevalent due to the lack of effective therapies or vaccines
[19]. Compounding the serious nature of these infections is the emergence of
strains resistant to triazoles, a class of anti-fungal agents.

Most new therapeutic efforts thus far have been directed towards
development of adaptive immunity vaccines involving T cells or their cytokines,
which are thought to be helpful in clearing fungal infections [41, 42]. However,
active vaccination is problematical in the case of immunosuppressed individuals,
in particular if they have compromised T cell immunity. Few studies have focused
on the development of antibody vaccines or therapies due to the low
immunogenicity of cell wall components [24, 25], the lack of serum anti-A.f.
antibody correlation with improvement [43] and a study suggesting that uMT mice
are resistant to A.f. infections [44]. Protective monoclonal antibodies (mAbs) in

A.f. infection models are directed against p-glucans, components of fungal cell
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walls [45, 46], and to an undefined glycoprotein [47] however, to our knowledge
protection elicited by other antibody-associated A.f. epitopes have not yet been
reported. Additionally, passive antibody alone or combined with cell-mediated
immunotherapy or antifungal reagents have the potential to provide effective
therapy in those with impaired immunity or those about to undergo
immunocompromising treatments. Although antibodies to fungal cell wall
components, especially polysaccharides, can provide protection, most studies,
including our own, have shown that it is difficult to induce these kinds of
antibodies [9]. The lack of knowledge of the nature of targets and effector
mechanisms involved in protection by anti-A.f. antibodies has hampered the
development of an effective anti-A.f. vaccine. Previous attempts to develop
vaccines against fungal infections have concentrated on the products made or
released by the fungi themselves. There is evidence that cell wall components of
these organisms, which have been targeted in the past, are poorly immunogenic
(Supplementary Fig 1) either because they have low intrinsic antigenicity or they
are able to dampen host responses. [24, 25]

Previous studies have shown that sialic acid associated epitopes are
found on pathogens including a variety of fungi [48] and Group B Streptococci
(GBS) [49]. Sialylated epitopes on GBS and A.f. are involved in their attachment
to host cells, uptake by macrophages and epithelial cells [50], and activation of
complement [32, 51]. These findings indicate that A.f. sialylated epitopes may be
a potential target for new therapies. In this study we show that a mouse mAb to

GBS, type Ib (GBSIb), SMB19 (IgM,x), specific for the oligosaccharide sialyl-
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lacto-N-tetraose (s-LNT) also binds to A.f. conidia and hyphae and is protective

in a disseminated mouse model of invasive Aspergillosis.

MATERIALS AND METHODS
Mice. Eight to twelve week old C57BL/6J, B6.129P2-Tcrb™™om Terg™iMom
(TCRp/8-/-), and B6.129S2-Igh-6™"°9"/J (uMT) mice were purchased from
Jackson Laboratories (Bar Harbor, ME) and bred and housed in pathogen-free
animal facilities. VH J558 Tg mice were generated using the rearranged VDJ
from a J558 IgG3 hybridoma previously described [52]. VH SMB19 Tg mice
were generated using the rearranged genomic DNA VDJ from the SMB19
hybridoma [40], NCBI Accession sequence BNO000872. Genomic DNA was
amplified using the primers 5-CGCCTGGATGGACTGGGTCCGC-3’ and 5'-
GCTTCTAATTTCAGCAACCCAC-3'. The PCR product was cloned into the
previously described KC9 construct [53] at Ncol and BamHI restriction sites and
VH SMB19 Tg mice generated as described previously for the VH81x Tg mouse
[54]. C3" mice, described previously [55], and C5 deficient mice, generated from
backcrossing the DBAJ2 mice onto the C57BL/6 background for over 8

generations, were both gifts from Dr. Scott Barnum, UAB.

Microorganisms and Monoclonal antibodies. A.f. 13073 (ATCC) was cultured
on potato dextrose agar (Fisher) plates at 37°C for 5 days then harvested in
PBS, counted on a hemocytometer, and stored at 4°C. Group B streptococci,

(with their cognate mAb clone names in parenthesis), GBS |Ib (H36B), GBSla,
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GBSIl (18RS21), and GBSIIl (COH1) used in flow cytometry experiments and
vaccinations were gifts from Dr. David Pritchard (UAB). GBS used for vaccines
were grown to log phase, washed 3 times, and fixed overnight in 1% PFA at 4°C.
Mabs specific for these GBS serotypes, a-1,3 glucan, and the anti-idiotype
antibody, SMBi26 against SMB19 are described, together with methods of

purification and quality control, in Supplementary Table 1.

Biacore Analyses. Biacore T200 (UAB Multidisciplinary Molecular Interaction
Core) was used to assess the binding of SMB19 to GBS Ib capsular PS. Purified
biotinylated GBSIb capsular PS was captured on a SA (Streptavidin) Sensor
Chip for the Biacore T200. After washing in a running buffer containing 3mM
EDTA to chelate Ca™, SMB19, was injected over the SA-captured GBSIb
capsular PS Chip surface in the presence of 0.9mM calcium chloride (red) or
3mM EDTA (green) in the running buffer at concentrations ranging from 0.68
ug/ml to 50 ug/ml. Sensorgrams (binding curves) were obtained and displayed

simultaneously.

Flow cytometry. For A.f. flow cytometry staining, A.f. conidia were cultured in
50 ml conical tubes for 12 hours at 37°C in RPMI to form hyphae. Then,
paraformaldehyde (PFA)-fixed GBS or live resting A.f. conidia or hyphae were
blocked at 4°C in 1% bovine serum albumin (BSA) then incubated with anti-GBS
type-specific IgM mAbs. Polyclonal goat anti-mouse IgM coupled to Cy5

(Southern Biotech, Birmingham, AL) was used to detect binding. All GBS type-
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specific mAbs were gifts from Dr. David Pritchard, UAB. IgM binding to A.f. was
analyzed on a FACScalibur (Becton-Dickinson, Mountain View, CA).

For the PI-PLC experiments, A.f. conidia were germinated for 18 hours in
RPMI in a Petri dish at 37°C. A.f. were harvested and washed 2 times in PBS
(20 min, 2000 rpm) and one time in PI-PLC enzyme buffer (50mM Tris HCI,
150mM NaCl, 5mM EDTA in dH20, pH 7.4). A.f. were resuspended in 1 ml
enzyme buffer. 0.4 units of Phospholipase C, phosphatidylinositol-specific (MP
Biomedicals, Solon, OH) was added to the A.f. and incubated for 60 min at 37°C.
A.f. was washed 2 times in PBS and stained with 0.5 ug mAb for 30 min, followed
by goat-anti-mouse IgM FITC (Southern Biotech Association) and analyzed on a
Becton-Dickenson FACS Calibur. The no PI-PLC samples were treated the same
except for the addition of the enzyme and T cells (Thy1) expression was used as
a GPI-linked control for the enzyme function.

For SMB19 Tg mouse characterization flow cytometry, spleen, bone
marrow, mesenteric lymph nodes, and peritoneal cavity lavage cells were
removed from SMB19 Tg or C57BL/6J mice. Cells were counted, blocked with
anti-Fcy (Ab93), and stained with the antibodies listed below. Phycoerythrin (PE)
anti-B220 (RA3-6B2), PE-Cy7 anti-B220 (RA3-6B2), PE anti-AA4.1,
fluoresceinated (FITC) anti-CD23 (B3B4), pacific blue (PB) goat anti-IgM, biotin
anti-CD23 (B3B4), APC-Cy7 anti-CD19 (1D3), FITC anti-CD5 (53-7.3), and PE
anti-CD11b (M1/70), and AlexaFluor-488 anti-CD21 (7G6) were purchased from

BD Pharmingen (San Diego, CA). SMBIi26, rat anti-SMB19 idiotype hybridoma,
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was generated using previously described methods [56]. Cell frequencies were

analyzed on a Becton Dickinson LSRII flow cytometer.

Vaccinations. C57BL/6J mice were vaccinated with either 10® PFA-fixed
GBSIb, or GBSII or PBS as controls intravenously (i.v.). Six days after
vaccination, mice were infected with a lethal dose of A.f. conidia i.v. and
monitored for survival. Mice were euthanized with CO, when they appeared

moribund.

Passive antibody transfer. C57BL/6J, TCRp/d-/-, C3", or C5 deficient mice
were given 200 ug of SMB19, SIbD2, or A16 intraperitoneally (i.p.) then
immediately infected i.v. with A.f. conidia and monitored for survival. Mice were
euthanized with CO, when they appeared moribund. For the neutropenic model
of infection, C57BL/6J mice were given 200 ug of anti-Ly6G (1A8 clone
hybridoma a gift from Dr. Thomas Malek) i.p. 1 day prior to infection with A.f. and
2 days post infection with A.f. On day 0, mice were passively administered 200
ug SMB19 or SIbD2 i.p., then immediately infected with 2LD50 A.f. i.v. and
monitored for survival. Mice were euthanized with CO, when they appeared

moribund.

Transgenic mouse experiments. SMB19 Tg, J558 Tg, uMT, or C57BL/6J mice
were infected with 2x10° A.f. conidia i.v. and monitored for survival. Mice were

euthanized with CO, when they appeared moribund.
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Inhibition ELISA. A.f. conidia were germinated in a Nunc 96-well Maxisorp plate
in DMEM supplemented with 10% FCS for 8 hours at 37°C in a CO; incubator,
then dried overnight at 37°C. Wells were washed with PBS and blocked with 1%
BSA. 250 ng/ml SMB19 in 1% BSA was then added to each well along with 1
mg/ml of s-LNT or LNT (Carbosynth, Berkshire, UK) or 0.5 mg/ml GBSIb
polysaccharide (gift from Dr. Dennis Kasper’s lab) or a-1-3 dextran (a gift from
Dr. A. Jeanes) in Dulbecco’s PBS (DPBS). After 2 hours incubation at 37°C, the
wells were washed with PBS and incubated with goat anti-mouse IgM-AP (SBA,
Birmingham, AL) for 1 hour. Plates were then washed with PBS, developed with
AP substrate buffer, pH 9.8, and O.D. measured at 405 nm on a BMG Labtech

microplate reader (Cary, NC).

GBSIb type-specific PS and GBSII type-specific PS ELISAs. Nunc 96-well
maxisorp plates were coated with poly-L-lysine for 30 minutes at room
temperature. Purified capsular PS from GBSIb or GBSIl was diluted in DPBS
and added to each well and dried overnight at 37°C. Wells were washed 3 times
with PBS, and blocked with 1% BSA. Mouse anti-sera was then diluted and
added to each well, then incubated for 2 hours at 37°C. Alkaline phosphatase
(AP) goat anti-mouse IgM (Southern Biotech, Birmingham, AL) was used as the
secondary antibody and plates were developed with alkaline phosphatase buffer,
pH 9.8. O.D. was read at 405 nm on a BMG Labtech microplate reader (Cary,

NC).



22

SMB19 idiotype, a—-1,3 dextran, and IgM® specific ELISAs. Costar 96-well
plates were coated with 1 ug/ml (SMBi26) anti-idiotype antibody to SMB19, a-1,3
dextran, or anti-lgM® (RS3.1) in PBS overnight at 4°C. Plates were then washed
with PBS 3X and blocked with 1% BSA. Mouse sera were diluted in PBS, added
to each well and plates were incubated for 2 hours at 37°C. AP goat anti-mouse
IgM (Southern Biotech, Birmingham, AL) was used as the secondary antibody
and plates were developed with alkaline phosphatase buffer, pH 9.8. O.D. was

read at 405 nm on a BMG Labtech microplate reader (Cary, NC).

Immunofluorescence Tissue Section Analysis. Spleen sections from SMB19
Tg mice were fixed in acetone, frozen, and stained with AlexaFluor 350 anti-
MOMA-1, AlexaFluor 647 anti-lgM®* (RS3.1), AlexaFluor 488 anti-SMB19
(SMBIi26), and PE anti-CD4 (RM4-5, BD Pharmingen) and PE anti-CD8 (53-6.7,
BD Pharmingen).

Brain and kidney sections from SMB19 Tg, J558 Tg, uMT, and C57BL/6
mice were frozen and stained with AlexaFluor 647 anti-Ly6G (1A8), AlexaFluor
555 anti-CD11b (M1/70), AlexaFluor 488 anti-p 1-3 glucan (a gift from Dr. M.
Feldmesser), and biotin rabbit anti-laminin (NB300-144) (Novus Biologicals,
Littleton, CO). Biotin was visualized with AlexaFluor 350 streptavidin (BD

Pharmingen, San Diego, CA).

Quantitative PCR analysis. Brain and kidney DNA was extracted from SMB19

Tg, 4558 Tg, uMT, and WT C57BL/6 mice using the DNeasy Blood and tissue kit
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(Qiagen, Hilden, Germany). Samples were processed as described previously
[57] and analyzed on a Biorad 1Q5 RT-PCR machine. Results are expressed as

A.f. conidial equivalents / g tissue.

A.f. microscopy analysis. A.f. conidia were diluted in RPMI 1640 and seeded
on glass slides. Slides contained resting A.f. conidia or A.f. that were germinated
for 8 hours and fixed in 95% ethanol at 4°C. Slides were washed with PBS,
blocked with 1% BSA, and stained with AlexaFluor-555 SMB19 and AlexaFluor
488 anti-p-1,3 glucan (Clone 744, IgM,k gift from Dr. Marta Feldmesser) [58],
and mounted with DAPI fluoromount. Slides were analyzed using a Leitz DMRB

fluorescent microscope.

Cytokine analysis. Antisera from SMB19 Tg, J558 Tg, uMT, and C57BL/6J
mice were collected at various time points before and after infection with A.f.
Sera were diluted 3 fold and processed using the Milliplex Mouse
Cytokine/Chemokine kit (Millipore). Prepared serum samples were run on the

Luminex MAGPIX system and results analyzed on Milliplex Analyst software.

CFU determination. BMDMs were seeded in 96-well round bottom plates (why
did you use round bottom? — they are easier to get off the plate and Brian always
said it increased the number of immune complex-macrophage interactions) at
37°C overnight. A.f. were complexed with SMB19 or SIbD2 for 30 minutes at

4°C and incubated with BMDMs at a MOI of 5 A.f. : 1 BMDM in the presence of



24

1:10 diluted uMT serum containing active complement or inactive complement.
After 2 hours, the supernatants from each culture were removed and remaining
BMDMs in the plate were lysed with water for 10 minutes. A.f. in the supernatant
and associated with the BMDMs were plated on potato dextrose agar slants and
incubated overnight at 37°C. Colony forming units (CFUs) were counted after 24

hours.

Fluorochrome-labeled A.f. uptake by BMDM. Mouse BMDMs were cultured in
complete DMEM supplemented with 10 ng/ml GM-CSF for 8 days as described
previously [59]. BMDMs were then seeded onto glass coverslips in complete
DMEM and grown overnight at 37°C. AlexaFluor-488 labeled A.f. conidia were
complexed with SMB19 or SIbD2 for 30 minutes at 4°C and incubated with
BMDMs at a MOI of 5 A.f. : 1 BMDM in the presence of 1:10 diluted uMT serum
containing active complement or inactive complement. After 2 hours, the
coverslips were placed on ice, washed, and stained with AlexaFluor-647 labeled
anti-AlexaFluor-488 and AlexaFluor-555 labeled CD11b (M1/70) to distinguish
between internalized and uninternalized A.f. conidia similar to methods
previously described [60]. A.f. conidia which were internalized by BMDMs were
AlexaFluor 488 positive (green), whereas A.f. that were uninternalized were
double positive for AlexaFluor 488 and 647 (yellow). Coverslips were then
mounted on slides with DAPI fluoromount and visualized on a Leitz DMRB

fluorescent microscope.
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RESULTS
Monoclonal antibodies to the Group B Streptococci, Type Ib (GBSIb)
capsular polysaccharide bind A.f. hyphae and conidia. We have found in
recent surveys that certain mAbs, which recognize components from a variety of
bacterial species, also bind to A.f. at multiple stages of its life cycle [61]. In this
analysis, we found that a previously described mouse mAb, SMB19, bound to
conidia (0 hr) and hyphae (12 hr) of A.f. (Fig 1A) This mAb has been shown
previously to bind to a siallylated oligosaccharide, s-LNT associated with the
capsular polysaccharide of GBSIb [40]. Other mAbs to members of this
streptococcal group including GBSla (SlaE7), GBSII (SIIF5C4), GBSIII, (S111V18),
and desialylated GBSIb (SIbD2) do not bind either A.f. conidia or hyphae (Fig
1A). All mAbs bind to the type specific polysaccharides expressed by the cognate
serotype of GBS bacteria (Fig 1B). The binding of SMB19 was notable in that it
was brightest in intensity at the tip of the germination tube and on outgrown
hyphae (Fig 1C). This analysis shows that mAbs isolated by immunizing mice
with GBS bind to their type specific GBS isolates, but only SMB19 reacts with
both resting conidia and outgrowing hyphae with highest intensity and
preferential localization to the hyphal tips. Similar reactivity was observed with

Aspergillus flavus and niger (data not shown).
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Fig 1. GBSIb type-specific mAb, SMB19, binds to A.f. conidia (0 hr) and
hyphae (12 hr). (A) A.f. conidia or hyphae were incubated with anti-GBS mAbs
SMB19 (anti-GBSIb), SlaE7 (anti-GBSla), SIIF5C4 (anti-GBSII), SllIV18 (anti-
GBSIII) (blue) or MMA isotype control (red) then with Cy5-conjugated secondary
anti IgM antibody. Binding was analyzed by flow cytometry (top two rows). (B)
Various GBS serotypes described in bottom row were incubated with SMB19
(blue) or GBS type-specific IgM (red) then with Cy5-conjugated secondary
antibody and analyzed for binding to their cognate serotype by flow cytometry.
SlaE7 (anti-GBSla) was used as the control (red) for SMB19 staining of GBSIb.
(C) 9 hour A.f. germlings stained with SMB19 (red) and A16 (anti-a1-3 glucan
IgM, green). Lower panel, corresponding phase contrast field. White bar =10um.

partially
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Fine Specificity and Ca'" dependent binding of SMB19 to the target
oligosaccharide. The terminal oligosaccharides that define the type specific
polysaccharides of GBS are known and are shown in Fig 2A for types la [28], Ib
[28], 1l [29], and III [30]. SMB19 binding to its target is highly specific since the
oligosaccharide expressed by GBSIb differs from GBSla and the others by
having a $1—3 instead of the more common p1—4 Gal-GlcNAc link found in
GBS capsular polysaccharides (Fig 2A). Additionally, SMB19 does not react with
the desialyated form of GBSIb, which is associated with the oligosaccharide
lacto-N-tetraose (LNT) [40]. Inhibition of SMB19 binding to A.f. with either s-LNT
or GBSIb purified capsular polysaccharide (Ib PS), but not LNT or a-1-3-dextran
(DEX) confirms that SMB19 binds a similar epitope to that found on GBSIb (Fig
2B, 2C). In addition, Surface Plasmon resonance analysis was used to confirm
previous observations [40] that the binding of SMB19 to the purified GBSIb
capsular polysaccharide is highly dependent on the presence of calcium (Fig
2D). Treatment of A.f. hyphae with phosphoinositide phospholipase C (PI-PLC)
to cleave GPI-linked proteins ablated SMB19 binding whereas 1-21 (anti-a-1,3
glucan) binding was unaffected (Fig 2E). Thus, the binding inhibition by
oligosaccharide indicates that SMB19 binding to A.f. and GBSIb is to a very
similar epitope and this epitope on A.f. is likely associated with a GPI-linked
protein. Additionally, SMB19 binding to its oligosaccharide antigen is calcium

dependent.
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Fig 2. SMB19 binds a calcium dependent PI-PLC sensitive epitope
expressed by A.f. (A) The SMB19-reactive oligosaccharide expressed by
GBSIb differs from other GBS capsular polysaccharides by having a p1—3
instead of the more common $1—4 link. (B) ELISA plates were coated with A.f.
and incubated with SMB19 (black), SMB19 plus s-LNT (green), or SMB19 plus
LNT (red) then AP-labeled secondary antibody. (C) ELISA plates were coated
with A.f. and incubated with SMB19 (black), SMB19 plus purified GBSIb
polysaccharide (Ib PS, green), or SMB19 plus a-1,3 dextran (DEX, red) then
with AP-labeled secondary antibody. SMB19 binding in both assays was
analyzed by measuring the O.D. at 405 nm. Inhibition ELISAs were performed
in triplicate and repeated twice with similar results *, p<0.05; **, p<0.01. (D)
Surface Plasmon resonance Biacore analysis of SMB19 binding shows that
binding of SMB19 to the purified GBSIb PS is highly dependent on the
presence of calcium. The vertical axis (RU) measures the amount of mAb
bound at each concentration during 200 sec of flow through. Sensorgrams
obtained in the presence or absence of calcium are overlayed. (E) A.f. hyphae
treated with PI-PLC (shaded histograms) or buffer treated (open histograms)
were stained with SMB19 (green), SIbD2 (red), or 1-21 (blue) followed by
secondary anti-mouse IgM-Cy5.
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Passive transfer of purified SMB19 mAb and vaccination with GBSIb
improves survival in a mouse model of disseminated I.LA. Since SMB19
binds to A.f. conidia and hyphae, we determined if this antibody would protect in
a mouse model of disseminated [.A. Purified SMB19 (anti-GBSIb), SIbD2 (anti-
desialylated GBSIb), or A16 (anti-a-1,3 glucan) were passively administered
intraperitoneally (i.p.) to C57BL/6J mice immediately before i.v. infection with
2L.D50 A.f. conidia i.v. ~75% of mice that received SMB19, but only 10-30% of
mice that received either SIbD2 or A16 survived 60 days after infection (Fig 3A).
There were no significant differences in protection between mice that received
SIbD2 or A16. l.p. injection of SMB19 revealed that this IgM mAb has an in vivo
half-life of approximately 2 days (Fig 3B), similar to that found for other IgM
antibodies. These results indicate that a single treatment with SMB19 reactive
with the epitope expressed by intact GBSIb type specific oligosaccharide, but not
SIbD2 specific for the desialylated GBSIb oligosaccharide or A16 specific for A.f.-
reactive a-1,3 glucans improves survival against disseminated |.A. up to 60 days
after infection.

Since passive SMB19 antibody gave a substantial degree of protection to
i.v. administered A.f. conidia, we tested whether A.f. immunized mouse antisera
contained antibody against the GBSIb type specific oligosaccharide.
Interestingly, significant amounts of GBSIb type-specific oligosaccharide as well
as other cell wall oligosaccharides including o-1,3 glucan and Group A
carbohydrate were not generated after A.f. infection (Supplementary Fig 1).

Because the epitope on A.f. which is recognized by SMB19 did not elicit a
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significant GBSIb type-specific antibody response, we performed preliminary
survival studies with C57BL/6J mice that were vaccinated i.v. with GBSIb or
GBSII and PBS treatment as controls in order to elicit a GBS-specific response.
Six days after vaccination, at the predetermined peak of the specific anti-GBS
antibody response, mice were infected i.v. with a lethal dose of A.f. conidia. PBS-
treated and GBSIl-immunized mice died within ~15 days whereas ~50% of
GBSIb vaccinated mice survived until 60 days (at which point the experiment was
ended) (Fig 3C). Thus, GBSIb vaccination significantly prolonged survival
compared to PBS sham or GBSIl immunized controls, showing that the
protection induced is specifically associated with GBSIb vaccination. In mice that
were immunized with GBSIb, there was increased GBSIb type-specific IgM in
addition to SMB19 idiotype bearing antibody levels. In contrast, mice vaccinated
with GBSIl had ~100 ug/ml of serum GBSII reactive antibody but very little
GBSIb type-specific or SMB19 idiotype positive antibody (Fig 3D-F). These
results indicate that immunization of mice with GBSIb, but not GBSII promoted
survival in ~50% of mice for 60 days after A.f. infection. Furthermore, this
protection was associated with an increase levels of GBSIb type-specific and

idiotype bearing SMB19-like antibody.
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Fig 3. Passive transfer of SMB19 or vaccination with GBSIb improves
survival in a mouse model of disseminated I.A. (A) Survival of C57BL/6 mice
passively transferred with 200 ug SMB19 (green, n=19), SIbD2 (red, n=18), A16
(blue, n=7), or PBS (black, n=8) i.p. immediately before i.v. infection with 2LD50
(2x10°%) A.f. Results were pooled from 3 separate experiments. Asterisks denote
significant differences in average survival rate compared to SIbD2, A16, and PBS
control groups. (B) Serum IgM? levels were analyzed at various timepoints before
and after passive transfer of 200 ug SMB19 into C57BL/6J mice by ELISA. (C)
Survival of C57BL/6J mice vaccinated i.v. with GBSIb (green, n=12), GBSII (red,
n=10), or PBS (black, n=17) 6 days before i.v. infection with A.f. Results are
pooled from 2 separate experiments with similar results. Asterisks denote
significant differences in average survival rate compared to GBSII and PBS
control groups. (D) Serum GBSIb type-specific IgM, (E) SMB19 idiotype-positive
IgM, and (F) GBSII type-specific IgM were quantified by ELISA immediately
before (Day -6) or 6 days after (Day 0) vaccination with GBSIb (green) or GBSII
(red). Asterisks denote significant differences between serum IgM levels at day -
6 and day 0. *, p<0.05; **, p<0.01; ***, p<0.001; ****, p<0.0001.
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SMB19 transgenic mice are significantly protected against disseminated
lLA. Since passively administered antibody has a limited half-life and levels of
antibody to GBSIb peaks at ~7days after immunization and then subsides we
sought to study the effects in a transgenic mouse expressing the SMB19 heavy
chain (Supplementary Fig 2). In this case, SMB19 idiotype positive antibody is
maintained at an approximately 10 fold higher level than C57BL/6J or J558 Tg
mice. Additionally, previous studies using uMT mice suggested that B cells and
antibodies were associated with increased susceptibility to A.f. infection [44]. To
address these issues and further understand the protective role of SMB19 in |.A.,
we infected SMB19 IgH transgenic (SMB19 Tg), uMT, J558 IgH transgenic (J558
Tg), or C57BL/6J mice with a lethal dose of A.f. conidia i.v. SMB19 Tg mice were
highly protected compared to C57BL/6J, uMT mice, or J558 Tg control mice (Fig
4A). Interestingly, in contrast to previous reports, uMT mice, were not
significantly protected from |.A. compared to C57BL/6J mice. Additionally, J558
Tg mice, which maintain high levels of anti-a-1-3 glucan antibodies (Fig 4D), a
major component of the A.f. cell wall, were not significantly protected compared
to C57BL/6J mice. Protection of SMB19 Tg mice correlated with significantly
higher serum levels of SMB19 idiotype bearing IgM compared with J558 Tg,
C57BL/6d, or uMT mice, although C57BL/6J mice and J558 Tg mice had similar
levels of GBSIb PS binding serum IgM as SMB19 Tg mice. In the case of J558
Tg mice, this antibody likely arose from B cells bearing endogenous Ig gene
rearrangements (Fig 4B-C). uMT mice did not have detectable levels of IgM.

These results, in conjunction with the protection afforded by purified SMB19
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mADb, further indicate that it is not just polyclonal GBSIb-reactive antibody (Figure
4B) but a particular subset of antibodies expressing the SMB19 idiotype that is
responsible for the protection observed in this model of IA. Additionally, these
results show that J558 Tg mice, even though they express antibodies to a major
A.f. cell wall component, are as susceptible as C57BL/6J and uMT mice in this
model of A.f. infection.

Since cytokines have been associated with either enhanced susceptibility
or resistance to I.A., we further analyzed the sera from each group of mice
immediately before and at days 4 and 7 post infection with A.f. for differences in
cytokine levels. Interestingly, SMB19 Tg mice had significantly lower levels of
granulocyte proliferation and survival cytokines G-CSF and GM-CSF, previously
associated with protection in [LA. Additionally, none of the groups of mice
analyzed had significantly different levels of Th1 or Th2 cytokines previously
associated with protection or susceptibility to I.A., including II-4, 1I-5, 11-10, 1I-2, II-
4, and IFN-y (Supplementary Fig 3). Taken together this data shows that SMB19
Tg mice which are significantly protected from |.A. have lower serum levels of G-
CSF and GM-CSF than the other groups of mice which were not protected from

I.A., but did not have different levels of Th1 or Th2 associated cytokines.
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Fig 4. SMB19 Tg mice, but not C57BL/6J, nMT, or J558 Tg mice are
protected in a mouse model of disseminated I.A. (A) Survival of C57BL/6J
(black, n=27), uMT (red, n=30), J558 Tg (blue, n=13) or SMB19 Tg mice (green,
n=29) infected with A.f. i.v. Results are pooled from 3 experiments with similar
results. Asterisks denote significant differences in average survival rate of
SMB19 Tg mice compared to J558 Tg, uMT, and C57BL/6J control groups. (B)
Serum SMB19 idiotype-specific IgM, (C) GBSIb type-specific IgM, or (D) a-1,3
glucan specific IgM in C57BL/6J, SMB19 Tg, J558 Tg, or yMT mice at various
time points after i.v. infection with A.f. n=3 / group. Bar colors correspond to
mouse groups in Fig 5A Results are representative of 2 independent
experiments with similar results. Asterisks denote significant differences in
serum antibody levels between mouse groups at various time points. *, p<0.05,
** p<0.01, ***, p<0.001, ****, p<0.0001.
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SMB19 Tg survival correlates with decreased A.f. fungal burden and
neutrophil infiltrates in the brain and kidneys. Because |.A. infected SMB19
Tg mice survived significantly better than infected WT C57BL/6J, uMT, or J558
Tg mice, we determined whether this protection correlated with a decrease in
fungal burden in the target tissues. It has previously been reported that brain
and kidneys are the major targets of A.f. in this infection model [57], so we
analyzed both tissues by immunofluorescence and quantitative PCR, as
described previously. Immunofluorescence analysis revealed that SMB19 Tg
mice had significantly fewer A.f. lesions in brain (Fig 5A-E) and kidneys (Fig 5G-
K) compared to C57BL/6J, uMT, or J558 Tg mice at 4 days post infection. There
were no detectable A.f.-containing lesions in the tissue sections analyzed in
either brain or kidney by 60 days post infection. Furthermore,
immunofluorescence analysis showed that A.f.-containing lesions in the brains of
C57BL/6J and uMT mice were filled with leukocyte infiltrates that were CD11b
and Ly6G positive, suggesting that these infiltrating cells were neutrophils.
SMB19 Tg mice had only sparse or non-detectable lesions in their brains at 4
days post infection. A few of these lesions were surrounded by cells weakly
expressing CD11b, but were negative for Ly6G (Fig 5D and 5J). None of these
mice had visible lesions of A.f. in liver or spleen (data not shown). Quantitative
PCR analysis revealed that SMB19 Tg mice had less fungal burden in their brain
(Fig 5F) and kidney (Fig 5L) than WT C57BL/6J, uMT, and J558 Tg mice. These
data show that survival of SMB19 Tg mice infected with A.f. correlates with a

decrease in fungal burden and neutrophil infiltrates in target tissues.
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Af.(cells / g tissue)

Af. (cells / g tissue)

Fig 5. SMB19 Tg mice have low or undectable A.f. fungal burden in their
targeted tissues. Immunofluorescence analysis of brain from (A) C57BL/6J, (B)
uMT mice (C) J558 Tg mice at 4 days after i.v. infection with A.f. compared to
SMB19 Tg at (D) 4 days, or (E) at 60 days. A similar analysis of kidney tissue
from (G) C57BL/6J, (H) uMT mice (I) J558 Tg (J) compared to SMB19 Tg at (J) 4
days, or (K) 60 days after i.v. infection with A.f. Sections are stained with anti-
Mac1 (red), anti-Ly6G (green), anti-p-1-3 glucan (white), and anti-laminin (blue).
White arrows indicate morphologically distinct hyphae in tissues from WT
C57BL/6, uMT mice and J558 Tg mice but in SMB19 mice only anti-p-1-3 glucan
remnants are seen. Quantitative PCR analysis of fungal burden in (F) brain or (L)
kidney of WT C57BL/6J (black), uMT (red), SMB19 Tg (green), and J558 Tg
(blue) mice 4 or 60 days after infection with A.f. Asterisks denote significant
differences in A.f. fungal burden. * (p<0.05), n=3/group, nd= not detectable.
Results are representative of 2 independent experiments with similar results. The
Y axis represents the number of A.f. conidial equivalents / g of infected tissue
extrapolated from cycle threshold calibration curves generated by spiking known
quantities of A.f. conidia into naive brain or kidney tissues.
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Protection by SMB19 is complement dependent. Since GBS type-specific
mADbs activated the alternative complement pathway and improved opsono-
phagocytosis during GBS infections leading to resistance to infection with virulent
GBS [38], we hypothesized that anti-GBSIb mAbs would protect in |.A. via a
similar mechanism. We passively transferred SMB19 or isotype control mAbs i.p.
to C3™ (Fig 8A), C5 deficient (Fig 8B) or C57BL/6J mice (Fig 8C), then
immediately infected them i.v. with 1x10° A.f. conidia. There were no differences
in survival of C3™ or C5 deficient mice that received SMB19 or isotype control
mAbs, but C57BL/6J mice that received SMB19 survived better than those mice
that received isotype control, similar to that shown in Fig 3A. Interestingly, in this
study, C3” mice were much more susceptible to A.f. infection than either C5
deficient or C57BL/6J mice, but C5 deficient and C57BL/6J mice were similarly
resistant to A f. infection. Based on the data we obtained from the C3” and C5
deficient mice, we hypothesized that complement may be protecting mice by
promoting opsonophagocytosis of A.f.

To test whether complement affected the uptake and killing of A.f. conidia
in the presence of SMB19, we incubated bone marrow derived macrophages
(BMDMs) from C3” mice with AlexaFluor-488 labeled A.f. conidia complexed
with SMB19 or isotype control mAb in the presence of serum (containing active
complement) or heat inactivated serum (containing no active complement) from
uMT mice. Serum from uMT mice was used as a source of complement that was
devoid of endogenous antibody. Additionally, BMDMs from C3” mice were used

to eliminate the possibility that endogenous complement synthesis by the
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macrophages would affect the readout. To determine whether SMB19 had an
affect on uptake of A.f. conidia in this system, we plated surviving A.f. conidia in
the culture supernatants after 2 hours incubation with BMDMs on plates
containing potato dextrose agar and counted colony forming units (CFUs). When
active complement was present, there were significantly fewer CFUs in the
supernatant of cultures containing SMB19 than isotype control mAb.
Additionally, there were no significant differences in CFUs from SMB19 or
isotype control treated mice when active complement was absent (Fig 6D).

To support this data, we grew BMDMs on glass coverslips overnight, then
incubated them for 2 hours with AlexaFluor-488 labeled A.f. conidia complexed
with SMB19 or isotype control mAbs and uMT serum containing active or inactive
complement at described above. After 2 hours, the coverslips were incubated on
ice to prevent further uptake of the A.f by the BMDMs and the cells were stained
with CD11b and Alexa Fluor 647 labeled antibody to Alexa Fluor 488, in order to
distinguish extracellular A.f. conidia from those that had been engulfed. BMDM
cultures that contained both active complement and SMB19 appeared to contain
fewer viable and uninternalized A.f. conidia than cultures containing isotype
control mAbs or inactive complement. Conidia that were internalized by the
BMDMs in cultures containing SMB19 and active complement appeared smaller
and in the process of being degraded. BMDMs in cultures containing active
complement appeared to take up significantly more A.f. conidia than cultures
containing inactive complement (Fig 6E-H). Taken together, these results show

that SMB19 together with complement constitutes an important host immune
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defense component in combatting I.A. with at least one protection mechanism

involving opsonophagocytosis and killing of A.f. conidia by host macrophages.
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Fig 6. Protection conferred by SMB19 during lL.A. is dependent on
complement. Survival of (A) C3” (B) C5 deficient or (C) C57BL/6J mice
passively transferred i.p. with 200 ug SMB19 (green) or control isotype SIbD2
(red) immediately before i.v. infection with A.f. Experiments were performed
twice with similar results. (D) A.f. CFUs from supernatants of BMDM cultures
after 2 hour incubation with A.f. opsonized with SMB19 (green) or SIbD2 (red) in
the presence of serum from uMT mice containing active complement (serum) or
inactivated complement (HI serum). BMDM uptake after a 2 hour co-culture of
AlexaFluor-488 A f. conidia opsonized with (E) SMB19 in the presence of serum
or (F) HI serum. (G) Isotype control SIbD2 with serum or (H) HI serum. Green =
Alexa-488 labeled A.f. conidia, red = Alexa 647 labeled Goat anti-Alexa 488
fluorochrome to detect non-phagocytosed conidia, blue = CD11b. White bar
=10um.

SMB19 protection is partially dependent on neutrophils and independent of
T cells. Since the major human populations susceptible to I.A. are severely
immunocompromised or immunosuppressed and have deficits in various immune
cells, we sought to determine which cell types were necessary for SMB19-

mediated protection in I.A. Since neutrophil insufficiency is a major risk factor for
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susceptibility to I.A., we utilized a model of infection that renders mice transiently
neutropenic. Mice were given 2 i.p. injections of neutrophil-specific anti-Ly6G
mADb, one on day -1 to deplete neutrophils prior to infection, and another on day 2
after infection with A.f. to maintain neutropenia over the course of 5-6 days post
infection (Fig 7A). All mice were confirmed to be neutropenic prior to A.f.
infection (Fig 7B) and were given SMB19 or isotype control mAbs on day 0
immediately before i.v. infection with 2LD50 (2.5x10°) A.f. SMB19 was still able
to afford a degree of protection in the neutropenic mice, however, the degree
was somewhat reduced from C57BL/6 mice, suggesting neutrophils are partially
necessary for mediating this protection. Reduced survival of both mAb-treated
groups of mice suggests, as expected, that neutrophils play an augmenting
protective role in long-term survival of mice in this model of |.A. (Fig 7C).

A large amount of data suggests that T cells are necessary for long-term
survival of A.f. infected mice. We next analyzed SMB19-mediated protection in
I.A. by passively transferring SMB19 or isotype control antibody i.p. to TCR/6-/-
mice immediately before i.v. infection with 2LD50 (2x10°) A.f. conidia. TCRp/d-/-
that received SMB19 mAb were more resistant to infection than the mice that
received isotype control mAb (Fig 7D). The degree of protection was similar to
that of C57BL/6J mice that received SMB19 mADb vs. isotype control mAb (Fig
3A). Taken together, these results indicate that SMB19-mediated protection in

|.A. is partially dependent on neutrophils and independent of T cells.
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Fig 7. SMB19 protection in l.A. is only partially impaired in the absence of
neutrophils not impaired in the absence of T cells. (A) Infection scheme in a
transient neutropenic model of |.A. infection. Mice were passively transferred
200 g anti-Ly6G i.p. 1 day prior to A.f. infection and 2 days post-infection with
A.f. to deplete peripheral neutrophils. 200 ug SMB19 or isotype control mAb
were given i.p. on day 0 immediately before i.v. infection with A.f. (B) Mice were
confirmed to be neutropenic at the onset of A.f. infection. FSC-SSC profile of
peripheral blood neutrophils in B6 mice (left panel). Peripheral blood from non-
neutropenic mouse (middle panel) and anti-Ly6G neutrophil depleted mouse
(right panel) were stained with AlexaFluor-647 labeled anti-Ly6G and PE-labeled
anti-Gr-1 and analyzed for neutrophil depletion by flow cytometry. (C) Survival of
transiently neutropenic WT mice that were passively administered 200 ug SMB19
(green, n=15) or SIbD2 (red, n=14) i.p. immediately before infection with 2LD50
(2.5x10°) Af. conidia i.v. (D) Survival of TCRp/d/-/- mice that were passively
administered SMB19 (green, n=11) or SIbD2 (red, n=12) i.p. immediately before
i.v. infection with 2LD50 (2x10°) Af. conidia. Asterisks denote significant
differences in average survival rate of mice passively transferred SMB19
compared to isotype control. *, p<0.05.
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DISCUSSION

Antibodies and B cells historically have not been associated with
protection in |.LA. due to the lack of an association between A.f. antibody titers
and protection in [.LA. and partially due to a study showing that uMT mice were
less susceptible to I.A. than WT mice [44]. However, recent studies on the role of
mADbs in protection against A.f., especially those against -1,3 glucans [45], have
generated new interest in this field. Few studies, however, have identified new
epitopes on A.f. that could be targeted therapeutically with mAbs. A few reports
in the past have studied the role of sialic acid-associated epitopes on the surface
of A.f. in host interactions. Although hypothesized to be major virulence factors
of A.f., the only evidence in support of this hypothesis has been the association
of higher levels of surface sialic acids on the more virulent strains of Aspergillus
[33]. To address in more detail the role of these sialic acid associated epitopes
on A.f., we chose to investigate whether mAbs generated against various GBS
serotypes, expressing the same sialic acid moiety, neuraminic acid (Neu5Ac) on
their capsular polysaccharides as A.f., would bind to A.f. conidia or hyphae. Our
results show that SMB19, a mAb generated against GBSIb, also bound to resting
A.f. conidia, and more strongly to A.f. hyphae. This mAb binds a sialic acid
associated epitope distinct from the sialic acid containing oligosaccharides found
on other GBS serotypes by its preference for the GBSIb type specific
oligosaccharide containing a f-1-3 instead of p-1-4GalNAc-GIcNAc
characteristic of the other subtypes. The fact that SMB19 bound specifically to

the tips of A.f. hyphae is particularly interesting since in this part of the growing
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hyphae the nascent cell wall is especially vulnerable to external influences and
as such is the target site for certain antifungal agents [62, 63] The observation
that binding of SMB19 to its oligosaccharide antigen is calcium dependent may
also have some bearing on SMB19-binding since proper outgrowth of fungal
hyphal tips relies on high cytoplasmic free calcium gradients and disregulation of
these calcium gradients results in inhibition of hyphal growth and changes in tip
morphology [17]. In light of these studies, it is possible that SMB19 binding is
facilitated by high levels of calcium flux and contributes to the unique protective
properties of this antibody.

Based on these findings, we sought to determine whether mAbs
generated against GBSIb could protect in a murine model of I.A. Our data shows
that passive administration of SMB19 protected better in this model of
disseminated |.A. than isotype control (anti-desialylated GBSIb polysaccharide)
or A16 (anti-a-1-3 glucan) mAbs and furthermore C57BL/6J mice vaccinated with
GBSlIb, which induced moderate increases of SMB19 idiotype positive antibody,
which despite relatively short-lived nature of the antibody titers were protected to
a greater extent that the mice that received passive antibody. Survival after A.f,
infection in SMB19 Tg mice, which maintain constant high levels of SMB19
idiotype positive IgM, was even better. Although there were similar levels of
antibodies in the serum of all groups of mice to GBSIb polysaccharide, only
SMB19 Tg mice expressed high titers of SMB19 idiotype positive antibody. Thus,
it appears that not all GBSIb polysaccharide reactive-antibodies are protective

and that it is the SMB19 or SMB19-like antibody portion of the response that is
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critical in providing protection against A.f. infection. It is also of great interest that
J558 Tg mice, which maintain high titers of antibodies against a-1-3 glucans, a
major component of the A.f. cell wall, are not protected in this model of Af..
highlighting the unique role of SMB19 idiotype bearing antibodies and its target
antigen in mediating the observed protection. Interestingly, in our study B cell
deficient uMT mice on the C57BL/6 background mice were equally susceptible to
I.LA. compared to WT C57BL/6 mice. This discrepancy could perhaps be due to
the use of BALB/c uMT mice in previous studies since these mice, have recently
been shown to make both mature B cells and plasma cells and produce normal
levels of antibody isotypes, excluding IgM [64]. Survival of SMB19 Tg mice
correlated with decreased fungal load in the brain and kidneys compared with
J558 Tg, C57BL/6J and uMT mice and their brains and kidneys were devoid of
neutrophil infiltrates and abscesses containing actively growing hyphae. Rarely,
we found small areas in the brain of SMB19 Tg mice at 4 days post infection that
contained what appeared to be A.f. remnants surrounded by mac1+ and Ly6G-
cells, which could be activated resident brain cells such as microglia. This
suggests that some A.f. may cross the blood brain barrier in SMB19 Tg mice, but
not to such an extent that it cannot be cleared within a few days after infection.
Previous studies on the role of sialic acids expressed by GBS in host
interactions have suggested that sialic acids are virulence factors because they
promote evasion of the host complement system perhaps due to molecular
mimicry of sialic acid associated epitopes on host cells. Regardless of the

reason, high titers of type-specific GBS antibodies are protective in GBS
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infections by activating complement and promoting opsonophagocytosis [38]. Of
the few studies directed to the role of sialic acids or complement in |.A., one
recently showed that although there is increased complement production in the
CNS during disseminated I.A., C3 deposition on A.f. hyphae remains low. In
addition, higher complement deposition correlated with enhanced
opsonophagocytosis and killing of A.f. [65]. Furthermore, it was recently shown
that patients with I.A. had lower serum levels of mannose binding lectin than
immunocompromised control patients and mannose binding lectin deficiency was
more common among patients with [.LA. than controls [66], suggesting that
complement is an important defense mechanism in I.LA. Our data clearly show
that C3” and C5 deficient mice, in contrast to WT mice, are not protected from
|.A. after passive administration of SMB19, indicating that complement activation
is, at least in part, responsible for the therapeutic effect of SMB19 antibody. In
addition, in vitro experiments with BMDMs indicate that SMB19 plus active
complement promotes uptake of A.f., as indicated by the decrease in supernatant
CFU after 2 hours incubation. The enhanced uptake of SMB19 complexed A.f.
by macrophages could indicate that these conidia get taken up by different
receptors on macrophages, by enhanced interactions with Mac1 (CRS3),
compared with non-SMB19 complexed conidia. Swelling of conidia has to occur
before tethering and uptake by Dectin-1. SMB19 complexed A.f. also appear to
be killed quicker than isotype control complexed A.f. as is indicated by a
decrease in total culture CFU compared to isotype control mAb (data not shown).

Microscopy supported this finding since phagocytosed SMB19 complexed A.f.
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conidia appeared smaller and more fragmented than isotype control treated
conidia suggesting that they were being degraded after 2 hour incubation. Also
of interest is that contrary to previous studies on C5 in |.A., our C5 deficient mice
were no more susceptible to I.LA. than WT mice. In our study, we used C5
deficient mice on the C57BL/6 background compared to WT C57BL/6 mice,
whereas in the previous study, DBA/2N mice, which are deficient in C5 were
compared with CFW mice [67]. This could possible contribute to the differences
in survival noted between these studies after infection with A.f.

The protection against |.A. afforded by SMB19 antibodies under
transiently neutropenic conditions is particularly important since a major risk
factor for becoming susceptible to |.A. is severe or prolonged neutropenia.
Because SMB19-mediated protection is dependent on C3, it is not surprising that
neutrophils play a role in protection since C3 receptor (CR3 / Mac1) is found
predominantly on neutrophils. The partial protection observed in the neutropenic
mice was likely due to CR3 on macrophages or dendritic cells phagocytosing the
SMB19 and C3 opsonized A.f. conidia. Many studies have implicated T cell
immunity as particularly important in clearing infections of A.f. That SMB19
antibodies did not depend on T cells for the immediate protection in this model of
acute A.f. infection is of interest since this type of immunodeficiency is similar to
that found in AIDS patients with CD4 T cell exhaustion. However TCRp/d-/- mice
were no more susceptible to A.f. infection that WT mice (data not shown),

suggesting that the role of T cells, at least in this model of infection, appeared to
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be dispensable, similar to previous human studies where |.A. among AIDS
patients is a relatively rare occurrence [68].

The antibody responses against the GBSIb polysaccharide are mostly
IgM as usual for these kinds of antigens in mice. These are short-lived and
antibody titers begin to subside after 7 days post-vaccination. However
identification of the fine details of the SMB19 epitope will facilitate production of a
vaccine that will produce longer lasting IgG and memory B cell responses.
Additionally, although vaccination with GBSIb is an attractive idea for treatment
for ILA., the efficacy of such a treatment, as with any vaccine, could be limited
based on the type of underlying condition or immunosuppression undergone by
individual I.A. patients. In this case passive immunotherapy could be effective
prior to at risk procedures for A.f. infection. However in patients with the capacity
to mount an antibody response, active immunization is feasible since GBS
polysaccharide conjugate vaccines against GBS serotypes |-V have already
been developed and validated through phase Il clinical trials in humans [69, 70].

There are several additional strategies to pursue regarding the
development of SMB19 like antibodies as a potential active or passive therapy
therapeutic for patients at risk for I.A. Passive antibody could be combined with
other antifungal therapies such as amphotericin B, voriconazole, and
caspofungin which are administered as standard treatments for |.A. patients [71].
Amphotericin B and voriconazole target ergosterol synthesis on the A.(f.
membrane whereas caspofungin targets p-1,3-D-glucan synthase enzymatic

activity, which also ultimately affects A.f. membrane synthesis. A recent study
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showed that mAbs against anti-p-1,3 glucans had a modest inhibitory effect on
fungal growth in vitro. In limited studies we found that SMB19 did not appear to
have a direct effect on in vitro growth of A.f. Recent reports that administration of
various cytokines such as G-CSF, GM-CSF, and recombinant IFN-y which
promote neutrophil, macrophage, and dendritic cell proliferation and activation
have been used in Af. infected patients [72]. Additionally, there have been
promising results administering II-12 to promote Th1 responses or neutralizing II-
4 or II-10 to down-modulate Th2 responses [73, 74]. Because SMB19 antibody
protection is not dependent on neutrophils and T cells, combination of SMB19
with these cytokines may also synergistically prolong survival during I.A.

A second therapeutic strategy still left to pursue for SMB19 like
antibodies and its target antigens is its potential in protecting against other
clinically relevant fungal pathogens which also express Neu5Ac-bearing epitopes
on their surface including Cryptococcus neoformans and Candida albicans [48,
75]. One emerging idea in the fungal field is that antibodies against conserved
targets on different fungal pathogens are “globally” protective [14]. Our
preliminary studies show that SMB19 antibody also shows intense staining of
hyphal tips of Candida albicans during its hyphal growth stage so that SMB19
may follow a similar paradigm in which it may be “globally” protective against its

‘conserved” target found on GBSIb, A.f., as well as other clinically relevant fungi.
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Supplementary Fig 1. Infection with A.f. does not elicit significant anti-
polysaccharide antibody responses. Sera from mice pre- and 7 days post-
infection with 2LD50 A.f. i.v. were analyzed by ELISA for reactivity with a-1,3
dextran (blue), Group A carbohydrate (black), and GBSIb polysaccharide
(green). Experiment was repeated twice with similar results. N=3.
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Supplementary Fig 2. SMB19 Id+ B cells in the peritoneal cavity are
enriched in the B1b and B2 subsets, but are not enriched in any subset in
the spleen. A, FACS analysis of SMB19 Id expression on B220+IgM+ cells in
representative samples of the spleen, bone marrow, mesenteric lymph nodes,
and peritoneal cavity using SMBIi26, a rat anti-SMB19 anti-idiotype antibody. B,
FACS analysis of SMB19 Id+ enrichment in the immature fraction E, T1, T2, and
T3 subsets of the spleen. C, FACS analysis of SMB19 Id+ enrichment in the
follicular, marginal zone, and pre-marginal zone mature B cell subsets of the
spleen. D, FACS analysis of SMB19 id+ enrichment in the B1a, B1b, and B2
compartments of the peritoneal cavity. For panels A-D, open histograms
represent SMB19 Id+ B cells in the VH SMB19 Tg mice and shaded histograms
represent SMB19 Id+ B cells in WT littermate control mice. E, Total number of
SMB19 Id+ B cells in splenic B cell populations. F, Total number of SMB19 Id+ B
cells in peritoneal cavity B cell populations. G, Spleen sections from VH SMB19
Tg mice were stained with anti-lgMa (green), anti-SMB19 Id (red), anti-Moma-1
(white), and anti-CD4+anti-CD8 (blue). H, ELISA analysis of SMB19 (green) or
SlaE7 (black) binding to SMB19 anti-idiotype mAb, SMBi26. Experiments were
performed in triplicate twice with similar results.



Supplementary Table 1: Mab clone names, isotype, and

antigen specificities

Clone name | Specificity Species Isotype | References
SMB19’ Anti-GBSIb Mouse, BALB/c | IgM,k [40]
SlaE7 Anti-GBSla Mouse, BALB/c | IgM,k [76]
SIIF5C4 Anti-GBSII Mouse, BALB/c | IgM,x [76]
SlIvV18 Anti-GBSIII Mouse, BALB/c | IgM,x [76]
SIbD2 Anti-desialylated | Mouse, BALB/c | IgM,x [40]
GBSIb

A16 Anti-a-1,3 glucan | Mouse, BALB/c | IgM, A [77]
1-21 Anti-a-1,3 glucan | Mouse, BALB/c | IgM, A [77]
744 Anti-p-1,3 glucan | Mouse, BALB/c | IgM,k [58]
SMBIi26 Anti-SMB19 Rat IgG1

56

' IgM antibodies were purified from supernatants of hybridomas grown in Gibco
serum free RPMI1640 by affinity chromatography over RS3.1 mouse anti-IlgM?-
Sepharose affinity columns. IgG antibodies were purified by passage over
Protein G-conjugated Sepharose beads. All antibodies were eluted with 0.1M
Glycine-HCL in PBS, concentrated and buffer exchanged into PBS using
Centricon Plus-70 centrifugal filters (Millipore). For quality control, purified
antibodies were subjected to SDS-PAGE under reducing and non-reducing
conditions to ensure correct molecular weight, as well as ELISA for antigen-
binding. Purified antibody preparations were tested for endotoxin levels before
injection by Limulus assay (Limulus Amebocyte Lysate Pyrogent, Lonza,
Walkersville, MD) and were below the limits of detection.
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Supplementary Fig 3. SMB19 Tg mice have lower levels of pro-
inflammatory cytokines in their sera after A.f. infection compared to control
groups. Luminex analysis of (A) Th1 and Th2 serum cytokine levels and (B)
neutrophil proliferation-asociated and survival serum cytokine levels in SMB19
Tg (green), WT (black), J558 Tg (blue), and uMT (red) mice at various time
points after i.v. infection with A.f. *, p<0.05, **, p<0.01. Asterisks denote
significant differences in cytokine levels between SMB19 Tg mice and control
groups on day 4 post A.f. infection. Results are representative of 2 independent
experiments with similar results.
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SUMMARY DISCUSSION

GBS has been recognized as an important clinically relevant pathogen for
several decades now and it is well established that type-specific GBS antibodies
are important host immune defenses in the clearance of this pathogen. Although
many studies have elucidated that these antibodies are important in activation of
the alternative complement pathway and opsonophagocytic clearance of GBS,
few studies have addressed many other properties of this class of antibodies
including their calcium dependent binding and reactivity with conserved antigens
on self components as well as on other pathogens. While our lab has a general
interest in studying antibodies to bacterial carbohydrate antigens, we became
interested in studying a particular mAb against GBSIb, SMB19, for the reasons
mentioned above.

In our study of SMB19, we determined that it specifically reacted with not
only with the GBSIb capsular oligosaccharide s-LNT in a calcium dependent
manner (A Fig 1), but also with components on host tissues and cells (A Fig 2)
and a clinically relevant fungal pathogen, A.f. While not unprecedented since it
was previously known that A.f. expressed various sialic acid moieties on its
surface, this finding was particularly exciting since little was known about these
epitopes and their efficacy as a therapeutic target.

Our work presented in this dissertation shows that SMB19 binds a similar

epitope on A.f. and GBSIb, and that its target on Af. is likely associated with a
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GPI-linked protein. Our preliminary studies to identify the SMB19 target
protein on A.f. have pointed us to several candidate proteins including glucan
endo-1,3-f glucosidase (egIC), conserved serine-rich protein, and a cell wall
protein, but futher studies are necessary to further identify the target (Appendix
C).

Our studies also show that SMB19 protects in a mouse model of
disseminated A.f. Our prior studies on the antibody responses of C57BL/6 mice
to various vaccine preparations of GBS revealed that paraformaldehyde fixed
GBS would elicit a moderate type-specific IgM antibody response that peaks ~7
days after vaccination similar to that of live GBS (Appendix B). This assisted us
in further elucidating that SMB19’s protection in |.A. can be mediated through a
variety of therapeutic approaches including passive transfer of SMB19 or
vaccination with GBSIb. Our development of the SMB19 Tg mouse and an anti-
idiotype mAb to SMB19 further helped us to show that this protection is
specifically mediated by SMB19 idiotype bearing antibodies and not just any
GBSIb type-specific antibodies. Previous studies on the role of GBS type-
specific antibodies in the activation of complement pointed us toward studying
the role of complement in SMB19’s protection during I.LA. As hypothesized,
SMB19’s mechanism of protection in |.A. was dependent on complement as it is
in GBS infections, but not dependent on either neutrophils or T cells which are
often absent or at low levels in |.A. patients.

Because the currently prescribed antifungal drugs are not very efficacious

in clearing A.f., the development of better therapies is necessary. The currently
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used antifungals as well as the recently studied protective anti-pg-1,3 glucan
mADbs have targeted the growth of the fungus instead of eliciting the host immune
response for protection, making SMB19-like antibodies an attractive combination
therapeutic for I.A. Future studies on SMB19 which are currently underway in
our lab will address this topic as well as study the protective capacity of SMB19
in other clinically relevant pathogens including Candida Albicans, which SMB19
also binds, hopefully leading to the development of improved I|.A. therapeutic

strategies.
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SMB19 binding to sialyl-lacto-N-tetraose associated with the GBSIb
capsular polysaccharide is calcium dependent. The structure of the GBSIb
type-specific polysaccharide has previously been described [28] and is shown in
Fig 1A. SMB19 is a GBSIb type-specific mAb (IgM, k), which recognizes the
oligosaccharide sialyl-lacto-N-tetraose (s-LNT). This oligosaccharide is
comprised of galactose, GIcNAc, and glucose sugars linked to a terminal sialic
acid residue, called neuraminic acid (NeuSAc). To confirm that SMB19 binds
specifically to sialyl-lacto-N-tetraose (s-LNT), we coated ELISA plates with either
s-LNT or lacto-N-tetraose (LNT) as a control and analyzed SMB19 binding by
differences in optical density at 405 nm. SMB19 bound in a dose-dependent
manner to s-LNT, but did not bind significantly to any concentration of LNT.
Additionally, a mAb against the GBSla type-specific polysaccharide, SlaE7, did
not bind to any concentration of s-LNT (Fig 1A). It has also previously been
reported that SMB19 binding to s-LNT is calcium dependent [40], so we analyzed
the calcium conditions necessary for optimal binding of SMB19 to purified GBSIb
polysaccharide by ELISA. ELISA plates were coated with purified GBSIb type-
specific polysaccharide, hen egg lysozyme, or SMB19 anti-idiotype antibody.
While SMB19 bound slightly to the GBSIb polysaccharide in PBS, binding was
enhanced ~2 fold in the presence of additional calcium present in DPBS.
Conversely, when 50 mM EGTA was added SMB19 binding was decreased ~2
fold compared with SMB19 binding in PBS. As an isotype control, MD4 was
analyzed for binding to hen egg lysozyme under these same conditions, but there

were no significant differences in binding despite the different calcium conditions.
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Interestingly, SMB19 binding to its anti-idiotype antibody, SMBi26, was also not
calcium dependent. To further elucidate which types of antibodies are calcium
dependent, we determined whether all anti-GBS antibodies were calcium
dependent in their binding to their cognate bacteria. We incubated type-specific
anti-GBS mAbs in varying concentrations of EGTA on ELISA plates coated with
GBSla, GBSIb, or GBSIl. Anti-GBSla and anti-GBSIb mAbs appeared to be
calcium dependent in their binding to their cognate bacteria, but the anti-GBSl|I
mAb was not, suggesting that not all anti-GBS mAbs are calcium dependent (Fig
1D). Addition of EGTA before anti-GBS mAbs had no affect on binding (Fig 1E).
Taken together these data show that SMB19 recognizes the epitope s-LNT on
the GBSIb type-specific polysaccharide in a calcium dependent manner and not

all anti-GBS mAbs are calcium dependent in their binding to GBS.
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Fig A1. SMB19 recognizes the polysaccharide s-LNT and its binding is
dependent on calcium. (A) Structure of the GBSla and GBSIb polysaccharides.
(B) ELISA analysis of SMB19 binding to s-LNT (green), LNT (black), and SlaE7
binding to s-LNT (red). (C) ELISA analysis of MD4 binding to HEL (black),
SMB19 binding to purified GBSIb polysaccharide (white), or SMB19 binding to
SMB19 anti-idiotype antibody, SMBi26 (grey), under various calcium conditions.
Experiments were performed in duplicate and repeated two times with similar
results. Representative experimental results are shown. ELISA analysis of
SMB19 (anti-GBSIb, green), SlaE7 (anti-GBSla, blue), or SIIF5C4 (anti-GBSlI,
red) binding to their cognate bacteria under various concentrations of EGTA.
EGTA was added (D) after or (E) before mAb. * p<0.05, ** p<0.01.



72

SMB19 binds to mouse autoantigens. The sialic acid residue, NeuSAc, is
found on a variety of host cells as well as pathogens such as GBS [28, 29]. In
fact, it is hypothesized that NeuSAc on GBS is a major virulence factor due to
molecular mimicry of host polysaccharides [78]. To test this hypothesis, we
stained mouse adult and neonatal tissue sections with SMB19 to see if there was
any cross-reactivity with epitopes on mouse cells. SMB19 stained brightly an as
yet unidentified epitope on the kidney tubules, liver, and crypts of the small
intestines of adult mice. SMB19 also reacted slightly with pancreas and
lymphoid tissues in adult mice (Fig 2A). In the neonate, SMB19 reacted with an
epitope in the cerebrum as well as the spleen and thymus (Fig 2B). Thus,
SMB19 appears to be autoreactive with murine epitopes. To further identify what
SMB19 might be reacting with on mouse cells, we stained RAW cells (data not
shown), BMDMs, and BMDCs with SMB19 and analyzed binding by FLOW
cytometry. SMB19 appeared to bind surface components of all three cell types
when compared to isotype control (Fig 2C). Taken together, this data shows that
SMB19 not only recognizes the GBSIb associated oligosaccharide, s-LNT, but

also an epitope on mouse tissues and lymphoid cells.
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Fig A2. SMB19 cross reacts with mouse autoantigens. Immunofluorescence
analysis of SMB19 binding to various (A) adult or (B) pup mouse tissues. Anti-
pan laminin (red), SMB19 or MD4 isotype control (green), DAPI (blue). DAPI
stain not shown for lymphoid tissues. (C) SMB19 (red) or SIbD2 control IgM
(blue) were incubated with BMDMs or BMDCs followed by Cy5 conjugated
secondary antibody and analyzed for binding by flow cytometry.



75

APPENDIX B

CHARACTERIZATION OF GROUP B STREPTOCOCCI TYPE IB ANTIBODY
RESPONSES
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Paraformaldehyde fixed and live GBSIb elicit primary and boosted type-
specific immune responses, whereas heat killed GBSIb do not. It has
previously been reported that live, but not heat killed (HK) GBS induce a type 1
interferon response [79]. Thus, we hypothesized that different vaccine
preparations would elicit different immune responses. To test how different
vaccines affected the primary and boosted type-specific GBSIb antibody
response, we vaccinated mice with either 1x10® HK, paraformaldehyde fixed
(PFA), or 5x10* live GBSIb. The live dose of bacteria had to be titered down
from the vaccine dose due to virulence. The peak of both primary and boosted
antibody response occurred ~7 days after vaccination although the primary
antibody response was weak in both groups. The PFA GBSIb preparation
elicited an antibody response that was similar in trend to that of live GBSIb,
whereas the HK preparation did not elicit an antibody response. The PFA
vaccine elicited a larger antibody response than the live GBSIb, but this is likely
due to the difference in number of bacteria given. The booster vaccine elicited a
robust antibody response that was ~10 fold greater than the primary response
(Fig 1A). Taken together this shows that PFA fixed GBSIb elicits a similar
antibody response to live GBSIb, and HK GBS do not elicit a GBSIb type-specific

antibody response.
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Fig B1. PFA fixed, but not heat killed GBSIb elicits an antibody response
similar to that of live GBSIb. (A) Mice were vaccinated with 1x10° PFA fixed
(green) or heat killed GBSIb (black) or 5x10* live GBSIb (red) on day 0 and day
21. Anti-sera was collected at various timepoints after vaccination and analyzed
by ELISA for type-specific GBSIb antibody levels. **, p<0.01.
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Memory antibody responses are greater in adult mice vaccinated with
GBSIb or GBSla and rechallenged 8 weeks later with GBSIb than 3 day old
pups that were vaccinated with GBSIb or GBSla and rechallenged with
GBSlb 8 weeks later. To determine how timing of vaccination affects the GBSIb
antibody response, we vaccinated 3 day old pups or 8 week old mice with GBSIb
or GBSla, then 8 weeks later rechallenged each group with GBSIb to look for
differences in GBSIb-specific antibody responses. Adult mice that received
primary vaccination with GBSIb and then were rechallenged with GBSIb after 8
weeks seemed to respond similarly to mice that received primary vaccination
with GBSla, indicating that little to no memory response specific to GBSIb was
generated or the antisera generated from each vaccination was cross-reactive
(Fig 2A-D). The same trend held true of 3 day old mice that were vaccinated with
GBSIb or GBSla then rechallenged as adults with GBSIb (Fig 2A-D). There were
significant differences, however, in both the memory response baseline and peak
antibody response levels between mice that were given primary vaccination as
pups vs. adults. Mice that received primary vaccination with GBSIb or GBSla as
pups had significantly lower levels of anti-GBS antibodies upon rechallenge 8
weeks later than mice that received primary vaccination with GBSIb or GBSla as
adults. In addition, levels of SMB19 idiotype-bearing antibodies appeared to be
significantly lower in mice that received primary vaccination as pups. Taken
together these results indicate that timing of primary vaccination with GBS affects

the magnitude and clonal response of the long-term anti-GBS memory response.
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Fig B2. Mice vaccinated as adults with GBSIb or GBSla then rechallenged
as adults with GBSIb produce higher anti-GBS antibody titers than pups
that were vaccinated with GBSIb or GBSla then rechallenged with GBSIb as
adults. 3 day old pups or 8 week old adult mice were vaccinated with GBSIb or
GBSla, then 8 weeks later rechallenged with GBSIb. Serum antibody IgM titers

against whole (A) GBSIb,

(B) GBSla,

(C) purified GBSIb type-specific

polysaccharide, and (D) SMB19 anti-idiotype were measured by ELISA at
various timepoints after rechallenge. *p<0.05, ** p<0.01, **** p,0.0001.
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Mice vaccinated with GBSIl have a much larger antibody response than
mice vaccinated with GBSIb. SMB19, as shown in Appendix A Fig 2, binds to
an epitope on mouse kidney tubules and liver. To determine if other GBS type-
specific antibodies also bound mouse autoantigens, we stained kidney and liver
tissue sections with SIIF5C4, anti-GBSII IgM. SIIF5C4 did not bind to either of
these tissues (Fig 3D). To determine if the antibody responses between these 2
serotypes were different, mice were vaccinated with 1x10® GBSIb or GBSII on
days 0 and 56. Antisera was collected from both groups of mice at various time
points before and after primary and secondary vaccination and anti-GBS IgM
levels were quantified by ELISA. Mice that received GBSIb mounted a relatively
weak GBSIb type-specific antibody response with the primary antibody response
concentration peaking around ~30 ug/ml and the memory response peaking
around ~100 ug/ml (Fig 3A). Mice vaccinated with GBSIl mounted a much
stronger antibody response with the primary GBSII type-specific antibody
response peaking around ~100 ug/ml and the memory response peaking around
~300 ug/ml (Fig 3B). Antisera from mice vaccinated with GBSIb appeared to
cross-react with the GBSIl| polysaccharide and vice versa (Fig 3A-B). The
SMB19 idiotype-positive antibody response was weak in these mice after
vaccination with GBSIb with levels peaking around 4 ug/ml in the memory
response (Fig 3C). Taken together these results indicate that type-specific GBSII
antibodies are not autoreactive with mouse tissues and the GBSIl antibody

response is approximately 3 fold larger than the GBSIb antibody response.
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Fig B3. GBSII vaccination elicits a larger antibody response than GBSIb in
adult mice and GBSII type-specific antibodies are not reactive with mouse
autoantigens. C57BL/6 mice were vaccinated with GBSIb (green) or GBSII
(red) on days 0 and 56. Antisera from each group was collected at various
timepoints before and after vaccinations and analyzed by ELISA for (A) GBSIb
type-specific IgM, (B) GBSII type-specific IgM, (C) and SMB19 idiotype-specific
IgM. (D) Mouse kidney and liver tissue sections were stained with SIIF5C4 (anti-
GBSII IgM) and SMB19 (anti-GBSIb IgM) (green), anti-pan laminin (red), and
DAPI (blue).
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Characterization of the GBSIb antibody response in the SMB19 Tg mouse.
To determine if SMB19 Tg mice responded differently to GBSIb than C57BL/6
mice, we vaccinated both types of mice with GBSIb or GBSla as a control. Both
SMB19 Tg mice and C57BL/6 mice mounted a primary and secondary antibody
response which peaked ~7 days post-vaccination, although the SMB19 Tg
mouse antibody response was ~3-4 fold larger than C57BL/6 mice. While the
SMB19 Tg mouse’s GBSIb type-specific antibody response was almost
exclusively SMB19 idiotype positive, C57BL/6 mice produced very low levels of
SMB19 idiotype positive antibody in response to GBSIb. The boosted antibody
response was ~5 fold larger in both WT and SMB19 Tg mice (Fig 4A and 4C).
Immunofluorescence analysis revealed that both primary and secondary antibody
responses corresponded with plasma cells detected at 3 days. While C57BL/6
mice produced a few plasma cells in response to both primary vaccines (Fig 4D),
corresponding to the weak primary antibody response, the SMB19 Tg mice had a
much larger plasma cell response corresponding to their 3 fold larger primary
response (Fig 4B). The plasma cell response was proportionally larger in both
types of mice 3 days after the booster vaccine (day 24) corresponding to the 5
fold increase in antibody levels compared to primary response. Additionally,
while SMB19 idiotype-positive specific plasma cells were barely detectable in the
C57BL/6 mice vaccinated with GBSIb, they were much more prevalent in the
SMB19 Tg mice that were vaccinated with GBSIb (Fig 4B and 4D). Taken

together this experiment shows that SMB19 Tg mice make a larger GBSIb
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specific antibody response than C57BL/6 mice and the plasma cell responses

reflect the antibody responses elicited from vaccination.
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Fig B4. SMB19 Tg mice produce higher quantities of GBSIb type-specific
antibody and SMB19 idiotype positive antibody than C57BL/6 mice. (A)
SMB19 Tg mice and (C) C57BL/6 mice were vaccinated with PFA fixed GBSIb or
GBSla as a control on days 0 and 20. Antisera was analyzed at various
timepoints before and after vaccination and analyzed for GBSIb type-specific IgM
(black) and SMB19 idiotype positive IgM (green). Blue = GBSIb type-specific IgM
from mice vaccinated with GBSla (blue), SMB19 idiotype positive IgM from mice
vaccinated with GBSla (red). (B) Spleen sections from SMB19 Tg or (D)
C57BL/6 mice 3 days after primary or secondary vaccination with GBS. Green =
anti-lgM, Blue = anti-CD4+anti-CD8, white = MOMA1, red = anti-idiotype to
SMB19. Yellow cells are both IgM and SMB19 idiotype positive.
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Co-immunization with multiple bacteria affects bacteria-specific clonal
responses. Since the timing of vaccination with GBSIb appeared to affect the
overall magnitude and clonal memory antibody response, we hypothesized that
vaccinating with multiple types of bacteria at the same time might also affect
these responses. To test this hypothesis, we vaccinated mice with GBSIb, GAS,
R36A, or combinations of these bacteria to determine if peak antibody responses
to each antigen was affected. While the total anti-phosphorylcholine (PC) and
anti-Group A carbohydrate (GAC) responses appeared to be similar independent
of whether multiple bacteria were given at the same time or not (Fig 5A), in some
cases the clonal responses appeared to be different. Mice that received R36A or
GBSIb in addition to GAS appeared to produce higher levels of I1A1 idiotype-
specific antibody. Additionally, mice that received GBSIb or GAS in addition to
R36A appeared to make higher quantities of TC68 (S107 Vh) compared with
mice that received R36A alone (Fig 5B). Taken together, this data suggests that
clonal antibody responses are affected by vaccination with multiple bacteria at

the same time.
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Fig B5. Co-immunization with R36A or GBSIb with GAS enhances the 1A1
clonal response compared to vaccination with GAS alone. Mice were
vaccinated with GBSIb, R36A, GAS, R36A+GBSIb, GAS+GBSIb, or R36A+GAS,
then bled seven days later at the peak of the antibody response. Day 7 serum
was analyzed by ELISA for PC (black) and GAC (green) specific antibody
responses (A) or AB1.2 (black), TC68 (red), and IA1 (green) idiotype positive
antibody responses (B). * p<0.05.
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Because SMB19 bound to A.f. conidia and hyphae, we performed preliminary
biochemical experiments to identify the epitope on A.f. to which SMB19 binds.
A.f. were grown for 18 hours in RPMI at 37°C in a CO; incubator. Hyphae were
harvested by centrifugation and washed in PBS. The hyphal pellet and lysate
were collected. Half of the pellet was treated with hot SDS and the other half
was left untreated. Both halves were then incubated with hydrofluoric acid to
release GPI-linked proteins from the cell wall, precipitated with methanol and
dialyzed against water. Half of the SDS-treated pellet was further processed by
incubation with wheat germ agglutinin (WGA) agarose beads and eluted with
GIcNAc (Fig 1A). Each A.f. fraction was run on a SDS-PAGE gel and western
blotted with either SMB19 or isotype control mAb (Fig 1B-D). Several protein
bands that were reactive with SMB19 were excised from the SDS-PAGE gel and
further analyzed by mass spectrometry for identification. Several interesting
proteins came back from this analysis as potential SMB19 targets, including
glucan endo-1,3-b-glucosidase, conserved serine-rich protein, and cell wall
protein. Characteristics of these proteins are enumerated in Table 1. Further
characterization of the WGA reactive protein band was performed by liquid
chromatography and revealed that this protein contained glycans with varying
amounts of mannose, galactose, glucose, GIcNAc, and NeubSAc (Fig 2).
Interestingly, most of these sugars are components of the GBSIb capsular

polysaccharide.
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Fig C1. Isolation of SMB19 reactive GPI-linked A.f. proteins. (A) Schematic
of A.f. GPI-linked protein extraction. A.f. hyphae were sonicated and lysate and
pellet collected. Half the pellet was incubated with hot SDS, the other half was
left untreated. Both halves were then incubated in HF acid, precipitated with
methanol, and dialyzed against water. Half the SDS treated fraction was then
incubated with WGA beads and reactive proteins eluted with GIcNAc. (B) SDS-
PAGE gel showing protein bands after various A.f. treatments. Western blot of
SDS-PAGE gel using (C) SMB19 or (D) SIbD2. Asterisks denote proteins sent
for mass spectrometry analysis.
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protein

Protein Annotation size comments
Glucan 1.GPl-anchored cell wall protein;
endo-1,3-beta- 2. serine-rich in C-terminal region is potentially heavy O-
glucosidase glycosylated;3.183, 364 and 370 are the predicted N-glycosylation
eglC AFUA 3G00270 |44.85 KDa _[sites.
conserved 1.GPl-anchored cell wall protein;
serine-rich 2. serine-rich in C-terminal region;
protein AFUA 3G00880 |21.6 KDa 3. a putative adhesin
cell wall
protein AFUA 3G10960 (26.7 KDa Ser-Thr rich in central region

Table C1. Potential SMB19-reactive A.f. target proteins from mass
spectrometry analysis.
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Fig C2. SMB19 binds to a WGA-reactive glycoprotein. A.f. cell wall GPI-
linked proteins that were reactive with WGA were western blotted and probed
with SMB19. The SMB19-reactive protein band was further analyzed by liquid
chromatography for common sugar residues.



APPENDIX D

IACUC APPROVAL

91



92

“ THE UNIVERSITY OF ALABAMA AT BIRMINGHAM

Institutional Animal Care and Use Committee (IACUC)

NOTICE OF RENEWAL

DATE: August 16, 2011
TO: JOHN F KEARNEY, Ph.D.
SHEL-410 2182

FAX: (205) 934-1875

FROM: ' é) '{/W

Judith A. Kapp, Ph.D., Chair
Institutional Animal Care and Use Committee (IACUC)

SUBJECT: Title: Modulation of Allergic Asthma by B Cells and Antibodies
Sponsor: Strategic Program for Asthma Research
Animal Project Number: 110808535

As of August 26, 2011, the animal use proposed in the above referenced application is renewed.
The University of Alabama at Birmingham Institutional Animal Care and Use Committee (IACUC)
approves the use of the following species and numbers of animals:

Species Use Category Number in Category
Mice A 1436
Mice B 149

Animal use must be renewed by August 25, 2012. Approval from the IACUC must be obtained
before implementing any changes or modifications in the approved animal use.

Please keep this record for your files, and forward the attached letter to the appropriate
granting agency.

Refer to Animal Protocol Number (APN) 110808535 when ordering animals or in any
correspondence with the IACUC or Animal Resources Program (ARP) offices regarding this
study. If you have concerns or questions regarding this notice, please call the IACUC office at
(205) 934-7692.

Institutional Animal Care and Use Committee Mailing Address:
CH19 Suite 403 CH19 Suite 403
933 19" Street South 1530 3RD AVE S
205.934.7692 BIRMINGHAM AL 35294-0019
FAX 205.934.1188



93

“ THE UNIVERSITY OF ALABAMA AT BIRMINGHAM

Institutional Animal Care and Use Committee (IACUC)

NOTICE OF RENEWAL
DATE: March 16, 2012
TO: JOHN F KEARNEY, Ph D.
SHEL-410 2182

FAX: (205) 934-1875

FROM: 7 [%
Judith A. Kapp, Ph.D_, Chair

Institutional Animal Care and Use Committee (IACUC)

SUBJECT: Title: Regulation of B Cell Clonal Diversity and its Role in Disease
Sponsor: NIH
Animal Project Number: 120409372

As of April 15, 2012, the animal use proposed in the above referenced application is renewed.
The University of Alabama at Birmingham Institutional Animal Care and Use Committee (IACUC)
approves the use of the following species and numbers of animals:

Species Use Category Number in Category
Mice A 1200
Mice C 272

Animal use must be renewed by April 14, 2013. Approval from the IACUC must be obtained
before implementing any changes or modifications in the approved animal use.

Please keep this record for your files, and forward the attached letter to the appropriate
granting agency.

Refer to Animal Protocol Number (APN) 120409372 when ordering animals or in any
correspondence with the IACUC or Animal Resources Program (ARP) offices regarding this
study. If you have concems or questions regarding this notice, please call the IACUC office at
(205) 934-7692.

Institutional Animal Care and Use Committee Mailing Address:
CH19 Suite 403 CH19 Suite 403
933 19" Street South 1530 3RD AVE S
205.934.7692 BIRMINGHAM AL 35294-0019
FAX 205.934.1188



	Anti-Group B Streptococci Monoclonal Antibodies Protect against Invasive Aspergillosis
	Recommended Citation

	Microsoft Word - dissertation final_0413.docx

