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Abstract

Vaccine-induced mucosal antibodies are often evaluated using small volumes of secretory fluids.
However, fecal matter containing mucosal IgA is abundant. We purified fecal IgA from five SIV-
vaccinated and five SIV-infected rhesus macaques by sequential affinity chromatography. The
purified 1gA was dimeric by native PAGE, contained secretory component, and was analogous to
IgA in colostrum and vaginal fluid by western blot. IgA from one infected and four vaccinated
animals neutralized H9-derived SIV 3251 with 1C5ps as low as 1pg/mL. Purified IgAs inhibited
transcytosis and exhibited phagocytic activity, the latter significantly correlated with SIV 50251
Env-specific IgA in the purified samples. Among different affinity resins, peptide M was optimal
compared to jacalin, anti-monkey IgA and SSL7 for IgA purification, as confirmed using tandem
peptide M/anti-monkey IgA columns. Fecal IgA provided material sufficient for several assays
relevant to protective efficacy, and was shown to be multifunctional. Our approach is potentially
applicable to human clinical studies.
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1. INTRODUCTION

Mucosal immunity is an important facet of many vaccine strategies aimed at preventing
infection and/or disease progression by infectious agents. Our group has been pursuing
development of an HIV vaccine that elicits strong mucosal responses. This is an important
goal, as the majority of HIV transmission events occur mucosally, and it is in tissue near
mucosal sites that infection is established [1, 2]. One difficulty in designing a mucosal
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vaccine lies in adequately evaluating mucosal immunity elicited by various vaccine
candidates. As assessment of mucosal cellular immunity is limited by the need for tissue
biopsies, routine monitoring of mucosal humoral responses in mucosal secretions is often
conducted. In this regard, vaccine induction of HIV/SIV-specific IgA, the antibody isotype
predominant at gastrointestinal surfaces, has been demonstrated. The majority of such
studies, conducted in mice using vaccine approaches including recombinant DNA or viral
vectors and HIV protein immunizations with mucosal adjuvants, have simply reported the
induction of HIV-specific mucosal IgA [3-6]. Other murine studies have shown elicitation of
functional mucosal IgA in secretions able to neutralize HIV or inhibit transcytosis [7-9].
Pastori et al. [10] used Peyers patch supernatants to demonstrate induction of anti-CCR5
IgA with HIV blocking activity. Similarly, studies conducted in non-human primates
(NHPs) showed HIV- or SIV-specific mucosal IgA induced by vaccination with replication-
competent adenovirus, modified vaccinia Ankara, or DNA recombinant vectors with or
without subsequent DNA or protein boosts [11-15]. A phase | clinical trial in humans of a
novel gp41-P1 peptide approach [16] was also shown to elicit mucosal IgA. Overall,
however, few pre-clinical vaccine studies in macaques have correlated mucosal IgA with
protective efficacy. Xiao et al. [17] demonstrated an association of vaccine- induced anti-
SIV Env IgA able to inhibit transcytosis with reduced viremia. Bomsel et al. [18] showed
protection against SHIV infection with mucosal IgA that possessed transcytosis inhibiting
activity. Xiao et al. [19] correlated delayed SIV 5251 acquisition with rectal IgA. In natural
infection, mucosal IgA with HIV neutralizing activity has been implicated in maintaining
the negative serologic status of highly exposed female sex workers (20]. In view of the
multiple activities of mucosal IgA, including its role in immune exclusion by providing a
protective physical barrier in mucus against pathogens [21], an in depth investigation of
vaccine elicited mucosal IgA responses is needed to clearly identify functions correlated
with protective efficacy.

As rhesus macaques are the current model of choice for pre-clinical vaccine development, it
is important to take into account what is currently known about macaque IgA.
Immunoglobulins bearing an alpha heavy chain are the major antibody isotype found in
external mucosal secretions, as well as being present in serum [22]. In humans, there are two
subclasses of 1gA, IgAl and 1gA2, encoded by two distinct Ig heavy a constant genes. IgAl
has an elongated proline-rich hinge region [23]. Old world monkeys have only one 1g heavy
a constant gene [24], which exhibits significant sequence variability, with frequent
mutations in the hinge region [25, 26]. This variability may affect isolation strategies
utilizing specific binding epitopes, thereby decreasing the effectiveness of such approaches.
Furthermore, the same variability can affect antigen binding, as evidenced by the studies of
Tudor et al. where functionality and binding of an HIV-specific mAb were altered by using
different heavy chains, and human IgA2 and IgG1 were demonstrated to exhibit different
functions despite having the same variable regions [27].

Numerous methods have been used to purify immunoglobulins, including phage display
technology, ammonium sulfate precipitation, size exclusion chromatography, anion
exchange chromatography, and high-performance liquid chromatography [28-30]. Affinity
purification is also used to purify Igs, and commercial methods of IgG purification have
been well characterized and utilized, including Protein G, Protein A, and Protein L [31, 32].
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Several commercially available methods for affinity purification of IgA have been
developed. These include peptide M, SSL7, and jacalin. Peptide M, or Sap, is a 50-residue
synthetic peptide derived from streptococcal M protein that has been shown to bind human
monomeric and dimeric IgA1 and 1gA2 with high affinity [33]. SSL7, Staphylococcus
aureus superantigen-like protein 7, similarly binds the Fc of monomeric human IgA1 and
IgA2, as well as IgA from cow and sheep’s milk, although it does not bind bovine, rabbit,
mouse or goat serum IgA [34, 35]. Jacalin is an alpha D-galactose binding lectin that binds
human IgA and IgD [36, 37]. It specifically binds O-linked glycans found in the hinge
region of IgA1[38], although it also binds IgA2 in some assays [37]. Jacalin, Peptide M, and
SSL7 have not yet been shown to bind monkey IgA.

Macaque mucosal IgA is often studied using small volumes of secretions collected by swabs
or lavages containing limited amounts of IgA. This in turn limits the number and type of
functional assays that can be performed. A further complication is the potential for blood
contamination, particularly in rectal secretions, which can confuse assay results by
introducing non-mucosal systemic antibodies into samples. Additionally, macaques must be
anesthetized in order to collect secretions. While alternative methods may not be available
for collection of vaginal and nasal secretions, the rectal and gastrointestinal mucosae may be
better sampled using IgA from fecal matter.

In healthy human subjects, there are around 65mg of total IgA per 100g of feces [39]. This
represents a large amount of available mucosal IgA that could potentially be utilized for
characterizing IgA specificity and functional activity. Feces have been successfully used as a
source for IgA isolation from humans, dogs, and mice [40]. It has been demonstrated in
mice that IgA from feces is representative of its mucosal immunoglobulin [41]. With respect
to the non-human primate model, feces also represent an easily collectible sample, not
requiring anesthesia, and available as often as the animal defecates, without interfering with
the rectal mucosa, unlike a swab. Feces certainly contain functional IgA, but this IgA must
be purified if it is to be used to evaluate and characterize mucosal immune responses. Here
we show that the commercially available resins: jacalin, peptide M, and SSL7, can be used
for purification of macaque mucosal IgA. Additionally, we demonstrate that feces represent
an inexpensive and readily obtainable source of mucosal IgA exhibiting multiple functions,
and providing ample amounts of mucosal IgA for extensive characterization.

2. MATERIALS AND METHODS

2.1 Cell lines

HelLa TZM-BL cells were maintained in DMEM with 5% FBS. THP-1 cells, a monocytic
cell line, were maintained in RPMI 1640 with 10% FBS and 0.05mM B-mercaptoethanol.
HT-29 and H9 cells were maintained in RPMI 1640 with 10% FBS.

2.2 Animals

Indian rhesus macaques were maintained at Advanced BioScience Laboratories, Inc. (ABL)
and the NCI animal facility, according to the standards of the Association for Assessment
and Accreditation of Laboratory Animal Care International and the Guide for the Care and
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Use of Laboratory Animals of the NIH. Animal protocols were approved by the ABL
Animal Care and Use Committee (ACUC) and the NCI ACUC prior to implementation.
Animals P275 and ZC10 were naive, untreated animals. Vaccinated animals P878, P879,
P888, P889, and P897 received ALVAC SIVgag/pro/env vaccinations at 0 and 1 month, and
twice more at 3 and 6 months together with Env protein formulated in alum. Animals P888
& P897 received SIVih766 9D-gp120 & SIV g7y 9D-gpl20 while P878, P879 and P889
received two full length single chain (FLSC) proteins [42] composed of SIV 766 9p120 or
SIVcg7v 9p120 attached to rhesus CD4 by a flexible amino acid linker. The vaccinated
macaques were challenged intrarectally 4 weeks after their last vaccination with repeated
weekly doses (125 TCIDsp) of SIVmacos51, @ stock prepared by Ronald Desrosiers and
obtained from Nancy Miller, DAIDS, NIAID. Vaccinated animals received 10 weekly
challenges, and remained uninfected (Franchini et al., unpublished data). Four months after
their last challenge, they received an ALVAC-SIV/gp120 boost and thereafter were boosted
monthly with ALVAC-SIV/gp120. SIVhac251 infected animals, P436, P437, P644, P735,
and P876, were enrolled in a pathogenesis study. All had detectable viral loads 5 months
prior to sampling, ranging from 5.4x104 to 5.1x108 SIV RNA copies/mL plasma. Animals
P436, P437, and P735 had viral loads of 1.5x10°, 6.5x104, and 4.2x10° respectively around
the time of sampling. SIVaco51-infected animals 897, DELP, and DFDM were chronically
infected at the time of sample collection. Feces were collected from the animal cages within
several hours of expulsion, and stored at -20°C until thawed for homogenization.

2.3 Purification of IgA

2.4 Western

Feces were homogenized in RPMI 1640 supplemented with antimycotic and antibiotic
(Anti-Anti, Invitrogen) and incubated at 4°C for 4-8 hours. Homogenate was clarified by
centrifugation at 2500rpm for 20 minutes, followed by 13000 rpm for 20 minutes. The
clarified homogenate was filtered through successively smaller filters (0.8um down to
0.2um), and run through a protein G-agarose column (ThermoScientific), then a jacalin-
agarose column (ThermoScientific), and lastly a custom-conjugated anti-monkey IgA
column (a-Mon IgA, KPL) in series (5mL of agarose/column). Jacalin, a-Mon IgA, peptide
M and SSL7 (Invivogen) agarose columns were also tested separately for their ability to
purify mucosal 1gA, as was a peptide M/a-Mon IgA tandem combination. Columns were
washed with 3-5 column-volumes of DPBS. The jacalin column was eluted with 2 column-
volumes of 0.1M D-galactose; Protein G, a-Mon IgA, peptide M, and SSL7 columns were
eluted with 2 column-volumes of 0.1M glycine pH 2.5 and immediately neutralized with pH
8.0 Tris-HCI. Column eluates were dialyzed overnight in DPBS at 4°C (12000 MWCO
Puralyzer, Sigma). The Jacalin and a-Mon IgA column eluates were combined and
concentrated (20000 MWCO Pierce concentrators, Thermo- Pierce) as were eluates from the
peptide M/a-Mon IgA tandem procedure.

Blotting

For SDS-PAGE, samples were added to laemmli sample buffer (Bio-rad) with [3-
mercaptoethanol, and heated at 90°C for 10 minutes. Samples and molecular weight markers
(Novex Sharp Protein Standard for denaturing gels, Invitrogen) were run on 4-20% Tris-
Glycine gels (Invitrogen), and transferred using the iBlot system (Invitrogen) onto a
nitrocellulose membrane. The membrane was blocked with 3% BSA in Tris-buffered saline
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containing 0.05% Tween-20 (TBS-T), and incubated overnight at 4°C with 1:1000 a-Mon
IgA-peroxidase, 1:1500 a-Mon IgG-peroxidase, or 1:500 a-Hu SC-peroxidase (all from
Nordic Immunology) diluted in blocking buffer. Chemiluminescent substrate (Supersignal
West Pico, Thermo Scientific) was used to visualize bands.

For blue native PAGE, samples were added to native sample buffer (Invitrogen), and the
recommended amount of 5% G-250 (Invitrogen). Samples and molecular weight markers
(Native MARK unstained protein standard for Native gels, Invitrogen) were run at 4°C on
4-16% Bis-Tris gels (Invitrogen) at 150V for 60 minutes, followed by 250V for 90 minutes.
Gels were transferred onto PVDF membranes (Invitrogen) using the iBlot system
(Invitrogen), incubated with 8% acetic acid for 5 minutes, then washed with ultrapure water.
Membranes were dried, washed three times with methanol, then blocked with 3% BSA in
TBS-T, before incubating overnight at 4°C with 1:1000 a-Mon IgA-peroxidase in blocking
buffer. They were visualized in the manner described above.

96-well ¥2 area plates (Greiner) were incubated overnight at 4°C with a-Mon IgA or 1gG
(100ng/well, KPL) or SIVac251 9p120 (200ng/well, ABL) in carbonate-bicarbonate buffer
(Sigma), then blocked for two hours at RT with 1% BSA blocking solution (KPL). Plates
were loaded with samples, total 1g standards, or dilutions of Env-specific IgA and 19G
standards derived from IgG-depleted pooled serum or purified serum IgG, respectively,
obtained from S1Vy,c251- infected macaques and quantified as previously described [43].
Following incubation at 37°C for one hour, the plates were washed 5 times with wash
buffer, and a-Mon IgA- peroxidase or a-Mon IgG-peroxidase (Nordic Immunology) diluted
in blocking buffer was added and incubated for 1 hour at RT. After washing 5 times,
peroxidase substrate was added (KPL), and after 15 minutes Phosphoric acid (1M) was
added before reading absorbance at 450 nm. Results are expressed in the concentrations
listed based upon the standard curves generated. The ELISA for secretory component
followed the same procedure as above, using 96-well %2 area plates coated with
unconjugated a-Mon IgA. Following incubation with purified fecal IgA samples, secretory
component was detected using a-monkey SC-peroxidase (Nordic Immunology).

2.6 Neutralization

HelLa TZM-bl cells (0.1 ml) were seeded into 96-well trays (8 x10% cells/ml) one day prior
to infection. 200 focus forming units (FFU) of SIV nac251 were mixed with twofold serial
dilutions of isolated IgA. After 1 h of incubation at 37°C, these mixtures were added to
target cells and incubated for 8 hrs at 37°C. Then, the virus-antibody mixture was removed,
DMEM with 5% FBS was added, and infected cells were incubated at 37°C for 48 h.
Medium was removed, and 100 pl of medium without phenol red was added. Cells were
then fixed and solubilized by adding 100 ul of BriteLite (Company). Luminescence was read
with a Vector luminometer.

2.7 Antibody-dependent cellular phagocytosis (ADCP)

SIVmac2s1 9p120 was biotinylated (Biotin-XX microscale protein labeling kit, Invitrogen),
and 3-5 g were incubated for 25 minutes at room temperature in the dark with streptavidin-
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fluorescent beads (FluoroSpheres® NeutrAvidin® Labeled Microspheres, 1.0 um, Yellow-
Green Fluorescent (505/515), 1% solids) that were diluted 100-fold. THP-1 cells were plated
in a 96- well U-bottom plate (250,000-300,000 per well), and samples were added. The
bead-gp120 mix was further diluted in media 5-fold, and 50uL was added to cells, incubated
for 3 hours at 37°C, washed at low speed, and fixed in 2% PFA. Cells were assayed for
fluorescent bead uptake by flow cytometry using a BD Biosciences LSR Il. Results are
reported as the phagocytic score as previously described [44], calculated as (% phagocytosis
x MFI1)/108.

2.8 Transcytosis Inhibition

3. Results

SIV transcytosis across epithelial cells was performed as previously described (17) with
some modifications. Briefly, the intestinal epithelial HT-29 cell line was grown as a tight,
polarized monolayer in 24-Transwell plates (6.5-mm diameter, 0.4-um pore size; Costar,
Corning) for 20 days in RPMI 1640 containing 10% fetal calf serum. The tightness of the
monolayer was monitored by transepithelial resistance (>250 /cm?) with a Millicell
ohmmeter (Millipore) and confirmed by a fluorescein (Sigma) leakage test. SIV mac251-
infected H9 cells (1x108 cells/well) were washed three times and added to the apical
chamber with 5ug purified IgA. Transcytosis was assessed after 4 h by measuring p27
antigen in the basal chamber by antigen capture ELISA (ABL). Inhibition of SIVac051
transcytosis was calculated as follows: (1- [p27 in the basal chamber of the test sample]/
[average p27 in the basal chamber of the naive samples]) x 100.

3.1 Quantity of mucosal IgA purified from feces of vaccinated and infected macaques

It was not known if affinity chromatography designed for human IgA purification could be
used to isolate IgA from rhesus macaque mucosal samples, including fecal matter. To
address this, we utilized conjugated agarose columns in series to purify IgA from various
fecal samples. A protein G column, which does not bind IgA, was first used to deplete the
mucosal sample of 1gG. The sample was then run through a jacalin column to bind IgA,
followed by a custom conjugated a-Mon IgA column in series to catch IgA not bound by
jacalin. After washing these columns, the IgA was eluted. The eluates were combined,
dialyzed, and concentrated for further characterization. This method was applied to fecal
samples from five SIV-hyper-vaccinated rhesus macaques, and five SIV-infected macaques,
as well as naive controls.

Purified IgA and IgG samples were quantified by ELISA (Fig. 1). Roughly 10 ug of total
IgA per gram feces could be obtained, with higher amounts obtained from the naive and
vaccinated macaques and lower amounts from the infected macaques (Fig. 1a). Vaccinated
animals had a mean of 12.6+2.6 g total IgA per g of feces, and the infected animals had a
mean of 5.6+0.8. The highest yield was 700 g total IgA from a 56g fecal sample. For
comparison, we obtained a mean of 2.8+0.4 g total IgA per swab in a separate study using
rectal swabs obtained from 22 naive rhesus macaques [45]. We also quantified fecal 1gG
purified on the Protein G column. As with the mucosal IgA, feces from vaccinated animals
yielded significantly more total 1gG than feces from infected animals. Minimal amounts of
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total 1gG were obtained, roughly 0.17 pg per gram of feces (Fig. 1b). Vaccinated animals
had a mean of 0.33+0.12 g total 1gG per g of feces, and the infected animals had a mean of
0.012+0.0017. A mean of 1.97+0.6 pg total 1gG per swab was obtained using rectal swabs
from 22 naive macaques [45].

IgA specific for SIVmaco51 Env was detected in all samples, although only a background
level, defined by samples from the naive macaques, was present in vaccinated macaque
P878 (Fig. 1c). Vaccinated animals had a mean of 0.12+0.04 ng specific IgA per g total
IgA, and the infected animals had a mean of 0.14+0.05. Aside from vaccinated macaque,
P889, with a very high level of SIV Env-specific IgA, levels of specific IgA/ug total IgA in
the vaccinated and infected animals were very similar. SIV yac051 Env-specfic 1gG was also
detected, but in cases where significant amounts of total IgG were purified, surprisingly,
most of the total 1gG was specific for SIVnac251 Env, although significant variability was
observed (Fig. 1d). Vaccinated animals had a mean of 28+44 ng specific 1gG/ug total 1gG
for 4 of 5 positive macaques, and the infected animals had a mean of 568+48ng specific
1gG/ug total 1gG for 2 of 5 positive macaques. A preponderance of HIV-specific 1gG
antibodies compared to IgA has been reported in supernatants of duodenal biopsies of HIV
infected individuals [46], although the mechanism responsible is not clear. Further
investigation of this finding is warranted.

3.2 Characterization of Purified IgA

The purified fecal IgA was then characterized to determine if it was representative of
mucosal IgA found in macaque mucosal secretions. IgA samples were run under denaturing
and non-denaturing conditions. Under denaturing conditions, western blotting for monkey
IgA showed that IgA isolated from two different fecal samples exhibited a clear o heavy
chain band comparable to those found in unpurified vaginal swab and rhesus colostrum
samples (Fig. 2a). A second band of smaller molecular weight was observed in both purified
fecal samples, possibly resulting from degradation of IgA within the gastrointestinal tract.
The amount of IgA in the unpurified rectal swab sample (Fig. 2a) was too little to be
detected under the conditions used.

Using blue native PAGE, the purified fecal IgA appeared largely dimeric (MW ~320,000),
similar to that present in rectal and vaginal swabs (Fig. 2b) and consistent with SIgA, known
to be dimeric [47]. Nevertheless, some polymeric IgA as well as degradation products in the
fecal IgA were observed. The IgA in rhesus colostrum was essentially all polymeric, as
evidenced by a higher molecular weight band, which has been reported previously, and is
most likely functionally similar to dimeric 1gA [48]. There may be distinct differences in
mucosal IgA found in different tissue compartments, but this remains to be investigated
further.

The purified fecal IgA was tested in a semi-quanititative ELISA for the presence of
secretory component (SC), the portion of the poly-Ig receptor that is cleaved and remains
attached to the transcytosed mucosal dimeric IgA [49]. SC was present in each IgA sample
isolated from feces (Table 1). However, only a small amount of SC was detectable in the
fecal 1IgA samples, which required roughly 1ug of purified IgA for SC detection, possibly
due to degradation in the intestinal track or loss during purification. We were unable to test
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for the presence of J-chain due to the lack of a reagent for rhesus macaques. Purified IgA
was free of 1gG, as verified by western blot (data not shown).

3.3 Endotoxin in fecal IgA

The purified fecal IgA samples from the vaccinated and infected animals were also tested
for endotoxin (Table ). As expected, they contained a relatively high amount of endotoxin
(an average of 4000 EU/mL, or roughly 400ng/mL). In comparison, the IgA in vaginal
swabs contained 150 EU/mL, while the IgA in rectal swabs contained 220 EU/mL. The
amount of endotoxin present in the fecal IgAs precludes their in vivo usage outside of the
rectal compartment without further endotoxin removal.

3.4 Neutralization of SIVqac251 by purified IgA

To determine if the purified fecal IgA mediated functional activities, we first assayed for
neutralization capacity. SIVmaco51 derived from H9-infected cells was used in a TZM-BL
neutralization assay using up to 8ug of purified IgA (Fig. 3). This assay is unaffected by
endotoxin present in the samples [50]. In the vaccinated cohort, 4 of 5 fecal IgA samples
exhibited neutralizing activity, with the exception being animal P889 (Fig. 3a). IgA from
macaque P878 did not reach 50% neutralization, but I1Csg values for IgA from the other
three vaccinated macaques ranged from 1 to 4 ug. Infected animal, P735, exhibited
neutralizing activity with an ICsq less than 1ug of total mucosal IgA. Fecal IgA from the
other infected animals did not exhibit significant neutralization of the autologous virus (Fig.
3b). Overall, purified fecal IgA from vaccinated animals more frequently exhibited
neutralizing activity in comparison to the infected animals. The IgA from naive animals
exhibited no neutralization of the virus.

3.5 Phagocytic Activity of IgA

We next determined the ability of the purified fecal IgA to mediate ADCP using a target
antigen, SIVmnac2s1 9p120. Among the vaccinated animals, P879 and P889 exhibited
elevated phagocytic activity (Fig. 4a), and in addition, macaque P888 showed phagocytic
activity greater than the naive animal (P275). With regard to IgA purified from feces of
infected macaques, all but one (P436) displayed phagocytic activity greater than that of the
naive animal, ZC40 (Fig. 4b). The phagocytic activity of IgA from both the vaccinated and
infected animals correlated significantly with the amount of SIV 50051 Env-specific IgA
present in each sample (p=0.0167 and p=0.0333 for vaccinated and infected animals,
respectively; Fig. 4c and d), indicating that recognition by fecal 1gA of specific SIV gp120
epitopes was responsible for the phagocytic activity. The p value for the vaccinated animals
was better than for the infected animals, and the spearman correlation coefficient (r value)
was closer to 1 for the vaccinated animals. Further, the slope of the linear regression fit line
for the vaccinated animals was steeper than for the infected animals (5.66 vs. 3.14),
indicating overall that the phagocytic capacity of the IgA from the vaccinated animals was
better.
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3.6 Transcytosis Inhibition

To further examine the functional capacity of the purified fecal IgA, we assessed its ability
to inhibit transcytosis of cell-associated SIVyaco51 across a tight epithelial cell barrier in
vitro. After subtracting the averaged background of two naive animals, purified fecal IgA
from all vaccinated and infected macaques that were tested exhibited transcytosis inhibition
(Fig. 5a). Consistent with the results for other functional activities, the mean levels of
transcytosis inhibition by purified fecal IgA of the infected animals were lower than the
mean levels for the vaccinated animals tested, but not significantly so (Fig. 5b).

3.7 Alternative affinity purification methods for mucosal IgA

After demonstrating that a combination of Jacalin and anti-monkey IgA resins successfully
purified fecal 1gA with several functional activities, we investigated other affinity
purification methods. We first used jacalin, a-Mon IgA, peptide M, and SSL7 separately for
affinity purification of macaque mucosal IgA using 14.2g of fecal matter from the same
sample from a naive animal for each purification. Their efficiency of binding mucosal IgA
was first determined by comparing the amount obtained from the column eluates to the total
amount in the flowthrough plus eluate fractions (Table 11). SSL7 bound IgA most efficiently,
a-Mon IgA and Peptide M exhibited moderate efficiencies, while jacalin was least efficient.
However, a comparison by western blot under denaturing conditions revealed that although
all the purified 1gAs contained the IgA heavy chain, all but that purified using jacalin
contained a second smaller molecular weight band representing apparently degraded heavy
chain (Fig. 6a) suggesting affinity purification by jacalin might yield better quality, non-
degraded mucosal IgA. Under native conditions, all methods appeared to purify polymeric
IgA from this particular macaque sample (Fig. 6b). Thus jacalin, a-Mon IgA, peptide M,
and SSL7 all appeared useful for mucosal IgA purification from macaque feces, although
multiple forms of IgA were obtained with SSL7.

3.8 Functional comparison of mucosal IgA purification methods

Having demonstrated the ability to purify IgA using jacalin, a-Mon IgA, peptide M, and
SSL7 columns, we wished to determine if IgAs obtained using these different methods were
equally functional. Fecal matter from infected macaques (pooled in order to obtain enough
material for purification by the 4 different methods and then evaluation across several
functional assays) and fecal matter from a hyper-vaccinated animal, P879, were purified
using each of the four resins, and the IgAs obtained were compared for the ability to
neutralize H9-derived SIV mac251 Virus (Fig. 7). The IgA obtained from the pooled feces of
SIV-infected macaques indicated that jacalin yielded the most functional IgA, followed by
peptide M, a-Mon IgA, and SSL7 (Fig. 7a). P879 IgA (Fig. 7b) showed similar results,
although IgA from jacalin was not tested due to the minimal amount obtained. Similar
results were obtained when neutralization was plotted versus the amount of SIV 50051 Env-
specific IgA present in the total IgA used (Fig. 7¢,d). In this case, IgA from the a-Mon IgA
column exhibited slightly more neutralizing activity than that from the peptide M column.
All methods yielded functional IgA with respect to neutralization, although jacalin and a-
Mon IgA purification resulted in slightly better functionality.
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Fecal IgA from a naive animal and an infected animal (P180) were similarly purified by the
various affinity methods and compared for ADCP activity. Phagocytosis is important in
clearing infectious agents, as well as in the initial immune response to an antigen that is
recognized, phagocytosed, and degraded. IgA is known to play a role in mucosal immune
responses through modulation of phagocytosis [51]. Fig. 8a shows similar functionality
between IgA from peptide M and a-Mon IgA columns, both of which exhibited better
phagocytic activity than 1gA isolated using SSL7. IgA from jacalin was not tested due to the
small amount obtained. The phagocytic score of the isolated total IgA plotted against the
amount of SIVac051 Env- specific IgA present in the sample (Fig. 8b), trended towards a
positive correlation, although it was marginally non-significant. When the overall
functionality of the mucosal IgA isolated by these various methods was compared, IgA
purified using SSL7 did not perform as well as the other methods, despite demonstrating the
best binding efficiency (Table I1).

As 1gA purified by both peptide M and a-Mon IgA exhibited good functional activity and
also bound IgA more efficiently than jacalin (Table 1), we considered that sequential
peptide M/ a-Mon IgA affinity purification might be a preferred method. IgA was purified
using this tandem method from fecal homogenates from three SIV-infected animals, 897,
DELP, and DFDM, run using denaturing and non-denaturing conditions, and immunoblotted
for IgA, 1gG, and secretory component (Fig. 9). Under denaturing conditions, IgA heavy
chain was detected in all three samples, along with some degradation products, and no IgG
was detected (Fig. 9a). Under non- denaturing conditions, monomeric IgA was detected in
the purified IgA from animals DELP and DFDM, and dimeric IgA was detected in the
DELP sample (Fig. 9b). IgA was not detected in the sample from macaque 897 on the native
gel, consistent with greater degradation in this purified IgA (Fig. 9a). The dimeric IgA
purified from DELP was also positive for secretory component, consistent with mucosal
IgA. Overall the peptide M/a-Mon IgA tandem procedure is a suitable method for the
affinity purification of mucosal IgA from rhesus macaque fecal matter. It provides adequate
amounts of mucosal 1gA, allowing for multiple immunological assays to be conducted on
pre-clinical samples. Potentially, similar methodology could be applied to purification of
mucosal IgA from feces of clinical samples.

4. Discussion

Identification of immune mechanisms correlated with protection against HIV/SIV viral
transmission is important for the rational design of prophylactic vaccine strategies. As most
HIV transmissions occur mucosally, investigation of immune responses at mucosal sites is
critical. To date, the study of mucosal immunity has been largely limited to monitoring
mucosal immunoglobulins by ELISA techniques. Amounts of mucosal antibody available
for functional studies have been limited. Here we report the purification of macaque
mucosal IgA from fecal material, a source readily obtainable in large quantity. Feces
represent a virtually unlimited amount of material that can be easily collected and stored
frozen until IgA is purified. The only limitation is the amount of feces produced by the
animal. One can easily obtain 30 grams per day, which based on our results here, could
provide 300 ug of purified IgA per day. Up to 70 times more IgA can be purified from feces
compared to secretions collected by rectal swabs. The use of fecal extracts for monitoring
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mucosal IgA in the gastrointestinal tract has been criticized as unrepresentative of amounts
present in whole gut lavages [52]. However, this previous study did not purify IgA. Further,
the amount of viral-specific IgA can be easily normalized to the total amount of IgA
obtained. The amount of endotoxin present in purified fecal IgA might be of concern, but
can be addressed using a commercially available endotoxin removal kit. Overall, utilization
of fecal matter as a source of mucosal IgA could be applied to human clinical trials as
readily as macaque studies. Samples obtained need only be frozen, and do not require a visit
to a physician.

Purified fecal IgA was shown to be largely dimeric and contained SC (Fig. 2b, Table 1). The
quantity of purified IgA obtained from individual fecal samples provided sufficient material
for investigation of several functional activities. Fecal matter collected from two cohorts of
macaques, one hyper-vaccinated and the other SIV-infected, along with naive controls, was
purified and the IgA obtained was shown to be multifunctional, exhibiting phagocytic,
neutralizing, and transcytosis inhibiting activities. As expected, functionality of the
vaccinated animals was greater than that of the infected macaques.

With regard to phagocytic activity, several studies have identified a role for IgA in
phagocytosis involving interaction with FcaR1 [51, 53, 54]. THP-1 cells used as phagocytes
in this study have been shown to express FcaRI [55]. The phagocytic activity exhibited by
the purified IgA samples correlated with the amount of Env-specific IgA detected, for both
the vaccinated and the infected groups, suggesting that the Env-specific IgA was responsible
for the phagocytosis (Fig. 4c,d). It is unclear whether this IgA activity in the vaccinated
rhesus macaques contributed to their observed protection from 10 sequential low-dose
intrarectal SIV challenges (Franchini et al., unpublished data), as the fecal samples studied
were obtained post- SIV challenge.

In addition to phagocytosis, the ability of the purified IgAs to neutralize H9-derived
SIVmac2s1 Was tested (Fig. 3). Overall, only two animals, one vaccinated and one infected,
exhibited strong neutralization capacity with 1Csq values of approximately 1ug/mL, but the
vaccinated animals as a group exhibited greater neutralizing activity than the infected
animals. The vaccinated animals’ neutralization capacity of mucosal IgA might be better
than infected animals due to their hyper-vaccination against the autologous virus used.
Moreover, the replicating virus in the infected animals could have undergone clonal change,
resulting in altered antibody reactivity and poor neutralization. While the relative potency of
the fecal IgA was less than that of many well characterized broadly neutralizing antibodies,
the neutralizing activity exhibited contributes overall to their function. Additionally, the
mucosal IgA from vaccinated animals tended to inhibit transcytosis better than that from
infected animals (Fig 5). The neutralizing activity of the fecal IgA reflects functionality of
the Fab, which when combined with the phagocytic activity attributed to the Fc portion of
the antibody and the ability to inhibit transcytosis across epithelial membranes, may
cumulatively contribute to protective efficacy. Overall, these studies clearly demonstrated
that the purified fecal IgA was multifunctional.

Affinity chromatography purification of human IgA has been well characterized, but until
now has not been applied to non-human primate samples. Previous methods of IgA
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purification were very cumbersome, costly, quite time consuming, and yielded very limited
quantities of IgA. The affinity methods described here for purification of fecal IgA can also
be applied to other mucosal samples, such as milk and vaginal and rectal swabs. They
require no special equipment and are less complicated than HPLC methodology.
Additionally, affinity purification is preferable over other methods that largely rely on
protein size, which could encompass other undesired immunoglobulin isotypes or other
proteins. Affinity purification methods should prove to be valuable for studying mucosal
immunity in the context of the non-human primate vaccine model, and potentially applicable
in human clinical trials.

With regard to the various affinity resins tested, jacalin has been used for years to isolate
IgA, but had not been applied to isolation of monkey IgA. As shown here, the degraded
product seen under denaturing conditions of IgA purified on a-Mon IgA, peptide M, and
SSL7 columns as a smaller band below the 60kD a heavy chain band, did not appear in the
sample purified on Jacalin (Fig. 6a). This may be due to the fact that jacalin binds glycans in
the hinge region of IgA (38), and may require an intact molecule with appropriate
conformation for epitope accessibility. In addition, monkey IgA is inherently variable [26,
27], perhaps also affecting binding. That the jacalin-purified IgA was of high quality was
also seen in its better neutralization capability (Fig. 7a,c). However, the overall efficiency of
jacalin binding to IgA was poor (Table I1). Its use in tandem with a custom-conjugated a-
Mon IgA column made up for any lack of specificity and efficiency. However, comparative
results on the efficiency of binding and functional immune assays suggested peptide M
might be a better choice for the tandem protocol as IgA isolated on peptide M was
comparable functionally to that obtained using jacalin. Further, peptide M bound IgA
efficiently (Table II). SSL7, despite exhibiting the most efficient capture of mucosal IgA
from feces (Table Il), was not preferable as SSL7-purified IgA exhibited the poorest
functionality of the four resins tested (Fig. 7&8). We subsequently validated the peptide
M/a-Mon IgA method by purification of mucosal IgA from fecal samples (Fig. 9).

5. Conclusion

We have demonstrated in a non-human primate model that mucosal IgA possessing
multifunctional activities and present in great quantities in feces can be efficiently purified.
Affinity purification of fecal IgA should prove useful not only in characterizing mucosal
immune responses to various vaccine candidates, but also in further elucidating the host
immune response to a spectrum of mucosal pathogens. Importantly, our approach has the
potential to contribute significantly to the study of mucosal immunity in human clinical
studies.
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Fig. 1. Quantity of total and SIVp5c251 Env-specific 1gA purified from fecal matter
IgA was purified from the feces of 5 vaccinated and 5 infected macaques, along with 2 naive

animals. (a) Total IgA purified from fecal matter quantified by ELISA. (b) Total IgG
purified from fecal matter quantified by ELISA. () SIVnac251 Env-specific IgA purified
from fecal matter quantified by ELISA. (d) SIVmac251 Env-specific 1gG purified from fecal
matter quantified by ELISA. P275 is not included in total g measurements as fecal matter
was not weighed prior to 1g purification.
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Fig. 2. Characterization of IgA affinity purified from rhesus fecal matter
(a) 1gA control is rhesus IgA (NIH Non-Human Primate Reagent Resource), IgA from feces

A and B (from two different naive animals), vaginal swab (pooled from several animals),
and rhesus colostrum western blotted with a-monkey IgA-peroxidase. (b) Native-PAGE

western blotted with a- monkey IgA-peroxidase. 4-20% Tris-glycine gels used for SDS-

PAGE in (a), and 4-16% Bis- Tris gel used for blue native-PAGE in (b).
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Fig. 3. Neutralization of H9-derived SIVmac251 by 1A purified from the feces of vaccinated and

infected animals

TZM-BL neutralization assay was conducted using H9-derived SIV nc251 and purified IgA
from (a) 5 vaccinated animals and one naive animal and (b) 5 infected animals and one

naive animal. IgA purified using sequential ProteinG/jacalin/anti-monkey IgA agarose

columns.
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Fig. 4. ADCP activity of IgA purified from feces of vaccinated and infected animals
THP-1 cells were incubated with SIV 0251 9p120-coated fluorescent beads and IgA from

feces. After 3 hours, phagocytosis was quantified by flow cytometry of samples from (a) 5
vaccinated animals and one naive animal (P275) and (b) 5 infected animals and one naive
animal (ZC40). The phagocytic activities of the vaccinated group (c) and the infected group
(d) were then correlated to the respective animals’ SIV 0251 Env-specific IgA isolated from
feces using Spearman correlation. IgA purified using sequential ProteinG/jacalin/anti-
monkey IgA agarose columns.
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Fig. 5. Transcytosis inhibition of cell-associated SIVmac251 by purified 1gA
SIV-infected H9 cells and IgA were added to the apical side of an HT-29 epithelial

monolayer. After 4 hours, p27 levels were measured in the basolateral medium. (a) 5ug of
purified IgA from 4 infected and 3 vaccinated animals. (b) Comparison between infected
and vaccinated groups. p=0.085, value determined using Mann-Whitney test. All
percentages calculated as % inhibited beyond the mean value from two naive animals. IgA
purified using sequential ProteinG/jacalin/anti-monkey IgA agarose columns.
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Fig. 6. Jacalin, Peptide M, a-Mon IgA, and SSL7 can be used for affinity purification of rhesus
IgA from feces

(a) 60ng of IgA affinity purified respectively left to right on jacalin, a- Mon IgA, peptide M,
and SSL-7 columns were western blotted with a-monkey 1gA-peroxidase. (b) 60ng of IgA
affinity purified on Jacalin and a-Mon IgA columns, and 450ng of IgA affinity purified on
peptide M and SSL7 columns were run on the same blue native-PAGE, exposed for different
times using chemiluminescence, then western blotted with a-monkey IgA-peroxidase.
4-20% Tris-glycine gel used for SDS-PAGE in (a), 4-16% Bis-Tris gel used for blue native-
PAGE in (b).
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Fig. 7. Neutralization of H9-derived SIV 5251 by 19A purified by different methods from feces
TZM-BL neutralization assay was conducted using H9-derived SIV nac251 and () purified

IgA from pooled fecal matter from SIV-infected macaques using jacalin, a-Mon IgA,
Peptide M, and SSL7 columns, respectively, with the total IgA used on the X-axis. (b)
Purified IgA from fecal matter from vaccinated macaque P879 using a-Mon IgA, Peptide
M, and SSL7 columns with the total IgA used on the X-axis. (¢)&(d) same as (a)&(b)
respectively, only with amount of SIV 50051 Env-specific IgA used on the X-axis.
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Fig. 8. ADCP activity of IgA purified by several methods from feces
THP-1 cells were incubated with SIV 0251 9p120-coated fluorescent beads and IgA from

feces. After 3 hours, phagocytosis was quantified by flow cytometry. (a) Fecal IgAfrom a
naive monkey and an infected monkey (P180) were purified using a-Mon IgA, Peptide M,
and SSL7 columns, respectively, and IgA was used in the ADCP assay. (b) The phagocytic
score was plotted against the amount of SIVac251 Env-specific IgA present in each P180
sample used.

Clin Immunol. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Musich et al.

Page 26

Anti-Rh IgA Anti-Rh IgG
1 2 3 4 5 2 3 4

€ 72009

€ 480kDP

& 202kDP

& 146k0P

Fig. 9. Characterization of IgA affinity purified from rhesus fecal matter using a tandem peptide
M/a-Mon IgA procedure

(a) SDS-PAGE western blotted with a-mon IgA-PO and a- mon 1gG-PO. 1)rhesus IgA
standard 2)Animal 897 3)Animal DELP 4)Animal DFDM 5)rhesus 1gG standard (b) Native-
PAGE of Rh IgA western blotted with a-mon IgA-PO and a-human secretory component-
PO(Nordic). Lane 4 was exposed longer than lanes 2 and 3. 4-20% Tris- glycine gels used
for SDS-PAGE in (), 4-16% Bis-Tris gel used for blue native-PAGE in (b).
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Table |

Secretory component (SC) and endotoxin in purified fecal IgA.

SC

detected in Endotoxin

ng of IgAa EU/mL

Naive ZC40 485 2188
P275 457 1632
Vaccinated P878 104 NT
P879 2841 NT
P88s 1386 1603
P889 1295 2503
P897 1724 NT
Infected P436 934 2143
P437 753 9266
P644 845 3975
P735 900 10640
P876 182 2268
Average 992 4024
Vaginal Swatbb 152
Rectal Swab 220

NT = Not Tested

aPurified IgA samples were serially diluted and evaluated by ELISA for secretory component. The IgA concentration of the highest dilution for
each sample giving a positive signal is listed.

Endotoxin levels present in unpurified representative vaginal and rectal swabs are listed for comparison.
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Table Il
Relative efficiency of IgA affinity purification.
1gA (ug/ml)
Column Column % IgA bound
Eluate  Flowthrough by column
Jacalin 0.2 103.6 0.2
Anti-Monkey IgA 18.8 324 36.7
SSL7 125.7 4.2 96.7
Peptide M 322 6.3 83.7

Columns were previously used and regenerated. Results are averaged from 3 separate samples.
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