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The presence of local immunity has been correlated with secretory 

IgA (sigA) antibody; however, there has been no direct demonstration 

that sigA can mediate local immunity in the respiratory tract. To 

determine whether parenterally-administered polymeric IgA (pigA) could 

be specifically transported into nasal secretions, monoclonal pigA 

antibody against the hemagglutinin of the HlNl influenza virus was 

injected intravenously into BALB/c mice and nasal wash samples obtained. 

Antibody in serum and nasal wash was determined by ELISA and compared to 

serum and nasal wash titers of intravenously-injected monoclonal 

influenza-specific IgG 1 or monoclonal influenza-specific monomeric IgA. 

Polymeric IgA was specifically transported relative to either monomeric 

antibody and its titer peaked in the nasal secretions 4 hours post

injection . The transported pigA was intact and injection of amounts of 

pigA in excess of 440 ug saturated the transport system. 
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Passively-administered plgA was able to protect mice against HlNl 

influenza intranasal challenge but not against challenge with H3N2 

v i rus, while a passively-administered equivalent dose of IgG1 did not 

protect against homologous influenza. The passively-transferred IgA

mediated protection could be abrogated if influenza virus was 

administered with anti-alpha antiserum. 

The anti-alpha abrogation model was used to investigate nasal 

mucosal immunity in influenza-convalescent mice. Protection against 

v i ral challenge could be eliminated by the intranasal instillation of 

anti-alpha but not anti-gamma or anti-mu antiserum. This demonstrated 

sigA is the major, if not the sole, mediator of mucosal immunity in the 

murine nose. 
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CHAPTER 1 
INTRODUCTION 

Influenza Virus 

Influenza is a pandemic viral respiratory disease which results in 

high morbidity and can be fatal , especially in the very y oung and the 

old. In 1985, a non-pandemic year, in the United States there were 95 

million cases of influenza resulting in 2000 deaths and the loss of 80 

million work days, while in an epidemic year, 1957, there were 70,000 

deaths in the United States alone (Lierman, 1987). Influenza in man i s 

commonly a rhinitis followed by a tracheobronchitis and, infrequently , 

an interstitial pneumonitis (Douglas , 1975). The disease process 

usually damages the respiratory tract from the nose to the small 

bronchi , but only rarely does it injure the alveolar cells (Loosli e t 

al., 1953). 

Biology of Influenza Virus 

Influenza is an orthomyxovirus consisting of an outer lipoprotein 

e nvelope and an internal helical ribonucleoprotein core termed the 

nucleocapsid which contains the negative-strand viral RNA genome. The 

genome of the virus is segmented with each gene residing in a separate 

piece of RNA. The influenza A virus, the prototype virus of the 

orthomyxovirus family, contains ten genes divided among eight RNA 

segments. 
1 
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The viral envelope is studded with two types of surface 

glycoprotein spikes: hemagglutinin (HA) and neuraminidase (NA). There 

are approximately 500 hemagglutinin molecules and approximately 100 

neuraminidase molecules per virus particle. Within the envelope is a 

shell comprised of the matrix protein (M) which encloses the viral RNA 

associated with the nucleocapsid protein (NP) and the proteins which are 

responsible for RNA replication and transcription (Murphy and Webster, 

1985). 

The hemagglutinin is responsible for the attachment of the virus 

to cells and for cell penetration (Murphy and Webster, 1985). The HA, 

NA, NP, and M proteins are expressed on the surfaces of influenza

infected cells (Lamb et al., 1985; Virelizier et al., 1977; Yewdell et 

al., 1981; reviewed in Ada and Jones, 1986). The HA protein undergoes 

periodic antigenic changes which can be due either to antigenic drift 

(the accumulation of a series of point mutations) or to antigenic shift 

(genetic reassortment between influenza A viruses from humans and lower 

animals) (Murphy and Webster, 1985). The propensity of the virus to 

undergo these drastic antigenic changes is one of the factors which ma ke 

the production of a consistently effective influenza vaccine difficult . 

Immune Response to Influenza Virus 

The immune response to influenza virus provides a model for the 

study of the relative contributions of the cellular, humoral, and 

secretory immune systems to anti-viral immunity. 

The cellular immune system is necessary for recovery from 

influenza infection although cell-mediated immunity does not contribute 

to prevention of viral infection. Influenza infection of mice elicits 
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cytotoxic T cells capable of recognizing eight of the ten influenza 

virus encoded proteins including HA, NA, M, and NP (Ada and Jones , 

1986). Cross-reactive cytotoxic lymphocytes [those cells which can lyse 

target cells infected with any influenza A virus and which constitute a 

major portion of the host cellular response to influenza (Owen et al., 

1982)] appear to recognize mainly the NP antigen (Taylor and Askonas, 

1986; Yewdell et al . , 1985); however, a minor population of cytotoxic T 

cells from influenza-infected mice (about 10-15%) is capable of 

recognizing HA (Ada and Jones, 1986; Braciale et al . , 1981; Townsend et 

al., 1986) and can play a role in recovery of mice from challenge with 

an influenza virus bearing the homologous HA (Lukacher et al . , 1984; 

Small et al., 1985). In humans lymphocyte blastogenic responses to 

influenza antigens can be detected 3 to 6 days after infection (Dolin et 

al., 1978). In mice intravenously injected with influenza virus, 

helper T cell activity peaked at day 2 and cytotoxic activity was 

detectible by day 4 and peaked between days 6 and 8 (Ada and Jones, 

1986). This response leads to rapid recovery from subsequent viral 

challenge [peak day of shedding in lungs for non-immune mice is day 7 

and for convalescent mice is day 1 (Yetter et al., 1980)]. Nude mice 

lacking a functional cellular immune system displayed prolonged shedding 

of virus from their noses and lungs following influenza infection (Kris 

et al., 1988). 

Antibodies to the HA neutralize viral infectivity, and resistance 

to lethal infection correlates with serum anti-HA antibody levels 

(Burlington et al. ,1983; Loosli et al., 1953; Murphy et al., 1982; 

Potter, 1982). Antibodies to NA play a secondary role by reducing 



4 

virus yield and cell-to-cell spread (Jakeman et al., 1989), while anti-M 

antibodies may also contribute to anti-influenza protection by mediating 

antibody-dependant cellular cytotoxicity of infected cells (Treanor et 

al., 1990). Protection studies have demonstrated that serum antibody 

is sufficient to prevent infection of the lung (Loosli et al., 1953). 

Previous work in this laboratory with the ferret tracheal pouch model 

(Barber and Small, 1978) as well as with passive transfer of serum 

antibody in mice (Kris et al., 1988; Ramphal et al., 1979) and ferrets 

(Barber and Small, 1978) demonstrated that the presence of high titers 

of serum antibody did not protect the upper respiratory tract against 

viral challenge while it did protect the lungs and, thus, prevent lethal 

viral pneumonia. Jakeman et al. (1989) reported that neonatal ferrets 

were protected against infection with influenza virus by milk-derived 

anti-influenza virus IgG after suckling on an immune dam . This 

protection encompassed both the lungs and the noses and only IgG anti

influenza antibody was detected in the nasal washes. Reuman et al. 

(1983) showed variable protection in neonatal mice. Differing degrees 

of protection in neonatal animals may be due to differences in 

respiratory mucosal permeability to IgG in during the neonatal period. 

In BALB/c mice and adult ferrets, protection of the upper 

respiratory tract from intranasal viral challenge is not provided by 

serum antibody (Barber and Small, 1978; Kris et al., 1988; Ramphal et 

al., 1979). In man, parenterally-administered inactivated influenza 

vaccines induced significant levels of humoral antibody but only low 

levels of nasal wash IgG and IgA (Clements et al., 1986) and what IgG 

was seen in the nasal secretions probably arose as a transudate from the 
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serum secondary to a concentration gradient (Wagner et al . , 1987). 

Whether these antibodies are protective is not known. Recent studie s in 

this laboratory have shown that intranasal administration to BALB/c mic e 

of a recombinant vaccinia virus that contained the Hl gene of influenza 

induced local protection against HlNl influenza virus . This protection 

corre lated with an increase in the IgA titer of nasal washes (Meitin e t 

al . , manuscript in preparation). In contrast to Clements et al.(1986) 

and in agreement with the Meitin study, Brown et al . (1985) noted IgA in 

the nasal washes of convalescent humans . They found that the 

predominant IgA in nasal washes of volunteers undergoing a secondary 

intranasal challenge with an H3N2 influenza was a dimeric IgA1 bearing 

secretory component . These studies suggest that the s e cretory immune 

system plays a role in protection against nasopharyngeal influenza 

challenge. 

Secretory Immune System 

IgA Structure 

IgA is composed of two alpha heavy chains and two light chains 

(either kappa or lambda) . Each heavy chain consists of three constant

region domains and one variable region domain . Human IgA has two 

subclasses termed IgA1 and IgA2 . The major structural difference 

between these two subclasses is in the hinge region where IgA2 has a 

deletion of 13 amino acids that are present in IgA1 (Childe rs et al. , 

1989; Tomasi, 1976) . The IgA2 subclass is fur t her comprised of two 

subtypes IgAzmci> and IgAZm(Z) ' Human IgAzmci> has a unique structure in 

that the light chains are not covalently-linked to the heavy chains a s 



6 

are other immunoglobulin isotypes but are disulfide-linked to each other 

(Grey et al., 1968; Jerry et al., 1970; Underdown and Schiff, 1986). 

The structure of mouse IgA is similar to that of human IgA. The IgA of 

BALB/c mice resembles that of human IgA2mC 1> in that it lacks disulfide 

bonding between its heavy and light chains (Abel and Grey, 1968; Grey et 

al., 1970; Seki et al., 1968) while the IgA of NZB mice resembles human 

IgA1 with disulfide links between its heavy and light chains (Warner and 

Marchalonis, 1972). 

IgA heavy chain has a constant region terminal extension with an 

extra cysteine residue which can participate in cross-linking monomeric 

subunits together via disulfide bridges (Underdown and Schiff, 1986). 

This allows IgA to form polymers. Polymeric IgA usually occurs as llS 

dimers, however trimers, tetramers, and pentamers are also produced 

(Tomasi, 1976). 

The formation of IgA polymers is associated with J chain, a 15,600 

MW polypeptide. In man, J chain attaches to the penultimate cysteine 

residue of alpha chain via the formation of a disulfide bridge (Mestecky 

and McGhee, 1987). The formation of polymeric IgA increases the avidity 

of the molecule for antigen and may increase the resistance of IgA to 

proteolytic enzymes (Underdown and Dorrington, 1974; Underdown and 

Schiff, 1986). 

The molecular form and subclass of IgA vary with the site of 

origin of the molecule. In man up to 50% of the IgA produced at mucosal 

sites is IgA2 (Tomasi, 1976) while 80-85% of serum IgA is IgA1 (Childers 

et al., 1989). Most serum IgA is probably derived from plasma cells in 

the bone marrow (Delacroix et al., 1982) while the IgA in external 
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secretions, at least in man, is most likely synthesized locally 

(reviewed in Mestecky, 1987). The fact that IgA present in secretions 

is often IgA2 and, as such, is resistant to bacterial proteases suggests 

an evolutionary advantage for maintaining these subclasses. 

Transport of IgA into Secretions 

Polymeric IgA is more resistant to proteolytic enzymes than 

monomeric IgA and displays more avidity for antigens (Tomasi, 1976; 

Underdown et al . , 1974; Underdown and Schiff , 1986). It would be an 

advantage to an animal to be able to transport this molecule into 

secretions. 

IgA in secretions contains an additional polypeptide chain called 

secretory component or polyirnrnunoglobulin receptor (Tomasi et al., 1965; 

Tomasi, 1976) which is believed to be bonded to one of the monomers of 

polymeric IgA irnrnunoglobulins by a disulfide linkage (Mestecky and 

McGhee, 1987). Human secretory component has a molecular weight of 

75,000-85,000 daltons (Tomasi, 1976) and is expressed on the surfaces of 

epithelial cells in the gastrointestinal and respiratory tracts, acinar 

and ductal cells in exocrine tissue, and cells lining the uterus 

(Brandtzaeg, 1985; Heremans, 1974). Secretory component is also 

expressed on the hepatocyte membrane in rats, mice, and rabbits (Orlans 

et al., 1983; Socken et al., 1979; Vaerman and Delacroix, 1984). 

To study the mechanism of polymeric IgA transport Deitcher et al. 

(1986) cloned the rabbit polymeric irnrnunoglobulin receptor into a mouse 

fibroblast cell line that does not normally express the receptor and 

into the Madin-Darby Canine Kidney (MOCK) cell line (Mostov and 

Deitcher, 1986). The MOCK cell line is polarized into apical and 
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basolateral surfaces so serves as a model for receptor-mediated 

transcytosis (Mostov and Deitcher, 1986). In this model it was found 

that polymeric IgA is transported from the basolateral to the apical 

surface of the cell in a saturable, unidirectional manner, that the 

receptor is cleaved to secretory component which is released mainly a t 

the apical surface of the cell, and that the process of transcy tosis h a s 

a half-life of approximately 30 minutes. Greater tha n 90 % of the 

secretory component that is released apically resides at the basolateral 

surface of the cell at some time in its pathway , providing a receptor 

for pigA (Mostov and Deitcher , 1986) . Targeting of the receptor to 

basolateral surface is determined by the cytoplasmic domain (portion of 

the molecule that spans the cell membrane and that is clipped off the 

molecule in the formation of secretory component) because del e tion of 

101 carboxyterminal residues produces a molecule that travels direc tly 

from the Golgi apparatus to the apical surface without first going to 

the basolateral surface of the cell (Mostov et al., 1986; Mostov et al. , 

1987) . 

In summary, polymeric IgA reaches the basolateral surface s of 

epithelial cells. The polyimmunoglobulin receptor on these cells 

attaches to the IgA molecule and the receptor-ligand complex is 

endocytosed and carried through the cell to the apical surface. He r e 

the receptor-ligand complex is clipped free of the cytoplasmic domain of 

the receptor and the secretory IgA molecule is released to the e x terna l 

secretions . 
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Origin of Secretory IgA 

The general consensus at present is that most IgA in huma n 

secretions is produced locally by plasmacytes in the lamina propria 

submucosa (reviewed in Mestecky , 1987), however this does not seem to b e 

the case in animal models . In rats, rabbits, and mice IgA can be and is 

efficiently transported from the circulation into the bile via the liv er 

(Delacroix et al., 1985; Koertge and Butler, 1986a; Mestecky and McGhee , 

1987; Orlans et al., 1978 ; Orlans et al . , 1983; and Vaerman and 

Delacroix, 1984). These species express secretory component on the ir 

hepatocytes (Socken et al., 1979) and, in addition, have polymeric IgA 

as the primary molecular form of their serum IgA (Heremans , 1974 ; 

Vaerman, 1973). The extent to which the circulatory pool of IgA 

contributes to IgA in the external secretions other than bile in the se 

species is yet unknown. 

In the sheep, active transport of IgA from the circulation into 

milk seems likely (Sheldrake et al., 1984), however studies on the 

transport of IgA into murine milk have produced conflicting results. 

Using radiolabelled IgA Halsey et al. (1983) demonstrated that IgA could 

be transported from the circulation into the milk during early 

lactation . Other investigators (Koertge and Butler, 1986b; Russ e ll e t 

al., 1982) , using IgA assays based on antibody-binding activ ity, we r e 

unable to show transport of IgA into milk. Using radiolabelled IgA 

Koertge and Butler (1986b) were able to show that the IgA present in 

milk was degraded and suggested that the previous study (Halsey et a l ., 

1983) detected only IgA fragments that had been transudated into the 

milk from the serum and not specifically transported IgA . Transport of 
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pigA into murine nasal secretions has been reported although only a low 

level of transport was observed (Manzanec et al ., 1989) . The 

investigators concluded that the serum IgA pool does not contribute 

significantly to nasopharyngeal IgA in the mouse. Transport of pigA 

into the nasal secretions of sheep has also been reported with 

transported IgA making up less than 20% of the secretory IgA pool 

(Schcchitano et al., 1984; Schcchitano et al., 1986). 

The Common Mucosal Immune System 

In 1971 Heremans and Bazin reported that IgA plasma cells that 

produced antibodies specific for orally administered antigens were 

detected not only in the gut of immunized animals, as expected, but also 

in extraintestinal lymphoid organs such as mesenteric lymph nodes and 

spleen. Since the original observation, the results have been confirme d 

in a number of systems: mice fed sheep red blood cells displayed an I gA 

response in the spleen and bone marrow (Alley et al., 1986), lactating 

rabbits fed dinitrophenylated pneumococcus had IgA antibodies in their 

milk (Montgomery et al., 1974), and mice fed protein antigens had IgA

producing cells in the gut and in secretory glands (Weisz-Carrington et 

al., 1979). These observations (reviewed by Lamm, 1976) led to the 

concept of a common mucosal immune system. 

The sources of the IgA-producing cells in secretory tissues are 

the Peyer's patches of the gut (Craig and Cebra, 1971; Jacobson et al., 

1961; Lamm, 1976), also referred to as GALT or gut-associated lymphoid 

tissue, and the BALT, or bronchus-associated lymphoid tissue, of the 

respiratory tract (Rudzik et al., 1975). Cells from these tissues can 

populate not only the respiratory and gastrointestinal tracts but also 
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more distant secretory glands such as the mammary, parotid, lacrimal, 

and cervical glands of the uterus (Husband and Gowans, 1978; Jackson et 

al., 1981; McDermott et al., 1979; Montgomery et al., 1983; and Roux et 

al., 1977). Support for the concept of migrating T cell populations 

comes from the work of Dunkley and Husband (1986) who reported that rats 

given intra-Peyer's patch inoculation with the protein antigen keyhole 

limpet hemocyanin (KLH) had IgA-specific anti-KLH helper cells in their 

thoracic duct lymph starting 2 days after immunization and peaking at 2 

weeks. 

In summary, once initial activation of the potential IgA-producing 

B cell has occurred, antigen-sensitized precursor cells undergo mitotic 

changes (reviewed in Tomasi, 1983), and the resulting B lymphoblasts 

bearing IgA on the cell surface migrate to regional lymph nodes and 

eventually to the systemic circulation via the thoracic duct. The 

migration terminates with the homing of the antigen-sensitized precursor 

cells to the lamina propria of the gut or the respiratory tract or one 

of the many secretory glands as already discussed. Here they produce 

IgA which will eventually be transported into the external secretions. 

The IgA Immune Response and Oral Tolerance 

Current dogma suggests that orally-administered antigens are 

pinocytosed by specialized cells, called M cells, present in the dome 

epithelium of the Peyer's patch (Owen, 1977). Once in the Peyer's patch 

the antigen may interact with various T cell circuits to induce either 

IgA production or non-responsiveness to the antigen, termed oral 

tolerance (reviewed by Elson, 1985, and by Tomasi, 1983). Of these 

responses, the second is the most common outcome . Feedback 
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suppression is known to occur in the GALT, as well as in the remainder 

of the immune system. In feedback suppression, an inducer T cell acts 

upon a precursor T cell population to generate suppressor T cell 

effectors . The suppressor effector T cell inhibits the helper/inducer T 

cell subset (Eardley et al., 1978) . During the normal immune response, 

the generation of helper T cells either precedes or occurs faster than 

the generation of suppressor effector T cells. There is evidence 

(MacDonald, 1982) that the feedback suppressor circuit is triggered 

preferentially in the GALT leading to the induction of oral tolerance. 

A second T cell circuit which has been demonstrated in the GALT is 

contrasuppression. A contrasuppressor T cell is a cell that interferes 

with or blocks the effects of suppressor T cells, thus allowing the 

immune response to continue . The contrasuppressor cells that break 

oral tolerance are antigen-specific T cells with the surface marker 

designation Lyt-l+,2-,L3T4- (Kitamura et al., 1987). The first 

demonstration of the contrasuppressor network active in the GALT was by 

Suzuki et al.(1986) . This group found that T cells from C3H/HeJ mice 

(an endotoxin non-responder mouse strain that does not display oral 

tolerance to SRBCs) immunized to SRBCs could abrogate oral tolerance to 

SRBCs in C3H/HeN mice (strain that displays oral tolerance to SRBCs) 

which had been fed SRBCs and was systemically unresponsive. The 

contrasuppressor cells discovered by Suzuki et al. were located in the 

spleen and abrogated oral tolerance both in the GALT and in the spleen 

allowing the production of IgA, IgM, and IgG. Peyer's patches are 

particularly rich in contrasuppressor cells leading to the hypothesis 

that contrasuppression might be an important mechanism allowing mucosa! 
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immune responses to proceed while at the same time systemic immunity is 

suppressed (Green et al . , 1982). Studies by Challacombe and Tomasi 

(1980) demonstrated the simultaneous occurrence of a secretory IgA 

response and systemic suppression of the humoral and cellular responses 

to a specific antigen. Richman et al. (1981) reported that by one day 

after mice were fed ovalbumin IgA-specific helper cells and cells that 

suppress the IgG-plaque forming cell responses were in the Peyer's 

patches and that by 3 days these cells were also in the mesenteric lymph 

nodes . The IgG suppressor cells also migrated to the spleen while the 

IgA helper cells did not. 

The Secretory Immune System and Nasopharyngeal Immunity 

Numerous studies have demonstrated a correlation between an 

increased respiratory tract IgA level and local protection against 

challenge with a number of pathogens including influenza and Sendai 

viruses, Streptococcus pneumonia (Lue et al., 1988), and Streptococcus 

pyogenes (Kurono and Mogi, 1987). In addition to the influenza studies 

previously cited, Nedrud et al. (1987) have reported that combination 

oral-nasal immunization with killed Sendai virus (intranasally) and a 

killed Sendai virus-cholera toxin conjugate (orally) protected the 

murine upper respiratory tract against Sendai viral challenge and that 

this protection correlated with an increased level of IgA antibodies in 

the nasal washes . Bergman and Waldman (1988) found the same effect when 

administering avridine-containing liposomes and influenza viral antigens 

orally to mice. 

In spite of the body of literature suggesting a correlation 

between local immunity in the respiratory tract and increased IgA titers 
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in nasal secretions, there is no proof that IgA mediates this immunity. 

Other factors such as transudated serum IgG (Clements et al. , 1986; 

Wagner et al., 1987) could be playing a significant role in local 

immunity, as well, since patients lacking IgA (Aho et al . , 1976; Pyh a l a 

et al., 1976) or the secretory component transport s y stem (Strober et 

al., 1976) did not report an increased level of respiratory infections . 

Manzanec et al . (1987) have recently shown that intranasal administration 

of specific monoclonal IgA protected against Sendai viral challenge in 

mice. While this study demonstrates that IgA can mediate protection 

against viral challenge, it does not demonstrate that phy siologically 

transported secretory IgA actually does so. That is the aim of this 

dissertation . 

Goals of This Dissertation 

The goals of this dissertation are as follows : 

1. To determine whether polymeric IgA is selectively transported 

into nasal secretions relative to monomeric immunoglobulins . 

2. To investigate the kinetics of the transport of plgA into 

nasal secretions. 

3. To determine whether physiologically-transported plgA can 

mediate protection against intranasal influenza challenge in the mouse . 

4. To determine whether transudated IgG can mediate protection 

against intranasal influenza challenge in the mouse. 

5. To develop a model for the abrogation of polyme ric IgA

mediated intranasal anti-influenza immunity . 
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6 . To use the abrogation model to determine whether intrana sal 

anti-viral i mmunity in influenza-convalescent mice is due to secretory 

IgA . 



CHAPTER 2 
TRANSPORT OF POLYMERIC IgA INTO NASAL SECRETIONS 

Introduction 

Transport of IgA into bile and milk has been extensively studied 

(Delacroix et al., 1984; Halsey et al., 1983; Koertge and Butler, 1986a 

and 1986b; Mestecky and McGhee, 1987; Orlans et al . , 1978; Orlans et 

al ., 1983; Russell et al., 1982 ; Shelldrake et al . , 1984 ; Vaerman and 

Delacroix, 1984), however there are only a few studies of IgA transport 

into upper respiratory secretions (Manzanec et al. , 1989; Schcchitano et 

al., 1984; Schcchitano et al., 1986). Schcchitano et al. (1984, 1986) 

studied the specific transport of pigA into nasal secretions in the 

sheep and found that pigA can be specifically transported into nasal 

secretions in relation to IgG1 or IgG2 _ Manzanec et al. (1989) h a d 

similar findings in the mouse, demonstrating that pigA was specifica lly 

transported into nasal secretions relative to albumin whil e monome ric 

IgA and IgG were not. Both groups used radiolabelled pigA in the ir 

transport studies . Schcchitano et al . (1986) were able to detect inta ct 

pigA in the nasal secretions while Manzanec et al . (1989) were unable to 

do so. Neither group was able to show that transported pigA retaine d 

its biological activity . 

As a first step in developing a model for the physiologic transport 

of pigA, the kinetics of transport of intravenously administered anti

influenza monoclonal antibodies into the nasal secretions were studied. 

16 
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The next step was to determine whether transported pigA remained intact 

in the nasal secretions and whether pigA was specifically transported 

relative to IgG1 or monomeric IgA . Antibody activity was measured with 

an ELISA assay based on the ability of anti-influenza monoclonals to 

bind to influenza virus thereby demonstrating the biological activity of 

the transported immunoglobulins. The results of this series of 

experiments are presented in this chapter. 

Materials and Methods 

Female BALB/c mice, 4 to 6 weeks old, were obtained from Charles 

River Breeding Laboratories, Inc., and housed 6 to a cage in an AAALAC

accredited animal facility. Mice were given food and water ad lib with 

the exception of the 6 hours immediately prior to sacrifice when food 

was withheld. Experimental protocols were approved by an institutional 

animal care and use committee. 

Monoclonal Antibodies 

The hybridomas producing monoclonal antibodies H37-66 (polymeric 

IgA), H37-50 (monomeric IgA), and H36-l (IgG1), specific for the 

hemagglutinin of PR8 influenza virus (Staudt and Gerhard, 1983), were 

the generous gift of Dr. Walter Gerhard . Stock pools of H37-66 

(abbreviated to H66) and H37-50 (abbreviated to HSO) were prepared 

previously by Richard Kris (doctoral thesis, 1983). These pools were 

used for the current studies. I prepared the H36-l (referred to as 

2R6) pool used in this work. 2R6 hybridoma cells were grown in ascites 

form in BALB/c mice. Mice were injected intraperitoneally (IP) with 
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0 . 5 ml pristane (2,6,10,14-Tetramethyl-pentadecane, Aldritch Chemical 

Co., Inc . , Milwaukee, WI.). 2R6 cells were injected into the pristane

primed mice IP 2-4 weeks following priming. When the mice developed an 

ascites, their abdomens were tapped every 2-4 days using an 18 gauge 

(ga) needle. The ascites fluid was dripped into a 15 ml conical test 

tube and centrifuged at 800g for 20 minutes. The clarified ascites 

fluid was allowed to form a clot overnight in the cold and the cells 

were used for injecting more mice. The next day the fluid was again 

centrifuged to remove the fibrin and stored at -20°C . All the ascites 

preparations were pooled, aliquoted, and stored at -20°C until needed. 

This 2R6 pool was designated KR-87. 

Monoclonals H66 and 2R6 were used for in vivo studies without 

further fractionation while monoclonal H50 (monomeric IgA) was 

concentrated 3-fold by vacuum ultrafiltration and fractionated on a 

Sephacryl S-300 column (Pharmacia, Upsala, Sweden) (Figure 2-1). IgG 

reactivity in an Ouchterlony assay served as a marker for monomeric 

immunoglobulins. Fractions 31-35 containing monomeric IgA were pooled 

and used for animal studies . 

To demonstrate its polymeric nature H66 (pigA ascites fluid) was 

also subjected to S- 300 fractionation (Figure 2-1). Fractions 20-29 

containing polymeric IgA were pooled and used as markers for sucrose 

gradients. To obtain high-concentration pigA for dose-response 

studies, 3 ml H66 was placed in a 7-8 cm length of Spectrapor me mbrane 

tubing (Fisher Scientific, Pittsburgh, PA.) (dry cylinder diameter 6 mm, 

MW cutoff 12,000-14,000), the tube was sprinkled with Bio-gel P-300 



Figure 2-1. S-300 Chromatography of IgA-containing Ascites Fluids: A, 
conc entrated HSO ascites fluid; B, non-concentrated H66 ascites fluid. 
Optical density at 280 nm (closed circles) ; ELISA units (open squares) . 
Arrow indicates void volume. IgG by Ouchterlony (+). 
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(BioRad, Richmond, CA.) and the liquid dialyzed out for 6-8 hours in the 

cold . Concentrated ascites fluid was reconstituted to 1 . 5 ml with 0.9% 

saline and used for transport studies. Pooled nasal washes (1.2 ml) 

were concentrated to 150 ul in a similar manner, however only two and a 

half hours were needed for concentrating the nasal washes. The 

concentrated nasal washes were used for ultracentrifugation studies. 

Origin of Antisera 

Goat anti-mouse alpha and goat anti-mouse gamma1 for use in ELISA 

assays were the generous gift of Dr . Richard Asofsky. Rabbit anti-goat 

IgG coupled to alkaline phosphatase was purchased from ICN 

ImmunoBiologicals (Lisle, IL.). Radial immunodiffusion kits for t h e 

determination of monoclonal levels in ascites fluid were also purcha sed 

from ICN and used according to package directions. 

Injection Protocol 

For intravenous injection unanesthetized mice were restr ained in a 

plastic wash bottle mouse restrainer (the gift of Dr. Hutt-Fletcher) . 

Their tails were heated under a gooseneck lamp to dilate the ve ins and a 

25 or 27 ga B bevel needle attached to a 1 ml tuberculin syringe was 

used to make the injection. All injections were 400 ul . If the ascite s 

fluid volume was less than this the difference was made up by dilutin g 

the sample with sterile injectable saline until the correct volume was 

obtained . Prior to intravenous injection into mice all ascite s 

preparations were spun for 5 minutes in a clinical centrifuge. This 

removed any residual fibrin or particulate matter from the fluid . 

Uncentr ifuged ascites fluid caused emboli in the injecte d mice l eading 
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to shock and death. No problems were encountered with the intravenous 

injection of centrifuged ascites. 

Sample Collection 

Mice were fasted 6 hours prior to sacrifice to prevent food-induced 

emptying of the gall bladder. They were anesthetized by intravenous 

injection of Nembutal (composition: 20 ml sterile glycerol, 10 g 

pentobarbital, 10 ml absolute alcohol, 80 ml sterile water) to effect 

(0.1 to 0 . 2 ml) . This rapid method of anesthesia lessened the chance 

of the formation of pulmonary edema and leakage of antibody-containing 

f l uid into the bronchi and trachea. All collection procedures were 

completed on each mouse before another was anesthetized. 

For collection of blood, the abdominal aorta was severed and blood 

removed from the abdominal cavity with a Pasteur pipette. Blood samples 

were allowed to clot overnight at 4°C, then the serum was removed and 

stored at -20°C until assayed . 

Gall bladders were removed, blotted with saline-soaked gauze to 

remove surface blood contamination, and stored frozen at -20°C until 

assay . 

Following exsanguination and removal of the gall bladder, nasal 

washes were performed . The nasal wash method used was a modification of 

the technique developed by Nedrud et. al. (1987). Briefly, a midline 

incision was made over the ventral aspect of the trachea slightly 

anterior to the thoracic inlet. The trachea was tied or clamped off at 

the thoracic inlet and 400 ul phosphate buffered saline (PBS, 

composition: 0 . 82% sodium chloride, l.9mM monobasic phosphate, 8.1 mM 

dibasic phosphate) was injected into the tracheal lumen cephalad to 
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Figure 2-2 . Nasal Wash Technique. 
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the obstruction using a 25 gauge B bevel needle attached to a tube rcul i n 

s y ringe. The wash fluid drained from the nostrils and was collecte d in 

a microcentrifuge tube (Figure 2-2). The fluid was frozen until 

assayed. This nasal wash technique gave a consistent recovery of nasal 

wash fluid of 80 to 90% with little or no blood contamination . 

Nasal Wash Blood Contamination Assay and Calculations 

Blood contamination could invalidate nasal wash results becaus e the 

passively immunized mice had high anti-influenza serum titers. For 

e x ample, a 10-2 dilution of blood contaminating the nasal wash could 

easily obscure the small amounts of antibody transported into the nasal 

s e cretions . To control for this possibility, a quick, sensitive , and 

reliable test for blood contamination was developed. Bililabstix (Ames 

Div ision , Miles Laboratories , Inc . ) were used to test for blood. By 

observing the degree of color change on the indicator pad and the r ate 

at which the change took place over a 40 second period, levels of blood 

contamination down to a 10-8 dilution could be determined (Table 2 -1) . 

Of one s e ries of 45 nasal washes tested, 15 had a blood contamination 

level of 10-8 or less, 17 had a level of 10-6 to 10-7 , 11 h a d a blood 

contamination level of 10-4 to 10-5 , while only 2 had contamination 

levels of 10-3 or greater. Samples with a blood contamination level 

greater than 10-4 were discarded . In those cases where a low leve l of 

blood contamination (10- 4 to 10-6> was present , the nasal wash anti

influenza titer was corrected for serum antibody contamination b y the 

following formula : 

NW titer Raw NW titer-(NW blood contamination X serum antibody 

titer). 
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Table 2-1 

Bililabstix Blood Contamination Readings 

Time in Contact with Indicator Pad 

Blood Dilution 10 seconds 20 seconds 40 seconds 

10-3 immediate +++ +++ 
++ 

10-4 immediate + to ++ ++ 
+ 

10-5 hemolytic + 
trace 

10-6 0 hemolytic + 
trace 

10-7 0 hemolytic 
trace trace 

10-8 0 0 hemolytic 
trace 
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If the blood contamination level was less than 10-6 , correction 

calculations were not carried out since this level of contamination was 

insufficient to affect the results. 

Protein Determination Methodology 

Protein determination was carried out on nasal washes using a mini-

micro Bio-Rad assay . The advantages of this assay were that it required 

the use of only 20 ul of a nasal wash sample per assay and that it could 

be carried out in a 96-well flat-bottomed tray (Linbro Chemical Co. 6 mm 

tissue culture tray) and read on a Titertek Multiscan unit. Briefly, 20 

ul nasal wash, 140 ul PBS and 40 ul BioRad protein assay (BioRad, 

Richmond, CA . ) were combined in each well, incubated for an hour at room 

temperature , and read for absorbance at 595 nm. Bovine immunoglobulin 

ranging from 100 ug/well to 10 ng/well served as the standard. The 

detection level of this assay is 10 ug immunoglobulin protein/ ml. 

Since most nasal washes had protein levels in the 40-60 ug/ ml range, 

all nasal wash titers were standardized to a protein level of 50 ug/ ml. 

The formula used to obtain the final nasal wash titer is shown below: 

Standardized, corrected nasal wash titer= 

50 ug protein /ml x corrected NW titer 

ug protein/ ml this NW 

ELISA Technique 

IgA or IgG1 titers were determined by ELISA assay . Fifty ul 64 

HA/ml PR8 influenza vaccine (the generous gift of Dr. Frank Brandon, 

Parke,Davis and Co ., Rochester, MI.) was dried onto 96-well flat bottom 

EIA microtiter trays (Linbro/ Titertek E.I.A. Microtitration plate , Flow 

Laboratories, Inc.). Unreacted sites were blocked with 1% gelatin, then 
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nasal wash or serum samples were added and incubated one and a half 

hours at room temperature. Trays were washed with PBS-Tween 

(composition: 0.5 ml Tween 20, 2 ml 10% sodium azide, q.s . to 1 liter 

with PBS) and goat anti-mouse alpha or goat anti-mouse gamma1 was added 

and incubated one and a half hours. The detection system was rabbit 

anti-goat IgG coupled to alkaline phosphatase (ICN ImmunoBiologicals, 

Lisle, IL . ) . Reaction with the substrate p-nitrophenyl phosphate 

(Sigma, St. Louis, MO.) produced a yellow color which was read at 

405 nm on a TiterTek Multiscan unit (Flow Laboratories, Inc.). The 

assay was specific: presence of mouse pigA did not interfere with 

detection of mouse IgG1 nor did IgG1 interfere with the detection of 

pigA. Titers of sera or nasal washes were calculated in relation to a 

standard curve of the appropriate monoclonal, corrected for blood 

contamination and protein level, and reported as described below. 

Assay and Standardization of Bile Samples 

Prior to assay, gall bladders were thawed and then ruptured into 1 

ml PBS-Tween using a 1000 ul pipette. Protein levels were determined as 

described above and bile ELISA titers standardized to a protein level of 

450 ug/ml. This approximates the amount of protein present in 10 ul 

bile diluted into 1 ml PBS-Tween and, thus, represents a 1:100 dilution 

of bile . 

Calculation of% Injected Dose 

Calculation of% total injected dose of monoclonal in serum was 

made by the following formula: 

% dose in serum= (serum titer) (1 ml) x 100 

(200 ul) (100 units) 
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where 1 ml is the estimated serum volume of a 20 gram mouse, 200 ul is 

the injected volume, and 100 units is the titer of the injected 

monoclonal. Calculation of% total injected dose of monoclonal in the 

nasal wash was made by the following formula: 

% dose in nasal wash= (NW titer) (400 ul) x 100 

(200 ul) (100 units) 

where 400 ul is the volume of nasal wash, 200 ul is injected volume, 

and 100 units is the titer of the injected monoclonal. In the case of 

monomeric IgA the injected volume was 400 ul. 

Sucrose Gradients 

Sucrose gradients were run on bile and concentrated nasal wash 

samples using a micro technique. To create 5 to 20% gradients 175 ul of 

12.5% sucrose was pipetted into cellulose propionate 

microultracentrifuge tubes (Robbins Scientific, Sunnyvale, CA . ) and the 

sucrose-containing tubes were subjected to three cycles of freezing at 

-20°C and thawing at room temperature. Twenty-five microliters bile, 

concentrated nasal wash, or monoclonal antibody markers were added to 

separate tubes and the tubes centrifuged for 1 . 1 hours at 90,000 rpm in 

a Beckman Airfuge (Beckman Instruments, Palo Alto, CA.). Fractions 

(25 ul volume) were collected with a Beckman Microtube Fractionator and 

placed directly onto ELISA plates coated with influenza virus as 

described above. A standard ELISA assay using either gamma-specific or 

alpha-specific reagents as required was performed. A TS Meter 

Refractometer (hand-held) was used to determine the sucrose content of 

25 ul fractions of a control gradient subjected to the same 
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centrifugation procedure as the gradients fractionated for ELISA assay . 

I wish to extend my thanks to Dr. Esser of the Comparative and 

Experimental Pathology Department for the use of the equipment to carry 

out this procedure . 

Specific Transport Index Protocol and Calculations 

To compare transport of pigA and IgG1 in the same animal, mice 

were injected in the lateral tail vein with a mixture of 200 ul pigA 

(H66 monoclonal) and 200 ul IgG1 (2R6 monoclonal). Mice were sacrifice d 

at intervals after injection and monoclonal levels in sera and nasal 

washes were obtained by ELISA. The transport ratio between the two 

monoclonals in a single animal is represented by the specific transport 

index (STI) which is calculated from the following formula: 

STI = NW pigA titer X Serum IgG1 titer 
Serum pigA titer NW IgG1 titer 

Statistics 

Statistical calculations were performed using the two-tailed 

Student's t test (Wardlaw, 1985). 

Results 

Characterization of Monoclonals 

To demonstrate the monomeric or polymeric nature of the monoclona l s 

used for these studies, H66 or HSO ascites fluid was chromatographed o n 

S-300 (Figure 2-1). The presence of IgG, as determined by Ouchterlony 

assay , served as a marker for monomeric irnrnunoglobulins. ELISA assay s 

were used to determine the anti-influenza antibody content of the 

fractions . The anti - influenza activity of H66 eluted before the 
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monomeric marker, thus H66 contains polymeric IgA. The anti-influenza 

activity of H50, while having a small shoulder to the left, fell mainly 

in line with the monomeric marker indicating that H50 contains monomeric 

IgA. To eliminate the possibility of contamination by polymeric IgA, 

fractions 31-35 of the monomeric column preparation were pooled for use 

To determine the apparent immunoglobulin content of ascites 

fluid radial immunodiffusion assays were performed using ICN radial 

immunodiffusion kits. The kits contained mouse IgG1 , IgG2a&b' IgG3 , and 

monomeric IgA as standards. Monoclonal 2R6 (IgG1 ) contained 7.3 mg/ml 

IgG1 antibody. Since the production of an excess of any single myeloma 

protein tends to depress the level of normal immunogloblulins of that 

subclass (reviewed in Waldman and Strober, 1969) and since pigA

containing ascites fluid had only 0.2 mg/ml IgG1 , it was assumed that 

the contribution of normal IgG1 to the 2R6 pool was negligible 

(approximately 2%) and that the IgG1 detected was influenza-specific 

monoclonal. The pooled column-fractionated H50 contained 3.2 mg/ml 

IgA. Both the pigA monoclonal H66 whole ascites fluid and the monomeric 

monoclonal H50 whole ascites fluid contained 2.2 mg/ml IgA. This 

underestimates the amount of pigA present since the standard was 

monomeric IgA and pigA would be expected to migrate slower in gel than 

monomeric IgA. According to the Einstein diffusion model (Glasstone, 

1956) the rate of diffusion is inversely proportional to the mean radius 

of the particle undergoing diffusion . If it is assumed the volume of 

dimeric IgA is twice that of monomeric IgA, then the radius of the 

dimeric molecule would be 40% larger than that of the monomer and the 

rate of diffusion would be 30% slower. In a two hour period, for 



Figure 2-3. Specificity of Goat anti-Mouse Antisera: 
A , reaction of goat anti-alpha antiserum with polymeric lgA (closed 
circles) or IgG1 (closed squares) anti-influenza monoclonal antibodies; 
B, reaction of goat anti-gamma 1 antiserum with polymeric IgA (closed 
circles) or IgG1 (closed squares) anti-influenza monoclonal antibodies . 
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Figure 2-4. Specificity of ELISA Assay: A, influenza-specific 
monoclonal polymeric IgA assayed in the presence (closed circles) or 
absence (closed squares) of influenza-specific monoclonal IgGl; B, 
influenza-specific monoclonal IgG1 assayed in the presence (closed 
circles) or absence (closed squares) of influenza-specific monoclonal 
polymeric IgA. 
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example, the amount of the dimer diffusing, assuming unhindered 

diffusion and equal numbers of molecules, would be 72% of the amount of 

the monomer diffusing. In a radial immunodiffusion assay the ring size 

of the dimer would be 28% smaller than the ring size of the monomer, 

thus underestimating the dimer content by 28% . By this argument, there 

should be 3.1 mg/ml polymeric IgA. Of course, all the polymeric IgA is 

not in the dimeric form. Some trimers and tetramers could also be 

present making the underestimation of the IgA concentration even more 

pronounced. The polymeric IgA concentrations referred to in this 

dissertation are reported ignoring this consideration but it should be 

kept in mind that they are underestimated. 

Specificity of ELISA Assay 

To determine the specificity of the ELISA system, the activity of 

goat anti-mouse alpha against IgG1 was examined (Figure 2-3, panel A). 

Binding of IgG1 was negligible (below background binding to normal mouse 

serum), while pigA was bound as expected . The converse of this 

experiment (goat anti-mouse gamma 1 versus pigA) gave similar results 

(Figure 2-3, panel B) . Anti-mouse gamma 1 bound IgG1 as expected but 

binding of pigA did not exceed background binding to normal mouse serum. 

The specificity of the ELISA assay was further tested by asking 

whether the addition of IgG1 inhibited the activity of anti-mouse alpha 

toward pigA (Figure 2-4, panel A) or whether the addition of pigA 

inhibited the activity of anti-mouse gamma 1 toward IgG1 (Figure 2-4, 

panel B). Addition of the heterologous monoclonal had minimal effect on 

ELISA activity in either case. Thus, the assay used to determine levels 



Fi gure 2-5. Nasal Wash. Bile, and Serum Titers of Intravenously
inj e cted Mice: Mice were injected with IgG1 (-- - -- -), polymeric IgA (~) , 
o r monomeric IgA (- -) ; nasal wash titer (c l osed triangles), bile titer 
(closed squares), or serum titer (closed circles). Titers are e xpress e d 
as ti ter± standard error . 
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of monoclonals in these studies of immunoglobulin transport in the 

mouse is specific. 

Kinetics of I~ Transport 

To determine the kinetics of transport of immunoglobulins in the 

mouse , 8 to 12 week old female BALB\c mice were injected intravenously 

with 400 ul saline containing either 440 ug plgA or 1460 ug IgG1 or with 

1280 ug column-fractionated mlgA. Mice were sacrificed at varying time s 

from 2 to 24 hours post-injection and antibody titers in nasal washe s, 

serum, and bile (for plgA and IgG1) or nasal washes and serum ( for mlgA ) 

determined by ELISA assay . Results are presented in Figure 2-5 . The 

nasal wash plgA peak occurred 4 hours after intravenous injection of 

plgA-containing ascites fluid. At this time a titer of 709±219 X 10-s 

was reached. This represented 0.014 % of the total injected dose. 

Nasal wash mlgA and IgG1 did not show a peak . 

Serum titers of plgA , mlgA, and IgG1 were also studied . The s erum 

pigA titer dropped from 4.9±1.8 (24.5% of the injected dose) at 2 hour s 

post injection to 0 . 33±0.07 (1.7% of the injected dose) at 24 hours. 

The serum titers of mlgA and IgG1 displayed much less clearance . The 2 

hour IgG1 titer was 6.6±1.6 (33% of the injected dose) while the 24 hour 

post injection IgG 1 titer was 6.2±0.7 (31% of the injected dose) . The 2 

hour mlgA titer was 8 . 8±0 . 82 (22% of the injected dose) while the 24 

hour mlgA serum titer was 2.7±0.2 (6.75 % of the injected dose). 

Transport of plgA or IgG1 into bile over an 8 hour period was 

observed. The plgA titer declined abruptly from 660 X 10-3 at 2 hours 

post - injection to 8 X 10-3 at 8 hours post-injection, while the IgG1 

titer remained relatively constant between 1 and 4 X 10-3 . 



Figure 2-6 . Effect of Increasin~ Intravenou s Doses of Influenza
Spe cific Monoclonal Antibodies on Nasal Wash , Bile, and Serum anti
Inf lue nza Titers: IgG1 (-----) and polymer i c IgA (~) anti-influenza 
tite rs of nasal washes (closed circles), bile (open circles) , and serum 
( clo s e d triangles). Titers are presented as titer± standard error. 
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To determine whether the nasal wash, bile, and serum titers of 

pigA and IgG1 were dependant to the same extent on the amount of 

monoclonal injected, a dose-response curve was determined for each 

monoclonal (Figure 2-6). The IgG1 serum data show an increase in tite r 

consistent with the increase in the amount of ascites fluid injecte d 

over a range of 146 to 2900 ug. The bile IgG1 titer was negligible at 

all doses, while a slight increase in nasal wash titer was seen with 

higher doses (titer of approximately 2 X 10-5 at 146 or 380 ug compare d 

to a titer of 15-28 X 10-s at 760 to 2900 ug). The% of injected do s e 

in the nasal washes remains relatively constant from .0002-.0006 % ove r 

the entire range of injected immunoglobulin. 

The 4-hour dose - response curve for plgA displays major differenc e s 

relative to the IgG1 curve . With the injection of 110 ug to 440 ug 

pigA the serum pigA titer remains fairly constant but with pigA dosages 

above 440 ug the serum pigA titer increases proportionately . The bile 

plgA titer shows a steady linear increase from 110 ug through 440 ug 

injected plgA but reaches a plateau between 880 ug and 1760 ug pigA . 

The nasal wash titer displays a pattern similar to the bile titer . 

The titer peaks at 440 ug plgA injected and shows no further increas e 

with the injection of either 880 ug or 1760 ug plgA. The% injecte d 

dose in the nasal washes, in contrast to the relatively constant value s 

seen with IgG1 , increases gradually to a peak of .014% with the 

administration of 440 ug plgA and then declines to a minimum value of 

.003 % with 1760 ug injected pigA. 
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Polymeric Nature of IgA in Nasal Secretions 

To determine whether the IgA detected in nasal washes was intact 

plgA, presumably transported by a secretory component-mediated system, 

or fragmented, as has been suggested by reports on the transport of pigA 

into mammary secretions (Koertge and Butler, 1986b), nasal washes were 

concentrated and sedimentation velocity ultracentrifugation performed. 

As shown in Figure 2-7, the nasal wash IgA (panel A) sedimentation 

pattern is comparable to the pattern seen with pooled column-purified 

plgA (panel B) with both peaking between fractions 5 and 8. Bile 

(panel C), as expected, also peaks between fractions 5 and 8, while IgG 

(panel D) sediments with a major peak between fractions 1 and 4 and a 

shoulder at fraction 5. Although the possibility of mucous components 

binding to transported pigA and causing a false right shift in the 

sedimentation curve can not be discounted, it is highly unlikely. The 

sedimentation data strongly suggest that the transported pigA is intact . 

Selective Transport of pigA 

The time-course and dose-response data demonstrate a difference in 

the kinetics of the transport of plgA and IgG1 into nasal secretions 

suggesting the possible selective transport of plgA relative to IgG1 . 

In order to determine whether IgA is selectively transported into nasal 

secretions relative to IgG1 , the ratio of nasal wash pigA to serum pigA 

was compared to the ratio of nasal wash IgG1 to serum IgG1 in mice 

intravenously injected with a mixture of the two monoclonals (Table 2-

2). This comparison of ratios represents the specific transport index 

(STI) for each animal. A STI greater than 1 indicates that plgA was 

specifically transported relative to IgG1 (for example, a STI of 6 means 



Fi gure 2-7 . Sucrose Gradient Velocity Sedimentation Profiles of Bile 
and Nasal Washes: A, nasal wash; B, polymeric IgA standard ; C, bile; D, 
I gG 1 standard. 
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B: plgA Std. 

D: lgG1 Std. 
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Table 2-2 

Transport into Nasal Washes of pigA Relative to 
IgG1 

Selective Transport Indices 
Time Post-Injection 

Hours 4 Hours 8 Hours 16 Hours 24 Hours 

18* 24 35 3 0.6 
20 29 182 10 5 

206 15 5 10 14 
3 37 566 13 7 
1 50 144 
3 33 37 

62 26 47 
76 180 

45±74# 36±19 150±182 9±4 6.6±5.6 

*Each Selective Transport Index (STI) represents a 
single mouse and was calculated by the following 
formula: 

NW pigA titer x 105 

Serum pigA titer 
X Serum IgG1 titer 

NW IgG1 titer x 105 

The data presented is taken from 8 experiments. 

# Group mean index 
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Table 2-3 

Transport into Nasal Washes of monomeric IgA Relative to 
pigA or IgG1 

Monoclonal Injected 

HSO (monomeric IgA) 

2R6 (IgG1 ) 

H66 (pigA) 

*croup NW: Serum Ratio (x 10-5 ) 

Time Post-Injection# 
2 Hours 4 Hours 

3. 8±1. 5 4. 2±1. 6 

4. 5±8 2.9±2.4 

30±37 402±343 

Change 
Over 
Time 

not 
sig. 

not 
sig. 

p<.05 

*Nasal wash to serum ratios were calculated for each mouse in a group . 
The group ratio is the mean of the individual ratios. 

# p values in relation to HSO group NW: serum ratio at that time point . 
The HSO and 2R6 group ratios are statistically indistinguishable (p>O.l) 
at both 2 and 4 hours. H66 and HSO are significantly different at 4 
hours (p<.05) but not at 2 hours (p<O.l). 
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that 6 times more plgA was transported than IgG1), while a value of 1 

indicates that transport, leakage, or transudation of both pigA and IgG1 

to the same extent has occurred. Of the 31 mice studied in 8 different 

experiments, only two did not show a STI greater than 1. Mean STI 

values of 45±74, 36±19, and 150±182 for 2, 4, and 8 hours,respectively, 

demonstrate that plgA is being preferentially transported into the 

nasal secretions relative to IgG1 . The STI values remain positive 

through 24 hours. 

To determine whether IgA must be polymeric to be transported into 

nasal secretions, the transport of mlgA was compared to the transport of 

pigA. Since the ELISA technique used for this study does not allow the 

differentiation of migA and pigA in the nasal wash and serum from a 

single animal, mean nasal wash:serum ratios for groups of mice injected 

with 440 ug plgA or 1280 ug fractionated mlgA were compared (Table 2-3). 

The nasal wash: serum ratio for both mlgA and IgG1 remained constant 

from 2 to 4 hours (p=ns) while the nasal wash: serum ratio for pigA 

increased from 2 hours to 4 hours (p<0.05). At both two and four hours 

post-injection there was no difference between the nasal wash:serum 

ratio of mlgA and the nasal:wash serum ratio of IgG1 (p=ns) while there 

was a significantly higher ratio (p<0.05) for plgA at 4 hours post

injection compared with either IgG1 or monomeric IgA . Because the assay 

can not distinguish between mlgA and plgA, a STI can not be calculated 

for individual animals within this group, however the group 2 hour STI 

for plgA versus IgG1 is 7 (30/4.5), falling within the range of the 2 

hour group mean index in Table 2-2, while the group 4 hour STI is 139 
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(402/2 . 9), higher than the 4 hour group mean index from Table 2-2, but 

comparable considering the variation in the measurements. 

Discussion 

The kinetics of the disappearance of intravenously-injected migA, 

pigA and IgG1 from serum are consistent with previous results from other 

laboratories. By two hours post-injection, the antibodies had 

equilibrated with the interstitial protein pool since the observed s e rum 

titer of 22-33% of the injected dose of the monomeric antibodies a g r ees 

with the titer predicted by calculating the expected dilution of the 

injected material by the extracellular fluid space of a 20 gram mouse 

(24% ECF X 20 g= 4.8 g or 4.8 ml ECF.) The IgG1 serum titer remained 

essentially unchanged between 2 and 24 hours post-injection (33% vs 31 % 

total injected dose) . The constant serum titers over a 22 hour period 

are consistent with the relatively slow catabolism of IgG1 previously 

observed (Humphrey and Fahey, 1961) in mice (half-life of 4.5 days). 

The monomeric IgA serum level dropped 69% between 2 and 24 hours. A 

half-life of 10-12 hours for monomeric IgA was longer than predicted b y 

Fahey and Sell (1965) who reported a 24-hour half life for mouse 

monomeric IgA, but in agreement with Moldoveanu et al. (1988) who foun d 

that 67% of injected monomeric IgA injected into BALB/c mice was cl e are d 

between 3 and 24 hours . Orlans et al . (1973) reported comparable 

results in rats, observing that 90% of intravenously injected 7S IgA wa s 

cleared from the blood by 17 hours post-injection (half-life of 

approximately 6 hours). In contrast to the monomeric monoclonals, 

polymeric IgA was removed from the serum more rapidly. The serum pi gA 
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level displayed a 93% drop (from 24.5% of the injected dose at 2 hours 

post-injection to 1.7 % by 24 hours) over a 22 hour period . This 

represents a half life of approximately 7 hours. This is more rapid 

than the reported value of 10-12 hours for the clearance of affinity

isolated MOPC-315 dimeric IgA from mouse serum (Vaerman and Delacroix, 

1984) but slower than the 0.5-1 hour half-life of pigA reported for the 

rat (Orlans et al., 1978). 

The dose-response data for IgG1 are consistent with predictions 

for a system in which an increase in injected immunoglobulin leads to 

an increase in the level of immunoglobulin in the extracellular fluid, 

whether the fluid is intravascular or extravascular . As the dose of 

IgG1 rises, increasing antibody activity can be detected in the bile and 

the nasal washes, as well as in the serum. Work by Clements et al. 

(1986) suggests that transudation of serum IgG into secretions can occur 

if the serum IgG level is sufficiently high. These results agree with 

that prediction. 

The 4-hour dose-response curve for pigA is consistent with a 

biological transport system in which the receptor (transport mechanism) 

has become saturated by its ligand. The system was saturated at 440 ug 

plgA for nasal secretions and 880 ug plgA for bile. Injection of 880 

ug plgA failed to produce further transport of plgA into nasal 

secretions. Likewise, increasing the dose to 1760 ug did not increase 

the transport of plgA into bile. Bile plgA reached a titer of 

approximately 1 which, since the bile is diluted 1:100 in PBS-Tween 

prior to assay, is equivalent to a bile titer of approximately 100. A 

titer of 100 is equivalent to the titer of undiluted ascites fluid, 



50 

suggesting that the saturated bile contained 2-3 ug/ul pigA. The serum 

pigA titer continued to increase as increasing amounts of pigA were 

injected. The percentage injected dose of pigA in the nasal secre tions 

increased from . 007% at 110 ug pigA injected to .014% with the inj e ction 

of 440 ug, then declined to .004% with 880ug and . 003% with 1760 ug pigA 

administered. If transudation only were occurring, the percentage of 

the injected dose reaching the nasal secretions should stay constant, a s 

it did with IgG1 (.0004 ± .0002%). The decline of the nasal wash 

percentage injected dose after a plateau titer had been reached 

suggests that a biological transport system is involved and that above a 

dose of 440 ug pigA the system is saturated . The data suggest a similar 

transportation system in the liver with a saturation point above a dos e 

of 880 ug pigA. Since the secretory component system is known to exist 

in both liver and nasal epithelium, it is a likely candidate for this 

system . 

In substantiation of the hypothesis that the pigA observed in the 

secretions was being transported by secretory component and not 

transudation, pigA was preferentially transported into nasal washes in 

relation to either monomeric IgA or IgG1 . At 4 hours post-injection 

pigA in nasal secretions reached a peak level of 0 . 014 % of the tota l 

injected dose . While there is a consistent low level of both IgG 1 and 

monomeric IgA present in nasal secretions, neither monomeric molecule 

peaked in nasal secretions (Figure 2-5) and pigA showed selective 

transport relative to both of them (Tables 2-2 and 2-3). Transport of 

pigA into nasal secretions has been studied previously in mice and 

sheep. Manzanec et al. (1989) observed selective transport of poly me ric 
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IgA into the nasal secretions but not the bronchial secretions of mice 

following intravenous administration of radiolabelled Sendai virus

specific monoclonal antibodies. They reported that the levels of 

transport of monomeric IgA and albumin were similar. This agrees with 

the finding in the current study that monomeric IgA and IgG1 are present 

in the nasal washes at the same low level and with my conclusion that 

neither one is specifically transported. Schcchitano et al . (1986) 

determined that polymeric IgA could be transported into respiratory 

secretions in sheep . By simultaneously injecting radiolabelled pigA and 

IgG1 or IgG2 they calculated a twenty-four hour selective transport 

index of approximately 4.5 for pigA in relation to IgG. The murine 

selective transport indices calculated in the current study are 

comparable at 24 hours, but much higher at earlier times. Our 

transport data support the conclusion of Schcchitano et al. and Manzanec 

et al . that serum pigA can be transported into nasal secretions . 

The IgA transported into the nasal secretions in this study is 

polymeric. In contrast to the Manzanec study, where the material 

observed in the secretions was fragmented, the pigA transported in this 

system appears to be intact . The concentrated nasal washes subjected to 

ultracentrifugation (Figure 2-7) were 4-hour post-injection samples. 

The other study used radioactive label and detected any radioactivity 

appearing in the secretions. A criticism aimed at short-term (less 

than 24 hours) transport studies (Koertge and Butler, 1986b) is that the 

nasal wash/secretion radioactivity is due to the presence of fragmented 

material which has leaked into the secretions. To be detected by the 

ELISA assay in the current study, the antibody molecule had to retain 
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enough of its integrity to remain biologically active. The sucrose 

gradient data suggest that most of the nasal wash IgA detected was 

polymeric. Thus, the current study measured not fragmented IgA but 

intact, biologically active pigA that, in all likelihood, has been 

transported by the secretory component-mediated system and that has 

probably acquired secretory component as it was transported . These data 

agree with the findings of Schcchitano et al. (1986) that intact pigA 

can be transported into nasal secretions. Interestingly enough, the 

pigA transport they observed in sheep peaked at 3-4 hours post-injection 

as did mouse transport, however they observed a nasal secretion pigA 

titer plateau lasting 6-8 hours in contrast to the peak observed at 4 

hours in the mouse. The selective transport index data (Table 2-2) is 

consistent with the hypothesis that the pigA observed in the nasal 

secretions was transported by a secretory component-mediated system and 

is, actually, secretory IgA. The obvious method to confirm this 

hypothesis would be to use anti-secretory component antiserum to look 

for the presence of secretory component on pigA transported into nasal 

secretions, however no antibody to IgA-bound murine secretory component 

could be obtained and antisera raised to secretory component from other 

species have not shown cross-reactivity in the mouse system. Until a 

specific anti-murine bound-secretory component antiserum becomes 

available, selective transport data such as those reported by Manzanec 

et al. (1989) and myself offer the best, albeit indirect, evidence that 

polymeric IgA transported into the local secretions becomes secretory 

IgA. 
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The polymeric IgA transported into nasal secretions in the system 

described in this dissertation retained its antigen-binding capability. 

In contrast, Manzanec et al. (1989) were unable to detect any biologica l 

activity in nasal secretions by a virus-binding ELISA assay although 

they did report specific transport of radiolabelled polymeric IgA into 

nasal secretions. The ELISA assay used in this study , like the 

Manzanec ELISA assay, quantitates virus-binding activity. It is 

difficult to explain the discrepancies between our results, however it 

is possible that operating the secretory component-mediated transport 

system at full-capacity achieved a higher level of pigA (sigA) in the 

secretions and, consequently, made it possible to detect antibody 

activity by ELISA assay where other laboratories have been unable to do 

so . 

In conclusion, the work described in this chapter has demonstrated 

that polymeric IgA is specifically transported into nasal secretions in 

relation to monomeric IgA and IgG1 antibodies . The transported pigA 

remains as an intact, polymeric molecule and displays biological 

activity b y retaining its ability to bind influenza virus in an ELISA 

assay. The peak of transport occurs at 4 hours post-injection and the 

transport system becomes saturated with the injection of more than 440 

ug pigA . 

The next question to be addressed was whether the physiologically 

transported pigA could mediate intranasal anti-influenza immunity in 

non-immune mice. That data will be presented in the next chapter . 



CHAPTER 3 
NASAL IMMUNITY MEDIATED BY PHYSIOLOGICALLY-TRANSPORTED pigA 

Introduction 

Previous studies have described a correlation between the 

respiratory tract IgA concentration and local protection against 

challenge with a number of pathogens (Bergman and Waldman, 1988; Brown 

et al., 1985; Kurono and Mogi , 1987; Lue et al., 1988; Meitin et al., 

manuscript in preparation; Nedrud et al., 1987), however there is no 

proof that the secretory IgA mediates this immunity. Manzanec et al. 

(1987) have shown that intranasal administration of specific monoclonal 

IgA protects against Sendai viral challenge in mice. Although this 

study demonstrates that IgA can mediate protection against viral 

challenge, it does not show that physiologically-transported secretory 

IgA actually does so. 

The previous chapter demonstrated the physiological transport of 

pigA relative to migA or IgG1 . This chapter describes experiments to 

determine whether physiologically-transported pigA can mediate 

nasopharyngeal immunity to influenza virus in mice. 

Materials and Methods 

Female BALB/c mice were obtained from Charles River Breeding 

Laboratories, Inc . , and housed 6 to a cage in an AAALAC-accredited 
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animal facility. Experimental protocols were approved by an 

institutional animal care and use committee. 

Monoclonal Antibodies 

Monoclonal antibodies H66 (polymeric IgA), H50 (monomeric IgA), and 

2R6 (IgG1), specific for the hemagglutinin of PR8 influenza virus, were 

obtained and treated as described in Chapter 2. 

Antisera 

Rabbit anti-mouse alpha for abrogation studies was purchased from 

ICN ImmunoBiologicals (Lisle, IL.). It reacted only with mouse IgA upon 

Ouchterlony analysis. Affinity- purified goat anti-mouse gamma was 

purchased from Sigma (St. Louis, Mo . ) and reacted with mouse IgG but 

not IgA upon Ouchterlony analysis. Goat anti-mouse alpha and goat anti

mouse gamma 1 for ELISA assays were as described in Chapter 2. 

Virus 

The A/PR8-Mt.Sinai (HlNl) influenza virus was a gift from Dr. 

Walter Gerhard, Wistar Institute, Philadelphia, PA. This was passaged 3 

times through mouse lungs and twice through embryonated eggs to generate 

a large pool of virus stock. A mouse-adapted strain of A/Port 

Chalmers/1/73 (H3N2) influenza virus was passed in 10-day old 

embryonated eggs to generate a pool of virus stock. The log10 EID50 of 

the HlNl pool was 6.5 and of the H3N2 pool was 6.75. The log10 MID50 

(amount of virus causing infection of the noses of 50% of mice infected 

intranasally while awake and assayed for virus in their nasal washes 24 

hours later) of the HlNl pool was 4 . 25 and of the H3N2 pool was 2.5. 

The MID50 for ground noses of the HlNl pool was 4.7. 
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Sample Collection 

Mice were anesthetized IV to effect with Nembutal and 

exsanguinated by transecting the abdominal aorta. To obtain virus

containing nasal wash samples from exsanguinated mice, nasal washes 

were performed as previously described, except that the volume of wash 

fluid was increased to 1 ml PBS and no azide was present in the PBS. 

The wash fluid was serially diluted with sterile PBS and injected 

immediately into 10-day-old fertile eggs for assay of virus. 

Viral Detection 

Nasal washes were assayed for virus without being frozen as the 

titer of influenza virus in PBS drops 10 to 100-fold upon freezing 

(unfrozen nasal washes log10 EID50 1.7±0.5; same nasal washes frozen and 

thawed, then assayed, log10 EID50 0.5±0.7). Nasal washes were kept on 

ice until all mice in the individual experiment had been sacrificed, 

then the washes were serially diluted ten-fold in sterile PBS and 0.1 ml 

of each dilution injected into each of three 10-day-old fertile eggs 

previously injected with 25,000 units of penicillin and 25 mg 

streptomycin to control bacterial growth. After 3 days, amniotic fluid 

from the eggs was assayed for virus by hemagglutination (Allan et al. , 

1971). EID50 values were determined by the method of Reed and Muench 

(1938). 

ELISA Technique 

IgA titers for the secretory component potentiation study were 

determined by ELISA assay as described in Chapter 2. 
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Protection Protocol 

Six to 10 week old mice were injected in the caudal tail vein with 

50 x 104 50% egg viral neutralization units of either H66 (plgA) or 2R6 

(IgG1 ) ascites fluid in a total volume of 400 ul. Four hours post

injection, the protected mice or saline-injected controls were 

challenged intranasally while awake with 20 MID50 influenza virus in a 

total volume of 20 ul sterile saline. Mice were restrained manually and 

the fluid placed on the nares of each mouse. The mouse was restrained 

until it inhaled the fluid. This method of challenge leads to infection 

of the upper respiratory tract (Yetter et al., 1980). Twenty-four hours 

after viral challenge, mice were sacrificed via intravenous barbiturate 

overdose and their noses washed with 1 ml sterile PBS. Nasal washes 

were assayed for virus as described above. 

Abrogation Protocol 

Mice were injected intravenously with 50 X 104 50% egg viral 

neutralization units of plgA anti-influenza monoclonal antibody in a 

total volume of 400 ul. Four hours later they received 20 ul 1:10 

rabbit anti-mouse alpha intranasally. Ten minutes later they were 

challenged intranasally with 20 ul of a mixture containing 20 MID50 

influenza virus in a 1:10 dilution of anti-alpha. Six hours later they 

received an additional 20 ul 1:10 anti-alpha intranasally. Twenty-four 

hours after initial viral challenge, they were sacrificed via 

exsanguination following barbiturate anesthesia, and viral 

determinations run on their nasal washes. This protocol is diagrammed 

in Figure 3-1. 
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Statistics 

Parametric statistical calculations were performed using the two

tailed Student's t test . Non-parametric calculations were performed 

using the one-tailed Fisher Exact method (Wardlaw, 1985) . 

Results 

Neutralization Studies 

To determine the relative neutralization titers of the panel of 

monoclonal anti-influenza antibodies, the ability of the monoclonals to 

neutralize the egg infectivity of PR8-Mt. Sinai influenza virus was 

studied . Virus was diluted to 10-4 in 10-fold dilutions of each 

monoclonal . The mixture was incubated 1 hour on ice, then 10-fold 

serial dilutions were injected into eggs for viral assay as described . 

The 50% neutralization point for each monoclonal was determined 

graphically (Figure 3-2). H50 (mlgA) neutralized 50% of the virus at a 

dilution of 1: 68,000, H66 (pigA) at 1: 260,000, and 2R6 (IgG1 ) at 1: 

2,300,000 . 

To determine whether the egg neutralization assay was an accurate 

reflection of in vivo neutralization activity, PR8-Mt . Sinai influenza 

virus was diluted to 10- 1 in 10-fold serial dilutions of plgA or IgG1 , 

incubated 1 hour on ice, then diluted 100-fold in sterile PBS. Awake 

mice (3 mice per sample) were infected intranasally with 20 ul of either 

the undiluted mixture or the 1:100 dilution. Twenty-four hours later 

the mice were sacrificed and their nasal washes assayed for virus. 

Because more virus is needed to infect a mouse nose than an egg, 1000-

fold more virus was used in this experiment. The virus neutralization 



Figure 3-2. Neutralization of Influenza Virus by Pretreatment with 
Monoclonal Antibodies: Two experiments were required to obtain the 
neutralization range: Experiment 1, open symbols; Experiment 2, closed 
symbols. migA (triangle); pigA (square); IgG1 (circle). 
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titers of the monoclonals would therefore be expected to be 

approximately 1000-fold less than the titers in the egg neutralization 

assay . Neutralization titers were calculated by the method of Reed and 

Muench (1938). The 50% neutralization titer of IgG1 was 10-4 · 17 , 

approximately 100 times less than the previous 50% protection titer of 

2 X 10-6. Thus IgG1 was at least as effective at neutralizing virus in 

mice as in eggs, although there was evidence of incomplete 

neutralization even at the higher concentrations of the monoclonal. 

The 50% neutralization titer of pigA was 10-3 · 5 . The predicted titer, 

based on an egg neutralization titer of 2 . 6 X 10-5 , was approximately 

10- 2· 1 . Thus pigA , like IgG1, was as effective as expected in 

neutralizing virus measured by the in vivo assay and the relationship 

between the neutralizing abilities of the two monoclonals remained 

constant. Unlike IgG1, however, pigA showed no evidence of incomplete 

viral neutralization at higher concentrations. 

Viral Challenge of Passively Immunized Mice 

In order to determine whether parenterally administered 

specifically-transported pigA could mediate protection against local 

challenge with influenza virus, pigA-injected mice were challenged 

intranasally while awake with 20 MID50 PR8 Mt. Sinai (HlNl) influenza 

virus 4 hours post-pigA injection. Transport of pigA peaked at 4 hours 

post-injection (Chapter 2). The 4 hour nasal wash pigA titers in 

passively immunized animals were at least 10 times the nasal wash IgA 

titers of influenza convalescent mice (Meitin et al., manuscript in 

preparation) so they should be sufficient to mediate local protection. 



Exp.# 

1 

2 

3 

4 

5 

6 

63 

Table 3-1 

Local Protection from PR8 Influenza Viral Infection by 
Intravenously-Administered pigA 

Treatment 
Saline-injected pigA- injected 

# infected NW virus shed #infected NW virus shed 
total ( log10 EID50 ) total ( log10 EID50 ) 

3/4 0 . 72±0. 8 

4/4 3 .25±0.6 

4/4 1.10±0. 5 

4/4 2 . 25±0 . 7 

4/4 1. 55±1. 0 

4/4 0 . 89±0.3 

*mean control titer= 
1. 77±1.1 

0/4 0 
(p<O . l) 

0/4 0 
(p<0.001) 

0/4 0 
(p< . 01) 

1/4 0.03±0 . 06 
(p< . 001) 

2/5 0.30±0.45 
(p<O.l) 

2/4 0.06±0.07 
(p<.01) 

mean protected titer= 
0.07±0.22 

(p<.001) 

* Nasal wash virus shed and mean protected titers are the means of all 
mice in the respective groups, not just those shedding virus. P value 
remains the same if mean control titer is compared to the mean protected 
titer of just those protected mice shedding virus. 
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Table 3-1 summarizes the results from 6 protection experiments. Of the 

24 sal ine-injected control mice, 23 shed virus into the nasal secretions 

(group mean EID50 titer of 101· 77±1. 1). Of the 25 pigA-injected mice 

(group mean EID
50 

of lOO.O?:tO.ZZ), only 5 mice shed virus into the nasal 

secretions and those that did had a low viral titer (EID50 of 

10°·37±0 -39 ). The protection observed in the pigA- injected group relative 

to the saline-injected group was statistically significant (p<.001) 

whether comparing group mean viral titers or number of protected mice . 

PigA-injected mice that shed virus had decreased viral titers (p< .001) 

relative to the saline control group . Intravenous administration of 

pigA, therefore, conferred complete protection against viral infection 

in 80 % of the mice and partial protection in the remaining 20 %. 

Protection by pigA Relative to IgG1 

In order to determine whether IgG1 could also confer local 

protection to influenza challenge, the relative abilities of 

intravenously-administered pigA and IgG1 to protect against influenza 

challenge were assessed as described above. Fifty x 104 50% 

neutralization units of pigA or IgG1 in a total volume of 400 ul we re 

administered intravenously to non-immune mice. Four hours later the 

mice were challenged intranasally with 20 MID50 PR8-Mt. Sinai influenz a 

virus . The pooled data from 2 experiments are shown in Table 3-2 . 

Analysis of nasal wash viral titers by the t test revealed that IV pi gA 

reduced viral shedding compared to either IV saline (p<0.001) or IV IgG1 

(p<0 . 01) . In fact , pigA provided complete protection in 7/9 injected 

mice . Intravenous IgG1 also reduced viral shedding (p<0.02); however, 
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it provided only partial protection (p=0.5, non-parametric), preventing 

viral shedding in only 1 of 8 mice injected. 

Specificity of Protection for HlNl Influenza 

The specificity of pigA-mediated protection was studied by 

comparing protection against PR8-Mt. Sinai (HlNl) influenza virus 

challenge with protection against A Port Chalmers (H3N2) influenza 

challenge . The H66 monoclonal pigA used for this work completely 

neutralized PR8 (HlNl) influenza virus at a 1 : 100,000 dilution but a 

1:10,000 dilution was unable to neutralize A Port Chalmers (H3N2) 

influenza virus in eggs. In an in vivo specificity study (Table 3-3) in 

which anti-HlNl pigA- injected mice (50 X 104 50% neutralization units 

pigA intravenously/ mouse) were challenged at 4 hours post-injection 

with 20 MID50 of either HlNl influenza virus (PR8-Mt . Sinai) or H3N2 

influenza virus (A Port Chalmers) pigA was found to confer protection 

against HlNl influenza challenge (p< 0.01) but not against H3N2 

influenza challenge (p> 0 . 1). 

Protec t ion Abrogation Model 

At this point, it had been demonstrated that injection of anti

influenza monoclonal pigA provided protection against intranasal 

influenza challenge . To be able to determine whether IgA played a 

significant role in local immunity in convalescent mice, a way to 

abrogate local immunity due to IgA was needed. The first step in 

developing an abrogation model was to determine whether preincubation 

with anti-mouse alpha or anti-mouse gamma antisera could eliminate the 

ability of pigA or IgG1 anti-influenza monoclonal antibody, 

respectively, to neutralize influenza virus . A 1 : 50,000 or 1:100,000 
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Table 3-2 

Comparison of Protection Against PR8 Influenza Viral 
Infection in pigA and IgG1-Injected Mice 

#infected/ total 
Experiment# 1 
Mouse Treatment 

saline 
IgG1 
pigA 

Experiment# 2 
saline 
IgG1 
pigA 

Summary* 
Mouse Treatment 

saline 
IgG1 
pigA 

*Summary p values: 
saline vs . IgG1 
saline vs . pigA 
pigA VS. IgG1 

4/4 
4/4 
0/4 

4/4 
3/4 
2/5 

8/8 
7/8 
2/9 

Student's t 
p<0 . 02 
p<0.001 
p<0.01 

NW virus shed ( log10 EID50 > 

3 . 25±0.65 
1. 50±0 . 71 

0 

1.55±1.0 
0 . 78±1. 03 
0.3±0.447 

2. 34±1.19 
1.14±0. 9 
0.17±0.35 

non-parametric 
p=0.5 
p=0.002 
p=.012 

Summary group titers are means of all mice in each group. 



Treatment 

Saline, IV 
Mouse# 1 

# 2 
# 3 
# 4 
mean 

pigA, IV 
Mouse # 1 

# 2 
# 3 
# 4 
mean 
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Table 3-3 

Specificity for PR8 Influenza Virus of anti-PR8 
pigA-Mediated Protection 

Viral Challenge 
H3N2 

NW virus shed 
( log10 EID50 ) 

1. 26 
2.5 
2.29 
2.46 
2 .13±0. 59 

2.65 
2.25 
2 
1. 5 
2.1±0.48 

p= n. s. 

PR8 
NW virus shed 

(log10 EID50 ) 

0.5 
1. 3 
0.75 
1.0 
0.89±0 . 34 

0 
0 . 12 
0.12 
0 
0.06±0.07 

p<0.01 



Figure 3-3 . Neutralization of anti-Influenza Activity by 
anti-Alpha or anti-Gamma Pretreatment 
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dilution into PBS of each monoclonal was incubated on ice 1 hour with 

its respective antiserum. The "neutralized" monoclonals were then 

incubated with influenza virus on ice for one hour and their ability to 

neutralize virus compared to "non-neutralized" monoclonals. Results are 

shown in Figure 3-3. Pre - incubation with anti-alpha greatly reduced the 

virus-neutralizing activity of plgA anti-influenza monoclonal antibody 

while pre-incubation with anti-gamma greatly reduced the anti-viral 

activity of IgG1 anti-influenza antibody. Neither anti-gamma nor anti

alpha antiserum affected the influenza virus titer . 

The abrogation technique was then adapted to the in vivo 

protection model . Passively-protected mice were challenged with 

influenza virus suspended in a 1:10 dilution of rabbit anti-mouse alpha 

or in saline. Control saline-injected mice were challenged with 

influenza virus suspended in a 1 : 10 dilution of rabbit anti-mouse alpha. 

Table 3-4 presents data from two experiments. In both e x periments mic e 

injected with plgA and challenged with virus in saline were protected 

against viral challenge, while saline-injected mice challenged with 

virus in anti-alpha were susceptible to viral challenge (p< .001, both 

experiments). If virus was administered to plgA-protected mice in a nti

a lpha antiserum, the amount of virus shed in the nasal washes was 

comparable to that shed by non-protected mice (p>O.l) . 

Role of Secretory Component in !~-Mediated Viral Neutralization 

The passive protection results presented in this chapter suggest 

that slgA is a mediator of mucosal immunity in the murine nose. lgA 

acquires secretory component as it is transported into secretions 

(Mostov and Deitcher, 1986; Tomasi, 1976) . Childers et al. (1989) 
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Table 3-4 

Abrogation of pigA-Mediated anti-Influenza Protection by 
anti-Alpha Administration 

Mouse Treatment # shedding virus/total 
(Log10 EID50) 

Experiment 1 
IV saline+ IN anti-alpha 5/5 
IV pigA + IN saline 4/5 
IV pigA + IN anti-alpha 5/5 

Experiment 2 
IV saline+ IN anti-alpha 5/5 
IV pigA + IN saline 1/5 
IV pigA + IN anti-alpha 4/5 

p values, Student's t test 

IV pigA/IN saline vs IV saline/IN anti-alpha 
IV pigA/IN anti-alpha vs IV pigA/IN saline 
IV pigA/IN anti-alpha vs IV saline/IN anti-alpha 

Virus shed 

3.0±0 . 67 
0.56±0.55 
2.50±0.77 

2 . 1±0 . 82 
0 . 05±0.07 
1. 0±0. 9 

Exp. 1 
p<.001 
p< .01 
p>O.l 

Exp. 2 
p<. 001 
p< .05 
p<O.l (ns) 
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suggested that the addition of secretory component potentiates the 

virus-neutralizing ability of pigA. To test this possibility equiv ale nt 

ELISA-binding amounts of column-purified pigA anti-influenza monoclona l 

antibody, bile-passaged pigA anti-influenza monoclonal which should h ave 

acquired secretory component as it was transported, and column-purifie d 

monomeric IgA anti-influenza monoclonal antibody were used to neutrali ze 

influenza virus in vitro. 

Figure 3-4 shows the results of the ELISA-binding study. A 1 : 6 

dilution of monomeric IgA bound as well in the ELISA as a 1:5 dilution 

of pigA or undiluted bile preparation . 

Since it was likely that the undiluted bile would inactivate 

influenza virus, the above dilutions could not be used for the 

neutralization study. Instead, a 1:600 dilution of monomeric IgA , 

a 1 : 500 dilution of pigA and a 1:100 dilution of the bile preparation 

were used for the neutralization study . Ten-fold serial dilutions we r e 

made of each monoclonal base dilution . Since monomeric IgA is less 

effective in neutralization than pigA (Taylor and Dimock , 1985) , a 1 : 60 

dilution of the monomeric IgA preparation was included in the study. 

Normal mouse bile dilutions were included to control for bile 

inactivation of virus. All dilutions were incubated 1 hour on ice with 

influenza virus, then aliquots were injected into fertile eggs and 

assayed for virus as previously described. 

Results of the neutralization study are presented in Table 3-5. 

The ELISA-equivalent dilutions 1:500 pigA and 1:100 sigA (bile) both 

neutralized better than 95% of the virus . A 1 : 5000 dilution of pi gA 

still neutralized 98% of the virus while a 1 : 1000 dilution of sigA 



Figure 3-4 . Comparison of ELISA Titers of pigA, migA, and sigA: 
Dilutions of column-fractionated migA (closed squares), column
fractionated pigA (open circles), and sigA from bile (closed circles) 
were assayed for influenza-binding activity in an ELISA. The closed 
triangle represents background binding by normal mouse serum. 
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Table 3-5 

Neutralization of Influenza Virus by rnigA, pigA, and sigA 

Antibody 

pigA 

sigA 

rnigA 

Dilution 

*l: 500 
1: 5000 
1: 50,000 
1: 500,000 

*l : 100 
1: 1000 
1: 10,000 
1: 100,000 

1: 60 
*l: 600 

1: 6000 
1: 60,000 

% virus neutralized 

99.9 
98.2 

0 
0 

96.8 
33.2 

0 
0 

100 
11. 8 

0 
0 

*Dilutions which give equivalent binding in ELISA assay. 
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neutralized at least 33 % of the virus. The ELISA-equivalent dilution o f 

monomer ic IgA (1:600) neutralized only 12% of the virus . A 1:60 

dilution was required to obtain neutralization comparable to the pl gA 

and slgA results . Thus the polymeric IgAs were at least 10 times more 

potent in neutralizing ability than monomeric IgA. 

Discussion 

The nasal wash protection experiments described in this chapte r 

demonstrate that the physiologically-transported passively -administe r e d 

monoclonal polymeric IgA in the nasal secretions was able to protect 

non-immune mice against influenza viral challenge while transudate d I gG 1 

did not protect at the dose used for these experiments (Tables 3-1, 3-

2). This represents the first demonstration of local protection a gainst 

viral infection mediated by physiologically transported (secretory) IgA. 

Manzanec et al. (1987) have previously shown that intranasally 

administered IgA can protect against Sendai viral challenge . Their 

work, while suggestive, did not implicate secretory IgA in 

physiologically-derived local immunity . 

The protection conferred by physiologically-transported anti-HlNl 

plgA was specific as shown by the fact that an unrelated H3N2 influe nza 

virus was able to infect mice injected with HlNl-specific pigA (Table 

3-3) . Thus, protection is not due to non-specific factors present in 

the ascites fluid. Further evidence that the protective factor in the 

nasal secretions is IgA came from abrogation studies. IgA-mediated 

protection could be abrogated by rabbit anti-alpha antiserum (Table 3-

4). This result strongly suggests that the protective agent in the 
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local secretions is IgA and provides a tool for the dissection of local 

immunity in convalescent animals. Since other factors (Aho et al., 

1976; Clements et al. ,1986; Pyhala et al., 1976; Strober et al., 1976; 

Wagner et al., 1987) may contribute to local immunity, the ability to 

abrogate IgA-mediated protection should allow the contribution of sigA 

to local immunity to be directly determined. 

The polymeric nature of sigA, its avidity for mucous in 

secretions , and its resistance to proteolytic enzyme degradation 

(Childers et al., 1989) all contribute to its efficacy as a neutralizing 

antibody in secretions. It is not known whether the addition of 

secretory component potentiates this neutralizing ability or just 

contributes to the avidity of the molecule for mucous and to its 

resistance to degradation. The experiments in the final section of this 

chapter explored this question . Monoclonal anti-influenza pigA pres ent 

in bile did not have potentiated neutralizing activity relative to an 

equivalent ELISA-binding dilution of unmodified pigA. If anything, the 

bile neutralizing activity was slightly less than the activity of an 

equivalent ELISA-binding dilution of pigA. 

Monomeric IgA was 10 times less effective than either polymeric 

IgA at neutralizing virus. This agrees with a report by Greenberg et 

al. (1988) that at least 10-fold-higher milk levels of IgG than sigA 

were required to protect 50% of suckling mice from lethal rotavirus 

infection. Monomeric IgA and IgG were found to neutralize influenza 

virus by a different mechanism from pigA (Taylor and Dimock, 1985), 

allowing viral attachment and uptake but not replication. Secretory IgA 

prevented viral attachment at 4° C. The rotavirus study and the work 
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described in this chapter suggest that the slgA-mediated process may be 

more efficient than the monomeric antibody-mediated process. 

In summary, the work presented in this chapter has demonstrated 

protection of the upper respiratory tract by passively-administered plgA 

anti-influenza monoclonal antibody and suggested that secretory 

component, while mediating the transport of plgA into secretions, does 

not potentiate the neutralizing activity of the secretory IgA molecule. 

IgA is one factor which can contribute to local immunity in the 

respiratory tract. Clements et al. (1987) have suggested that IgG is a 

major contributor to local immunity, as well. In the next chapter, this 

possibility will be explored. 



CHAPTER 4 
CONTRIBUTION OF IgG TO NASAL IMMUNITY AGAINST INFLUENZA 

Introduction 

Several human studies have shown the presence of IgG anti-viral 

antibodies in nasal washes of influenza-immune individuals. Clements et 

al. (1986) detected these antibodies and suggested "that the major 

contributor to resistance in the nasal compartment is IgG." They later 

demonstrated that these antibodies were derived from the serum by a 

process of passive transudation (Wagner et al., 1987) . 

It is the goal of the studies presented in this chapter to dev elop 

a murine model to simulate the phenomena observed by the above group and 

to determine whether passively-administered IgG is capable of mediating 

nasal immunity to influenza virus and whether the serum level of IgG 

following natural infection is great enough to allow protective 

transudation to occur. 

Materials and Methods 

Female BALB/c mice were obtained from Charles River Breeding 

Laboratories, Inc., and maintained as described in Chapter 2. 

Antisera 

Anti-influenza monoclonals used in this study were the KR87 pool 

of 2R6 (IgG1) and the H66 (pigA) ascites pool characterized in Chapter 

2. Antisera used as ELISA reagents were the same as those used in 
79 
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Chapter 2 except that affinity-purified goat anti-mouse gamma (Sigma, 

St . Louis, MO.) was substituted for goat anti-mouse gamma1 for the 

determination of total IgG. 

Sample Collection 

Collection of sera and nasal washes for antibody titer 

determination was as described in Chapter 2. Collection of virus

containing nasal wash samples was as described in Chapter 3 . 

Antibody Titer Determination 

Serum total IgG and IgG1 levels were determined by ELISA as 

described in Chapter 2. For determination of total serum IgG affinity

purified goat anti-gamma was substituted for goat anti-gamma 1 in the 

ELISA assay. 

Viral Titer Determination 

Nasal wash influenza virus titers were determined in eggs as 

described in Chapter 3. The EID50 was calculated by the method of Reed 

and Muench (1938). 

Protection Protocol 

Female BALB/c mice were injected with varying amounts of either 

pigA anti-influenza monoclonal antibody or IgG1 anti-influenza 

monoclonal antibody. The injection volume was always 400 ul even though 

the antibody content varied. Ascites fluids were spun in a clinical 

centrifuge before injection to preclude embolus formation. At 4 hours 

post-injection awake mice were challenged intranasally with 20 MID50 

PR8-Mt. Sinai influenza virus contained in a 20 ul volume. This fluid 

was placed on the nares and the mouse restrained until the fluid had 

been inhaled. Care was taken to guarantee that the mouse inhaled the 
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entire dose. Twenty-four hours after viral challenge the mice were 

anesthetized with Nembutal and their sera and nasal washes harvested as 

previously described. 

Convalescent Serum 

Female BALB/c mice were infected intranasally while awake with 200 

MID50 PR8 influenza virus. Six weeks later they were sacrificed by 

exsanguination following the injection of Nembutal. Blood samples were 

stored overnight at 4° C and the serum separated from the clot by 

centrifugation the next day . Influenza-specific serum titers were 

obtained by ELISA assay as described above. 

Results 

Comparison of pigA and IgG1-Mediated Nasal Protection 

Intravenously-injected anti-influenza IgG1 monoclonal antibody was 

able to neutralize virus in the noses of influenza challenged mice 

(Figure 4-1). Protection was seen only with the injection of 760 ug 

IgG1 , however, and not with doses of 150 ug or lower. 

The ability of equivalent egg viral neutralization doses of pigA 

and IgG1 anti-influenza monoclonal antibodies to protect against 

influenza viral challenge in ascites fluid-injected mice was determined 

and results are presented in Figure 4-2. The injection of 2.5 X 104 

50% egg viral neutralization doses of pigA resulted in a 98% decrease in 

the amount of the influenza virus present in the nasal washes while 2.4 

X 105 50% egg viral neutralization doses of IgG1 were required to see a 

similar decrease in nasal wash virus titer. Thus pigA is apparently 



Figure 4-1. Nasal Wash Virus Shedding by IgG1-injected Mice: Mice 
received increasing amounts of influenza-specific antibody 
intravenously . Numbers in parentheses are number infected/total 
injected at each antibody dose. No virus shedding was defined as a log10 
EID50 of 0 . 01. 
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Figure 4-2. Virus Shedding by Mice Injected with Equivalent Virus
Neutralizing Doses of plgA and IgG1~ Mice were injected intravenously 
with varying egg virus neutralization doses of pigA (open circles) or 
IgG1 (closed circles) . Twenty-four hours later their nasal washes were 
assayed for virus shedding. No virus shedding was defined as a log10 
EID50 of 0.01. virus titer. 
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Figure 4-3. Serum IgG1 Levels and Nasal Virus Shedding: Mice were 
intravenously injected with increasing doses of influenza-specific 
monoclonal IgG1 . At 24 hours post-injection they were sacrificed and 
nasal wash virus shedding (open circles) and serum IgG1 titer (closed 
circles) determined . No virus shedding was defined as a log10 EID50 of 
0.01. 
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about 10 times more effective than IgG1 in protecting against viral 

challenge. 

Relation Between 24-Hour Serum I~G1 Titer and Protection 

The 24-hour serum titers of mice injected with varying amounts of 

IgG1 anti-influenza monoclonal antibody were determined and compared 

with the level of protection conferred by that antibody dose (Figure 4-

3). The injection of 760 ug antibody was required to reduce the virus 

titer in the nasal washes by 98%. Injection of 152 ug did not affect 

the nasal wash viral titer . The serum titer of mice injected with 760 

ug antibody was 2.3±0.8 while the serum titer of mice injected with 152 

ug antibody was 0.4±0 . 16 . Hence a serum titer of approximately 2.5 was 

needed for protection from viral challenge. 

There was some blood contamination in the nasal washes from this 

protection study (levels ranging from 10-5 to 10-6). To rule out the 

possibility of neutralization of nasal wash virus by contaminating serum 

antibody, the ability of a 10-5 dilution of serum from a mouse injected 

with 760 ug IgG1 to neutralize a 103 •5 EID50 suspension of influenza 

virus was determined. The neutralizing abilities of pooled nasal washes 

from mice injected with either 760 ug IgG1 anti-influenza monoclonal 

antibody or 220 ug pigA anti-influenza monoclonal antibody were also 

checked. Influenza virus and antibody suspension (nasal wash pools or 

diluted serum) were vortexed, incubated on ice for an hour, and assayed 

in eggs as described in Chapter 3. None of the antibody-containing 

nasal washes or the serum dilution displayed any neutralizing activity. 

So the lack of virus in the nasal washes of passively-protected mice was 

not due to neutralization occurring after the noses had been washed. 



89 

Serum IgG Titers in Influenza-Convalescent Mice 

Serum anti-influenza IgG1 and total IgG titers were determined in 

6 mice six weeks after influenza infection. The IgG1 anti-influenza 

titer was 0.0135±0 . 0072, while the total IgG anti-influenza titer was 

0.32±0.284. Titers in uninfected mice were 0.00001 and 0.0004 for IgG1 

and total IgG , respectively . 

Discussion 

Intravenously injected IgG1 anti-influenza monoclonal antibody was 

able to reduce the titer of virus in the nasal washes of influenza

challenged mice. Whether this represents neutralization of the original 

virus dose by antibody present in the nasal secretions at 4 hours post

injection or neutralization of newly replicated virus by antibody being 

continually transudated into the nasal secretions cannot be determined 

at this point. Scanning electron microscopy of the noses of "protected" 

mice would show whether virus was neutralized by the antibody before it 

could infect the cells or whether the virus was able to replicate and 

destroy mucosal epithelial cells. My hypothesis is that there is 

little protection from initial viral challenge by IgG but, as mucosal 

epithelial cells are destroyed by virus replication, the epithelium 

becomes more permeable so that more IgG is transudated into the 

secretions . This leads to neutralization of the replicating virus. A 

similar theory has been presented by Kris et al. (1988). 

IgG1 protection is less efficient than pigA-mediated protection . 

When equivalent neutralizing doses of pigA and IgG1 were injected into 

mice (Figure 4-2) pigA was approximately 10 times more potent than IgG1 
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in its ability to reduce nasal wash viral titers . This could have 

arisen because secretory component-mediated transport of plgA was 10 

times more effective than transudation of IgG1 , hence there was more 

IgA in the nasal secretions than IgG1 • This hypothesis is supported by 

the transport data from Chapter 2 which showed preferential transport of 

plgA relative to IgG1 . A second possible explanation is that the actual 

amounts of antibody transported were comparable but the plgA was 10 

times more effective in neutralizing virus than the IgG1 . While it is 

believed that slgA is more efficient than IgG in viral neutralization 

(Greenberg, 1988), the transport data from Chapter 2 make this 

explanation less likely since more plgA than IgG1 was transported into 

nasal secretions given the injection of comparable amounts of each. 

Whatever the mechanism of passive IgG1 -mediated protection, the 

question arises as to whether it can actually occur in naturally-immune 

mice or is valid only in this model. For IgG1-mediated protection to 

occur, the serum anti-influenza antibody titer had to be approximately 

2 . 5 (Figure 4-3). The serum anti-influenza IgG1 titer of naturally 

immune mice was 0.0135 ± 0.0072 while the serum anti-influenza total 

IgG titer was 0 . 320 ± 0 . 284. The titer needed for IgG1-mediated 

protection is roughly 180 times the serum IgG1 anti-influenza titer seen 

in immune mice and 8 times the serum total IgG anti-influenza titer. A 

serum IgG1 titer of 0 . 4±0.16 was shown to have no effect on the amount 

of virus shed from the noses of passively immunized mice (Figure 4-3). 

The serum IgG response to influenza in mice is mostly the IgG2a subclass 

(Coutelier et al . , 1987; Reale et al., 1985). Assuming similar 

transport characteristics for IgG1 and IgG2a into nasal secretions, 
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these findings suggest that while serum lgG may make some small 

contribution to nasal immunity, the serum IgG titer in immune mice is 

not high enough for transudated IgG to account for anti-influenza 

immunity in the intact murine nose. 



CHAPTER 5 
ROLE OF sigA IN NASAL ANTI-INFLUENZA IMMUNITY IN THE MOUSE 

Introduction 

Since Tomasi's first recognition of secretory IgA (Tomasi et al., 

1965), the secretory immune system has been hypothesized to play a major 

role in mucosal immunity . Previous studies have described a correlation 

between an increased respiratory sigA level and local protection against 

challenge with a number of pathogens (Bergman et al., 1988; Brown et 

al., 1985; Kurono and Mogi, 1987; Lue et al., 1988; Meitin et al., 

manuscript in preparation; Nedrud et al., 1987), however there is no 

proof that sigA is actually the cause of this immunity. Other 

immunoglobulins such as IgM (Pyhala et al., 1976) or transudated IgG 

(Clements et al . , 1986; Wagner et al., 1987) as well as non

immunoglobulin antimicrobial factors including lysozyme, lactoferrin , 

and secretory peroxidases (Arnold et al ., 1979) have been postulated to 

contribute to observed local immunity. 

The protection studies described in Chapter 3 of this dissertation 

provided the first direct demonstration of the mediation of 

nasopharyngeal immunity by specifically-transported intravenously-

administered polymeric IgA (pigA). Intravenously-administered anti

influenza monoclonal pigA was able to protect non-immune mice against 

intranasal challenge with influenza virus. This protection could be 

abrogated by intranasal administration of anti-alpha. 

92 



93 

This chapter reports the use of the abrogation technique developed 

in Chapter 3 to determine whether slgA mediates nasal immunity to 

influenza virus in convalescent mice. 

Materials and Methods 

Female BALB/c mice were obtained from Charles River Breeding 

Laboratories, Inc., and maintained as previously described. 

Antisera 

Rabbit anti-mouse alpha and goat anti-mouse gamma antisera were 

obtained from ICN and Sigma and assayed as described in Chapter 3. 

Anti-mu was obtained from Sigma (St. Louis, Missouri). 

Sample Procurement 

Mice were anesthetized and exsanguinated and nasal washes obtained 

as described in Chapter 3. 

Abrogation Protocol 

BALB/c mice were infected intranasally while awake with 200 MID50 

PR8-Mt. Sinai (HlNl) influenza virus. This route of infection produces 

primarily nasal infection (Yetter et al., 1980) and induces nasal wash 

IgA and local protection against influenza (Meitin et al., manuscript in 

preparation) . Four to six weeks after infection, mice were pre-treated 

intranasally with undiluted rabbit anti-mouse alpha or sterile non

pyrogenic saline, followed 10 minutes later by the administration of 200 

MID50 influenza virus in 20 ul saline or 20 ul of a 1:5 dilution of 

rabbit anti- mouse alpha. Mice received intranasal treatments with 1:5 
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anti-alpha or saline at 6, 7, 13, 14, 20, and 21 hours post

infection.Control non-immune mice were given virus and anti-alpha 

following the same protocol as convalescent mice. This protocol is 

summarized in Figure 5-1. Twenty-five to 27 hours post-infection mice 

were anesthetized with Nembutal and exsanguinated. Sera were saved for 

ELISA analysis. Noses were washed with 1 ml sterile PBS containing 

1:100 anti-alpha and assayed for virus. In some experiments, anti

gamma or a mixture or anti-gamma and anti-mu was substituted for the 

anti-alpha. 

Viral Determination 

Nasal washes were assayed for virus as described in Chapter 3. 

Results 

Abrogation of convalescent immunity by anti-alpha 

Figure 5-2 presents the results of a series of abrogation 

experiments. In ex periment 1, convalescent mice were pretreated with 10 

ul undiluted anti-alpha or saline, then challenged and treated 

subsequently as described above. The amount of virus shed from the 

noses of influenza-convalescent mice treated with anti-alpha was 

comparable to the amount of virus shed from the noses of non-immune 

anti-alpha treated mice (p=n . s . ) . Convalescent saline-treated mice shed 

less virus than anti-alpha-treated convalescent or non-immune mice (p< 

0.01). 

In experiment 2, convalescent mice were pre-treated with 20 ul 

undiluted anti-IgA or saline, then challenged as previously described . 
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Figure 5-2 . Effect of Intranasal Installation of anti-Alpha, anti
Gamma, anti-Mu, or Normal Rabbit Serum on Nasal Immunity of Influenza 
Convalescent Mice : Experiment 1, mice were pretreated wi t h 10 ul anti 
alpha 10 minutes before intranasal challenge with influenza vi rus in 
anti-alpha (closed circles ) ;experiment 2, mice were pre t reated with 20 
u l anti - alpha ( open circles) ; experiment 3 , normal rabbit serum (closed 
triangles ) ;experiment 4, anti-gamma (open diamonds ); experiment 5 , anti
gamma and anti-mu (open triangles). In experiments 2 , 3, 4 , and 5 
intranasal pretreatment was with 20 ul of the relevant reagent . 
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Five of six anti-alpha-treated convalescent mice in this e xperiment shed 

virus from their noses and the titer was comparable (p=n.s.) to that of 

non-immune anti-alpha treated mice. Saline-treated convalescent mice 

again shed less virus than either IgA-treated group 

(vs. anti - alpha treated convalescent mice, p<0 . 05; vs . anti-alpha

treated non-immune mice, p<0.001.) 

To demonstrate that the suppression of convalescent immunity was 

due to the rabbit anti-alpha and not to non-specific factors in rabbit 

serum, convalescent mice were pre-treated with 20 ul undiluted normal 

rabbit serum then challenged with influenza virus in 1:5 normal rabbit 

serum (experiment 3). None of the normal rabbit serum-treated 

convalescent animals shed virus, while non-immune mice treated with a 

mixture of anti-alpha and normal rabbit serum all shed virus as 

expected. 

Failure of anti-gamma or anti-mu to abrogate protection 

To determine whether IgG or IgM made detectible contributions to 

nasal anti-influenza immunity, convalescent mice were pretreated 

intranasally with 20 ul anti-gamma antiserum (Figure 5-2, experiment 4) 

or a mixture of anti-gamma and anti-mu antisera (experiment 5). Anti

gamma-treated convalescent mice and saline-treated convalescent mice 

displayed comparable levels of protection (2/6 vs. 1/6, respectively , 

shedding virus from nose, titers comparable with p=n.s.) as did 

convalescent anti-mu/anti-gamma-treated and convalescent saline-treate d 

mice (p=n . s . ). 
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Discussion 

The abrogation results presented here suggest that sigA is the 

major if not the sole mediator of mucosal immunity to influenza virus in 

the mouse . The degree of abrogation of nasal immunity by anti-alpha 

treatment seen in convalescent animals was comparable to the degree of 

anti-alpha abrogation seen in pigA passively-protected mice where the 

only mucosal immunity present is due to IgA (Chapter 3). It is possible 

that IgG or IgM may play a role in mucosal immunity, however, since 

neither anti-gamma nor anti-mu antiserum had any effect upon the 

protection against influenza viral challenge in convalescent mice, any 

possible contribution these immunoglobulins make would be small. 

The major role sigA plays in mucosal immunity to influenza virus 

has implications for vaccine development strategies. Influenza virus is 

an important pandemic respiratory pathogen of man resulting in economic 

losses due to lost work days and capable of causing deaths in the very 

young and the elderly (Lierman, 1987). If sigA is primarily responsible 

for defense against influenza infection in man, as well as in mice, 

influenza vaccination protocols should exploit routes of immunization 

which activate the common mucosal immune system and lead to the 

production of sigA. The current findings could also have implications 

for the development of vaccination strategies for other pathogens such 

as rhinoviruses or HIV which can enter the body though the mucosal 

surfaces of the respiratory or genitourinary tracts. 



CHAPTER 6 
SUMMARY 

Secretory IgA has been described as the presumptive mediator of 

mucosal immunity in the upper respiratory tract, however this has never 

been proven. It was the aim of the work described in this dissertation 

to show that secretory IgA does mediate intranasal immunity to influenz a 

virus in the mouse. These studies provided the first direct evidence 

that physiologically-transported IgA can not only mediate local 

immunity, but is the primary host defense of the nose. That evidence was 

derived from experiments covering the six major goals of this 

dissertation as described in Chapter 1. 

Goal 1 : To determine whether polymeric IgA is selectively transported 
into nasal secretions relative to monomeric immunoglobulins . 

Poly meric IgA was shown to be selectively transported into nasal 

secretions relative to either IgG1 (Table 2-2) or monomeric IgA (Table 

2-3). Manzanec et al . (1989) observed the selective transport of pigA 

into murine nasal secretions relative to albumin . Monomeric IgA was 

transported into nasal secretions to the same extent as albumin. 

Selective transport of polymeric IgA into nasal secretions has also 

been demonstrated in the sheep (Schcchitano et al., 1986). The 24 hour 

STI relative to IgG in the sheep was 4 . 5 . The 24 hour STI calculate d 

for the mouse (Table 2-2) agreed with this value. These studies suggest 

that polymeric IgA and monomeric immunoglobulins reach the nasal 
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secretions in different manners. It is likely that some IgG and 

monomeric IgA could reach the nasal secretions by transudation (Wagner 

et al., 1987), however transport of polymeric IgA was selectively 

enhanced. Epithelial cells in the respiratory tract bear secretory 

component on their surfaces (Brandtzaeg, 1985; Heremans, 1974) and it 

therefore seems highly likely that the secretory component-mediated 

system facilitated polymeric IgA transport. 

Goal 2: To investigate the kinetics of the transport of pigA into nasal 
secretions. 

Transport of pigA into nasal secretions peaked 4 hours after 

injection of 440 ug pigA (Figure 2-5). Nasal wash migA and IgG1 did not 

show a peak. The pigA data resemble the results of transport studies in 

the sheep (Schcchitano et al., 1986) in that both systems showed a 

transport peak at 4 hours post-injection. In the mouse, however, the 

nasal secretion IgA level dropped after the peak at 4 hours while in the 

sheep the high IgA nasal secretion level was maintained for 6 to 8 

hours. 

The 4-hour dose-response curve for pigA transport (Figure 2-6) is 

consistent with a biological transport system in which the receptor 

(transport mechanism) has become saturated by its ligand. The system 

was saturated at 440 ug pigA for nasal secretions and at 880 ug pigA for 

bile. Mostov and Deitcher (1986) demonstrated in vitro that the 

secretory component system could be saturated by excess pigA. The 

experiment described here is the first demonstration of the saturation 

of the respiratory pigA transport system. The results also suggest that 
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more pigA is needed to saturate the hepatobiliary transport system than 

to saturate the nasal transport system. This is not unexpected and can 

be explained by there being either a greater number of secretory 

component bearing-cells present in the liver than in the respiratory 

tract or a higher density of secretory component on liver cells than on 

respiratory epithelial cells. A combination of both possibilities seems 

likely. 

The polymeric IgA transported into the nasal secretions and into 

bile was intact (Figure 2-7) and biologically active. Transported pigA 

retained its ability to bind to influenza in ELISA assays. This is in 

contrast to Manzanec et al. (1989) who detected radiolabelled pigA in 

murine nasal secretions but were unable to detect any ELISA activity. 

In agreement with the results described in this dissertation, 

Schcchitano et al. (1986) were able to show the transport of intact pigA 

into the bronchonasal secretions of sheep. 

Manzanec et al. (1989) concluded that serum-derived pigA did not 

make a significant contribution to the nasal secretory IgA pool . I do 

not agree with this conclusion. In the sheep 20% of the bronchonasal 

IgA pool is serum-derived (Schcchitano et al . , 1986). I have shown that 

intravenous administration of pigA leads to nasal IgA anti-influenza 

titers comparable to those seen in influenza-convalescent mice (Meitin 

et al . , manuscript in preparation). Mouse serum IgA is polymeric 

(Vaerman, 1973) therefore could be transported into bile or nasal 

secretions. It seems reasonable to assume that this transport does 

occur in the normal animal as well as in the pigA-injected one. Normal 

polymeric serum IgA could, however, interfere with the determination of 
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the extent of transport of parenterally administered plgA. The 

polymeric serum IgA dilutes injected IgA and causes transport to be 

underestimated. Unless high levels of specific plgA are injected (as in 

the current studies) the excess serum plgA could compete for the 

receptors on the epithelial cells and falsely lower transport readings. 

Goal 3: To determine whether physiologically-transported plgA can 
mediate protection against intranasal influenza challenge in the mouse. 

Numerous studies have reported a correlation between increased 

nasal secretion IgA levels and local immunity (Bergman et al., 1988; 

Brown et al., 1985; Kurono and Mogi, 1987; Lue et al., 1988; Meitin et 

al., manuscript in preparation; Nedrud et al., 1987; Small et al., 

1985), however there has been no proof that secretory IgA mediates this 

immunity. The experiments described in Chapter 3 are the first 

demonstration of mucosal protection mediated by passively-administered 

physiologically-transported plgA. 

Intravenous anti-Hl influenza plgA protected the noses of non

immune mice against infection following challenge with the homologous 

influenza virus (Table 3-1) but not with an unrelated influenza virus 

(Table 3-3). An equivalent virus-neutralizing dose of anti-Hl influenza 

IgG1 was unable to protect mice against intranasal influenza infection 

following viral challenge (Table 3-2). Thus protection is specific for 

the virus to which the antibody is directed and plgA is more efficient 

at mediating this protection than IgG1 . Additional studies showed that 

plgA was, in fact, about 10 times more efficient at mediating protection 

than IgG1 (Figure 4-2). 
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Goal 4: To determine whether transudated IgG1 can mediate protection 
against intranasal influenza challenge in the mouse. 

Clements et al. (1986) detected IgG anti-influenza antibodies in 

the nasal secretions of influenza-immune human volunteers and 

demonstrated that these antibodies were a serum transudate (Wagner et 

al., 1987). To test whether transudated IgG1 could mediate nasal 

protection in the mouse, anti-influenza IgG1 monoclonal antibodies were 

injected intravenously and nasal protection monitored (Figures 4-1 and 

4-3). A serum titer of 2.5 was needed for transudated IgG1 to reduce 

nasal viral shedding. This is 180 times the serum IgG1 anti-influenza 

level of convalescent mice and 8 times their serum total IgG anti-

influenza level. A serum IgG1 anti-influenza titer of 0.4, roughly the 

same as the total serum IgG anti- influenza level in influenza

convalescent mice (Chapter 4), did not reduce nasal virus shedding in 

passively-immunized mice (Figure 4-3). Assuming similar transport 

characteristics for IgG1 and IgG2a, the major class of anti-influenza 

antibody in the serum of immune mice (Coutelier et al., 1987; Reale et 

al., 1985), it appears unlikely that a transudate from serum IgG is a 

major factor in protection from local viral infection in the intact 

murine nose. 

Goal 5 : To develop a model for the abrogation of IgA-mediated 
intranasal anti-influenza immunity . 

Pretreatment of plgA anti-influenza monoclonal antibody with anti

alpha or pretreatment of IgG1 anti-influenza monoclonal antibody with 

anti-gamma abrogated the in vitro virus-neutralizing ability of the 
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monoclonals (Figure 3 - 3). The anti-alpha and anti-gamma antisera did 

not affect the growth of influenza virus in eggs. 

Polymeric IgA-injected mice were protected against intranasal 

influenza infection. This protection could be abrogated by the 

intranasal installation of anti-alpha antiserum (Table 3-4) . Abrogation 

of protection by anti-alpha provided additional evidence that the 

protection was, indeed , mediated by plgA . The ability to eliminate 

pigA-mediated intranasal immunity made it possible to determine for the 

first time what contribution slgA makes to mucosal immunity in the 

murine respiratory tract. 

Goal 6: To use the abrogation model to determine whether intranasal 
anti-viral immunity in influenza-convalescent mice is due to secretory 

~ 

Mice convalescent from influenza infection are immune when 

challenged intranasally with influenza virus (Figure 5-2) . Intranasal 

installation (Figure 5-1) of anti-alpha but not of anti-gamma, anti-mu, 

or normal rabbit serum abrogated this protection (Figure 5-2) . These 

results show that in the mouse IgA is the major, if not the sole , 

mediator of nasal mucosal immunity . 

These results have major implications for the development of 

vaccination strategies for mucosal pathogens. Protocols such as oral 

immunization which activate the common mucosal immune s y stem could l ead 

to protection . A further understanding of the factors regulating the 

development of oral tolerance versus oral immunity (reviewed in Michalek 

et al. , 1983) and the application of these principles to immunization 
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strategies may lead to the prevention of diseases such as influenza and 

the common cold. 
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