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This fourth annual report includes work completed from 1 February, 1983
to the present (31 January, 1984).

In the past few years, the focus of work from this and other laboratories
has been to explore the role of both systemic and mucosal immunity to alter
the natural course of enteropathogenic infections. Due to its relative
inaccessibility, it has been difficult to examine, in a sequential fashion,
the development of the mucosal IgA response to various vaccines. The main
approach to this problem that our laboratory has used is the chronically
isolated ileal loop model in rabbits (1). We have used these loops as a probe
to follow the kinetics of the local IgA response to S. flexneri antigens in
the gut lumen. The feasibility of using this approach to study local immunity
evolves from the information produced in many laboratories defining the route
of antigen stimulation and lymphocyte trafficking throughout the body after
mucosal presentation of antigen. After uptake of antigen by specialized "M"
cells over Peyer's patches or 1lsolated lymphoid follicles (2,3), IgA precursor
B lymphocytes and regulatory T lymphocytes are stimulated (4-7). These cells
migrate to the mesenteric lymph nodes, the thoracic duct,mature in the spleen
(probably in other undefined locations as well), and eventually travel back to
the gut mucosa as well as to other mucosal surfaces (8-11). In addition, a
substantial amount of IgA is transported into the bile and other mucosal
structures from the serum (12,13).

Recently, our laboratory has shown that by immunizing animals orally with
live, locally invasive or goninvasive shigella significant enhancement in the
local IgA response is consistently achieved to subsequent oral challenges with
live invasive shigella (simulating the time course of a natural infection)
(14-16). Therefore, we have hypothesized that the mucosal route of
vacecination against dysentery and other primary enteropathogenic infections
can be accomplished by using an oral vaccine with the appropriate antigen. 1In
the past year and a half, we have explored the key variables in the
stimulation of such mucosal immune responses and most recently are determining
the functional significance of having achieved a vigorous antigen-specific
local immune response.

The presently reported studies include exploration of the initial
processing of macromolecules in the lumen by "M"™ cells overlying isolated
lymphoid follicles, the immunogenic capabilities of killed shigella antigen
preparations when presented directly to the gut-associated lymphoid tissues,
the effect of parenteral adjuvants on shigella-specific local IgA responses
and their enhancement by concurrent local antigen administration, and
functional in vivo and in vitro studies demonstrating that shigella-specifiec
secretory IgA can collaborate with intra-epithelial lymphocytes to protect
against this enteropathogen. .

!
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Preparation of Chronically Isolated Ileal Loops. The surgical creation of
ileal Thiry-Vella lcops in rabbits has been described in detail previously

(1). In brief, while 3 kg New Zealand white rabbits are anesthetized with
Rompun and Ketamine, a midline abdominal incision is made and the terminal
ileum is identified. A 20 cm segment of ileum containing a grossly
identifiable Peyer's patch is isolated with its vascular supply intact.
Silastic tubing (Dow-Corning) is sewn into each end of the isolated segment.
This tubing is brought out through the midline incision and tunnelled
subcutaneously to the nape of the neck where it is exteriorized and secured.
Intestinal continuity is restored by an end-to-end anastomosis and the midline
incision is closed in two layers.

Each day about 2-4 ml of secretions and mucus that collect in the ileal
loops are expelled by injecting 20 ml of air into one of the silastic tubes.
The slightly opaque, colorless fluid and mucus expelled from the tubing is
studied for specific immunoglobulin content., A subsequent flush with 20 ml of
sterile saline helps to remove adherent mucus. This saline is then removed by
repeated gentle flushes with air. In the present studies over 90% of animals
were able to complete the experiments. These superior results are directly
attributable to the excellent surgical techniques and care mentioned in the
Forward.

Enzyme-linked Immunosorbent Assay (ELISA). The ELISA procedure was used to

express the immunoglobulin titer of loop fluids and serum in terms of OD
units. For the assay, microtiter plates are coated with a solution containing
Shigella flexneri lipopolysaccharide (Westphal preparation). Immediately
prior to testing serum samples or loop secretions, the antigen solution is
removed and the wells are washed with a phosphate-buffer containing Tween 20
(PT). The fluid to be assayed is diluted in the PT buffer and incubated in
the coated wells and in uncoated wells (to control for nonspecific adsorption)
for four hours on a horizontal rotary shaker. The plates are washed with PT
and incubated overnight with either alkaline phosphatase-conjugated Staph
protein A (to detect IgG) or anti-rabbit IgA. Following another PT wash,
substrate reaction is carried out with nitrophenyl phosphate in carbonate
buffer. The OD 405 nm of the substrate reaction is read on a TiterTek
MicroELISA reader. Kinetics of the enzyme-substrate reaction are extrapolated
to 100 minutes., The OD 405 nm of uncoated wells are subtracted from those of
the coated wells. Specific IgG and IgA standards are processed daily with
unknown fluids as previously described (17).

Lowry Protein Determination. For expressing the antigen-specific
Igh in terms of mg of total protein in intestinal sec-etions, a Microtiter
Lowry procedure was used. The following reagents were prepared: Reagent A:
2% Na_Cc0, in 0.1 N NaOH; Reagent B: 2% NaK tartrate; Reagent C: 1% CuSOy;
Reageﬁt 3: 1 ml Reagent B + 1 ml Reagent C brought to 100 ml with Reagen% A
(prepared just prior to each assay). Reagent E is 2 N phenol Folin~-Ciocalteau
solution diluted to 0.5 N with distilled water. Bovine serum albumin (Pentex,
fraction V) was diluted serially in double distilled deionized water for the
standard solutions of 10, 50, 100, 250, 500, and 1000ug/ml. For the
procedure, in each well of a microtiter plate was added 50ul of the standard
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or a loop fluid diluted in water. One hundred and fifty ul of Reagent D was
added and incubated at room temperature for 10 minutes on a shaker at rapid
speed. Fifty ul of Reagent E was then added by repeat pipetting, and 0.D. was
read at 600nm on the TiterTek reader after 30 minutes incubation at room
temperature, One well was used per sample, For each plate, one standard
series was run. With this technique, standard deviation as a percentage of
the mean value for 15 repetitions of a loop fluid pool standard was 6.4%
(2.152 mg/ml + 13%ug/ml).

In Yitro Assay of IsgA Function With Intestinal Lymphocytes Against Shigella.
Shigella-specific secretory IgA was purified as described previously (17,18).
The studies of the functional in yitro activity were performed in
collaboration with Dr. George Lowell and Dr. Aldo Tagliabue. Single cell
suspensions were obtained by teasing spleen, Peyer's patches, mesenteric lymph
nodes and peripheral lymph nodes and centrifuging the cell populations through
gradients, The bactericidal activity was performed in Dr. Tagliabue's
laboratory using the leukocyte-mediated interference with bacterlaﬁ growth
procedure originally described by Lowell et al, (19). Briefly, shigella
are put into 15 ml conical tubes together with media with or without specific
antibodies and are centrifuged at 1300 x G for 10 minutes at 4% C. Specific
lymphoid suspensions are added at various target:effector ratios. Following a
second centrifugation, experimental and control tubes are incubated at 37° ¢
for 2 hours. Thereafter, the pellets are resuspended to a standard volume of
1 ml and cultured on tryptose agar overnight. The percentage of antibacterizl
activity is:
Colonjes in experimental tubes
100 - 100 X Colonies in control tubes

In Vivo Assay of IgA Function to Prevent Shigella Invasjon. Rabbits were

fasted for 24 hours allowing intake only of water. Following anesthesia as
described above, a midline abdominal incision was made and 10 cm segments of
small bowel were ligated, leaving the vascular supply to the segment intact.
Fresh overnight broth cultures of S, flexneri were mixed with buffer, specific
IgA anti-shigella LPS or with nonspecific IgA as indicated. Several doses of
the shigella were used as indicated in the text. These mixtures were injected
into the isolated segments and left overnight in vivo. Damage to the
intestine was measured by quantifying the amount of fluid accumulation, the
gross changes, histologic changes and an invasion index.

In Vitro Assay for Adherence of Bacteria Lo Suspensjons of Epithelial Cells.
These studies attempt to provide a quantitative estimate of the number of
bacteria adhering per intestznal epithelial cell. Rabbit colon is washed

thoroughly with a prewarmed (37 C) solution of saline with 1mM
dithiothreitol. The colon ends are ligated and the colon is filled with a

50mM phosphate buffer containing sodium citrate (27mM) and incubated for 20
minutes at 37° C. The intestine is then washed with FBS containing EDTA and
dithiothreitol for half an hour at 37° C. This solution contains epithelial
cells and is centrifuged at 500 X G for 10 minutes. The cells in the
precipitate are washed in PBS and viability is determined with trypan blue.
Overnight broth cultures of S, flexneri MU243 were incubated with these cells
for varying periods of time and attachment was assessed with Giemsa staining.
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Electron Microscopic Studies of "M" Cells over Isolated Lymphoid Follicles.
Guinea pigs were given India ink mixed into their drinking water for 1-3
months. When the intestine was removed, the location of the isolated
follicles could be seen with a hand lens because of the presence of
carbon-laden macrophages. Tissue samples for electron microscopy were
removed, minced with a scalpel blade, and fixed in 3% glutaraldehyde and PBS
for 2 hours. Postfixation was carried out in 2% S-collidine-buffered osmium
tetraoxide. The tissue was stained with 2% uranyl acetate and embedded in
polybed, Sections were made on a Sorvall MT2 ultramicrotome and stained with
Reynold's lead acetate. Electron micrographs were taken on a Zeiss 109
fiberoptic transmission electron microscope.
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RESULTS
ANTIGEN-UPTAKE BY INTESTINAL EPITHELIAL CELLS

The initial processing of macromolecular antigens by the gut is performed
at least by the "M" cells which overlie Peyer's patches (2). However, it was
unclear whether antigenic material could be processed by other structures
along the gut lumen. Since we and others demonstrated that local Igh
responses could be achieved in the absence of Peyer's patches, another route
(or routes) for antigen processing must exist (20-22). We had previously
suggested that the isolated lymphoid follicles, which are present throughout
the gastrointestinal tract may serve a similar antigen-processing role. This,
however, was difficult to prove since these isoclated follicles were too small
to be seen with a hand lens, and therefore, were difficult to isolate for
study by electron microscopy. We hypothesized that if these structures were
covered by specialized epithelium that could take up macromolecules and
present them to the underlying lymphocytes, we could take advantage of this by
using a label that would be grossly visible such as India ink. After guinea
pigs had ingested India ink mixed in their drinking water for 1-3 months,
their isolated follicles were readily visible both from the serosal and
mucosal surfaces using a hand lens (figures 1 and 2). These areas were
excised and processed for electron microscopy as described in the Methods
section. Unequivocal demonstration of "M" cells were made in all of the
animals studied (figure 3). These findings provide the first explanation for
the ability to elicit mucosal immune responses in the absence of Peyer's
patches. The role of these "M" cells in the processing of shigella for a
mucosal immune response will be the subject of future studies.

We have begun investigations on another cell in the epithelium of the
intestine which has been shown to be capable of phagocytizing luminal
microorganisms and which contains intracytoplasmic apparatus such as lysozyme
for digesting bacteria. The Paneth cell normally lies at the base of the
crypts of Lieberkuhn, but under conditions of bacterial overgrowth such as the
blind loop syndrome, or in our isolated ileal loop model (23), they can
undergo a striking hypertrophy and hyperplasia. Dr. Scott Kern, working in
our laboratory has taken advantage of the hyperplastic state of Paneth cells
in the isolated loop model system to separate Paneth cells and for the first
time, grow them in tissue culture (figure 4). The ability of these cells to
process shigella antigens and to deal with these and other enteropathogens
with lysozyme or an antibody-dependent cell-mediated cytotoxicity system will
be studied in the next two years.,
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Figure 1. Disecting microscope view of Peyer's patch from guinea pig fed
India ink for 3 months. The dome regions which contain an abundance
of ™" cells are evident by their dense staining (arrows).
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Figure 2, Disecting microscope view of the mucosal surface of an isolated
lymphoid follicle from a guinea pig fed India ink for 3 months. The
India ink 1s gathered-up by the "M" cells and collected in the under-
lying lymphoid follicles. By making these structures grossly visible,

we have been able to isolate them for ultrastructural studies.

o
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Figure 3. Electron photcmicrograph of "M" cell overlying the isolated
lymphoid follicles from a guinea pig fed India ink for 3 months.
These cells play a major role in processing antigen from the gut lumen.
Our future studies on these cells will concentrate on the differential

processing of live versus killed vaccine preparations of shigella (see
text and 1984 proposals).
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Figure 4. This electron micrograph shows a Paneth cell in tissue culture at
48 hours after isolation. Dr. Scott Kern working in our laboratory has
achieved the first in yiiro isolation of Paneth cells for functional
studies. These epithelial cells along with "™M" cells represent the major
phagoeytic epithelial cells along the gut lumen. In addition, Paneth

have unique microbicial capabilities that will be the subject of our
future studies (see text and 1984 proposals).

09
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STIMULATION OF THE MUCOSAL IgA RESPONSE TO SHIGELLA

Our earlier studies of the local IgA response to shigella have shown that
animals primed with three oral doses of live invasive or noninvasive S,
flexneri will show a highly significant (p<.001) enhancement of their local
IgA anti-shigella LPS response upon subsequent challenge with the same live
shigella (14-16). Although various killed preparations of shigella
(heat-killed, acetone-killed and purified LPS) can elicit a local IgA
response, the response is always much weaker than that from live shigella and
we have not been able to prime the animals for the markedly enhanced local IgA
response by oral priming with the killed preparations. Since the live
bacteria are able to multiply within the gut lumen, it was likely that the
resultant final concentration of bacteria that reached the gut-associated
lymphoid tissues was considerably greater when live rather than killed
preparations were given., To test the possibility that the lower response to
killed preparations merely reflected a lower final concentration, we primed
animals with massive doses of 10'3 heat-killed shigella orally. Only a weak
primary local IgA anti-shigella LPS response in isolated loop secretions
resulted from this immunization schedule (preliminary data given in last
year's annual report). Even so, it was possible that these animals were
primed to develop a local IgA enhanced response upon challenge with the live,
locally invasive shigella (recapitulating the natural infection). Therefore,
a group of 10 rabbits was primed with three weekly oral doses of 10 3
heat-killed Shigella X16; sixty days after the third dose a chronically
isolated ileal loop was created in each animal. The day after surgery, each
animal was challenged with a single dose of live Shisella X16. As shown in
figure 5, only a weak primary IgA anti-shigella LPS response resulted.

At least two explanations for the above findings are possible and either
would have important implications for vaccine preparations against
enteropathogens. It is possible that particular epitopes in the killed
antigen preparations are altered in such a manner that they are no longer able
to elicit T cell help for a memory response, Alternatively, the altered
killed preparations may not be taken-up efficiently by the ™" cells. On the
latter point, Owen et al. have recently reported that the "M" cells were only
able to take-up viable ¥ibrio cholerae but not killed vibrios (24).

Therefore, in .he present studies we sought to determine the immunogenicity of
the killed18reparations bypassing the need for "M" cells by giving a single
dose of 10 =~ heat-killed Shigella X16 directly in each of five Peyer's patches
(0.2ml/Peyer's patch). These were given during the surgical procedure to
create a chronically isolated ileal loop in each animal. The Peyer's patch in
the isolated loop was one of those injected in each case. All seven of the
rabbits so treated developed significant (p< .01) increases in the IgA
anti-shigella LPS activity in their loop secretions by the sixth day after
surgery (figure 6). Although the mean IgA anti-shigella LPS activity declined
slowly over the next three weeks, the activity was still detectable at four
weeks (figure 6).

tithough the heat-killed Shigella X16 directly injected into Peyer's
patcaes could elicit an IgA response locally, it was not clear whether such a
treatment would prime the animals for an enchanced local IgA response to an
oral challenge with the live invasive bacteria. To study this, a group of 10
rabbits have been immunized with a single dose of 1010 heat-killed Shigella
X16 directly into 3-5 Peyer's patches as above. Thirty days later, a
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Figure 5. Mean IgA anti-shigella LPS response in 1ntpstln§l secretions from
10 rabbits primed with three weekly oral doses of 10 heat-killed
Shigella X16. After resting for 60 days, a chronically isolated ileal
loop was created in each rabbit and the next day (day 0), a single oral
challenge dose of 10 live Shigella X16 was given. Only a typical weak
primary IgA response resulted in the loop secretions indicating that
oral priming even with extraordinarily large doses of killed bacteria
lacking adjuvant is ineffective in stimulating an enhanced local IgA
response.
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Figure 6. Mean IgA anti-shigella LPS response in intestinal secretions from
rabbits given heat-killed Shigella X16 directly into their Peyer's
patches. The vigorous IgA anti-shigella response that was always present
by day 6 in these animals demonstrates that the heat-killed preparation
is antigenic and can stimulate a local IgA response when presented
directly to the gut-associated lymphoid tissues., These findings indicate
that the processing of live versus killed bacteria by either "M" cells or
Paneth cells may be an important determinant of the eventual local IgA
response,
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chronically isolated ileal loop was created in each of two animals, The next
I day, a single oral challenge dose of 1010 live Shigella X16 was given. The

) local IgA activity to shigella LPS for these two rabbits showed a surprisingly
high residual IgA anti-shigella LPS activity on the day after surgical
creation of the isolated loop (Table 1). Although the IgA anti-shigella LPS
activity increased in both animals, it was difficult to judge the significance
of their responses over the high residual activity. Interestingly, there was
virtually no IgG activity in these isolated loop secretions. Therefore, in
the next 8 animals, we are waiting for two months after the initial intrapatch
injection before administering the challenge dose of live shigella. We
anticipate a significant enmhancement will be seen in these isolated loop
secretions which will indicate that it is the initial uptake of the antigenic
material which needs to be improved in order to achieve an effective IghA
memory response with nonviable antigen vaccines. In the accompanying proposal
we suggest the use of liposomal preparations to accomplish this goal.

Qur past studies have tried to recapitulate potential vaccine protocols
that could be extrapolated to human use. As such, we have not used routes
such as intraperitoneal or complete Freund's adjuvant. However, our attempts
to prime animals for an intraluminal IgA response with parenteral regimens
using heat-killed S, flexpneri have been unsuccessful. We noted that others
using such routes and adjuvants have been able to create heightened mucosal
1 immune responses to a variety of antigens (25-27). Therefore, in tqs present

studies, we have primed rabbits with a2 single parenteral dose of 10
heat-killed S, flexneri in complete Freund's adjuvant (given at multiple
sites). A chronically isolated ileal loop is created in each animal on the
day of the parenteral immunization. The animals studied to date have shown a
small increase in the local IgA anti-shigella LPS activity (Table 2 shows
these early results). By contrast, the assays performed to date on the serum
from these animals indicate a consistent vigorous systemic IgG anti-shigella
LPS response by these animals., This, of course, would be expected from a
potent systemic adjuvant like complete Freund's. The parenteral
administration of heat-killed shigella in complete Freund's adjuvant is

N effectively stimulating the appropriate B and T immunoblasts to produce the

vigorous IgG response observed. Al
1 Recent work from Strober's laboratory indicates that antigen-specific IgA
4 helper T cells and IgG suppressor T cells are elicited in murine Peyer's

patches after protein feeding (28). This being the case, we reasoned that a
concomitant oral administration of live Shigella X16 could induce suppression
of this IgG response in the serum and enhance the local IgA response,
Therefore in a series of animals presently under study, we have given the same
parenteral dose of heat-killed shigella in complete Freund's adjuvant as
described above. In addition\ohowever, following creation of their isolated
ileal loops they are given 10 live Shigella X16 orally. The exciting
findings in the first three animals studied to date are shown in Tables 2 and
3 to allow comparison with the parenterally-only primed group. All three
animals with combined parenteral adjuvant and oral immunization (M-238,239 and
240) displayed extraordinary local IgA anti-shigella activity as compared to
M-235,236 and 237 (two more rabbits assayed since creation of the table have
the same results). Furthermore, the few sera assayed to date suggest a marked
suppression in the systemic IgG responses in line with the data reported for
protein antigen feeding (28). Obviously, these preliminary findings need to
be further documented, but they are the most consistent and strongest local

13
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IgA responses ever seen in our laboratory following a single oral
administration of antigen with or without parenteral priming!

FUNCTIONAL ROLE OF ANTIGEN-SPECIFIC IgA

Both ip yive and ipn yitro techniques have been explored to examine the
funectional significance of the IgA response to enteropathogens. The best
evidence to date supports the original concept of Freter that the role of IgA
is to prevent the attachment of potentially harmful intraluminal
microorganisms and their toxic products (29). In the present studies, we have
begun to examine the effects of IgA anti-shigella LPS on invasion and survival

of S, flexneri.

Our first attempts used in vivo acutely ligated segments of rabbit
intestine to examine the effects of invasive shigella. Acutely ligated
segments of intestine were created in 16 rabbits as described in the Methods
section. Three dilutions of overnight broth cultures of S, flexneri M4y243
(invasive) were used; 1:5, 1:50 and 1:500. They were premixed with an equal
volume of buffer only, IgA anti-shigella LPS or nonspecific IgA. Four acutely
ligated loops were created in each animal. The above three mixtures and a
fourth consisting of sterile broth as a negative control were placed into
these segments of bowel. After an overnight incubation, the volume in the
segments was measured, and the mucosal surface was graded as to the degree of
erythema, purulent exudate (pseudomembrane) or frank necrosis present. Areas
over Peyer's patches were graded separately from the rest of the intestine due
to the previously published tendency of shigella to invade this epithelium
(30). Histologic sections of all the segments were examined and two grading
scales were used. Degree of inflammation and tissue damaged was graded from
nO0" for none to "3" for large mucosal ulcerations with massive purulent
exudates. The extent of invasion of the epithelium was graded separately from
mo" for none to "3" for invasion extending into the underlying lamina propria.
Unfortunately, no consistent results were found with this system. Results of
the fluid accumulation studies shown in Table U4 are typical of these findings.
Although some animals such as 1,2 and 9 gave evidence of protection with
antigen-specific IgA, most other animals did not. Indeed, the
antigen-specific IgA loop occasionally had more fluid accumulation than the
loop containing bacteria alone (rabbits 4,5,8,13 and 16). Similar
inconsistent results were found in the gross and histologic studies of
invasion and inflammation (data not shown).

We believe that the difficulty of these jin yivo studies relates to the
inability to control the large number of variables inherent in that system.
Therefore, our present and future studies of the functional significance of
the specific IgA anti-shigella LPS response will concentrate on in vitro
systems which allow careful control of these variables. During the past year,
our collaborative studies with Drs. Tagliabue and Lowell on the activity of
IgA anti-shigella LPS in an antibody-dependent cell-mediated cytotoxicity
system have been most successful. Using the antibacterial index defined in
the Methods section, we have shown that our IgA anti-shigella LPS could
collaborate with intestinal lymphocytes to interfere with the survival and
growth of Shigella X16 (31,32). Our future studies will extend these findings
and explore the capabilities of mononuclear and Paneth cells to collaborate
with IgA anti-shigella LPS in preventing shigella infections.

14
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ELISA METHODOLCGY AND DATA EXPRESSION

In the past, we have expressed the data from our ELISA system in terms of
change in 0.D. per 100 minutes. Some workers have preferred to express data
on serum activity against a particular microorganism as a titer while others
have corrected data for the volume or total protein in the secretion,
Titering is done by selecting an 0.D. reading for the particular ELISA systenm
as the minimum reproducible value. Then, twofold dilutions are performed on
the sample to be tested. The last dilution giving an 0.D. reading above the
selected value is considered the titer of the antiserum or secretion. Another
concern in our laboratory is that the protein content of intestinal secretion
varies from day to day, unlike total protein in serum which is relatively
constant fromn day to day in a single animal. Therefore, to correct for day teo
day variation in protein concentration, we have performed total protein
concentrations using the microlLowry procedure outlined in the¢ methods cection
and expressed the change in 0.D. per mg of protein in the loop secretion. Two
examples of the data generated using these three options are shown in Table 5.
Clearly, all three methods are able to give an account of the development of
the IgA response in these animals. However, we believe that the expression of
the information as a titer will not allow us to distinguish real measurable
differences which our ELISA method can achieve. By adding the total protein
determination, a correction is made for a net increase or decrease in total
protein secretion not related to the IgA response. Since IgA is only a minor
component of intestinal seoretion protein, if there is an actual increase in
the amount of IgA secreter ‘ue to the immunization, this will not cause a
significant reduction ir final result. Therefore, the future work from
this laboratory will cor. .. all secretion data to the total protein in the
sample.

OTHER COLLABORATIVE INVESTIGATIONS

In addition to the above studies, we have collaborated with other
investigators concerning the systemic and mucosal icmune responses to
pathogenic bacteria. With Tramont et al. (33) we used a modification of our
previously described ELISA system (see Methods secticn) to detect IgG, IgA and
IgM antibody activity to LPS of S, typhi and the 5076-1C transconjugate strain
wherein the Form I antigen of S. sonpnei is transferred (via its plasmid) to S,
typhi strain 21a. This transconjugate expresses the somatic antigens S. typhi
9 and 12 and S, sonnei Form I and our previous studies have shown that these
elicit specific antibodies detectable by the ELISA system (34). In the
present studies, assays were performed on serum samples from human volunteers
given the vaccine strain orally. The results shown in Table 6 demonstrate the
responses in the two individuals out of 10 tested that developed an antibody
response.

Studies on the serologic relationships of five P, nultocidg strains
representing the five most commoly isolated somatic serotypes from rabbit
infections were performed. Pasteurella infections are ocne of the more
frequent problems that occur in our rabbit colony and Carey et al. are in the
process of developing vaccines to these pathogens. In the present studies, we
have characterized the major serologic groupings for which vaccines need to be
created (35). Again, a modification of the ELISA technique in the methods
section was used. Specificities and cross-reactivities of the ELISA system
are evident from the data in Table 7. These studies will provide a basis for
future work using epidemiologic investigations on infections and for the
prevention of pastuerella infections using specific vaccinations in our rabbit
colonies,




DAMD-17-80-C-0113

REFERENCES CITED

1. Keren, D.F., H.L. Elliott, G.D. Brown, and J.H. Yardley. Atrophy of villi
with hypertrophy and hyperplasia of Paneth cells in isolated (Thiry-Vella)
ileal l~ops in rabbits. Gastroenterol. 68:83, 1975.

2. Owen, R.L. Sequential uptake of horseradish peroxidase by lymphoid
follicle epithelium of Peyer's patches in the normal and unobstructed mouse
intestine: an ultrastructural study. Gastroenterol. 72:440, 1977.

3. Bockman, D.E., and M.D. Cooper. Pinocytosis by epithelium associated with
lymphoid follicles in the Bursa of Fabricius, appendix and Peyer's patches.
An electron microscopic study. Am. J. Anat. 136:455, 1973.

4, Cebra, J.J., R. Kamat, P. Gearhart, S. Roberston, and J. Tseng. The

secretory IgA system of the gut. In Inmunology of the Gut, Ciba Foundation
Symp. R. Porter and E. Knight editors. Elsevier North-Holland Inc.

46:5,1977.

5. Ebersole, J.L., M.A. Taubman, and D.J. Smith. Thymic control of cecretory
antibody responses in the rat. J. Iomunol. 123:19, 1979.

6. Kagnoff, M,J. IgA anti-dextran B1355 responses. J. Icnunol. 122:&56,
1979.

7. Elson, C.0., J.A. Heck, and W, Strober. T-cell regulation of nurine IgA
synthesis. J. Exp. Med. 149:632, 1979.

8. Craig, S.W. and J.J. Cebra. Peyer's patches: an enriched source of
precursors for IgA-producing immunocytes in the rabbit. J. Exp. !ed. 134:1E8,
1671.

9, McWiliiams, M., J.M. Phillips-Quagliata, and M.E. Lamm. Mesenteric lymph
node B lymphoblasts which home to the small intestine are precommitted to IgA
synthesis. J. Exp. Med. 145:866, 1977.

10. McDermott, M.R., and J. Bienenstock. Evidence for a common mucosal
immunologic system. I. Migration of B immunoblasts into intestinal
respiratory and genital tissues. J. Immunol. 122:1892, 1979.

11. Tseng, J. Transfer of Peyer's patches between immunoglobulin allotype
congenic mice: repopulation of IgA plasma cells in the gut lamina propria.
J. Immunol. 127:2039, 1981.

12. Jackson, G.D.F., I. Lemaitre-Coelho, J.P. Vaerman, H. Bazin, and A
Beckers. Rapid disappearance from serum of intravenously injected rat myeloma
IgA and its secretion into bile. Eur. J. Immunol. 8:123, 1978.

13. Fisher, M.M., B. Nagy, H. Bazin, and B.J. Underdown. Biliary transport of
IgA: Role of secretory component. Proc. Natl., Acad. Sci. 76:2008, 1979,




DAMD-17-80-C-0113

14, Keren, D.F., S.E., Kern, D. Bauer, P,J. Scott, and P, Porter. Direct
demonstration in in-2stinal secretions of an IgA memory response to
orally-administered Shigella flexneri antigens. J. Immunol. 128:475, 1982.

15. Keren, D.F., P.J. Scott, R.A. MecDonald, and M. Wiatrak., Effect of
parenteral immunization of the local immunoglobulin A response of the
intestine to Shigella flexnerj antigens. Infect. Immun, 42:202, 1983.

16. Keren, D.F.,, R.A. McDonald, P.J. Scott, A.M. Rosner, and E. Struble.
Local IgA memory response in intestinal secretions: effect of antigen form.
Submitted. (copy enclosed).

17. Keren, D.F. Enzyme-linked immunosorbent assay for IgA and IgG antibodies
to S. flexperi antigens. Infect. Immun. 24:441, 1979.

18. Keren, D.F., P.J. Scott, and D. Bauer. Variables affecting the local
immune response in Thiry-Vella loops. II. Stability of antigen-specific I¢G
and secretory IgA in acute and chronic Thiry-Vella loops. J. Immunol.
124:2620, 1980.

19. Lowell, G.H., L.F. Smith, J.M. Griffis, and B.L. Brand.
Antibody-dependent mononuclear cell-mediated antimeningococcal activity.

Comparison of the effects of convalescent and postimmunization IgG, IgM and
IgA. J. Clin. Invest. 66:260, 1980.

20. Keren, D.F., P.S. Holt, H.H. Collins, P. Gemski, and S.B. Forcal. The
role of Peyer's patches in the local immune response of rabbit ileum to live
bacteria. J. Immunol. 120:1892, 1978.

21. Heatley, R.B., J.M. Starke, P. Horsewood, E. Bandowas, F. Cole, and J.
Bienenstock. The effects of surgical removal of Peyer's patches in the rat on
systemic antibody responses to intestinal antigen. Immunology 44:543, 1981,

22. Hamilton, S.R., D.F. Keren, J.H. Yardley, and G.D. Brown. Yo izpairment
of local intestinal immune response to keyhole limpet hemocyanin in the
absence of Peyer's patches. Immunology 42:431, 1981.

23. Gleeson, M.H., J, Cullen, and R.H. Dowling. Intestinal structure and
function after small bowel by-pass in the rat. Clin. Sci. 49:731, 1972.

24, Owen, R.L., N.F. Pierce, W.C. Cray, Jr., and E. Juhasy. Uptake and
transport of living and killed Vibrioc cholerae into rabbit Peyer's patches:
an electron microscopic and autoradiographic study. HNineteenth Joint
Conference on Cholera., U.S. Department cf Health and Human Services, ?2.H.S.,

N.I.H., 66-67, 1983.

25. Fuhrman, J.A., and J.J. Cebra. Special features of the prizing process
for a secretory IgA response. B cell priming with cholera toxin. J. Zxp.
Med. 153:534, 1981.

26. Klipstein, F.A., R.F. Engert, and J.D. Clements. Arousal of mnucosal

secretory IgA antitoxin in rats immunized with E, 20li heat-labile
enterotoxin. Infect. Immun, 37:1086, 1982.

17



DAMD-17-80-C-0113

27. Pierce, N.F., W.C. Cray,Jr., and B.K. Sircar. Induction of a mucosal
antitoxin response and its role in immunity to experimental canine cholera.
Infect. Immun., 21:185, 1978.

28. Richman, L.K., A.S. Graeff, R. Yarchoan, and W. Strober. Simultaneous
induction of antigen-specific IgA helper T cells and IgC suppressor T cells in
the murine Peyer's patch after protein feeding. J. Immunol. 126:2079, 1981.

29. Fubara, E.S., and R. Freter. Protection against enteric bacterial
infection by secretory IgA antibodies. J. Immunol. 111:395, 1973,

30. Keren, D.F,, H.H. Collins, P. Gemski, P.S. Holt, and S.B. Forrmal. Role of
antigen form in development of mucosal immunoglobulin A response to S.
flexperi antigens. Infect. Immun. 21:1193, 1981,

31. Tagliabue, A., L. Nencioni, L. Villa, D.F. Keren, G.H. Lowell, and D.
Boraschi. Antibody-dependent cell-mediated antibacterial activity of
intestinal lymphocytes with secretory IgA. Nature 306:184, 1983.

32. Tagliabue, A., L. Nencioni, L. Villa, D.F. Keren, G.H. Lowell, and R.
Rappuoli, and D. Boraschi. Secretory IgA-dependent cell-mediated activity
against enteropathogenic bacteria by murine intestinal lymphocytes. Submitted.
(copy enclosed).

23. Tramont, E.C., R. Chung, S. Berman, D.F. Keren, C. Kapfer, and S.BE.
Formal. Safety and antigenicity of typhoid-Shigella sonnei vaccire (strain
5076-1C). In press, J. Infect. Dis. (copy enclosed).

34, Keren, D.F., H.H. Collins, L.S. Baron, D.J. Kopecko, and S.B. Fornal.
Mucosal (IgA) immune responses of the intestine to a potential vaccine strain:
Salmonella typhi gal E Ty 21a expressing Shigella sonnel Form I antigen.
Infect. Immun., 37:387, 1982.

35. Cary, C.J., G.K. Peter, C. E. Chrisp, and D.F. Keren. Serologic analysis

of five serotypes of Pasteurella multocida of rabbit origin using an
enzyme-linked immunosorbent assay with lipopolysaccharide as the antigen.

Submitted. (copy enclosed).




DAMD-17-80-C-0113

Table 1. IgA Anti-Shigella LPS Activity After Direct

Priming in Peyer's Patchcs and an Oral Challenge

Oral Loop Secretion IgA Response
Antigen Lay M-233 M-234
0* .588+ .581

2 .489 .418

4 .933 .365

6 744 .688

8 .781 .928

10 .870 .882

12 694 1.093

*Rabbits primed with lOlO heat-killed shigella given directly into
five Pever's patches on dav -30. On day -1 an isolated loop was
created and on day 0 animals were given a single oral challenge with

1010 live Shigella X16.

+Results expressed as OD 400 nm/100 min.
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Table 2. 1IgA Anti~-Shigella LPS in Loop Secretions

After IM Priming in Freund's Complete Adjuvant

Parenteral Only} Parenteral + Or312

Ag Dav M=235 M-236  M-237 =238 M~239 M-230
1 .090 .073 .00z .104 .017 .026

6 .60 .047 L0154 .615 . 245 .190

12 .092 .129 .091 1.010 2.032 1.828
18 .156 .410 .0606 . 320 .520 1.645
2% . 540 171 . 040 . 384 .270 1.482
30 . 487 .070 .084 .556 .092 .697
36 —_—— .169 134 428 .041 125

”
Parenzeral + orali rabbits given same priming with additional dose

lOlO live oral Shigella X16 on day 1.

; s T 10 . . e .
Parenteral conlv ratbits primed wigh 10 heat-xilled shigella IM

of



DAMD- 17-80-C-0113

Table 3. 1IgG Anti-Shigella LPS in

After IM Priming in Freund's Complete

Parenteral Cnlvy

Ag Dav M=235 M=236 M-237
-1 L0288 mmmem meeee

7 .307 7Y J—

13 1.047 1,089 1.173
e N— 1.566  ——m—-
10 J— 1,930  —-——-
51— 1,211 ~——-

Paren

Serum

Adjuvarnt

Parenteral + Oral

M-238 M=239 M=-240

.031 .003 .002

————— .007 .058

.139 . 266 .536

teral only rabbits primed with lOlo heat-killed shigella IM in

CFA con dav 0.

2 s : o . o -
Parenteral + oral rabbits given same priming with additional dose of

lolO

live oral Shizella X16 on day 1.

[ 4 Xad
Ay e
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Table 4, Volume Data

M&243 + M4243 + Sterile

M4243 Onlv Specific IgA Nonspecific IeA Broth
1 20l 5 1 0
2 16 1 7 2
3 7.2 9 13 1
4 5 7 11 0
5 7 20 4 2
6 0 0 0 0
7 1 1 1 0
8 1 5 16 1
9 11 2 10 U
10 1 1 6 e
11 11 10 7 0
12 2 1 20 2
13 14 15 12 0
14 4 1 0 0
15 2 0 20 6
16 5 6 11 11

lvOlume of fluid in ml from acute loop challenge studies (see text).

22
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