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f SUIMMARY

4

I d
V4

The present studies used our chronically isolated ileal loop model n
rabbits to study the mucosal IgA memory responses of the gastrouitestinal
tract to orally administered shigella antigens. The secretory IgA response
was followed by performing an enzyme-linked immunosorbent assay (ELISA)
(sensitive to 1.5 ng/ml of isotype specific antibody) on daily secretions
collected from the isolated ileal loops. Both live and heat killed shigella
X16 (a locally invasive, nonpathogenic hybrid of Shigella flexneri and
Escherichia coli) were used to induce mucosal immune respcnses. We first
established that the kinetics of the IgA mucosal immune response in
chronically isolated loops of a group of eleven rabbits stimulated orally
with live shigella parallels our previously published results on the IgA
response of rabbits immunized directlv in the isolated loop with live
shigella. A single dose of killed shigella in a group of 12 rabbits produced
a similar, though somewhat weaker IgA anti-shigella response in the isolated
loop secretions.

Three weekly oral doses of live shigella resulted in a slightly stronger
IgA anti-shigella response after the third oral dose of shigella. WNo such
increase was noted when three oral doses of killed shigella were
administered.

The most dramatic finding we present is that of a strong mucosal secretory
IgA memory response in a group of rabbits stimulated with three oral doses of
live shigella and allowed to rest for two months prior to creation of their
isolated ileal loops. A single oral dose of live shigella produced a remark-
able Igd anti-shigella response within 48 hours of challenge in all the
animals studied. This is the first demonstration of a mucosal memory
response in intestinal secretions to shigella antigens and is exciting
informacion in relation to possible oral vaccination against shigella and
other enteric pathogens. Lastly, when a group of rabbits was primed with
three weekly oral doses of killed shigella, no memory response was found in
any animal upon rechallenge. This indicates that the form of the antigen
is of considerable importance in eliciting a mucosal memory response.
The role of antipgen form, parenteral priming and a possible mucosal immune
adjuvant (DEAE dextran) in stimulating the mucosal memory response will be
studied during the next vear. N
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INTRODUCTION

This first annual report cuvers work completed from 1 Scptember 1980
(project starting date) to the present (31 January 1981).

In our original proposal, we suggested that the chronically isolated
ileal loop model in rabbits could be used to study the mucosal secretory
IgA memory response or the bowel to shigella. Previously, we have demon-
strated that a local secretory Igd response to shigella could be detected
in secretions from the loops after dircct intraloop challenge with live or
acetone killed, invasive (strains X16, M4243) or noninvasive {strain
2457-0) shigella (1,2). Further, the presence of a Peyver's patch locally,
and the dosage schedule are important factors influencing the development
of the local immune response (3).

These previous studies have shown that the intestinal secretions
from loops stimulated directly with various shigella preparations will
contain considerable secretory Igd but no or only little IgG directed
against the shigella (1,2,3). We have demonstrated recently that this
is not due to rapid degradation of IgG (which is normally destroyved quickly
in intact intestine) as the isolated loops are separated from the
proteolytic effects of gastric acid, bile and the proteolytic enzymes
trypsin, pepsin and chymotypsin (4). Our recent studies have also
shown that a single parenteral or a single oral priming with shigella was

same antigen was rechallenged directly in chronically isolated loops (2).
Direct stimulation of the isolated loops by shigella antigens has resulted
in little or no svstemic (serum) IgG agzinst shigella unless the systemic
immune response was previously primed by a subcutaneous or intravenous

dose of shigella (7). Lastly, our most recent report presented evidence
wiich suggested that a secretory Iga memory response could be elicitca diter

priminyg the animal intraloop with three weekly doses of shigella antigens (2).

The difficulties in studying the mucosal memory response by directly
stimulating the chronically isolated lcops are twofold. First, it is
technically difficult to maintain chronically isolated loops for longer
than 45 days. Those animals that do survive {or long perivds (we have
kept some tor 10 wmonths) usually have sceveral superinfections and often
require resurgery to keep their isolated loops intact. Obviousliy, these
are undesirable events in an experimental model. Secondly, the erffects
that gastric acid, bile, and the pancreatic digestive enzymes would have on
either the natural infection or on a potential oral vaccine are artificially
bypassed by directly stimulacing the chronically isolated intestinal loop.
Although the findings by dircct immunizacion of these loops have been uselul
in studying the kinetics of the local immune response, the artificial methad
of stimulation mav limit the relevance to the study of the natural local
immune response.

Therefore, rather than directly stimulating the isolated loops, the
present studies used the chronically isolated loops as a probe for following
the local immune response to orally or parenterallv administered shigella
ant igens.  The Leasibility ot this dpprbach cvolves from studies of antiren
stimulation of mucosal immunity and lymphocyte tratficking (o the bowel.

In the bowel, antigen is taken up by specialized epithetial cells that cover
the dome regions ol Peyer's patches (5,6). This antigen then stimulates
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2 DAMD 17-80-C-0112 .

IgA precursor B lymphocytes and regulatory T lymphocytes in the Peyer's .
patches and other gut associated lymphoid tissues (GALT - Peyer's patches,
isolated lymphoid follicles, appendix, mesenteric lymph nodes) (7,8%,9,10).

After antigen stimulation in GALT, these stimulated lymphocytes migrate to

the systemic circulation and lastly migrate back to the mucosal surface of

the gut and other mucosal surfaces such as the mammary gland, bronchial

mucosa and unstimulated portions of the gastrointestinal tract (11,12,13).

The dosage schedules for the studies included in this annual report are shown

in Table 1.
Table 1. TIMMUNIZATION SCHEDULE
Group 1 .
rou Antigen Dose Route Day (s) Given
. . 10 (2)
I Live Shigella X16 10 oral 0
11 Killed Shigella X16 1010 oral 0
I11 Live Shigella X16 1010 oral 0,7,14
v Live Shigella X16 1010 oral -75,-68,-61,0
\Y Killed Shigella X16 1010 oral 0,7,14
V1 Killed Shigella X16 10tY oral -75,-68,-61,0
L

Day of surgical creation of isolated loops = day -1 for all groups.

(2)

Shigella placed in stomach via orogastric feeding tube. Isolated
loop not directly exposed to shigella.

S B E e “'
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Methods: Preparation of Chronically Tsolated Ileal Loons.

The surgical creation of ileal Thiry-Vella loups in rabbits has been
described in detail opreviously (1). In bricf, while 3~4 Kg New Zealand
White rabbits are anesthetized with Rompum and Ketamine, a midline
abdominal incision is made and the terminal ilcum is identified. A 20 cm
segnent of ileum containing a grossly identifiable Peyer's patch is iczolated
with its vascular supply intmact. Silastic tubing (Dow-Torning) is sewn
into cach end of the isolacted segment. This tubing is brought out
through the midline incision and tunnelled subcutaneously to the neck
wiere 1t is enteriorized and secured. Intestinal centinuity is restored by
an end-to-end anastomosis and the midline incision is closed in two lavers.

Each day about 2-4 ml of secretiens and mucus that collect in the ileal
loops are expelled by injecting 20 cc 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 cc
of sterile saline helps to remove adherent mucus. This saline is then
removed by repeated gentle flushes of air. With proper daily care,
80-907% of rabbits can complete experiments lasting 1-2 months.

Encvme~Linked Immunosorbent Assav (ELISA).

In the past year we have modified our previcusly described enzyme-
lI\~d irmunoscrbent assay (ELISA) for detecting Igd and IgG antibodies to
erial produccs (2,8). This assay has been couverted to a microelisa
nigque that can use a smaller volume of sample (1/5 of the macrosysten)

allows one to process more sampies sizuliancously (abours fiv

2s as many samples can be processed due to zhe use of multiwell pipec
efu*,ugat) The same reagencs arce used with the substituticn of Griener
polystyrene microtiter plates for the polystryrence tubes of the macroclilisa
systam

,.

rvU‘r—*
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1y microtiter wells are coated with a solution containing
ipovolvsvcckﬂ“‘dc (Westphal preparation?.  Tmmediately prior to
erum samples or loop secretions, the antijgen solutien iu removaed
a 2 14 are washed with a phosphate buffcr containing Tween 20 (PT).
The [luid to be assayed is dilured in the PU buiffer and incubaoted in tf
coated wells and in uncoated wells (to control for nouspecific adsorption) Lor
four hours on a horizoantal rotary shaker. The plates are washed with PT
and iacubated with either alkaline phosriatase~conjugated goat anti-rabbic
I or IgA overnignt on the shaker. Tollowing anvther PT wash, substrate
reaction is carried out with nitrophenyl phesphate in carbonave butfer.
Kinerics of the enzyme-substrate reaction are extrapolated to 100 minutes.
The 0D 405 am of uncoated wells are subtracted from the OD 405 am of coated
wells. Speciiic Tyt and Ig\ standards are processed daily witch the
unknown f£luids do previously described (8).

The use ol this microeliua systom has allowed us to process specimens
more erticioatly.  Cencegusantly, the larze numbers of loop fluids and
sera wenerated by the present experiments to study the mucosal memory
response can be processed almost as quickly as they are preduced.  Microelisa ;

S - -—— ey e
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results were originally read on a single well manual microelisa recder
designed by Thomas Clem and Robert Yolken at NIH. However, the inefficiency
of reading cne well at a time decreased the usafulness of this technique.
Fortunately, the Ligand Assay Laboratory at The University of Michigan has
allowed us to use their automated Titer Tek microelisa reader for the

past four months. This machine is both faster and more sensitive than the

manual Yolken-Clem design.




5 DAMD 17-30-C-0113

RESULTS

Figure 1 demonstrates the mean IgA anti-shigella response found in
secrations of animals given a single oral dose of 1010 1live shigella X16
(Group I). The kinetics of the IgA response is remarkably similar to
those previously described by us when the isolated ileal loops were

directly stimulated with a single dose of shigella (3) even though the

isoiated loop in Group [ was never directly exposed to the shigella. These
findings confirmed our preliminary hypothesis that the chronically isolated
ileal loops could be used as a probe to follow the kinetics of the local
secretory IgA response to orally administered antigens. In addition, these
results establish the normal response of a large group (11 rabbits) of
unprimed animals to a single oral dose of shigella. This information will
be used in comparison with the secretory IgA responses in animals primed

by varivus regimens.

o
T

(8]

A0D400nm /100 min.

12 l I% Eﬁg
Day After Initial Oral Challenge

1

Fig. l. Mean [gA anti-shigellia response in
ileal loop secretions from rabbits
immunized orally with a single dose
of 10L live shigella X16 on day 0.
Standard error of the means (SEM)
indicated.
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To determine whether live antigen is necessary to stimulate the
mucosal immune system, a single oral dose of 1010 heat killed shigella X16
was given to each of 12 rabbits (Group I1). The IgA anti-shigella resronse
¥ obtained from secretions of isolated loops (not directly exposed to antigen)
in these rabbits is depicred in figure 2. The overall response was similar
to that following oral immunization with live shigella X16 (figure 1).

This confirms our most recent studies which indicate that killed shigella
X16 is an effective immunogen at least for the primary mucosal immune
response whether delivered directly into the isolated loop or given orally
to a previously unprimed animal (2).
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0 4 8 {2 [3) 20 !
Day After Initial Oral Challenge :
{
| |
Figz. 2. Mean IgA anti-shigella response in
ileal loop secretions frgm rabbicts
immunized orally with 10"V hear killed
shigella X16 on day O only (closed ]
circles) or on days 0, 7 and 14 (open
circles). SEM indicated.
|
|
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Since we have shown previously that multiple intraloop immunizations
result in a4 stronger leocal immune response to shigella than a single
stinulation, we administered 10*Y live shigella X16 orally to eight
rabbits and followed the mucosal immune response in thelr isolated loop
(not Jdirectly stimulacted with shigella) secretions. As shown In Zizure 3,
the kinetics of the response after the first dose of shigella X16 was
similar to those seen after a single oral dose of live or killed shigella X16
(figures 1 and 2). After the second dose (given on day 7 in figure 3) a
slight decrease in mean IgA anti-shigella was seen (not statistically
signirficant). This may have represented binding of secrectory IgA to the
live shigella, as by day 12 and 14 the mean IgA anti-shigella had increased.
Following the third oral dose of 100 1ive X16 a considerable increase in
the secretorv IgA diracted against shigella was found in five of the eight
rabbits. The heterogeneity of the response is evident frum the standard
error of the mean indicated in figure 3. ‘lonetheless, all eight rabbits
in this group were able to produce at least a five-fold increase over
their baseline level of IgA anti-shigella.

AO0D400nm /100 min.

[ i i n A i It N i "

0 4 8 Ié 7% 20 24 28
Day After Initial Ora! Challenge

Fig. 3. Mean IgA anti-shi_ells response in ileal
loop secrections from rabbits immunized
orallv on days 0, 7 and 14 with 1010

live shigella X16. SEM indicatced.

_
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In centrast to the response to live shigella, the IgA anti-
shigella response of 7 rabbits given three weekly doses of 1010
heat killed shigellu showed no increase in reactivity as compared to those
given a single dose. Wherecas an increased response was found after the
third oral dose of 10 live shigella X16 to the Group I1 rahbits, no such
wmcrease was round after a third oral dose of killed shigella X16
(figure 2).

The most dramatic information we have obtaire. comes from studies
that have just been completed. A group of seven rabbits that did not
have chronically isolated ileal loops were primed by givinzg three weekly
oral doses of 101V 1ive shigella X16. After the third dose, the animais
were allowed to rest for 60 days. Then, a chronically isoclated ileal loop
was created in each animal and the animals were given a single oral
challenge with 1010 1ive shigella X16. The IgA anti-shigella responses
in the secretions of these animals following their single oral re-challenge
with 1010 1ive shigella X16 are compared in Table 2 to the responses of
the nonprimed animals that received a single oral challenge. It should
be noted that although sixty days have passed since the animals
received their oral challenge, a low level of IgA activity was present
in secretions from the primed animals. Following the single oral challenge
secretions from the primed animals displayed a rapid increase of Iga
anti-shigella activity in their secretions. This response peaked at the
fourth day after challenge. In the meantime, the :inprimod animals
display the typicual primary local IgA response that we described earlier
to this antigen. By the eighth day afrer the single oral challenge the
secretory IgdA responses of both groups to shigella are similar.
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Table 2. lgad Memory Response in Rabbic Lleal

Loop Secretions After Oral Primins with Live Shigella X106
Dav Afrer
Cittleave' S Mot rrimedt) Prized wish Live 116°0)  Sim icance )
0 058+ o0 19 1 .08 w0
2 .05 * .01 .34 0+ 14 «..03
3 .05 + .02 .38 14 < .04
4 .10+ .03 1.29 & .41 <.03
5 .20 * .14 1.04 = .33 <.03
6 .51 * 24 1.15 * .28 N.S.
8 .59 + .31 L7 0+ .21 N.S.
(l)Day 0 = day ot i{inal antigen challenge.
(:)Aniznls wiven 1010 live shigella X16 orallv on day 0 (n=11).
(B)Animaks miven LOLO live shigella X16 orally on dayvs -75,-68,-01

prior to oral chailenge on day 0 (@=7).

4) S o
V' As determined student's

(5)

by t—-test.,

esults expressad as mear LD, 400nm/] min. * stande Q of mean
R tolte pressed 1 0,.D. 4000w/ 100 + standard error o n

(S.E.M.) of IsA antibodies specific for shigella antigen as determined
by ELISA (14).
(6)

Not sigaiticanc.

In contrast, the group of cleven rabbits that were primed by three
oral doses of 1049 Killed shigella X16 (Table 1 group VI) 60 Jdavs
prior o rechallonge with o sincle oral Jdose of 1010 killed shigella showed wo

evidence of a mucosal anamnestic response.  The IgA anti-shigella
responses L the ocreticas of these animals following their single oral
rechallenge are compared in Table 3 vo the responses of nonprimed animals
that recetved a4 singie oral challenge with the same antigen. No residual
response wads noted in the orally prised group and the same, slow primary
both groups.

Ly

mucosial [ph response was found In

Lype
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Table . TACY OF 7.\ \WFWORY REGPONSE AFTER ORAL PRIMING WITH KILLED

..... G LA [3)
Dav AarLoer Net Oraily Primed
Chalienes i i) With %illed X160 Significance ")
0 oo e 008 .057 = .02 N.s. (&)
R LUso oz L0l A0z 14 N.S.
4 .J89 + .0le6 .108 = .05 N.S.
6 L1640+ .031 173 £ .063 N.S.
8 .161  * .049 L120 ¢+ 041 N.S.
69

Day 0 = day of final antigen challenge.

(Z)Unprimed animals given lOlO killed shigella X16 orally on day

0 (n=12).
3, . o A0, . W - ,
Animals primed with 10 killed shigella X16 on davs -73,-63,-61
prior to oral challenge on day 0 (n=11).

(Q)Significance assessed by Student's t-test.

(5)

\

Results expressed as mean 0.D. 400om/100 min. * S.E.M. for shigella
antigen as determined by ELISA (14).
(®)y 5. = Not sienifi
N.S. Not significant.
The heightened response of the triple oral dose of live shigella X16
and the memory response of the Group IV animals as compared to the lack of
a memory response in animals given a triple oral dose of killed shigella X16
may relate to the fact that these bacteric can multiply in the gastro-
intestinal tract and, therefore, the actual dose of shigella antigen would
be greater with the live than with the killed shigella. Alternatively,
or in addition, the shigella X16 strain can invade the bowel locaily
(although it does not persist following this invasion). This may allow
for a more efficient presentation of antigen and the heizhteoned respense
seen. It will be important to compare these results to those obtained when
live invasive Shigella flexneri strain 2457-0 or live invasive pathogenic
strain M4243 are used in oral challenge.

As in our previous studies which directly immunized isolated ileal leops
with shigella X16 (1-3), no or trivial [zG against shigella was found in
either loop flnids or sera of any animal receiving the live or killed
shigella X16 orally. Our recent studies on the stability of IgG or IgA in
the isolated loops indicate that this is more likely due to the lack of
synthesis and/or transport of IgC into secretions than to rapid degradation
in the isolated ileal loops (4).

o i 4 e e d— — P
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