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by enzyme-linked immunosorbent assay. Next, mice under-
went intranasal inoculation with liposomes alone (nonimmune)
or liposome-containing Ps polysaccharide. Ps immune mice
were catheterized and randomized to chow, IV TPN, or [V
TPN + BBS. The liposome group received chow but no IV
catheter. These mice were given an LDy, dose of intratracheal
Ps, and death rates were recorded.

Objective

To study the ability of bombesin (BBS) to recover gut-associ-
ated lymphoid tissue (GALT) and preserve immunity in a lethal
model of Pseudomonas aeruginosa (Ps) pneumonia in mice
receiving total parenteral nutrition (TPN).

Summary Background Data

TPN causes depression of mucosal immunity compared with
enterally fed animals, which may explain the increased inci-
dence of pneumonia in parenterally fed trauma patients. BBS
prevents this TPN-induced GALT atrophy, depressed gastro-
intestinal and respiratory tract IgA levels, and impaired antiviral
IgA-mediated mucosal immunity. The authors examined
whether some supplement could be added to TPN to avoid

Results

GALT and gastrointestinal and respiratory tract IgA levels im-
proved to those in chow-fed mice after 3 days of BBS. Immu-
nization reduced the death rate from 92% in chow-fed lipo-
some-only animals to 20% in immunized animals. TPN-fed
animals lost their mucosal immunity, with a death rate of 86%

this GALT atrophy and lower the incidence of infectious com-
plications in the parenterally fed animal.

Methods

Male mice were randomized to chow or intravenous (IV) TPN.
After 5 days of IV TPN, mice received 0, 1, 2, or 3 days of
BBS IV three times a day and then were killed to harvest Pey-
er’s patch, intragpithelium, and lamina propria for cell yields.
Gastrointestinal and respiratory tract IgA levels were analyzed

compared with 21% in the TPN + BBS group.

Conclusion

The results demonstrate that BBS reverses TPN-induced
changes in GALT and preserves mucosal immunity. Ps immu-
nization reduces the death rate in a gram-negative pneumonia
model and maintains gastrointestinal and respiratory immunity
in Ps immune mice receiving IV TPN.

Nosocomial pneumonia accounts for approximately 15%f the cases, with a subsequent death rate of 40% to%70%.
of hospital-acquired infectioAsand 18 pneumonias per Although many etiologic factors, such as prolonged me-
1,000 ventilator days in the adult intensive care @riithe  chanical ventilation, acute pulmonary injury, and aspiration,
overwhelming majority of bacterial isolates in these casegmfluence the risk of pneumonia, nutrition also appears to
are aerobic gram-negative bacifiseudomonas aeruginosa play an important role. In clinical studies of trauma patients,
(P9 was identified as the causative agent in 17% to 3%% those fed intravenously have a significantly higher inci-

dence of pneumonia and intraabdominal abscess than those
fed enterally®=° Although the mechanism for this in-
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The gastrointestinal tract is an important site for the CHOW , CHOW
regulation of postinjury hypermetabolisth,cytokine re- SURGERY 2DAYS = 5DAYS ?
sponses? and mucosal immune defensgs:* In parenter-
ally fed animals, mucosal atropHy,bacterial transloca- . ,
tion,*® and reduction in GALT mass and function rapidly |

CHOW . TPN

. - 1 WK bDAYS = 5DAYS +
develop'’ The GALT contains at least 80% of the body’s TPN - BBS
plasma cells, mostly producing IgA, which is transported by CHOW TPN 3 DAYS
the epithelial cells to coat the mucosal surfate¥ On the 2DAYs  sDAYs | | | |
surfaces of the respiratory and gastrointestinal tracts, secre- * f * f
tory IgA binds viruses and bacteria, preventing their attach; ; SACRIFICE
ment to and infection of the mucosal epithelidin'*18-20 QUARANTINE 2 WKS

The GALT is exquisitely sensitive to route and type of Figure 1. Protocol for gut-associated lymphoid tissue and IgA level
nutrition as well as to specific nutrients, such as glutaminefecovery.
and neuropeptides found within the enteric nervous sys-
tem?1:22

The enteric nervous system forms a vast network ofExperimental Design
neurons throughout the gastrointestinal tract. It is estimate
that every cubic millimeter of intestinal tissue is innervated
with 2 meters of nerve tissié Peptides synthesized within  Six- to 8-week-old male ICR mice were anesthetized with
the enteric nervous system not only exert adrenergic and mixture of ketamine hydrochloride (100 mg/kg) and
cholinergic actions but also regulate gut motility and secreacepromazine maleate (10 mg/kg), and a 5-mm incision was
tions, mucosal growth, immune function, and mucosal demade on the right side of the neck. A silicone catheter
fenses>2°0One of these neuropeptides, bombesin (BBS), ig0.012 I.D. X 0.023 O.D.; Baxter, Chicago, IL) was
analogous to gastrin-releasing peptide in hunfd®sdmin-  placed via the right jugular vein into the vena cava. The
istration of BBS stimulates release of most of the gutcatheter was tunneled subcutaneously and exited the tail at
hormones and dramatically affects GALT mass and funcits midpoint. The mice were partially immobilized by tail
tion in mice, preventing GALT atrophy associated with total restraint to protect the catheter during infusion. This tech-
parenteral nutrition (TPNJ?2° BBS also prevents the im- nique of infusion has proven to be an acceptable means of
pairment of IgA-mediated antiviral defenses induced withnutritional support and does not produce physical or bio-
intravenous (IV) TPN in micé* Our recent work has shown chemical evidence of stred$.
that TPN also impairs established respiratory defenses In experiment 1, the catheterized mice were immediately
againstPs>° Prior immunization withPs antigen in lipo-  connected to an infusion apparatus and a 0.9% saline solu-
somes reduces the death rate from 90% with intratracheaion was infused at an initial rate of 4 mL/day. During the
administration oPsin unimmunized mice to approximately first 2 days, the mice were allowed ad libitum access to
10%. This immunologic protection is lost, however, with IV chow and water and then were randomized to the various
TPN. This study investigates the ability of BBS to reversediets. The chow group (i 8) received an infusion of 0.9%
the negative effects of TPN on immunologic responsivenessaline solution in addition to a standard laboratory mouse
to this virulent and clinically relevant pathogen. diet and water ad libitum. The TPN @ 7) group received

a standard TPN solution (prepared in the hospital pharmacy,
providing 1322 kcal with a nonprotein calorie/nitrogen ratio

METHODS of 168/1), which was increased over the next 24 hours to 10
mL/day. Chow and TPN animals were fed their diets for 5
days, then killed. The TPN- BBS (n= 25) group received

These studies conform to the guidelines for the care anthe standard TPN solution for 5 days and then received IV
use of laboratory animals established by the Animal Carénjections of BBS (15ug three times a day) for an addi-
and Use Committee of the University of Tennessee, andonal 3 days and were killed on day 6 € 8), day 7 (n=
protocols (Fig. 1) were approved by that committee.10), or day 8 (n= 7).
Healthy, male ICR (Institute of Cancer Research) mice were The thoracic and abdominal cavities of these animals
purchased from Harlan (Indianapolis, IN) and were housedvere opened aseptically, and the animals were exsangui-
in a conventional facility accredited by the American As- nated by cardiac puncture. The plasma was isolated from
sociation for the Accreditation of Laboratory Animal Care these blood samples for IgA analysis. Lymphocyte prepa-
under controlled conditions of temperature and humidityrations were harvested from the entire small intestine. Once
with a 12/12 light/dark cycle. Mice were fed ad libitum the small intestine was stripped from its mesentery, the
water and chow. During the experiments, the mice werdumen of the small intestine was lavaged with 10 mL
housed in metal metabolism cages with wire-grid bottoms tdulbecco’s phosphate-buffered saline (PBS), and the sam-
eliminate coprophagia and the ingestion of bedding. ples were stored for IgA analysis. The neck was aseptically

gxperimenta/ Procedures

Animals
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SURGERY s Abraham et af33*Briefly, 8 uM of cholesterol, phospha-
cHow tidylserine, and phosphatidylcholine (Sigma, St. Louis,
TPN MO) were combined and dried under,Nand the resulting
: { TPN-BBS >~ 24/48HOURS film was lyophilized for up to 24 hours. Ten milligrams of
0 DAY A A purified alkali-labilePs lipopolysaccharide (the gift of Dr.
IMMUNIZE Ps. CHALLENGE Gerald Pier, Channing Laboratory, Harvard University,
10 DAYS PRE-OP Boston, MA) was dissolved in 50Ql HEPES buffer (150
QUARANTINE14 DAYS mM NaCl, 10 mM HEPES, 1 mM EDTA, pH 7.4), added to
Figure 2. Protocol for bacterial pneumonia. the lipid film, and emulsified by vigorous pipetting. The

emulsion was incubated for 30 minutes at 4°C, then 240
opened, the distal trachea clamped, and the upper respiraM octylglucoside (Sigma) was added and the mixture was
tory tract lavaged with 1 mL PBS to obtain nasal washingsshaken vigorously. The sample was placed in Spectra/Por
for IgA analysis. Then, the trachea was cannulated and thdialysis tubing (molecular weight cutoff 3500; Spectrum
lower respiratory tract lavaged with 1 mL PBS. Medical Industries, Los Angeles, CA) and dialyzed against

In experiment 2, mice previously immunized agaiRst 100 mL HEPES buffer containing 2.4 g SM-2 Bio-Beads
were cannulated with 1V catheters 10 days after immuniza{Bio-Rad Laboratories, Hercules, CA). After 24 hours, the
tion. All groups were given access to chow ad libitum for 2 liposome preparation was placed on an A5M column (Bio-
days, then randomized to the different diets of chowsn Gel A5M, Bio-Rad Laboratories), and the liposome fraction
15), TPN (n= 14), and TPN+ BBS (n= 14). Alliposome-  (in the void volume) was collected. Polysaccharide incor-
only group (n= 12), as a nonimmune control group, was poration ranged from 30% to 70%. Calculation of immuni-
allowed ad libitum water and chow throughout the experi-zation dose was based on the original lipid concentration
ment but received no IV catheters. All mice were fed their(15 mg) because this produced consistent immunity.
respective diets for the next 5 days. The TPNBBS group
received BBS IV injections (1g/kg/8 hr) in addition to Immunization
the standard TPN solution. After 5 days of feeding, the mice
were vertically suspended and given angyR@ose ofPs Each mouse was immunized intranasally with liposomes
bacterial suspension (1:2 10° bacteria 4QuL) intratrache-  containing 160ug lipid and 30 to 7Qug polysaccharide or
ally using a blunt 22-gauge needle. The death rate wawith liposomes (160ug lipid) alone. Calculation of the
assessed twice each day and observed over a 48-hour periljgbsome dose for immunization was based on the amount

(Fig. 2). of lipid present. Mice were gently restrained by hand and
100 uL of a PBS suspension of eith@s-containing lipo-
Bacterial Preparation somes or control noRs-containing liposomes was placed

on the nares. The mouse was allowed to inhale the inocu-
Pswas plated on a blood agar plate for fresh growth 4 : . : .
X ) h um. Successful inoculation was evidenced by a change in
hours before inoculation. The next day, a sterile cotton-

tipped applicator was used to transfer the fr rowth brgathlng pattern gnd brief cyanosis. Ten days later, the
. . ! . .Esig .. mice were randomized to treatment groups and underwent
into 20 mL sterile Dulbecco’s PBS. This solution was mixed surgerv for the placement of IV catheters

well to prepare a solution with an absorbance of 0.670 gery P '

0.010 at 595 nm. The bacterial number was determined by

serial dilutions. After the suspension was diluted to a factoiCell Isolation

of 106, 0.1 mL of the solution was inoculated evenly onto Lvmphocvte isolations from the Pever's patches were
three Trypticase soy agar plates. Plates were incubated ymphocy y P

. o . : erformed as described by Deitch et3alThe Peyer's
overnight at 37°C. The remaining bacterial suspension wal . : . .
stored at 4°C overnight. On the day of bacterial inoculation patches were excised from the serosal side of the intestine

. ! Wwith fine-tipped scissors. The fragments were treated with
colony counts were determined using a Gallencamp coIonY e 1 collagenase (Sigma) (50 units/mL) in modified es-
counter. ThePs bacterial solution was centrifuged at 3500 yp 9 9

R . . 8entia| medium for 60 minutes at 37°C with constant rock-
rpm at 4°C for 30 minutes, and the supernate was dlscardem. After collagenase digestion, the cell suspensions were
The bacterial pellet was washed with 7 to 10 mL cold PBS ags;sed throu E vion filtgers ' P
at 3500 rpm at 4°C for 30 minutes 3 to remove any free P gn ny '

bacterial endotoxin. Cold PBS was added to the washep Lam'”a proprla'and intraepithelial Iymphocytes were 'S,O'
. . , . ated in the following manner. After excision of the Peyer’s
bacterial pellet to give a final concentration of>3 10°

bacteria/mL or 1.2< 10 bacteria/mouse. patches,. the intestine_ was opengd lengthwise and_ cut into
5-mm pieces. The pieces were incubated three times, 30
minutes each time, with prewarmed (37°C) calcium and
magnesium-free Hanks balanced salt solution containing 5
Bacterial polysaccharide-containing liposomes were premmol/L ethylenediaminetetraacetic acid (EDTA) (Sigma)
pared by the detergent dialysis technique, as described by a flask on a magnetic stirrer at 20 rpm at 37°C. The

Liposome Preparation
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Table 1. EXPERIMENT 1: ANIMAL BODY Table 2. EXPERIMENT 2: ANIMAL BODY
WEIGHT AND WEIGHT GAIN WEIGHT AND WEIGHT GAIN
Body Weight Body Weight
Group n Weight (g) Gain (g) Group n Weight (g) Gain (g)
Chow 8 30.54 = 2.16 416 £ 3.52 Chow 15 27.61 = 2.66 1.28 = 2.11
TPN 8 30.89 + 3.08 0.70 + 2.78* TPN 14 29.46 + 3.66 -0.69 = 1.29*
Day 1 8 29.24 +1.95 —0.05 = 2.93* TPN + BBS 14 28.77 + 4.36 0.04 + 2.09
TPN + BBS, day 2 10 31.49 = 2.03 —0.03 = 2.34*
TPN + BBS, day 3 7 30.34 = 3.19 0.30 = 1.50* Values are mean=standard deviation.

*P < .05 vs. chow.
BBS, bombesin; TPN, total parenteral nutrition.

Values are mean=+standard deviation.
*P < .05 vs. chow.
BBS, bombesin; TPN, total parenteral nutrition.

Antibody Quantization

- L IgA was measured in intestinal washings, nasal secre-
supernatant containing released sloughed epithelial celcf

dint ithelial | hoovies f h incubati “~'ffons, and bronchoalveolar lavages in a sandwich enzyme-
and intraeprthelial lympnocytes from each incubation penog;,eq immunosorbent assay using a polyclonal goat anti-
were pooled and stored on ice for further purification.

L S . mouse IgA (Sigma) to coat the plate, a purified mouse IgA
To block EDTA activity, the remaining tissue pieces were 9A (Sigma) P b g

. : . . , h ish idase-conj
incubated for 30 minutes at 37°C with RPMI 1640 (Gibco =, >andard. and a horseradish peroxidase-conjugated goat

. . . : anti-mouse IgA. The intestinal washing IgA level was nor-
Laboratories, Gaithersburg, MD) containing 5% heat-inac- g 919

tivated fetal bovine serum. The RPMI and 5% fetal bovinemahzed for total recovery from the whole small intestine.

serum mixture was decanted, and 30 mL RPMI containing

40 U collagenase per milliliter (type 1, 30 U/mL; type 1ll, 10 RESULTS

U/mL) and 5% inactivated fetal bovine serum was added tci_,’o dy Weight

the flask, which was then incubated on a magnetic stirrer

(100 rpm) at 37°C. The lamina propria lymphocytes were The preexperiment weights of all groups were similar. In

decanted from the tissue fragments. Fresh enzyme-contaiexperiment 1, the weight gain of the chow group was

ing medium was added, and the process was repeated twisegnificantly greater than all other groups, with similar val-

(30 minutes each time) for a total time of 90 minutes. Afterues between TPN- BBS and TPN (Table 1). In experiment

the third extraction, pooled cells were gently mixed and2, the weight gain of the chow group was significantly

placed on ice for 10 to 15 minutes to let larger debris settlegreater than the TPN group, with no differences between the
The supernatants that contained lymphocytes, debris, anbPN and TPN+ BBS groups (Table 2).

dead cells were centrifuged, the pellets were resuspended in

40% colloidal suspension of silica (Percoll, Pharmacia, PiSExperiment 1

cataway, NJ), and the cell suspensions were overlaid on

70% colloidal suspension of silica. After centrifugation for  Total cell yields in the Peyer’s patches, intraepithelium,

20 minutes at 600 rpm at 4°C, viable lymphocytes wereand lamina propria were significantly lower in the TPN

recovered from the 40%:70% interface and washed twice imnimals than in the chow and TPN BBS day 3 groups

RPMI 1640 medium. The number of cells was determined(P < .05) (Table 3). All cell lines gradually returned to

and the viability of lymphocytes was determined by trypanchow baseline after 3 days of BBS.

blue exclusion. The TPN mice had significantly lower levels of IgA in the

Table 3. TOTAL CELL YIELD

Days of TPN + BBS Recovery After TPN

Chow TPN, day 0 BBS, day 1 BBS, day 2 BBS, day 3
PP (><106) 8.0 27 4.4 +1.9* 56 + 2.1t 5.8 +2.4% 7624
IEL (x10°) 6.1+ 2.1 3.6 =1.1* 42 +1.2* 50=*1.2* 6.1 =0.9
LP (x109) 69+25 41 1.9 4.2 +22* 51+13 6.2*+1.4

*P < .05 vs. chow and BBS, day 3; 1P < .05 vs. chow.
BBS, bombesin; IEL, intraepithelial lymphocytes; Lp, Lamina propria; pp, Peyer’s patches; TPN, total parenteral nutrition.
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Table 4. IgA LEVELS

Days of TPN + BBS Recovery After TPN

Chow TPN, Day 0 BBS, Day 1 BBS, Day 2 BBS, Day 3
Gastrointestinal 108 = 55 42 + 23" 50 = 24 80 = 107 111 = 565
I9A (ug/mL)
Respiratory tract 600 = 338 284 + 42 215 + 26* 356 + 561 528 + 88
IgA (ng/mL)

Values are mean=standard deviation.
*P < .05 vs. chow and BBS, day 3; P < .05 vs. chow.
BBS, bombesin; TPN, total parenteral nutrition.

small intestine and respiratory tract than the chow andexample, during inflammation, cytokines synthesized and
TPN + BBS day 3 groupsR < .05) (Table 4). Both secreted by immune cells of the body stimulate the hypo-
respiratory and small intestine IgA levels returned to chowthalamic-pituitary-adrenal axis within the central nervous
levels by day 3 after the addition of BBS to the TPN. system. With the hypothalamic release of corticotropin-
releasing hormone, ACTH stimulates the adrenal gland to
Experiment 2 release glucocorticoids to regulate the metabolic and immu-
nologic response to injury and illne3s3 The enteric ner-

At 24 hours, the nonimmune chow-fed mice (liposomes : : .
vous system is known to regulate numerous gastrointestinal

only) had a significantly higher death rate than the immun(?unctions such as motility, exocrine and endocrine secre-

chow-fed (L0/12 vs. 1/15p < .05) or TPN+ BBS-fed oy o Y, it o

(10/12 vs. 2/14P < .05) mice. TPN mice had a signifi- lon, microcircuia Qrég%gi%ges’ and inflammation, throug

cantly greater death rate than chow-fed (11/14 vs. P15, mast. cell |nteract|.o ' fThe entenc_ nervoo us system

05) or TPN+ BBS-fed (11/14 vs. 2/14 < .05) mice (Fig.  CONSISts of approximately teurons, with 99% of muco-
sal tissue no more than 38n from nerve tissué® Nerve

3). Animals receiving TPN had death rates similar to Ilpo-ceII bodies are grouped into small ganglia connected by

some-only animals. . .
bundles of nerve processes forming two major plexuses—

At 48 hours, nonimmune (liposome-only) mice had athe mventeric and submucosal plexuses of the intestine
significantly higher death rate than the chow-fed (11/12 vs. y : uomu piexu : ine—

3/15,P < .05) or TPN+ BBS-fed (11/12 vs. 3/14° < .05) which are responsible for motor and secretory control of the
mice’. Thé death rate in TPN-fed mice Was éignificantlygm’ r.espectivel)?.s'g’g"‘oThe neuropeptide prodgcts of th?
higher than in chow (12/14 vs. 3/18, < .05) or TPN + enteric nervous system are also key elements in generalized

BBS-fed (12/14 vs. 3/14P < .05) mice (Fig. 4). The Mmucosal immunity.

liposome-only group’s death rate was comparable to that otfesl\tl.i:ﬁf:cptt'iiiasrt]gullartﬁ LgoAc pt;Od:'(;F:(Z?a'tnoaheaggsggén'_
the TPN-fed mice (11/12 vs. 12/14). ! ' ymphocyte profiteration, u

late phagocytic function in vitr6'~**BBS, a tetradecapep-
tide originally isolated from frog skin, is structurally related
DISCUSSION to gastrin-releasing peptide in humans. BBS mediates its
This work expands some of the well-established linkseffect through a neuromedin B receptor or a gastrin-releas-
between the nervous system and the immune sy3tdfor  ing peptide receptdt®** When activated, these receptors

100 100 ¢ .

90 | . 90 *
M go | * M g0 {
(o) (0]

70 R 701
R
T 601 T 60+
A 501 A 50 ;
'I- 40 { 'I- 40 |
T 30 | T 30 |
Yy 207 y 201

| * |

0 . t } ; 0 t }
CHOW TPN TPN -BBS LIP CHOW TPN TPN -BBS LIP

Figure 3. Twenty-four—hour death rate after bacterial pneumonia. * Figure 4. Forty-eight—hour death rate after bacterial pneumonia. * P <

P < .05 vs. chow and TPN-BBS. .05 vs. chow and TPN-BBS.
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generate their effects through a protein kinase C pattfiway. It is unclear how TPN impairs pulmonary defenses and
BBS has a host of actions in the gastrointestinal tractthus how BBS preserves respiratory defenses, but the GALT
including stimulation of pancreatic, gastric, and intestinalappears to play an important role. In studies of establishing
secretion and release of all gut hormones except seéretin.respiratory immunity taPs, Cripps et al tested the efficacy
Whether it is these neuropeptides that induce the effect onf mucosal and systemic immunization with killdek>2
mucosal immunity or the BBS itself is unclear. The most effective site for immunizing animals against the
From an anatomic standpoint, BBS reverses the GALT-subsequent bacterial challenge was intra-Peyer’s patch im-
associated atrophy associated with T#NWhereas our munization, followed in decreasing degrees of effectiveness
prior work noted the GALT cellular atrophy induced by by a combination oral and intratracheal, intratracheal, sub-
TPN, the current study demonstrates that BBS can reversmitaneous, and oral immunization. T lymphocytes harvested
the gut-associated changes within 3 days of its administrafrom the thoracic duct of rats primed by intra-Peyer’s patch
tion. One product of this cell mass, IgA, also rapidly recov-inoculation of nontypeablelaemophilus influenzaand in-
ers in both the respiratory and the intestinal tract in paralletravenously transfused into unimmunized recipient rats
with GALT cell mass. Our previous work demonstrated thatwere capable of conferring specific immunologic protection
GALT integrity is important to the maintenance of nasalin the recipient rats> We have noted a decrease in the
immunity to influenza virus! The current study is the first, number of GALT lymphocytes and in the normal CD4/CD8
to our knowledge, suggesting a significant function forratio in the lamina propria of TPN-fed animals; this, to-
GALT integrity in bacterial pneumonia as wéfl. gether with a decrease in the size of Peyer’'s patches, may
We adapted thePs pneumonia model previously de- contribute to the susceptibility of TPN-fed immune animals
scribed by Abraham et &f. These investigators immunized to infection!’
animals intranasally with liposomes containifRgpolysac- We suspect the important mechanism for protection is the
charide and generated a specific secretory IgA response thateservation of IgA levels, which remain normal with BBS
appeared to correlate with improved survival to a subsetherapy but drop with IV TPN. Although our results and
quent bacterial challenge. Recently, our laboratory conthose of Abraharif show merely an association, increasing
firmed this work, reducing the death rate from 90% inlevels of respiratory IgA do correlate with survival to a
unimmunized mice to approximately 10% with immuniza- bacterial challenge. IgA has traditionally been viewed as a
tion. Consistent with our studies of IgA-mediated antiviral noninflammatory immunoglobulin, but recent studies have
immunity, immunized animals fed TPN solution IV lost this challenged this concept while providing an explanation for
immunization protection, with death rates rising to those ofother proposed mechanisms. In addition to preventing at-
unimmunized animals. In that study, chow or administrationtachment of bacteria to mucosal surfaces and thus avoiding
of a complex enteral diet preserved host defense against thikee initial step in invasive infection, IgA may play a role in
bacterial challenge; a chemically defined enteral diet (TPNheutrophil-mediated bacterial clearance because it can op-
solution administered intragastrically) only partially pre- sonize bacteria, inducing phagocytosis and the respiratory
served pulmonary defens&sThe current study convinc- burst in neutrophil$? This may explain the findings of
ingly shows that these pulmonary host defenses can b@ripps et af? which suggested that pulmonary neutrophils
supported by neuropeptides without enteral feeding. were the most important element in the pulmonary response
The respiratory tract is constantly exposed to the externadfter immunizations withPs. In those studies, after intra-
environment and a multitude of toxins, viruses, and bactePeyer’s patch immunization with kille&s survival after
ria. Although most of the cleansing occurs in the upperbacterial challenge correlated best with enhanced recruit-
respiratory tract, defense systems of the lower respiratorynent of neutrophils and neutrophil activity in bronchoal-
tract are also developed to fight infectious challenges. lrveolar lavage specimens obtained after the bacterial chal-
addition to mucaociliary clearance, the respiratory tree has énge. Serum and bronchoalveolar antibody levels did not
rich complement of substances with antibacterial activitiesgppear to correlate with improved survival after the bacte-
including secretory IgA, lysozymes, lactoferrin, and de-rial challenge. It is unclear, however, whether the antibodies
fensins®=*’ In addition, the lower respiratory tree can measured in those lavage specimens accurately reflected the
recruit numerous inflammatory cells, including neutrophils,true antibody levels. Specimens were obtained after the
lymphocytes, and macrophages, which, in times of infecbacterial challenge and centrifuged, and antibody levels
tion, can participate in the response. Not surprisingly, thevere measured in the supernatant. These levels could have
respiratory tract is richly innervated with afferent and effer-been falsely interpreted as low because antibody bound to
ent nerve endings containing neuropeptides such as sulthe bacteria themselves and lost during the separation of the
stance P, gastrin-releasing peptide/BBS, and vasoactive ifpacteria and cellular elements from the supernatant would
testinal peptidd®—>°Although the lower respiratory effects not be measured. In addition, permeability changes in the
have not been studied, administration of BBS to the nasatpithelium induced by the bacterial challenge almost cer-
mucosa in humans stimulates submucosal glands to produtainly contaminated the specimens with serum and serum
secretions rich in hexose-containing glycoconjugates, totantibodies, thus masking the actual airway concentrations of
protein, and lysozymeg! IgA. We speculate that high levels of IgA bound the intra-
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trachealPs reducing the infective load and thus reducing 6.
the lethality of the bacterial dose. Studies are underway to
substantiate that hypothesis. 7

Another cell type, the pulmonary macrophage, has been
speculated to be important in protection against bacterial
pneumonia. When pulmonary macrophages were eliminatec:
in mice by the administration of dichlormethylene diphos-
phonate-encapsulated liposomes, an otherwise nonlethal
dose ofKlebsiellaadministered intratracheally became uni-
formly fatal®® Increased recruitment of neutrophils with
apparent normal phagocytic function into the lungs was'®:
associated with decreased bacterial clearance and an in-
creased death rate compared with control animals. Thesg
results were at odds with those of Cripps ePZiyhich
implicated neutrophils as the primary predictor of survival.12.
Unfortunately, respiratory tract IgA levels could not be
measured in these experiments, and because macrophagg
transformed into dendritic cells could also have been af-
fected by the administration of this drug, death could be
related to changes in cytokine signals, reduced airway levels
of IgA, or decreased neutrophil function. Defects in pulmo-14'
nary macrophages and disturbances in their cytokine levels
have been noted in TPN-fed animafs.

Our results reveal a strong association between preservas.
tion of GALT and IgA levels and improved survival to
bacterial challenge. The neuropeptide BBS appears to prgy
vide the signal to the mucosal immune system that reverses
TPN-associated host defense defects. Although our undet7.
standing of the mechanisms behind the interaction of the
enteric nervous system and the immunologic system i
limited, this experiment continues to add support to the
common mucosal immune system hypothesis. These results,
as well as those from our previous work, consistently dem-19.
onstrate that support of the GALT results in functional
preservation of respiratory defenses to both viruses an
bacteria. Although the preferred route of nutrition is via the
gut, supplemental neuropeptide may be a way to improve
host defenses in patients restricted to parenteral feeding. 21-
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