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The isolated rabbit ileal (Thirty-Vella) 
loop model (13) was used to monitor the 
secretory IgA response to AAF-CT conju- 

Reduction of Intestinal Carcinogen Absorption by gates. We collected daily intestinal secre- 
tions before and after immunizations. A 

Carcinogen-Specific Secretory Immunity vigorous antibody response to AM was 
observed in the intestinal secretions collect- 

LAWRENCE K. SILBART A N D  DAVID F. KEREN ed from all immunized rabbits, with material 
obtained from three of four rabbits binding 

A secretory immune response to the carcinogen 2-acetylaminofluorene (AAF) was more than 10% of an iodinated radiotracer 
elicited in rabbits by directly immunizing the small intestine with an AAF-cholera ['ZSI-labeled N-2-(4-hydroxypheny1)aceta- 
toxin conjugate. High-titer, high-attinity secretory immunoglobulin A (IgA) antibody midofluorene or ' 2 5 ~ - p ~ P - A A F  (lo)] of- 
to AAF was secreted into the intestinal lumen in response to this irnmunogen. Immune fered at titers of lo3 (nonspecific binding to 
secretions reduced the transepithelial absorption of a '2SI-labeled derivative of AAF by nonimmune secretions was less than 2%). 
more than half. This reduction of absorption by hapten-specific IgA suggests that oral The epitope and isotype specificity of the 
vaccines against carcinogens and toxicants could be developed for humans. mucosal immune response was determined 

by competitive enzyme-linked immunosor- 

P ATHOGENIC ORGANISMS, BACTERIAL (IgG) can be elicited on exposure to some bent assay [ELISA (IU)]. In these studies, 
toxins, and environmental toxicants carcinogens (6 ) ,  this response is substantial- incubation of 1:20 dilutions of ileal loop 
often enter the mammalian body by ly enhanced by covalently attaching the mol- secretions in the presence of AAF inhibited 

traversing a mucosal surface. A major mech- ecule to a foreign carrier protein (7). To binding to the AAF-carrier protein conju- 
anism to block transport at these surfaces elicit a mucosal immune response, we pre- gates in a concentration-dependent manner 
involves the secretion of antigen-specific pared conjugates of AAF covalently coupled (Fig. l), indicating antibody recognition of 
immunoglobulins of the IgA isotype. The to the known mucosal immunogen cholera the AAF epitope on the AAF-CT conju- 
protective effect conferred by the mucosal 
immune system is illustrated in humans by Fig. ,. The IgA anti.AAF isot).pe and epitope 
the success of a recent oral cholera vaccine were determined in rabbit intestinal 100 

containing cholera toxin B subunit and heat- secretions by competitive ELISA studies as de- 
killed Vibvio cholevae and providing immuni- scribed (10) with goat antibody to rabbit IgA 

ty to the disease (1, 2). (atfinity purified) conjugated to alkaline phospha- 80 
tase [GARA ( 1 4 ) l .  The AAF was preincubated 

We now a mucosal immune re- with 1:20 dilutions of immune secretions for 1 
sponse in rabbits to the chemical carcinogen hour at room temperature, A 1 0 0 - ~ l  sample was 
AAF, which had a high-affinity, high-titer applied in duplicate to microtiter wells previously 60 
luminal IgA component that reduced the coated with either AAF-bovine serum albumin $ 
absorption of a radioiodinated derivative of (BSA) conjugates, BSA alone, or uncoated wells. 5 50 

After a 4-hour incubation at room temperature, E 
the in viva. When AAF is the plates were washed and treated with GARA 40 
istered orally it is absorbed across the gastro- overnight. After washing, thep-nitrophenyl phos- 8, 
intestinal mucosa into the blood stream and phate (1 mgiml) was added, and the absorbance 30 

becomes a substrate for various metabolic masured (405 -) after rnin. The 
percent inhibition was calculated on the basis of 20 

reactions. Some metabolic pathways activate 0% for containing no M, Values repre- 
the chemical into highly reactive electrophil- sent the mean inhibition f SE (n = 4) sub. 10 

ic intermediates capable of covalently bind- traction of absorbance in the corresponding BSA 
ing to cellular macromolecules (3, 4). Cova- wells (nonspecific binding). AAF had no effect on 0 

0.001 0.01 0.10 1 .o 10.0 
lent modification of nuclear DNA is be- unrelated antigen-antibody interactions over the 

range of concentrations tested (15). Since the 2.AAF concentration (pglml) 
lieved to be an initiating event in the devel- AAF stock solution was prepared in dimethylfor- 
opment of chemically induced cancer (3, 5 ) .  marnide (DMF), DMF control (5% and 0.5%) incubations with the uninhibited immune secretions 

Although a humoral immune response were included on each plate and used in the appropriate calculations. The secretory immune response to 
AAF was elicited by the following regimen: four rabbits received 100 kg of the AAF-CT conjugate in 1 
rnl of phosphate-buffered saline (PBS) directly into a chronically isolated ileal loop approximately 3 
hours after the ileal loop surgery. Identical booster doses were given on days 7, 14, and 21 after the EL:y2 of  hi^^^, patholosl D ~ ~ ~ ~ ~ ~ ~ ,  hn surkery and priming dose. The immune response of each rabbit was initially measured by the bind'mg of 

I 48109. an 251 derivative of AAF in a radioirnmunoassay method as described (10). 
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Fig. 2. The transepithelial absorption of IZ5I- 
pHP-AAF (10) was estimated by measurement of 
the gamma emissions contained in each 1-min 
sample of mesenteric blood (17). The absorption 
profile from intestinal sections injected with ei- 
ther 1 rnl of immune secretions (m) or 1 ml of 
nonimmune secretions (A)  is shown. Values are 
the means 2 SE (n = 5). 

gates. The IgA isotype of these anti-AAF 
immunoglobulins was confirmed by use of 
affinity-purified goat antibody to rabbit IgA 
conjugated to alkaline phosphatase [GARA 
(14)] in the ELISA system. When purified 
IgA from an unimmunized animal was incu- 
bated with GARA, its binding to IgA specif- 
ic for AAF was completely inhibited (15). 
Ileal loop secretions from each of two im- 
munizedrabbits were separately pooled, and 
the IgA fraction from each pool was isolated 
(14). The average affinity constant for AAF 
was estimated (16) from each pool, with 
K,, = 1.0 x 109 and 2.2 x 1 0 9 ~ - I .  

To determine whether immune secretions 
reduced absorption of the AAF from the 
rabbit intestinal lumen to the mesenteric 
blood, we used the 1 2 5 ~ - p ~ ~ - A A ~  radio- 
tracer (17). Although this tracer is more 
polar than the parent carcinogen, the affinity 
of the antibody toward the tracer was within 
one order of magnitude of its affinity toward 
AAF and should model the behavior of the 
parent carcinogen quite closely. A dramatic 

reduction in the amount of derivatized car- 
cinogen reaching the bloodstream was ob- 
served in the section of intestine receiving 
the immune secretions as compared to the 
section receiving nonimmune secretions 
(Table 1). The transepithelial absorption of 
the derivatized carcinogen in the presence 
and absence of immune loop secretions is 
shown in Fig. 2. The absorption of label 
into the mesenteric blood was more than 
twice as high in the nonimmune loop sec- 
tions as in the passively immunized section 
(Table 1). Conversely, a larger amount of 
the label remained in the immunized loop 
section contents, with a large percentage 
bound to macromolecules (presumably anti- 
AAF immunoglobulins). We infer that the 
label was bound to macromolecules and 
prevented absorption (Table 1). Additional 
support for this inference was observed 
when 1.0 ml of purified IgA specific for 
AAF (0.84 mgiml) was included in the loop 
section of an unimmunized rabbit. The dis- 
tribution of radioactivity observed in this 
study was similar to that observed with the 
immune secretions (Table 1). 

These findings ark consisient with other 
observations on the mucosal immune sys- 
tem. Antibody (IgA) against hapten goups  
is elicited after appropriate antigen priming 
(18). For instance, when four intraperitone- 
a1 doses of N-acetyl glucosamine (GlcNAc) 
conjugated to hemocyanin (Hy), followed 
by an intraduodenal dose of GlcNAc conju- 
gated to cholera toxin is given to mice, a 
high percentage of Peyer's patch B cell 
clones that express the IgA isotype are spe- 
cific for GLcNAc. Furthermore, oral immu- 
nization of rats with the antigen horseradish 
peroxidase (HRP) results in a decrease in 
intestinal absorption of HRP when the in 
vitro everted sac model is used (19). Gel 
diffusion studies demonstrated the presence 
of antibodies to HRP in secretions and 

Table 1. Distribution of lZ5I-pHP-AAF recovered after short-term loop surgery (1 7). The values are the 
percentage of the total recovered label (mean -t SD) remaining in each compartment at the conclusion 
of the 31-min period of observation. In the immune secretions groups, rabbits had 1 ml of high-titer 
anti-AAF ileal loop secretions (from a rabbit immunized with an AAF-CT conjugate) injected into their 
acute loop section. In the nonimmune secretions group, rabbits had 1 ml of nonimmune secretions 
(from a rabbit immunized with an unrelated immunogen, Shigellajexneri X16) injected into the short- 
term loop section. In the purified immune secretory IgA group, rabbits received 0.84 mg of purified 
IgA (from the ileal loop secretions of an immunized rabbit) injected into the short-term loop section. 

% Recovered '''I-pHP-AAF remaining in 

Group 
- - - - - -- - 

Loop fluid - Loop tissue Blood 
Total Bound* 

Immune secretions (n = 5) 81 r 2.8t (83 2 2.4)t  12.6 t 3.7i 6.3 -t 2.6$ 
Nonimmune secretions (n = 5) 52 t 4.3 (14 t 5) 33.4 + 5.1 14.9 -t 3.7 
Purified immune IgA 86 (79) 5.3 9 

*The bound counts are the ercentage of the total radioactivity present in the residual loop fluid bound to 
macromolecules [as determinejafter separation by means of dextran-coated charcoal (IO)]. +Statistically different 
from the nonimmune group at P <0.001 (Student's t test). #Statistically different from the nonimmune group at 
P <0.005 (Student's t test). 

mucosal extracts from the immunized ani- 
mals. 

Moolten et a l .  (20) first suggested that the 
development of a mucosal immune response 
to a carcinogen could facilitate excretion of 
the compound by preventing its absorption 
into the body. Mice were immunized with 
an intraperitoneal dose, which was supple- 
mented twice by an intragastric dose of a 
fluorinated derivative of 7,12-dimethylben- 
zanthracene (DMBA) covalently coupled to 
bovine serum albumin. When animals were 
given a challenge exposure of [3~]benzo-  
(a)pyrene (a closely related carcinogen ex- 
pected to cross-react with antibodies to 
DMBA), more tritium was found in the y- 
globulin fraction of fecal extracts of immu- 
nized mice than in nonimmunized control 
mice. No direct determination of the titer, 
isotype, or affinity of these antibodies was 
published, nor have there been any subse- 
quent reports regarding the capacity of the 
secretory immune system to interfere with 
gastrointestinal carcinogen absorption. 

Although the rabbits used in the transepi- 
thelial uptake studies were passively immu- 
nized, these studies demonstrate that the 
initial phase of absorption of the derivatized 
carcinogen could be substantially reduced 
by the presence of intraluminal secretory 
immunoglobulins specific for the carcino- 
gen. These findings may have broad implica- 
tions for the ability of the mucosal immune 
system to abrogate the effects of other car- 
cinogens and toxicants (for example, food 
mutagens and environmental contaminants 
such as aflatoxin B1). The development of 
effective oral vaccines may provide a conve- 
nient mechanism by which absorption of 
these toxicants can be prevented. 

REFERENCES AND NOTES 

1. R. E. Black et al., Infect. Immun. 55,  1116 (1987). 
2. J. D. Clemens et al., Lancet ii, 124 (1986). 
3. E. C. Miller and J. A. Miller, Cancer 47, 1055 

(1981). 
4. E. C. Miller, J .  A. Miller, M. Enomoto, Cancer Rer. 

24, 2018 (1964); J .  A. Miller, J .  W. Cramer, E. C. 
Miller, ibid. 20, 950 (1960); C. B. Frederick, J. B. 
Mays, D. M. Ziegler, F. P. Guengerich, F. F. 
Kadlubar, ibid. 42, 2671 (1982); J .  R. DeBaun, J. Y. 
Rowley, E. C. Miller, J .  A. Miller, Proc. Soc. Exp. 
Biol. Med. 129, 268 (1968); J. H .  N. Meerman, F. 
A. Beland, G. J. Mulder, Carcinogeneiii 2, 413 
(1981); C. C. Lai, E. C. Miller, J. A. Miller, A. 
Liem, ibid. 6 ,  1037 (1985); ibid. 8, 471 (1987); S. 
Sakai, C. E. Reinhold, P. J. Wirth, S. S. Thorgeirs- 
son, Cancer Res. 38, 2058 (1978); C. E. Weeks, W. 
T. AUaben, S. C. Louie, E. J .  Lazear, C. M. King, 
ibid., p. 613; T.  J .  Flammang and F. F. Kadlubar, 
Carcinogeneiis 7, 919 (1986). 

5. R. C. Garner, C. N. Martin, D. B. Clayson, in 
Chemical Carcinogeni, A C S  Monograph 182, Carcino- 
genic Aromatic Aminer and Related Compoundi, C. E. 
Searle, Ed. (American Cancer Society, Washington, 
DC, 1984), pp. 175-276. 

6. G. L. Curtis and W. L. Stenback, Cancer Lett. 4, 223 
(1978). 

7. H .  J. Creech, Cancer Rer. 12, 557 (1952). 
8. J. H .  Yardley, D. F. Keren, S. R. Hamilton, G. D. 

Brown, Infect. Immun. 19, 589 (1978). 

I7 MARCH 1989 REPORTS I 4 6 3  



9. N. Lycke and J. Holmgren, Immuno!ogy 59, 301 
(1986). 

10. L. K. Silbart et a!., J Immunol. "&hods 109, 103 
(1988). 

11. The original conjugation conditions tend to over- 
substitute cholera toxin, resulting in poor solubility. 
This problem was overcome by reducing the molar 
ratio of 1-ethyl-3-(3-d~methylamino)carbodiimide- 
activated SAF to cholera toxin to 116 the level 
reported previously (10). 

12. P. Cuatrecasas, Biochemistry (N.Y.)  12, 3558 
(1973). 

13. D. F. Keren, H. L. Elliott, G. D. Brown, J. H .  
Yardley, Gastroenterology 68, 83 (1975). 

14. 1). F. Keren, S. E. Kern, D. H. Bauer, P. J. Scott, P. 
Porter, J .  Irnmunol. 128, 475 (1982). 

15. L. K. Silbart and P. M. Lincoln, unpublished data. 
16. R. Muller, J .  Immunol. Methods 34, 345 (1980). 
17. Five uninununlxd rabbits were anesthetized and a 

midline abdominal Incision performed to expose the 
bowel. A 30-ml subcutaneous injection of isotonlc 
saline was given to replace fluid loss during the 
procedure. After an intraluminal injection of 20 ml 
of phosphate-buffered saline (PBS) to clear chyme 
distally, two contiguous 15-cm segments of small 
intestine were surgically isolated. The mesenteric 
vcins that drained each section were identified, and 

any collateral vessels not draining into the vessel to 
be cannulated were ligated. An intravenous injection 
of 500 units of sodium heparin per kilogram of body 
weight was given before the first cannulation to 
allow collection of blood without clotting. The 
major mesenteric vein draining the isolated segment 
of intestine was then cannulated, and a 1-min "pre- 
bleed was collected. Within the first minute of 
collection, the loop section was injected with 1.0 ml 
of either control or immune intestinal secretions (a 
quantity representing less than one day's production 
of immunoglobulin), followed by the injection of an 
average of 1.5 X lo6 cpm of the 1251-pHP-AAF 
(approximately 0.33 ng) at the start of the second 
minute. The venous drainage was collected in 1-min 
fractions into heparinized 1.5-1111 centrifuge tubes 
for the next 30 min, after which the section of bowel 
was removed, and the residual fluid contents of the 
section were collected. The bowel section was placed 
in 10 ml of PBS until processing of the second loop 
was complete. The second loop section was treated 
identically to the first section, with only the source 
of intestinal secretion differing. Injection of immune 
and nonimmune fluid was alternated distally and 
proximally, as well as temporally. The distribution of 
radioactivity (Table 1) in the blood and tissue 
samples was estimated as follows. (i) The blood 

samples were centrifuged at 10,000g for 30 s and 
subjected to gamma counting. (ii) The wet weight 
of each loop section was determined, and a small 
portion was removed and weighed before gamma 
counting. (iii) The total and antibody-bound counts 
in 100 pl of the fluid remaining in the loop section 
were approximated by separating the free nacer &om 
macromolecular bound tracer with cold dextran-coat- 
ed charcoal as described (10). Comparative recoveries 
of radiotracer averaged less than a 3% difference 
between loop sections receiving immune secretions 
and those receiving nonimmune secretions. 

18. J. J. Cebra et a/., in Vaccines 86. F. Brown, R. M. 
Chanock, R. A. Lerner, Eds. (Cold Spring Harbor 
Laboraton, Cold Spring Harbor, NY, 1986), pp. 
129-133 -- -.. 

19. W. A. Walker, K. J. Isselbacher, K. J. Bloch, Sciet~ce 
177, 608 (1972). 

20. F. L. Moolton, N. J. Capparell. E. Boeer. P. M a -  
hathalang, .Vature 272, 6 i 4  (1978). 

- 
21. We thank R. McDonald for his preparation of 

chronically isolated ileal loops, and J. Smart for 
radioiodination of pHP-AAF. Supported in part by 
grant no. 0166 from the Smokeless Tobacco Re- 
search Council. 

26 September 1988; accepted 17  Januan 1989 

The Neutrophil-Activating Protein (NAP- 1) Is Also 
Chemotactic for T Lymphocytes 

T lymphocyte chemotactic factor (TCP) was purified to homogeneity fiom the 
conditioned media of phytohemagglutinin-stimulated human blood mononuclear 
leukocytes by a sequence of chromatography procedures. The amino-terminal amino 
acid sequence of the purified TCF showed identity with neutrophil-activating protein 
(NAP- 1). Both TCF and recombinant NAP-1 (rNAP-1) were chemotactic for neutro- 
phils and T lymphocytes in vitro supporting the identity of TCF with NAP-1. 
Injection of rNAP-1 into lymphatic drainage areas of lymph nodes in Fisher rats 
caused accelerated emigration of only lymphocytes in high endothelial venules. 
Intradermal injection of rNAP-1 caused dose-dependent accumulation of neutrophils 
and lymphocytes. 

IRECTED MIGRATION OF LEUKO- 

cytes along chemical gradients is 
fundamental to development of 

lymphatic tissues ( I ) ,  lymphocyte recircula- 
tion- (2), and accumulation of leukocytes at 
sites of inflammation or tissue injury (3). 
The kinetics and the site specificity of lym- 
phocyte infiltration, as in delayed type hy- 
persensitivity (DTH) skin lesions ( 4 ) ,  sug- 
gest that leukocyte emigration may be di- 
rected bv local cdlular &lease of Gtokines. 
We describe the purification and character- 
ization of an 8-kD basic heparin-binding T 
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sponse Modifiers Program, Dlvision of Cancer Treat- 
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Immunity, Disease Assessment Division, U.S. Army 
Medical Research Institute of Infectious Diseases, Fort 
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cell chemotactic polypeptide from the con- 
ditioned media of phytohemagglutinin 
(PHA)-stimulated peripheral blood mono- 
nuclear cells (PBMC) (5 ) .  This T cell che- 
motactic factor (TCF) appears to be biologi- 
cally and biochemically identical to a neutro- 

Fig. 1. T cell chemotac- 
tic activity purified from 
conditioned media of 
PHA-stimulated human 
PBMC by reversed-phase 
HPLC (9, 12). Absor- 
bance is shown by the sol- 
id line; chemotactic activi- 
ty, dashed h e ;  and aceto- 
nitrile maclient dashed 

*To whom correspondence should be addressed. and dot&l line. 
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phil-chemotactic factor that is also a neutro- 
phil-activating protein (NAP-1) that we 
purified and molecularly cloned (6, 7). 

TCF was purified by sequential chroma- 
tography on heparin Sepharose ( 8 ) ,  car- 
boxymethylation exchange high-perform- 
ance liquid chromatography (CM-HPLC) 
(9 ) ,  and reversed-phase HPLC (10). To 
assess T cell chemotactic activity, we adapt- 
ed a Boyden chamber assay (11, 12). The 
CM-HPLC fractions (fractions 52 and 53) 
with lymphocyte chemoattractant activity at 
0.4M NaCl were pooled and applied to a 
reversed-phase HPLC column with high 
activity recovered in fractions 47 and 48, 
corresponding to a major absorbance peak 
that eluted at 47  min (Fig. 1). We con- 
firmed the purity of TCF (fraction 47) by 
SDS-polyacrylamide gel electrophoresis 
(PAGE) analysis (13). Under reducing con- 
ditions, a single band of about 8 kD was 
detected. We consistently (n = 3) obtained 
pure TCF, with a yield corresponding to 
about 10 pg of TCF per liter of conditioned 
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