
observation of reduced vascular respon- 
siveness of tumor-bearing mice. While 
we are aware that the presence of tumors 
may result in lowered immune function 
(3), our previous work has shown that 
LIA is essentially the result of a local 
graft-versus-host reaction and that the 
host's own immune system is not direct- 
ly involved (1). Moreover, we have ob- 
served that immunosuppression of the 
host with cyclophosphamide does not in- 
terfere with the animal's responsiveness 
to LIA (4). In contrast, we have found 
that normal lymphocytes injected intra- 
venously into irradiated C755 tumor- 
bearing animals are restricted in their 
ability to function in the humoral im- 
mune response to sheep red blood cells 
(4). The data from experiments with can- 
cer patients are conflicting: Hattler and 
Amos (5) suggested that cancer patients 
had an impaired ability to react to alloge- 
neic cells in the normal lymphocyte 
transfer reaction; Aisenberg (6) in- 
dicated that patients with Hodgkin's dis- 
ease had an abnormally protracted re- 
sponse to such allogeneic cells (7); and 
Levin et al. (8) found that the response 
to allogeneic lymphocytes transferred in- 
to patients with lymphomas or other can- 
cers did not differ significantly from the 
reaction of healthy persons in frequency, 
character, or intensity. 

An alternative explanation of our re- 
sults would be that tumor-bearing ani- 
mals have a reduced number of circulat- 
ing stimulator cells (9). We know such 
cells are required for activation of the do- 
nor lymphocytes in our system. A less 
likely possibility is that the tumor, hav- 
ing provided a continual source of angio- 
genesis-inducing factors (10), has already 
led to maximal activation of some target 
cell (such as the mast cell) population or 
of the host endothelial system itself, and 
that for this reason the host animal is in- 
capable of responding to yet an addition- 
al stimulus for vascular differentiation 
and endothelial cell proliferation. 

Whatever the basis for our observa- 
tions, we should emphasize the impor- 
tance of recognizing that tumor-bearing 
animals have a reduced responsiveness 
to immunocompetent lymphocytes, as 
measured by a deficient vascular reac- 
tion. That growing tumors can thwart 
this process must be considered a seri- 
ous handicap in our efforts to harness the 
immune system for the control of malig- 
nancy. 
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The bacterium Streptococcus mutans 
has been implicated as a principal etiolog- 
ic agent of dental caries, an infectious 
disease that afflicts more than 95 percent 
of the world's population (1). The possi- 
bility of controlling this disease by active 
immunization is currently under in- 
tensive investigation (2). 

Dental caries develops in an oral 
milieu of secretions that contain locally 
produced immunoglobulin A (IgA) as the 
predominant antibody (3). Earlier unsuc- 
cessful attempts to protect experimental 
animals against caries by immunization 
can perhaps be partially explained by the 
limited,induction of antibodies in saliva 
after systemic administration of antigen 
(4). Injection of S. mutans into either the 
oral mucosa, the salivary glands, or the 
parotid duct has stimulated salivary IgA 
antibodies (5, 6) and, in some instances, 
has protected against S. mutans-induced 
caries (6). However, these routes of im- 
munization are not likely to be suitable 
for use in humans (2). Recent studies 
have indicated that specific antibodies in 
the IgA class can be induced in secre- 
tions of rabbit and human mammary 
glands by oral administration of antigen 
(7). We report here that ingestion of 
killed cells of S. mutans induces produc- 
tion of antibodies in the IgA class to S. 
mutans in saliva and milk, and provides 
significant protection against dental 
caries in gnotobiotic rats. 

Young gnotobiotic rats (Charles River 
Laboratories) that were fed a purified 
caries-promoting diet were used in this 
study (8). Drinking water containing for- 
malin-killed S. mutans strain 6715, mu- 
tant C211 (final concentration, 10n cells 
per milliliter) was provided freely to one 
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group of weanling rats (group A) until the 
day they were killed; their littermates 
(groups B and C) were maintained in sep- 
arate isolators and were provided sterile 
drinking water. At 45 days of age, rats in 
groups A and B were challenged with 50 
p1 of an 18-hour culture of S. mutans 
6715, C211 containing 5.4 x 10' to 5.7 x 
106 colony-forming units. Previous stud- 
ies in this laboratory have shown this mu- 
tant to be highly virulent (9). Coloniza- 
tion of S. mutans was confirmed the day 
after challenge by culturing oral swab 
samples on Mitis-Salivarius agar (Difco 
Laboratories). Rats in group C served as 
nonimmunized, uninfected controls. 

All rats were removed from the isola- 
tors at 90 days of age. Individual saliva 
samples were collected after pilocarpine 
stimulation (6). Animals were killed by 
cardiac exsanguination, and serum was 
collected. Streptococcus mutans 6715, 
C211 was reisolated from dental plaque 
of each infected animal (groups A and 
B), and no other,bacteria were detected. 
Both mandibles from each animal were 
cleaned, stained, and then scored for 
caries by the Keyes procedure (10). 

Table 1 gives the levels of immuno- 
globulins and mean agglutinin titers to S. 
mutans in the serum and saliva of 90- 
day-old gnotobiotic rats (11). Significant 
differences were not evident in the levels 
of either serum immunoglobulins or sali- 
vary immunoglobulin G (IgG) for the 
three groups of animals. No immunoglob- 
ulin M (IgM) was detected in saliva. Rats 
receiving S. mutans in their drinking wa- 
ter (group A) had significantly higher lev- 
els (P < .01) of IgA in their saliva than 
animals in either group B or group C. 
Low agglutinin activity was observed in 
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Ingestion of Streptococcus mutans Induces Secretory 

Immunoglobulin A and Caries Immunity 
Abstract. Ingestion of killed cells of a highly cariogenic strain of Streptococcus 

mutans induced specific antibodies in both saliva and milk but not in serum of gnoto- 
biotic rats. These antibodies were associated with the immunoglobulin A class. 
When infected with Streptococcus mutans, orally immunized animals developed sig- 
nificantly fewer carious lesions than nonimmunized infected controls. 
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serum of rats from groups A and B, 
whereas no activity was seen in the rats 
of group C. Agglutinins could not be de- 
tected in saliva of nonimmunized ani- 
mals (groups B and C), whereas rats in 
group A exhibited a mean logs agglutinin 
titer of 4, which was enhanced to a titer 
of 6 by the addition of antiserum to IgA 
(12). 

Examination of various tissues by the 
immunofluorescence technique (13) re- 
vealed that, in group A rats, numerous 
IgA- and some IgM- and IgG-producing 
cells were present in the salivary glands, 
lymph nodes, and the lamina propria of 
the small intestine. However, in the con- 
trol animals from groups B and C, there 
were only a few or no cells that produced 
IgA, IgG, or IgM in any tissue examined. 
Immunoglobulin-producing cells were 
sparse in the spleens of all three groups. 

To distinguish whether antistreptococ- 
cal antibodies in the IgA class were in- 
duced either by stimulating immuno- 
competent cells of major and minor sali- 
vary glands with penetrated antigen (14) 
or by homing of antigen-sensitized 
plasma cell precursors to these secretory 
glands from gut-associated lymphoid tis- 
sue (GALT), secretions of mammary 
glands that could not have been stimulat- 
ed directly by S. mutans antigens were 
examined. Rats fed S. mutans, as before, 
were mated at 90 days. After parturition, 

each dam with her litter was removed 
from the isolator and housed in a sterile 
cage covered with a hood. A mechanical 
apparatus was used to milk each dam 
(15), and the whey samples were fraction- 
ated by molecular sieve chromatography 
(16). Fractions were pooled according to 
their immunoglobulin content and con- 
centrated by negative pressure dialysis 
to the original whey volume. The level of 
anti-S. mutans agglutinin activity was 
determined by microtitration (11). Whey 
from rats receiving antigen in their drink- 
ing water exhibited high agglutinin titers 
(log2 = 7), whereas whey from group B 
rats (infected only) had low agglutinin ti- 
ters (log2= 2). Both agglutinin activity 
(log2 = 8) and IgA were present in the 
first fraction of whey (from group A 
dams) eluted from Sephadex G-200. The 
agglutinin activity could be enhanced by 
the addition of anti-IgA (log2 = 11), 
thereby further demonstrating the anti- 
bodies to be associated with the IgA 
class. No agglutinin activity was asso- 
ciated with the other fractions. Further, 
IgM could not be detected in rat whey; 
this was in agreement with findings of 
previous studies (12). 

Table 2 shows the mean caries scores 
observed in immunized and nonimmu- 
nized 90-day-old gnotobiotic rats. Sig- 
nificantly fewer carious lesions on all 
molar surfaces were found in rats given S. 

mutans in drinking water (group A) than in 
nonimmunized infected rats (group B). 
No marked differences were observed in 
the mean body weights of animals in the 
three experimental groups. 

The foregoing results indicate that con- 
sumption of water containing whole S. 
mutans cells induces the formation of 
specific antibodies of the IgA class in sa- 
liva and milk. However, no significant 
antibody activity was detected in serum. 
The presence of this IgA antibody in sa- 
liva was reflected in a reduced incidence 
of S. mutans-induced caries. 

A synthesis of available information 
suggests that ingested antigens selective- 
ly stimulate appropriate clones of IgA 
precursors that are located in GALT, for 
example, Peyer's patches and appendix 
covered with specialized pinocytotic epi- 
thelial cells. Leaving the GALT through 
draining intestinal lymphatics, these 
stimulated lymphoid cells enter the 
bloodstream and selectively home to dis- 
tant secretory tissues, such as the sali- 
vary and mammary glands, bronchi, and 
intestine, where they differentiate into 
mature IgA-secreting plasma cells (7, 
17). This hypothesis receives support 
from our investigation since we observed 
selective occurrence of antibodies to 
orally administered antigen in secretions 
of salivary and mammary glands, but not 
in serum. However, direct exposure of 

Table 1. Immunoglobulin levels (in milligrams per milliliter) and agglutinin titers (log2) in serum and saliva of 90-day-old gnotobiotic rats. Values 
represent the mean + standard error of 20 rats per group. Immunoglobulin was determined by radial immunodiffusion, and agglutinin titers by 
microtitration in which 2 x 108 S. mutans cells per milliliter were used. Antiserums to IgA and IgG were employed as previously described 
[McGhee et al. (6)]. 

Serum Saliva 

Immunoglobulin Agglu- Immunoglobulin Agglutinin titer 

IgA IgG IgM tinin titer IgA IgG IgM Untreated Anti-IgA Anti-IgG 
Group A (immunized, infected) 

0.10 ? 0.007 0.76 + 0.05 0.28 ? 0.02 1 0.21 ? 0.02 0.24 ? 0.02 < 0.002 4 6 4 

Group B (infected only) 
0.05 ? 0.007 0.66 ? 0.07 0.27 ? 0.02 1 0.06 ? 0.007 0.18 ? 0.02 < 0.002 0 0 0 

Group C (control, no infection) 
0.06 ? 0.005 0.67 ? 0.03 0.23 ? 0.05 0 0.09 ? 0.01 0.19 ? 0.01 < 0.002 0 0 0 

Table 2. Mean caries scores of 90-day-old gnotobiotic rats. Rats in groups A and B were challenged with 50 ul of an 18-hour culture of S. mutans 
6715, C211 which contained 5.4 x 106 to 5.7 x 106 colony-forming units. The mean caries scores were evaluated by the Keyes procedure (10); E, 
slight penetration into enamel; Ds, slight penetration into dentin; Dm, moderate penetration into dentin. Values represent the mean ? standard 
error of 20 rats per group. All values in group A were significantly less than those in group B (P ? .01). The mean body weight is expressed in 
grams + standard error of the mean. 

Mean caries scores 

Group Buccal Sulcal Proximal Mean body Group .-Buccaulca ____________________ .....weight 
E D, D D E Ds 

A (immunized, infected) 12.8 + 0.4 10.6 - 0.5 12.4 + 0.4 10.5 + 0.7 3.6 + 0.3 2.4 + 0.4 156.2 + 5.3 
B (infected only) 25.5 + 0.5 18.6 + 0.8 21.7 + 0.6 18.6 + 0.7 7.6 + 0.1 7.0 + 0.2 150.7 ? 7.0 
C (control, no infection) 0.0 0.0 0.0 0.0 0.0 0.0 165.1 + 6.1 
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antigen to the salivary glands may con- 
tribute to the level of salivary antibody 
(14). 

The occasional adverse reactions that 
accompany parenteral immunization 
may be circumvented by oral administra- 
tion of antigen. This point is important in 
relation to prevention of dental caries in 
human beings. In previous studies, effec- 
tive anticaries immunity was provided 
through immunization routes that are un- 
likely to be suitable for human use. 
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Three subspecies of the lechwe ante- 
lope, Kobus leche Gray, are recognized 
in the Central African Republic of Zam- 
bia (1). The Kafue lechwe, Kobus leche 
kafuensis Haltenorth, exhibit territorial 
behavior on leks during their main rut- 
ting season. Although many African ante- 
lopes are territorial when they breed (2) 
and some features of lekking have been 
observed in the lechwe and other mem- 
bers of the genus Kobus (3), full-scale 
lekking has been reported only in the 
congeneric Uganda kob Kobus kob thom- 
asi, which breeds on leks throughout the 
year (4). 

The characteristic features of lekking 
behavior are known principally from a 
few species of ground-living birds (5). 
While satisfying the defining attributes of 
territorial behavior, that is, attachment to 
a limited area which is defended against 
conspecifics, lekking includes several ad- 
ditional features. A lek is a circum- 
scribed area, often the same from year to 
year, in which a few adult males occupy 
a cluster of small, adjacent territories 
used solely for mating. The male occu- 
pants spend much of their time engaging 
in ritualized displays, regardless of 
whether females are present. Displays 
are enhanced by eye-catching morpho- 
logical features usually found in males of 
lekking species (for example, vivid plu- 
mage). Females enter a lek to mate and 
choose a male for the purpose. The so- 
cial status of males on a lek is unequal 
and it is usual to observe most or all fe- 
males on a lek with a single male on a 
"prime" territory. Only a small per- 
centage of adult males occupy a few scat- 
tered leks and, of these, only a small per- 
centage do most of the breeding. It is 
likely that these features of lekking, in 
combination with its seasonality, explain 
why reports of lechwe behavior in the 
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past have been contradictory with regard 
to the question of whether lechwe are ag- 
gressive or territorial (3, 6). 

The estimated population of Kafue 
lechwe in 1974 was about 110,000. It is 
centered on Lochinvar and Blue Lagoon 
National Parks, two small game reserves 
with a combined area of about 840 km2 
that are located on nearly opposite sides 
of the Kafue River, which drains central 
Zambia. Much of the park area falls with- 
in the Kafue Flats, a floodplain of the riv- 
er located at about 15.5?S and 27? to 
28?E. When possible, lechwe are usually 
found on the open floodplain and are of- 
ten found grazing in or near water (3, 6). 
Much smaller herds of zebra and wilde- 
beest share the open plains with the 
lechwe. All natural predators were elimi- 
nated from the area years ago, and 
poaching has been the only major threat 
although hydroelectric development 
poses a major problem in the future (7). 
This report is based on ten field trips to 
Lochinvar at approximately 2-week in- 
tervals between August 1974 and Febru- 
ary 1975, the first stage of an ongoing pro- 
ject. 

The life of the lechwe is marked by sea- 
sonal fluctuations related to a marked an- 
nual flooding cycle on the Flats. Zambia 
has a single rainy season from about No- 
vember until March, with a peak in De- 
cember and January. There is a corre- 
sponding rise and fall in the water level 
on the Flats; the peak flood occurs from 
about April through June. This forces the 
lechwe herds into an annual cycle of 
movements and changes in population 
density related to the availability of graz- 
ing (6). Although mating and parturition 
occur to some extent throughout the 
year, there is a higher frequency of sex- 
ual activity and enlarged testes from 
mid-November until mid-February (6). 

SCIENCE, VOL. 192 

past have been contradictory with regard 
to the question of whether lechwe are ag- 
gressive or territorial (3, 6). 

The estimated population of Kafue 
lechwe in 1974 was about 110,000. It is 
centered on Lochinvar and Blue Lagoon 
National Parks, two small game reserves 
with a combined area of about 840 km2 
that are located on nearly opposite sides 
of the Kafue River, which drains central 
Zambia. Much of the park area falls with- 
in the Kafue Flats, a floodplain of the riv- 
er located at about 15.5?S and 27? to 
28?E. When possible, lechwe are usually 
found on the open floodplain and are of- 
ten found grazing in or near water (3, 6). 
Much smaller herds of zebra and wilde- 
beest share the open plains with the 
lechwe. All natural predators were elimi- 
nated from the area years ago, and 
poaching has been the only major threat 
although hydroelectric development 
poses a major problem in the future (7). 
This report is based on ten field trips to 
Lochinvar at approximately 2-week in- 
tervals between August 1974 and Febru- 
ary 1975, the first stage of an ongoing pro- 
ject. 

The life of the lechwe is marked by sea- 
sonal fluctuations related to a marked an- 
nual flooding cycle on the Flats. Zambia 
has a single rainy season from about No- 
vember until March, with a peak in De- 
cember and January. There is a corre- 
sponding rise and fall in the water level 
on the Flats; the peak flood occurs from 
about April through June. This forces the 
lechwe herds into an annual cycle of 
movements and changes in population 
density related to the availability of graz- 
ing (6). Although mating and parturition 
occur to some extent throughout the 
year, there is a higher frequency of sex- 
ual activity and enlarged testes from 
mid-November until mid-February (6). 

SCIENCE, VOL. 192 

Lekking Behavior in Kafue Lechwe 

Abstract. The Kafue lechwe (Kobus leche kafuensis) exhibits lekking behavior in 
which a number of males occupy small territories clustered together in discrete areas 
where females go for mating. Similar behavior in antelope is known only in the Ugan- 
da kob (Kobus kob thomasi). Lechwe lekking occurs only during a main rutting sea- 
son although some breeding occurs throughout the year. 
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