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In Vivo Modulation of Cytolytic Activity and Thy-1 
Expression in TCR-yti+ Intraepithelial Lymphocytes 

Although the functional aspects of the cup T cell antigen receptor (TCR) found on 
most peripheral T cells are well described, the function of the y6 TCR remains unclear. 
Murine intraepithelial lymphocytes (IEL) of the small intestine are CD8+, express the 
76 TCR, and are constitutively lytic. Fresh IEL from germ-free mice had no lytic 
activity. Moreover, whereas IEL from normal mice are 30 to 50 percent Thy-l+, IEL 
from germ-free did not express Thy-1. Acclimation of germ-free mice to nonsterile 
conditions resulted in the generation of Thy-1' IEL and induction of lytic activity. 
Thus CD8' TCR-$5 IEL were regulated by externally derived stimuli via a specific 
functional interaction between IEL and gut-associated antigens. 

T HE MUCOSAL IMMUNE SYSTEM IS 

one of the first lines of defense 
against bacterial and viral invasion. 

In the small intestine at least three anatomi- 
cally distinct lymphoid areas are evident: (i) 
Peyer's patches, (ii) lamina propria of the 
villi, and (iii) intraepithelial lymphocytes 
(IEL) residing between the columnar epi- 
thelial cells of the villi. In the mouse, IEL are 
made up of both Thy-1' and Thy-1- CD8' 
CD3' T cells (1, 2). This latter subset of T 
cells has been detected only in this location. 
The relation of the Thy-1- IEL to Thy-1' 
IEL and to other peripheral T cells is un- 
known. Recently, we reported that murine 
CD8+ IEL express heterodimeric T cell 
receptors (TCRs) composed of y and S 
chains (3). Most other murine TCR-yG 
expressing cells described are of the 
CD4-8- phenotype and are found in very 
small numbers in the thymus (4, 4, spleen 
(4, or peripheral blood (9, or in the skin as 

dendritic epidermal cells (DEC) (7, 8). Most 
of the CD8' T cell populations express 
TCRs composed of u and P chain hetero- 
dimers (9, 10). In addition, freshly isolated 
IEL are constitutively lytic, unlike other 
CD8' peripheral T cells, implying that in 
situ activation of IEL occurs under normal 
circumstances (3). However, the origin of 
the antigens involved in the in vivo activa- 
tion of IEL has not been determined. Thus, 
although it is clear that TCR-y8 expressing 
CD8' IEL constitute a T cell lineage dis- 
tinct from other CD8' T cells, their role in 
vivo remains unclear. 

To determine the nature of the antigens 
involved in IEL activation, we analyzed IEL 
from germ-free mice for lytic activity. We 
used a redirected lysis assay in which a 
monoclonal antibody (MAb) to CD3 is 
bound to an Fc receptor-positive target cell 
to detect all lytic activity regardless of recep- 
tor specificity (1 1, 12). The IEL in all experi- 
ments were -95% CD3'8'. In five of five 

De of Biology, The Upjohn Company, experiments with IEL isolated from a total 
~ j a r n a z m ,  MI 49001. of 50 Swiss (NIH) germ-free mice virtually 

no lytic activity was detectable, although the 
same MAb efficiently directed the lytic activ- 
ity of a cytolytic T cell clone. Results from a 
representative experiment are depicted in 
(Fig. 1). In contrast, IEL from Swiss (NIH) 
mice reared under standard conditions or 
IEL from C57BLl6 or BALBIc mice, had 
cytolytic activity (Table 1) (13). The absence 
of lytic activity in IEL from germ-free mice 
indicated that environmental antigens were 
responsible for the in vivo activation of IEL. 

We also phenotypically characterized IEL 
from germ-free mice. Although all CD8' 
IEL from germ-free mice expressed CD3, 
there were few cells with detectable Thy-1 
antigen (Fig. 2). However, 35% of IEL 
from Swiss (NIH) mice were Thy-l', a 
percentage similar to our results with IEL 
from C57BLl6 mice (3). Therefore, IEL in 
the absence of antigenic stimuli in vivo were 
not cytolytic and did not express Thy-1. If 
there were a relation between lytic activity 
and Thy-1 expression in IEL, then removal 
of Thy- 1' cells from IEL from normal mice 
should result in the loss of lytic activity. We 
isolated IEL from C57BLl6 or Swiss (NIH) 
mice and removed Thy-1' cells with MAb 
to Thy-1 and complement. The remaining 
populations, which were routinely <5% 
Thy-l', were assayed for cytolytic activity 
(Table 1). In all cases, the lytic activity of 
IEL was reduced to background levels after 
removal ofThy-1' cells; thus the lytic activi- 
ty of IEL resided primarily in the Thy-1' 
subset. 

To hrther substantiate the involvement 
of antigenic stimulation in the generation of 
Thy-1' IEL and cytolytic activity, we intro- 
duced germ-free mice into our standard 
mouse colony. After four weeks, IEL from 
such "acclimated" mice were assayed for 
cytolytic activity and for Thy-1 expression 

Table 1. Lytic activity of IEL after removal of 
Thy-l+ cells. IEL were treated with antibody to 
Thy-1, followed by two successive treatments 
with complement (C). The resulting populations 
were <5% Thy-l+. Starting populations were 
37%, 34%, and 42% Thy-l+ for experiments 1 to 
3, respectively. IEL were isolated from C57B116J 
mice (experiments 1 and 2) or from Swiss (NIH) 
mice (experiment 3). One lytic unit is the number 
of effector cells required to achieve 20% specific 
lysis of 2.5 x lo3 target cells. Target cells were 
5lCr-labeled P815 (DBAI2 mastocytoma) with 
the addition of 1 kg of anti-CD3 per milliliter. 
Lytic activity in all cases without the addition of 
anti-CD3 was negligible. 

Ex- Lytic activity 

peri- (lytic units per lo6 cells) 

ment C alone anti-Thy-1 + C 
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(Fig. 3). IEL from germ-free acclimated 
mice were 31% Thy-1' and had cytoly~c 
activity comparable to that of IEL from 
normal mice. The increase in Thy-1 expres- 
sion and lytic activity increased in propor- 
tion to the length of time the germ-free mice 
were housed under standard conditions. 
These results indicated that in vivo stimula- 
tion of IEL was required for Thy-1 expres- 
sion and for induction of cytolytic activity. 

Because Thy-1 antigen expression was 
determined by the presence bf  externally 
derived stimuli, it was also possible that 
TCR-y8 expression was affected. To deter- 
mine whether in vivo antigenic stimulation 
was required for the presence of TCR-y8+ 
IEL, we immunoprecipitated the TCR com- - .  

plex of IEL from germ-free mice using 
antibody to CD3 (Fig. 4). The precipitate 
was analyzed under reducing conditions and 
contained proteins of 34, 35, 40, and 46 
kD, as well as smaller proteins of the CD3 
complex. These results were consistent with 

Effector: target ratio 

Fig. 1. Cytolytic activity of IEL from normal and 
germ-free mice. IEL were isolated as previously 
described (3) from groups of four to ten nor- 
mal Swiss (NIH) mice (.) or Swiss (NIH) germ- 
free mice (0 The cells were assayed for lytic activ- 
ity against "kr-labeled P815 cells in the presence 
of a MAb specific for the e chain of the CD3 
complex (1 pgiml) (1 1). As a control, T cell clone 
Bc.3 cytolytic for H-2b was tested in the presence 
(A) or absence of anti-CD3 (A). Serial dilutions 
of effector cells were incubated in 96-well round 
bottom microtiter plates with 2.5 x lo3 target 
cells and incubated at 37°C for 4 hours. Percent- 
specific lysis was calculated as 100 x [(counts per 
minute released with effectors) - (counts per 
minute released alone)]/[(counts per minute re- 
leased by detergent) - (counts per minute re- 
leased alone)]. Spontaneous release was <lo%. 

our results on IEL from normal mice and 
with the results of others, in that the TCR 
protein profile resembled y8 heterodimers 
(14-16). To prove the presence of TCR-yS 
in IEL from germ-free mice and to analyze 
in more detail the constant regions present 
in these TCR, we used an antisera specific 
for the Cyl, Cy2, and Cy3 families (4). By 
first precipitating with anti-CD3 and reduc- 
ing and alkylating the precipitated proteins, 
we determined which species were reactive 
with this sera. Immunoprecipitation of re- 
duced and alkylated material yielded pro- 
teins of 34 and 35 kD; thus, these proteins 
were y chains that contained either Cyl and 
Cy2 constant regions since Cy3 is encoded by 
a pseudogene (1 7). Two-dimensional gel 
electrophoresis showed that the 34- and 35- 
kD proteins were disulfide-linked either to 
the 40- or 46-kD proteins, indicating that 
the latter were 8 chains (18). This pattern of 
y8 proteins was similar to that obtained 
with IEL from normal C57BL/6 mice (3) or 
Swiss (NIH) mice. Thus, although Thy-1 
antigen expression was regulated by anti- 
genic stimulation, the expression of TCR- 
y8, at least at the biochemjcal level, was not. 
It remains to be seen whether in vivo anti- 
genic stimulation affects TCR usage in terms 
of variable region usage and combinatorial 
diversity. 

The fhction of Thy-1, a phosphatidyl- 
inositol-lmked membrane protein (19,20) in 
vivo is unknown, but it is clear that it can 
transduce activation signals (21, 22). Trans- 
genic mice with inappropriate expression of 
Thv-1 exhibit disorders associated with un- 
regulated proliferation, suggesting that Thy- 
1 can affect cell growth in vivo (23, 24). Our 
results describethe only in vivo example of 
Thy-1 expression that is regulable during 
antigen encounter by T cells. Moreover, 
antigenic regulation of Thy-1 occurred in 
the only major murine CD8' T cell popula- 
tion described to date that expresses TCRs 
composed of yS chain heterdrners. It is 
formally possible that the presence of anti- 
gen affects the migration of Thy-l+ cells 
into the small intestine. However, if this 
were the case, the T cells entering the epithe- 
lium from the periphery would necessarily 
be of similar phenotype and would express 
similar TCRs as the Thy-1' IEL. It is 
perhaps more plausible that Thy-1- IEL, 
once activated, become cytolytic and begin 
to express Thy- 1. ~ndeed, o h  prelimin&y 
results suggest that activation of Thy-l- 
IEL via the TCR-yS can result in Thy-1 
expression (25). In either case, the appear- 
ance of Thy-1' IEL was dependent on the 
presence of external stimuli. 

The dichotomy in the expression of TCR- 
a p  versus TCR-yS is not yet understood. 
Our data provide evidence that the explana- 

0 20 40 60 80 100 120140160 180 200 
Fluorescence Intensity (loglo) 

Fig. 2. Thy-1 expression of IEL from normal and 
germ-free mice. Purified IEL were reacted with a 
fluorescein isothiocyanate (FITC)-conjugated 
MAb to Thy-1 [T24, (29), germ-free, normal] or 
with an irrelevant FITC-conjugated antibody 
(control). Relative fluorescence intensities of indi- 
vidual cells were measured with an Ortho Cyto- 
fluorograph model 50H. The results are present- 
ed as fluorescence histograms with the relative 
number of cells on a linear scale plotted versus the 
relative fluorescence intensity on a four-decade 
logarithmic scale, both in arbitrary units. 

Fluorescence intensity (loglo) 

Fig. 3. Induction ofThy-1 expression and cytolyt- 
ic activity by environmental antigens. Germ-free 
mice were housed under standard conditions for 4 
weeks and IEL were then isolated and tested for 
Thy-1 expression (solid line) and for lytic activity 
(26.8 lytic units per lo6 cells) as described in Figs. 
1 and 2. Control, stippled line. One lytic unit is 
the number of effector cells required to achieve 
20% specific lysis of 2.5 x lo3 target cells. Simi- 
lar results were obtained in several experiments. 

tion may lie in the nature of the antigens 
that confront the two types of receptors. 
Whereas CD8' TCR-af3 bearing T cells 
would be expected to encounter predomi- 
nantly viral antigens within the body, CD8' 
TCR-yS' IEL are likely to encounter large 
amounts of bacterial antigens in the small 
intestine and, to a lesser extent under normal 
circumstances, viral antigens. Furthermore, 
it is unlikely that food-derived antigens were 
responsible for induction of lytic activity in 
IEL, since normal and germ-free mice were 
fed similar diets, albeit sterile in the latter 
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Fig. 4. Irnmunoprecip- -v 

itaaon of T cell recep- 
tors of IEL from germ- 200- 
free mice. Cell surface 97.4- 
proteins of IEL isolated 
fiom germ-& mice were 68- 
luI-labeled by the iodo- 
gen method (30). Precipi- 
tation by anti-CD3 was 
carried out essentdy as 
described (31) with the 

43- 1 
1,- 

use of anti-CD3 coupled 
to Sepharose 4B. For 25.7- 
antibody to y chain px- 
apitadon, the anti-CD3 + 
precipitates were dis~pt- 
ed by boiling in the pres- 
ence of 1% SDS and 10 18.4- 

mM dithiotlueitol as the 
reducing agent. The K- 
duced proteins were then 
akylated by incubation 
with 30 mM iodoaceta- 
mide. The samples were I 2 3  

diluted with buffer con- 
taining 10 mM aiethanolamine, 0.15M NaCl (pH 
7.8), 0.5% NP-40, 1 mM phenyhethyhdfbnyl 
fluoride, 1 rnM EDTA, and 1 pg of leupeptin per 
milliliter. Rabbit antiserum against the y chain (9) 
was added with protein A coupled to Sephamsc 4B, 
and the mixture was incubated for 2 hours at 4°C 
with mixing. The precipitates were washed six times 
with the above bu&r and analyzed by SD!3-12% 
polyacrylamide gel elecwphoresis. Lane 1, anti- 
CD3; lane 2, antixrum to y chain, and lane 3, 
c o m l  antibody. 

case. The normal mice used in these studies 
were fiee of antibody to virus but we cannot 
rule out low levels of inapparent viral infec- 
tion. This is not to imply that IEL are not 
capable of responding to viral antigens, only 
that their repertoire may be skewed toward 
recognition of bacterially derived determi- 
nants. The primordial immune system would 
require protection against invasion of a primi- 
tive digedve mct prior to developing a 
surveillance system of the internal milieu, 
and thus TCR-y8 may have been the earliest 
TCRs, as has been previously proposed (26, 
27). CD8' T cells have been implicated in 
the immune response to pathogenic intracel- 
lular bacteria but the TCR status of these 
cells has not been analyzed (28). Although 
the TCRs of CD8' IEL could be specific for 
bacterially derived antigens, the nature of 
these antigens and the antigen-processing 
mechanisms required for recognition by 
IEL will require further study. The pheno- 
typic and functional characteristics of IEL 
coupled with their highly restricted anatom- 
ical distribution should allow a detailed 
analysis of the in vivo function of T cells 
expressing TCR-78. 
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Defensive Behaviors in Infant Rhesus Monkeys: 
Environmental Cues and Neutochemical Regulation 

To survive, primates must detect danger in time to activate appropriate defensive 
behaviors. In this study, the defensive behaviors of infant rhesus monkeys exposed to  
humans were characterized. It was obsemed that the direction of the human's gaze is a 
potent cue for the infant. Infants separated from their mothers were active and emitted 
t iquent  distress vocalizations. When a human entered the room but did not look at 
the Mat, it became silent and fime in one position. If the human stared at the infant, 
it responded with aggressive barking. Alterations of the opiate system a @ d  the 
tiquency of the infant's distress calls without affecting barking and freezing, whereas 
bemodhepine administration selectively reduced barking and freezing. This suggests 
that opiate and benzodiazepine systems regulate specific defensive behaviors in 
primates and that these systems work together to mediate behavioral responses 
important for survival. 

T 0 SURVIVE, PRIMATES MUST DBTGCT 
potentially dangerous situations and 
then activate appropriate defensive 

behaviors. These behaviors appear to origi- 
nate from genetic programs (1, 2) and may 
be similar in rhesus monkeys and human 
infints (3, 4). For example, rhesus infants 
begin to respond to fearlid visual stimuli at 2 
to 4 months of age (1). Human infants 
experience a similar period of fearfdness 
toward strangers beginning between 7 and 9 
months of age (5). Through experience (6) 
and maturation, infants acquire a more re- 
lined understanding of what is dangerous. 
Consequently, the circumstances that elicit 
fear-related behaviors become more specific. 

Eyes receive and communicate informa- 
tion important for survival. Staring is fie- 
quently associated with aggression and may 
predict or prevent an attack (7). The impli- 
cations of staring have been exploited by 
various species through the evolution of 
protective "eyespot" markings (8). Initially, 
we observed that infant rhesus monkeys 

(Macaca mulatta) briefly separated from their 
mothers dramatically alter their behavior 
when they detect a human intruder and that 
their behavioral responses differ greatly, de- 
pending on whether the intruder stares at 
the infant or averts his gaze. We then found 
selective regulation of these different behav- 
ioral patterns by the infants opiate and 
b e d a z e p i n e  systems. 

To characterize these behaviors, we tested 
11 infant monkeys (8 females and 3 males, 6 
to 11 months-old) twice, During the h t  
test, the infant was separated from its moth- 
er and placed in a cage in a different room. It 
remained alone (A1) for 10 min, while its 
behavior was recorded on videotape. A hu- 
man then entered the room and remained 
motionless 2.5 m from the cage, gazing at 
the wall and presenting his profile to the 
i n b t .  At no time did the human engage the 
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