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Human small intestine contains a very large popula-
tion of intraepithelial T lymphocytes (IELs) that are
oligoclonal, appear functionally to be cytolytic T
cells, and may contribute to the normal and patho-
logical turnover of Intestinal epithelial cells. This re-
port addresses the cytolytic function of IELs in nor-
mal small intestine by examining their expression of
molecules that carry out cell-mediated cytolysis. Im-
munohistochemical analyses of granzyme B, per-
forin, Fas ligand, and tumor necrosis factor-a dem-
onstrated these proteins were not expressed by small
intestinal IELs in situ. These proteins also were not
expressed by colonic IELs or by lamina propria lym-
phocytes in the small or large intestine. Granzyme A,
however, was expressed by a large fraction ofILs. In
contrast to these in situ results, isolated and in vitro
activated EELs were shown to express effector pro-
teins consistent with cytolytic T cells, including gran-
zyme B, Fas ligand, tumor necrosis factor-ai, and in-
terferon-y. These results are most consistent with the
vast majority of IELs in normal human small intestine
being resting cytolytic T cells and suggest that these
cells do not contribute to the apoptotic cell death of
epithelial cells in normal intestine. (Am J Pathol
1997, 151:435-442)

The intestinal mucosa contains two populations of ana-
tomically distinct lymphocytes, intraepithelial lympho-
cytes (IELs), and lamina propria lymphocytes (LPLs).1-3
The human small intestine contains a very large number
of IELs, estimated to be approximately 1 IEL for every 6 to

10 epithelial cells.4 The majority (>90%) of these small
intestinal IELs express CD8 and the aB T cell antigen
receptor (TCR).2 5 CD8+ ca3 T cells are also the major
population in human colon, but the number of IELs in the
colon is much less than in the small intestine, and other T
cell subsets are more represented.39 Intestinal IELs ex-
press a number of markers indicative of previous or cur-
rent activation, including CD45RO, CD69, and the a E37
integrin.5b9u10 TCR analyses have further shown that the
majority of human intestinal IELs are derived from the
expansion of a small number of clones.1 15 These ob-
servations indicate that IELs are responding to a small
number of intestinal antigens, but the identity of these
antigens and the effector functions mediated by these
IELs in response to antigen remain to be determined.

Intestinal epithelial cells are noteworthy for their ex-
tremely high rate of turnover in normal intestine, under-
going apoptotic cell death several days after their gen-
eration.16'17 This process is accelerated in a number of
pathological conditions, some of which may involve T cell
activation in the intestinal mucosa.16,13-20 The mecha-
nisms that regulate epithelial cell turnover in normal in-
testine are poorly understood. In particular, whether the
very large number of IELs in small intestine participate in
the regulation of normal epithelial cell turnover by apo-
ptosis is unclear.

Functional studies have shown that IELs from human
intestine proliferate poorly in response to TCR-mediated
signals but do proliferate in response to stimulation by
CD2 antibodies21-23 or interleukin (IL)-7.24 These obser-
vations suggest that the majority of intestinal IELs may be
activated in situ. Several lines of evidence indicate that
murine intestinal IELs are activated cytolytic T cells, in-
cluding their large granular lymphocyte morphology and
cytolytic activity in redirected lysis assays.25 29 In con-
trast, most human intestinal IELs do not have large cyto-
toxic granules and appear to have only weak cytolytic
activity when freshly isolated.3031 Intestinal IELs do ex-
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press TIA-1, which may be associated with cytotoxic
granules, but expression of this protein is not a marker of
activated cytolytic T cells.31 Moreover, recent data indi-
cate that these cells in situ in normal intestine do not
express granzyme B, a component of the cytotoxic gran-
ules that is clearly a marker of cytolytic activity.32 There-
fore, whether human intestinal IELs are active cytolytic T
cells in situ in normal intestine remains to be determined.

Perforin and granzyme B are stored in T cell cytotoxic
granules and are the primary proteins mediating cytolysis
by cytolytic T cells.33 36 Studies using perforin-deficient
mice have uncovered a second cytolytic pathway medi-
ated by Fas ligand expressed on activated T cells bind-
ing to Fas,37-3 which is expressed constitutively on
many epithelial cells, including those in human intes-
tine.40 In contrast to the perforin/granzyme B cytotoxic
granule-based system, the Fas ligand system can be
rapidly induced and results in apoptosis of target cells.
Finally, tumor necrosis factor (TNF)-a expressed by acti-
vated T cells may also mediate apoptosis of target cells
expressing TNF receptors.36'41

This report addresses the biological function of IELs in
normal small intestine by examining their expression of
molecules that carry out cell-mediated cytolysis. Isolated
small intestinal IELs were found to express granzyme B,
Fas ligand, and TNF-a. However, immunohistochemical
studies demonstrated that none of these proteins, or
perforin, were expressed by intestinal IELs in situ. These
results indicate that the vast majority of intestinal IELs are
not actively cytolytic in normal intestine and, therefore,
are unlikely to participate in the normal apoptotic cell
death of epithelial cells. They also suggest that the weak
cytolytic activity of isolated human IELs may reflect in vitro
activation.

Materials and Methods

Isolation of IELs and LPLs

Strips of grossly normal small intestine were obtained
from surgical resections being performed for gastric by-
pass (jejunum) or pancreatic cancer. Colonic mucosa
was obtained from normal margins in patients being re-
sected for colon cancer. IELs and LPLs were isolated as
described previously.30'42 In brief, dissected mucosa
was incubated for 20 minutes at 37°C in calcium- and
magnesium-free Hanks' balanced salt solution containing
1 mmol/L dithiothreitol and 2% fetal calf serum (FCS). The
IELs were then released by three 40-minute washes in
Hanks' balanced salt solution containing 2% FCS and 1
mmol/L EDTA and pooled. The tissue was then incubated
overnight at 370C in 40 ml of RPMI-1640 containing 5.0
mg of collagenase D, 5.0 mg of trypsin inhibitor, and
0.01% deoxyribonuclease (Worthington Scientific,
Malvern, PA) to release LPLs. Large fragments from both
the IEL and LPL fractions were removed using a 100-gtm
mesh screen, and a 30%/44%/66% Percoll density gra-
dient was used to separate lymphocytes from contami-
nating epithelial cells.

Peripheral blood mononuclear cells were obtained
from normal donors by Ficoll-Hypaque centrifugation. Ac-
tivated peripheral blood lymphocytes (PBLs) were gen-
erated by culturing freshly isolated peripheral blood
mononuclear cells with phytohemagglutinin (PHA; 1 ,tg/
ml) and IL-2 (10 U/ml) for 3 days in RPMI-1640 with 10%
FCS. Purified small intestinal IELs and PHA-activated
PBLs were formalin fixed and embedded in 0.5% aga-
rose, and the agarose pellets were embedded in paraffin
for immunohistochemical studies.

Tissue Samples
For routine microscopic examinations, formalin-fixed
(7.5%, pH 7.4), paraffin-embedded tissues were stained
with hematoxylin and eosin (H&E) and according to
Giemsa. Samples from small bowel were taken from the
distal resection margins of gastro-duodeno-pancreatec-
tomies (Whipple procedures; n = 10) and from proximal
margins of ileocolectomies for cecal adenoma or carci-
noma (n = 5). Colonic samples were taken from distal
margins of the ileocolectomies. Frozen sections were
from small intestine (n = 5) or large intestine (n = 3). All
samples studied contained microscopically normal mu-
cosa without evidence of neoplasia or inflammation. In
particular, the number of IELs in the small intestinal sam-
ples was in the normal range (9 to 39 IELs/100 entero-
cytes).4

Immunohistochemical Analysis
Immunostaining with the polyclonal anti-CD3 (Dako,
Copenhagen, Denmark; 1:400), anti-Fas ligand (N-20,
Santa Cruz Biotechnology, Santa Cruz, CA; 1:160), and
TNF-a antibodies (Genzyme, Cambridge, MA; 1:200) and
the monoclonal granzyme A and B antibodies (GrA-8 and
GrB-4, respectively)43 was done on the formalin-fixed,
paraffin-embedded tissue. Staining with the monoclonal
perforin antibody (T-Cell Diagnostics, Cambridge, MA;
1:100) was done on frozen sections after fixation in ace-
tone for 10 minutes. Pretreatment for unmasking of anti-
gens was done either by digestion with 0.05% protease
(type XXIV, Sigma Chemical Co., St. Louis, MO) in Tris-
buffered saline for 5 minutes at 370C (for CD3 and TNF-a)
or by microwaving in citrate buffer (10 mmol/L, pH 6.0)
twice for 5 minutes each at 600 W (for Fas ligand, GrA-8,
and GrB-4).

Endogenous peroxidase was blocked by incubation in
1% H202 in Tris-buffered saline or by incubation in a
solution containing glucose (50 mg/ml) and glucose ox-
idase (Sigma). Application of the polyclonal antibodies
was followed by incubation with biotinylated goat anti-
rabbit Ig as a secondary antibody and then peroxidase-
conjugated streptavidin (Super Sensitive HRP Label, Bio-
genex, San Ramon, CA). Staining was developed using
3-amino-9-ethylcarbazole as the chromogen (Sigma) in
the presence of H202. The monoclonal antibody reac-
tions used biotinylated horse anti-mouse IgG as the sec-
ondary antibody followed by Vectastain Elite ABC re-
agent (Vector Laboratories, Burlingame, CA) and 3,3'-
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diaminobenzidine as a chromogen (Fluka, Buchs,
Switzerland) in the presence of H202. Nonspecific reac-
tivity was assessed by omission of the primary antibod-
ies.

For quantitation of IEL staining, serial sections were cut
from each block. Sequential sections were then stained
with anti-CD3 and GrB-4, GrA-8, Fas ligand, TNF-a, or
perforin (the latter only on the frozen sections). The frac-
tion of positive cells was then based upon the number of
CD3+ cells in the adjacent section.

Preparation ofAnti-Fas Ligand Antiserum and
Immunoprecipitation
Human Fas ligand cDNA was isolated by polymerase
chain reaction (PCR) amplification based upon the pub-
lished sequence.44 A glutathione-S-transferase (GST)-
Fas ligand fusion protein was made that contained the
ectodomain of Fas ligand (codons 115 to 281). Antisera
were generated in rabbits and tested for reactivity to the
fusion protein by Western blotting. No reactivity was de-
tected against TNF-a by enzyme-linked immunosorbent
assay (ELISA).

For immunoprecipitations, freshly isolated cells (1 x
107)were surface labeled with sulfosuccinimidyl-6-(bio-
tinamido) hexanoate (NHS-LC-Biotin, Pierce Chemicals,
Rockford, IL) using 0.5 mg/ml in 25 mmol/L HEPES, pH
8.0, 0.14 mol/L NaCI for 30 minutes at 40C. After washing,
cells were lysed in Tris-buffered saline containing 1%
Triton X-100 and protease inhibitors. Lysates were then
cleared by two to three incubations with nonimmune rab-
bit serum bound to protein A-Sepharose beads. They
were then incubated with the anti-Fas ligand antiserum
bound to protein A-Sepharose, eluted in sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis sample
buffer and analyzed by SDS-polyacrylamide gel electro-
phoresis. The proteins were transferred to nitrocellulose,
blotted with a Streptavidin-horseradish peroxidase con-
jugate and developed by ECL (Amersham, Arlington
Heights, IL).

Analysis of Cytokine Expression
RNA was extracted using RNAzol-B (TM Cinna Scientific,
Friendswood, TX), and cDNA was synthesized using
oligo-dT and MMTV reverse transcriptase (New England
Biolabs, Beverly, MA). cDNAs were PCR amplified with
Fas ligand primers (sense, 5'-GATGTTTCAGCTCTTC-
CACCTAC; antisense, 5'-CAACATTCTCGGTGCCTG-
TAAC) in exons 1 and 4, respectively. PCR amplification
for expression of other mediators was done using primers
for IL-la, IL-2, IL-4, IL-5, IL-7, IL-10, IL-13, interferon
(IFN)-y, macrophage colony-stimulating factor (M-CSF),
TNF-a, and granulocyte/macrophage (GM)-CSF from
Clontech (Palo Alto, CA). Additional primers for keratino-
cyte growth factor (KGF) were synthesized (sense, 5'-
CCTGCCAACTTTGCTCTACAGAT; antisense, 5'-CCTC-
CGTTGTGTGTCCATTTAGCT). For ELISAs, cells were
cultured at 1 x 106/ml without further stimulation or with
PHA (1 ,tg/ml), plate-bound anti-CD3E (Immunotech,

Westbrook, ME), or IL-2 (10 U/ml). TNF-a and IFN-y were
measured after 1 to 3 days by ELISA (Endogen, Cam-
bridge, MA).

Results

Immunohistochemical Analysis of Granzyme A,
Granzyme B, and Perforin Expression
Previous data have shown that isolated human small
intestinal IELs have cytolytic activity.3031 IEL expression
of granzyme B, a component of the T-cell granule-based
cytolytic pathway, was assessed by immunohistochem-
istry to determine whether this pathway may contribute to
cytolytic activity. Using purified small intestinal IELs,
weak staining with the granzyme B monoclonal antibody
was observed in approximately 15% of the cells. Figure
1A shows a field containing one of these weakly stained
cells. In contrast, intense granzyme B staining was seen
in a large fraction (approximately 30%) of PHA-activated
PBLs (Figure 1 B).

Although granzyme B was detected in isolated IELs, a
recent report indicated that it was not expressed by IELs
in situ.32 Therefore, subsequent studies were carried out
in tissue sections from normal intestine rather than puri-
fied cells. Sections were analyzed for granzyme B ex-
pression to determine whether the weak staining by a
minority of isolated IELs could be detected in situ. A
representative section of small intestinal mucosa, exam-
ined initially by immunohistochemistry with an anti-CD3
antiserum, is shown in Figure 1C. Specific staining of
numerous T cells could be clearly visualized in the epi-
thelium and lamina propria. In contrast, staining for gran-
zyme B revealed only rare positive cells in the epithelium
or lamina propria. A field containing a rare granzyme-B-
positive cell in the lamina propria is shown in Figure 1 D.
Quantitative comparisons between CD3+ versus gran-
zyme-B-positive cells in normal small intestine from a
series of 10 cases demonstrated that <2% of IELs ex-
pressed detectable levels of granzyme B. Granzyme-B-
positive cells were similarly rare or absent from normal
colon in a series of five cases.

Additional frozen sections from normal small intestine
(five cases) were analyzed with an anti-perforin monoclo-
nal antibody. Similar to the granzyme B results, only rare
positive cells were seen. Figure 1 E shows a field contain-
ing one of these positive cells in the lamina propria.
Quantitatively, a comparison of CD3- versus perforin-pos-
itive cells indicated that, similar to granzyme B, <2% of T
cells expressed perforin. Perforin-positive cells were also
rare or absent in frozen sections from normal colon (three
cases). The rare perforin-positive cells and granzyme-B-
positive cells above had the morphology of lymphocytes,
consistent with their being T cells or NK cells.

Interestingly, staining for granzyme A revealed that
approximately 30% of IELs were positive. The proportion
of positive cells and the staining intensity varied along the
crypt to villous axis. The lower and intermediate villous
regions contained approximately 1 0 to 15% weakly gran-
zyme-A-positive IELs, whereas between 30 and 60% of
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Figure 1. ImmuLnohistochemical analyses of granzyme and perforin expression. Formalin-fixed, purified cells or tissue sections were stained with granzyme-B-,
CD)3-, perforin-, or granzyme-A-specific antibodies. A: Isolated small intestinal IEL preparation stained with granzymiie B antibody showing a field with a weakly
positive cell. B: PHA-activated PBLs stainedl with granzyme B antibody showing strong staining by a representative positive cell and negative cells in the same
field as an internal control. C: Section of small intestine stained with CD3 antibody showing staining by nUmerous IELs at the basolateral surface of enterocytes.
D: Section of small intestine stained with granzyme B antibody shlowing a rare positive LPI E: Section of small intestine stained with perforin antibody showing
a rare positive LPL. F: Section of small intestine stained with granzyme A antibody showing several positive ILLs.

IELs in the upper regions close to the villous tips dis-
played moderate to strong immunoreactivity (Figure 1 F).
Moreover, the most pronounced granzyme A staining
was found in upper villous regions of single circum-
scribed areas of 1 to 3 mm in diameter in four samples
(two jejunal and two ileal samples). This localized in-
crease of granzyme A expression was not accompanied
by a dramatic increase in granzyme B reactivity, based
upon analyses of serial sections. However, it should be
noted that the rare granzyme-B- and perforin-positive
IELs were most commonly found in the upper villous
regions (not shown).

Fas Ligand Expression by IELs

A second pathway through which T cells may mediate
cytotoxicity is by Fas ligand expression. Fas ligand mes-
sage was detectable by PCR amplification in each of four

small-intestinal IEL preparations (data not shown). Immu-
noprecipitations were carried out to determine whether
Fas ligand protein was expressed by isolated IELs. IELs
and LPLs isolated from normal small intestine were sur-
face biotinylated and immunoprecipitated with nonim-
mune rabbit antiserum or a rabbit antiserum generated
against a Fas ligand-GST fusion protein. A specific band
of approximately 36 kd, consistent with the size of glyco-
sylated Fas ligand, was observed in the lysates from the
IELs and from activated PBLs but not from the LPLs
(Figure 2). This result was consistent with the PCR anal-
ysis above and indicated that Fas ligand may be ex-
pressed at higher levels by isolated IELs versus LPLs.

Although Fas ligand was expressed by isolated small-
intestinal IELs, this protein can be rapidly induced by T
cell activation in vitro.45 Therefore, immunohistochemistry
was used to determine whether Fas ligand was ex-
pressed by small-intestinal IELs in situ. Figure 3A shows
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Figure 2. Immunoprecipitation of Fas ligand from freshly isolated small
intestinal IELs. Isolated IELs (I) and LPLs (L) from the same sample of normal
small intestine and PHA-activated PBLs (aP) were analyzed. Cells were

surface biotinylated, lysed, and immunoprecipitated with nonimmune rabbit
antiserum (Non-immune) or an anti-Fas ligand antiserum (Anti-FasL) made
in rabbits against a Fas ligand-GST fusion protein. Proteins were visualized
using horseradish-peroxidase-conjugated streptavidin and ECL.

the expression of Fas ligand by several mononuclear
cells in the lamina propria, most of which morphologically
appear to be macrophages or dendritic cells. However,
in contrast to the results in vitro, these studies failed to
detect Fas ligand expression by small intestinal or co-
lonic IELs. Faint staining of some lymphoid cells in ba-
sally located lymphoid aggregates was seen, and low to
moderate granular staining was seen in Paneth cells (not
shown). Paneth cells were recently reported to express
Fas ligand message based upon in situ hybridization.46

Expression of Other Effector Proteins by
Isolated Intestinal IELs
The expression of additional effector molecules by intes-
tinal IELs was examined. As an initial screen, intestinal

A B
Figure 3. Immunohistochemical analyses of Fas ligand and TNF-a expres-

sion. Sections of normal small intestine were stained with Fas ligand (A) or

TNF-a (B) antibodies. In A, Fas-ligand-positive cells are seen in the lamina
propria, which morphologically represents macrophages and potentially
dendritic cells. No IEL or LPL staining is detected. In B, several TNF-a-
positive mononuclear cells are seen in the lamina propria, but no IEL staining
is detected.

IEL cDNA (four from normal small intestine and one from
normal colon) were amplified for 40 cycles with primers
specific for IL-la, IL-2, IL-3, IL-4, IL-5, IL-7, IL-10, IL-13,
TNF-a, IFN-y, GM-CSF, M-CSF, and KGF. No transcripts
encoding IL-3, IL-4, IL-5, IL-7, or IL-13 were detected in
any of the five cDNA samples examined (data not
shown). KGF was detected only in an IEL sample from
normal colon and was presumably derived from TCR-,y
cells, which are more abundant in the colon and have
been shown to produce KGF.47

TNF-ca and IFN-y expression by isolated IELs and LPLs
from normal small intestine was further assessed by
ELISA. In the absence of added stimuli, TNF-a was pro-
duced at low levels. PHA stimulated the rapid production
of TNF-a from IELs and substantially higher levels from
LPLs (Figure 4, A and B). Anti-CD3 and IL-2 were signif-
icantly less effective than PHA at stimulating TNF-a pro-
duction. IFN-y production was also stimulated by PHA in
both the IELs (Figure 4C) and LPLs (Figure 4D), with
anti-CD3 stimulation again being less effective. In the
absence of added stimuli, there was no detectable IFN-'y
produced by the IELs, whereas low-level production by
the LPLs was detectable.

TNF-a Expression by Small Intestinal IELs
in Situ
TNF-a is the final cytolytic pathway mediator, in addition
to perforin/granzyme B and Fas ligand, through which T
cells are known to mediate cytolysis of specific target
cells.36'41 The studies above demonstrated that TNF-a
was expressed at low levels by isolated intestinal IELs
and that production of TNF-a by these cells could be
rapidly induced with activation. To determine whether
TNF-a was expressed by intestinal IELs in situ, possibly at
high levels by a subset of activated IELs, a series of
immunohistochemical analyses were carried out on nor-
mal intestine.

In three samples (one from jejunum and two from ile-
um), strong staining for TNF-a was found in mast cells,
macrophages, and fibroblasts (Figure 3B), and moderate
to light staining was observed in granulocytes and Pan-
eth cells. Interestingly, germinal centers of Peyer's
patches showed a TNF-a-positive network that appeared
to represent follicular dendritic cells processes (not
shown). In the remaining 12 samples (7 from normal small
intestine and 5 from normal colon), only mast cells
showed consistent strong TNF-a expression whereas the
other cell types mentioned above showed weak or no
staining. No immunoreactivity was seen in IELs or other
lymphoid cells in any of the specimens examined. These
results indicated that TNF-a, similar to the other known
mediators of cytolysis examined, was not expressed by
IELs in situ in normal intestine.

Discussion
The human small-intestinal epithelium contains a very
large population of CD8+ TCR-a1 IELs that express sev-
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Figure 4. Expression of TNF-a and IFN--y protein by ELISA. Freshly isolated IELs (A and C) and LPLs (B and D) from normal jejunum were cultured without
stimulation or with PHA (1 ug/lml), plate-bound anti-CD3e, or IL-2 (10 U/ml). TNF-ca (A and B) or IFN-,y (C and D) were then measured after 1 to 3 days by ELISA.

eral markers indicative of activation. A substantial fraction
of IELs in normal murine intestine are activated cytolytic T
cells,2-29 and weak spontaneous cytolytic activity by
freshly isolated human small-intestinal IELs has been
demonstrated.30'31 These observations suggest that IELs
in normal human small intestine may also be activated
cytolytic T cells, possibly contributing to the normal rapid
turnover of the epithelium. However, this report demon-
strates that the vast majority of IELs in normal human
small intestine and colon do not express any of the pro-
teins known to mediate cytolysis by T cells.

Consistent with a previous report, in situ immunohisto-
chemistry showed that cells expressing granzyme B were

rare in the epithelium and lamina propria of normal small
intestine and colon.32 Absence of the granule-mediated
cytolytic system was confirmed by an analysis of perforin
expression. Similar to granzyme B, perforin-expressing
cells were rare in the epithelium and lamina propria of the
small and large intestine. These results demonstrate that,
in contrast to murine intestine, the vast majority of IELs
are not activated cytolytic T cells in normal human intes-
tine.

T cells may also mediate cytolysis through Fas ligand
or TNF-a pathways. Fas ligand message expression was
reported previously in the rat small intestine by Northern
blot analysis48 and recently in human Paneth cells by in
situ hybridization.46 A recent study using purified intesti-
nal cells suggested that Fas ligand protein may be ex-

pressed by human LPLs.49 In the current study, Fas
ligand message and protein were detected in isolated
small-intestinal IELs. However, immunohistochemical
analyses of Fas ligand in normal intestine demonstrated
protein in macrophages, dendritic cells, and Paneth cells
but not in IELs or LPLs. This result suggests that the Fas
ligand expression observed with freshly isolated small-
intestinal IELs may reflect in vitro activation. TNF-a ex-

pression by intestinal IELs and LPLs in situ was also
undetectable. Consistent with previous reports, TNF-a
was detected in situ in Paneth cells and in a number of
other cells types in the lamina propria.5052 These in situ
analyses of granzyme B, perforin, Fas ligand, and TNF-a
demonstrate that the vast majority of intestinal IELs (and
LPLs) do not express any of the proteins known to medi-
ate cytolysis by T cells, indicating that IELs are not ac-

tively cytolytic in normal human intestine. It is possible
that previous reports of weak cytolytic activity by isolated
intestinal IELs30.31 reflected in vitro activation of Fas Ii-
gand expression, as suggested by the detection of Fas
ligand on isolated IELs but not in situ. Weak expression of
granzyme B by isolated IELs was also detected, suggest-
ing that early in vitro activation of the granule-based sys-
tem may contribute to cytolysis.

Although the immunohistochemical analyses in situ
were negative for granzyme B and perforin, significant
staining for granzyme A was detected. The biological
function of granzyme A is not clear. The roles of perforin
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and granzyme B in cytolysis have been shown directly
using mice with targeted deletions in these genes,
whereas lack of granzyme A does not affect the cytolytic
potential of T cells.53 A recent report suggests the inter-
esting possibility that granzyme A may play a role in
clearing infections with viruses that can inactivate gran-
zyme B.54 Whether granzyme A expression by intestinal
IELs in situ reflects this or another effector function re-
mains to be determined.

Although the vast majority of IELs do not appear to be
actively cytolytic in normal intestine, several lines of evi-
dence indicate that they do function as cytolytic T cells
when activated. In this report, the spectrum of transcripts
detected by PCR amplification in isolated IELs was indic-
ative of cytolytic T cells, as was the production of TNF-a
and IFN-y after PHA activation in vitro. These data are
consistent with observations made in celiac disease,
where a marked increase of activated small-intestinal
IELs expressing granzyme B was demonstrated.32 A re-
cent report analyzing freshly isolated and in vitro acti-
vated intestinal IELs also found a cytokine profile consis-
tent with cytolytic T cells.55 Interestingly, this latter report
examined IFN-y expression by immunohistochemistry
and found approximately 8% of jejunal IELs to be positive
in situ.55 In contrast, in the current study, IFN-y protein
expression by freshly isolated jejunal IELs was undetect-
able, although IFN-y message could be detected by
PCR.
The majority of small-intestinal IELs are CD8+, TCR-

af+ T cells derived from the expansion of a relatively
small number of T cell clones,1 1-15 but the target antigens
recognized by these cells are presently unknown. This
limited TCR repertoire and resting cytolytic T cell pheno-
type are most consistent with one of two functions for the
majority of human small-intestinal IELs, although addi-
tional novel functions are certainly possible. First, they
may be conventional cytolytic T cells specific for one or a
very small number of related and very prevalent intracel-
lular pathogens. Alternatively, they may be specific for
cellular antigens the expression of which on intestinal
epithelial cells is induced by certain types of cellular
damage. In either case, given the normal short life span
of intestinal epithelial cells, it seems most likely that IELs
would target abnormalities that prolong the life span of
the epithelial cells. Finally, the very low frequency of IELs
expressing cytolytic effector proteins in situ in normal
intestine suggests that the clonal expansion of these cells
may occur through activation in response to multiple
acute insults to the intestinal epithelium over time rather
than more chronic stimuli.
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