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Mucosal Inflammation Research Group, Department of Biological Sciences, University

of Calgary, Calgary, Alberta T2N 1N4, Canada

Received 4 December 2003/Returned for modification 10 January 2004/Accepted 1 February 2004

T-cell-mediated pathogenesis has been documented in various idiopathic and microbially induced intestinal
disorders. Diffuse microvillous shortening seen in giardiasis is responsible for disaccharidase insufficiencies
and malabsorption of electrolytes, nutrients, and water. Other mucosal changes include crypt hyperplasia and
increased numbers of intraepithelial lymphocytes (IEL). A recent report using an athymic mouse model of
infection showed that these epithelial injuries were dependent on T cells. The aim of the present study was to
identify which subset of superior mesenteric lymph node (SMLN) T cells were responsible for mucosal
alterations in giardiasis. CD4� and CD8� T cells, as well as whole lymphocyte populations, were isolated from
SMLN of Giardia muris-infected mice for adoptive transfer. Jejunal segments of recipient mice were assessed
for brush border ultrastructure, sucrase activity, crypt/villus ratio, and IEL numbers. Mice that received
enriched CD8� and whole SMLN lymphocytes, but not CD4� T cells, from infected donors showed diffuse
shortening of microvilli, loss of brush border surface area, impaired sucrase activity, and increased crypt/villus
ratios compared to respective controls. Transfer of whole SMLN lymphocytes, as well as enriched CD4� or
CD8� T cells, from infected donors led to increased IEL numbers in the recipient jejunum. The findings
indicate that loss of intestinal brush border surface area, reduced disaccharidase activities, and increased
crypt/villus ratios in giardiasis are mediated by CD8� T cells, whereas both CD8� and CD4� SMLN T cells
regulate the influx of IEL.

Intestinal infection with the parasite Giardia lamblia (syn-
onyms, G. intestinalis and G. duodenalis) is the most common
waterborne diarrheal disease in North America. Pathophysio-
logical changes in giardiasis include digestive enzyme deficien-
cies, Na� and glucose malabsorption, and microvillous brush
border injury, which may or may not be associated with villous
atrophy (3, 4, 6, 29, 41, 42, 44). These abnormalities result in
maldigestion, malabsorption, and diarrhea. Similar pathophys-
iological processes also occur in food anaphylaxis (11, 18),
celiac disease (40), Crohn’s disease (2, 12, 14, 36), and bacte-
rial enteritis (7, 19). The fact that similar mucosal structural
and functional changes are seen in diseases with or without
microbial involvement has led to the hypothesis that host fac-
tors are implicated in the pathogenesis of these disorders.
These similarities make experimental giardiasis a useful model
for studying the mechanism of intestinal epithelial injury and
malfunction.

Nude athymic (nu�/nu�) mice, unlike their euthymic coun-
terparts, fail to clear infections with Giardia (27, 39). Recon-
stitution of infected athymic mice with T cells leads to de-
creased parasite load (39). Moreover, specific depletion of
CD4� T cells allows the development of chronic giardiasis in
mice (9, 45). In parallel with their role in parasite clearance, T
cells have also been implicated in the pathogenesis of mucosal
epithelial injury (16, 51). Previous studies using athymic nude
mice have shown that villous atrophy and crypt cell hyperplasia
in giardiasis are mediated by activated T cells, and reconstitu-

tion of T cells in athymic infected mice causes crypt-villus
abnormalities (17, 39). Similarly, villous atrophy and crypt cell
hyperplasia may be induced with T cells stimulated with either
pokeweed mitogen or anti-CD3 antibody (32). Together, these
observations suggest that intestinal villous atrophy and crypt
cell hyperplasia can be mediated by activated T cells, regard-
less of the presence or absence of microbial pathogens, via
mechanisms that remain obscure. Moreover, previous reports
suggest that in giardiasis, the degree of epithelial microvillous
abnormalities correlates with the severity of intestinal malfunc-
tion and clinical symptoms (6, 16). Recent findings have shown
that microvillous injury and disaccharidase impairment de-
velop in euthymic, but not athymic (nu�/nu�) mice, infected
with G. muris, suggesting that brush border injury may be
mediated at least in part by thymus-derived T cells (44). In
contrast, increased numbers of intraepithelial lymphocytes
(IEL) was seen in intestinal tissues from either group of in-
fected animals (44). While this observation is consistent with
previous studies that described increased numbers of IEL in
the Giardia-infected intestine (19, 37, 48), the findings also
imply that influx may in part depend on T cells of extrathymic
origin.

In an attempt to better understand the mechanism of small
intestinal abnormalities caused by giardiasis, the aim of this
study was to assess the role of CD4� and CD8� T lymphocytes
in intestinal injury and increase of IEL numbers.

MATERIALS AND METHODS

Animal model. Four-week-old (17- to 20-g), female, specific-pathogen-free,
immunocompetent, euthymic CD-1 mice (Charles River Laboratories, Wilming-
ton, Mass.) were used in all experiments. Animals were housed in pairs and given
water and commercial rodent chow ad libitum, and cages were covered with
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microisolator lids to prevent cross-contamination. The animal room environment
was maintained at 22°C and 40% relative humidity with 12-h photoperiods.
Maintenance of animals and all experimental procedures were carried out in
accordance with guidelines of the Canadian Council on Animal Care and the
University of Calgary Animal Life and Environmental Sciences Care Committee.

Isolation of T lymphocytes. In all experiments, infection was established with
an axenic inoculum of G. muris devoid of bacterial and/or viral contaminants as
previously described (44). T-cell donor animals were separated into two groups:
sham-treated control donor (CD) animals received 0.2 ml of sterile phosphate-
buffered saline (PBS) by orogastric gavage; infected donor (ID) mice received 2
� 105 live, axenic G. muris trophozoites suspended in 0.2 ml of sterile PBS (106

trophozoites/ml). Lymphocytes were collected from the superior mesenteric
lymph nodes (SMLNs) of donor mice 6 days after either inoculation with the
axenic trophozoites suspension or sham vehicle. Day 6 was selected in light of the
microvillous brush border and disaccharidase abnormalities seen at this time of
a primary experimental infection (44). SMLNs were aseptically excised from the
mice, pooled, and placed in chilled, sterile Hanks’ balanced salt solution. A
single-cell suspension was achieved by the gentle grinding of the lymph nodes
between the frosted ends of two microscope slides. This cell suspension was
centrifuged at 800 to 1,000 � g for 5 min at 4°C. The pelleted cells were then
resuspended in 5 ml of sterile PBS, and viable cells were counted on a hemacy-
tometer by trypan blue exclusion and adjusted to a concentration of 5 � 107

cells/ml.
Purification of CD4� and CD8� T lymphocyte population. T-cell purification

was performed using the MidiMACS magnetic cell separation system according
to manufacturer’s protocols (Miltenyi Biotec, Auburn, Calif.). Cells were sus-
pended in MACS buffer (154 mM NaCl, 2.2 mM Na2HPO4, 8 mM NaH2PO4,
1.99 mM EDTA, 5% bovine serum albumin) to a concentration of 107 cells per
95 �l. Magnetic microbeads (5 �l/107 cells) specific for murine CD4 (L3T4) or
murine CD8 (Ly-2), (both from Miltenyi Biotec) were used to capture the
desired cells in the LS separation column (Miltenyi Biotec) and allowed the
flowthrough of undesired cell types. The purity of each enriched population was
assessed by fluorescence-activated cell sorting analysis and checked for contam-
inating aerobic and anaerobic bacteria using serial dilutions spread into plates
with Columbia blood agar (5% defibrinated sheep blood, 37°C, 5% CO2 [for 24
and 48 h]), MacConkey agar (37°C and 5% CO2 [for 24 and 48 h]), or brucella
blood agar (5% defibrinated sheep blood, 37°C [under anaerobic conditions for
48 and 72 h]) (all from Bacto, Difco Laboratories). The resulting purity of CD4�

and CD8� T cells was over 92% as determined by flow cytometry (23, 38), and
the cell preparations were devoid of bacterial contamination (data not shown).

T-cell adoptive transfer studies. Naive recipient mice (CD-1 immunocompe-
tent, nu�/nu�, female, 4 weeks old, 17 to 20 g) were assigned to the following
experimental groups. Mice in the first of three paired groups received whole
SMLN lymphocytes from either control or IDs. Mice in the other paired groups
received either enriched CD4� or enriched CD8� SMLN T cells of CDs or IDs.
All mice received 107 lymphocytes in 0.2 ml of sterile saline via tail vein injection
and were killed 3 days later for analysis. Samples were collected for histology,
transmission electron microscopy, and brush border surface area calculation, and
sucrase activity as described previously (4, 6, 44). Trophozoite colonization of the
jejunum was assessed in all recipient mice to verify their Giardia-free status. All
transfer experiments were carried out twice to ensure the results were reproduc-
ible.

Transmission electron microscopy and brush border surface area determina-
tion. Jejunal enterocyte microvillous brush border ultrastructure was measured
with transmission electron microscopy as previously described (44). Briefly, in-
testinal segments (1 cm) taken 13 cm distal to the ligament of Treitz were
removed and fixed in 5% glutaraldehyde in cacodylate buffer overnight at 4°C.
Samples were cut into 1-mm2 squares and postfixed in 1% OsO4 for 2 h, dehy-
drated in ethanol, cleared with propylene oxide, and embedded in Spurr low-
viscosity medium (Sigma, St. Louis, Mo.). Semithin sections were stained with
basic toluidine blue for light microscopy to select midvillous areas for thin
sectioning for electron microscopy. Sections (thickness, 80 nm) were double
stained with saturated uranyl acetate in 50% ethanol and 0.4% lead citrate
(aqueous). Sections were examined at 75 kV on a Hitachi H7000 transmission
electron microscope.

Micrographs of midvillous enterocyte apical membranes from mice of each
experimental group were obtained at the same magnification (�12,000), as
previous studies have demonstrated that Giardia-induced microvillous injury in
the midvillous area was representative of the changes along the entire villous axis
(6, 44). Height, width, and density of the microvilli were calculated, and the
surface area of the epithelial brush border was determined as previously de-
scribed (5). To avoid observer bias, micrographs were coded and observations
were recorded in a blind fashion. For each group, a total of 14 to 21 micrographs

were obtained from three animals per group, and microvillous brush border
surface area was calculated. In short, microvillous height and width were mea-
sured over 1 �m of epithelial surface, and the average values were used to
determine the surface area of a cylinder (representing the shaft) and a circle
(representing the tip of the microvillus), with the sum of these two calculated
values representing the surface area of one average microvillus. The number of
microvilli along one micrometer of epithelium (n) was determined and squared
to obtain microvillar density per 1 �m2 of epithelial surface. Microvillar density
was multiplied by the calculated microvillar surface area to determine the overall
microvillar surface area per square micrometer of epithelium.

Disaccharidase activity. As a number of previous studies have used disaccha-
ridase impairment as a reliable marker of Giardia-induced mucosal injury, su-
crase activity was measured in the present study to assess whether brush border
function may be altered by the activated T cells. Jejunal segments (length, 12 cm)
were collected from recipient mice, blotted dry, weighed, homogenized in 2.5
mM EDTA (4 ml/1 g of tissue), snap-frozen in liquid nitrogen, and stored at
�70°C until needed. Sucrase activity was determined as previously described (6,
44) and expressed as units per gram of protein. Total protein content from
mucosal samples was determined by the Bradford protein assay (Bio-Rad, Mis-
sissauga, Ontario, Canada).

Intestinal histology. Jejunal segments (length, 2 cm, taken 11 cm distal to the
ligament of Treitz) were removed and processed for light microscopy. Samples
were fixed in 10% neutral buffered formalin (pH 7.3) and embedded in paraffin
wax, and sections were stained with hematoxylin and eosin. Crypt and villus
length were measured from well-oriented, complete, crypt-villus units, using a
scale built in the optical lens of the light microscope. The average of the calcu-
lated ratio of crypt to villus was determined for each mouse in the different
groups. The number of IEL was also determined along villus units and expressed
as the number of IEL per 100 epithelial cells (% IEL).

Statistical analysis. Results were expressed as mean � standard error of the
mean (SEM). Means were compared by paired t test or one-way analysis of
variance and Tukey’s compromise test for multiple comparison where applicable.
Significance was established at P � 0.05.

RESULTS

Brush border ultrastructure. Six days postinfection, the to-
tal number of lymphocytes isolated from the SMLNs of in-
fected mice (32.1 � 106 � 6.2 � 106) was significantly higher
(approximately 2.2-fold) than that of controls (14.4 � 106 � 1.7
� 106). To determine the role of CD8� and CD4� lympho-
cytes in the brush border injury and disaccharidase deficiencies
caused by giardiasis, T-cell-adoptive transfer studies were per-
formed. Representative electron photomicrographs of the in-
testinal epithelial cells of naive recipient mice 3 days posttrans-
fer are shown in Fig. 1. Transfer of whole SMLN lymphocyte
populations and CD8�-enriched population of T cells from
infected mice induced a diffuse shortening of brush border
microvilli in recipient animals. Transfer of CD4� T cells from
infected animals did not alter microvillous ultrastructure (Fig.
1). Specific measurements of the brush border architecture
confirmed these observations (Table 1). In naive recipients
given whole lymphocyte populations or enriched CD8� T cells,
the overall epithelial surface area was reduced by approxi-
mately 30% compared to controls. In both cases, the loss of
brush border surface area was a direct result of microvillous
shortening (Table 1). In mice that received purified CD4� T
cells from infected animals, jejunal microvillous architecture
was not different from that of controls (Table 1).

Sucrase activities. Sucrase activity was assessed in order to
determine whether loss of jejunal brush border surface area
was associated with impaired function. Sucrase activity was
significantly decreased (P � 0.05) in naive mice that received
either whole SMLN cell preparations (143 � 14 U/g of pro-
tein) or enriched CD8� T cells (186 � 11 U/g of protein) from
IDs compared to mice receiving whole SMLN preparations
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FIG. 1. Representative transmission electron micrographs of the jejunal microvillous brush border from naive mice which received lymphocytes
from donors infected with Giardia (B, D, and F) or from sham-inoculated CDs (A, C, and E). In separate experiments, mice received either whole
SMLN lymphocytes (A and B), enriched SMLN CD4� T cells (C and D), or enriched SMLN CD8� T cells (E and F). Brush border shortening,
when present, was diffuse and was seen at sites of trophozoite colonization as well as in other areas. Bar equals 1 �m for all micrographs.
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(197 � 13 U/g of protein) or CD8� cells (249 � 21 U/g of
protein) from uninfected CDs. Sucrase activity was not differ-
ent in recipients of purified CD4� T cells from IDs (194 � 19
U/g of protein) versus their respective controls (189 � 16 U/g
of protein). Results in Fig. 2 illustrate sucrase activities in
recipient animals as percentages versus their respective con-
trols.

Crypt/villus ratio. The effect of specific subpopulations of T
cells in the regulation of crypt/villus ratios was determined.
Increased crypt/villus ratio was found in the jejunum of Giar-
dia-infected donor mice compared to uninfected donor con-
trols (Fig. 3). Naive mice that received whole SMLN lympho-
cytes, or CD8� SMLN T cells, but not CD4� T cells, from IDs
showed increased crypt/villus ratios compared to their paired
controls (Fig. 3).

Jejunal IEL numbers. Previous experiments using the same
model have demonstrated that 6 days postinfection, when Gi-
ardia-induced brush border microvillous shortening and disac-
charidase impairment are evident, there is a concurrent in-
crease in IEL numbers (44). Therefore, the present study also
assessed the effects of lymphocyte transfer with whole SMLN
population, CD4�- or CD8�-T-cell-enriched populations, on
IEL numbers. Figure 4 illustrates that all mice that received
lymphocytes from IDs, regardless of cell population pheno-
type, exhibited significant increases in jejunal IEL numbers,
compared to animals given lymphocytes from uninfected CDs
or compared to naive unmanipulated animals (8.7% � 0.5%;
data not shown). Moreover, enhanced IEL numbers were of
similar magnitude in all groups (Fig. 4).

DISCUSSION

Diffuse brush border abnormalities responsible for maldi-
gestion and malabsorption in giardiasis have been reported in
humans as well as animal models (4–6, 16). Increased IEL
numbers have also been associated with Giardia infection in
numerous reports (19, 37). The mechanisms responsible for
these alterations remain unclear. Results from previous studies
indicate that the diffuse loss of epithelial brush border surface
area and the decrease of sucrase and maltase activities in
giardiasis are mediated by thymus-dependent T cells, whereas
increased number of IEL may be due at least in part to T cells
of extrathymic origin (44). Findings from the present study
demonstrate that transfer of whole SMLN lymphocytes or pu-
rified CD8� T cells, but not CD4� T cells, from previously
infected mice elicits brush border injury, sucrase insufficiency,
and increased crypt/villus ratios in the jejunum of naive recip-
ient animals. Moreover, transfer of either CD8� or CD4�

SMLN T cells from infected mice is capable of inducing IEL
influx in naive recipients. The findings indicate that SMLN
CD8�, but not CD4�, T-lymphocytes are responsible for the
pathogenesis of epithelial microvillous injury and increased
crypt/villus ratios in giardiasis. In contrast, both CD4� and
CD8� T cells are implicated in the increase of IEL numbers
during infection.

Results from the present study demonstrate that infection
with G. muris induces a significant increase in the total number
of SMLN lymphocytes. A previous study of G. lamblia-infected

FIG. 2. Jejunal sucrase activity in naive mice that received T-lym-
phocytes from donors. Donor mice were infected with G. muris (ID) or
inoculated with medium alone (CD; solid line). Values (units per gram
of protein) are expressed as a percentage of sucrase activity (mean �
SEM [error bars]) versus paired control (set at 100%, solid line). *, P
� 0.05 versus paired CD (n � 8 to 12 mice per group).

TABLE 1. Description of brush border of midvillus enterocytes in the jejunum of micea

Cells and mouse group Ht (�m) Width (�m) Density (no./�m2 of
epithelium)

Surface area (�m2/�m2 of
epithelial surface)

Whole cells
CD (n � 20) 1.362 � 0.047 0.132 � 0.004 60.43 � 3.78 33.00 � 1.74
ID (n � 18) 0.963 � 0.072b 0.129 � 0.003 58.74 � 2.06 23.98 � 1.76b

T cells
CD CD4� (n � 15) 1.132 � 0.054 0.129 � 0.003 60.68 � 2.52 28.42 � 1.45
ID CD4� (n � 14) 1.195 � 0.083 0.131 � 0.003 59.85 � 2.94 29.92 � 2.25
CD CD8� (n � 13) 1.088 � 0.044 0.129 � 0.003 60.76 � 3.42 27.34 � 1.38
ID CD8� (n � 18) 0.798 � 0.058§§ 0.127 � 0.002 62.62 � 2.56 20.77 � 1.72c

a Animals received whole superior mesenteric lymph node (SMLN) lymphocytes, enriched SMLN CD4� T cells, or enriched SMLN CD8� T cells from control (CD)
or previously infected (ID) donor mice. Values are mean � SEM.

b P � 0.05 versus respective control.
c P � 0.01 versus paired control.

VOL. 72, 2004 T-CELL-DEPENDENT JEJUNAL ALTERATIONS IN GIARDIASIS 3539



mice showed that T cells from Peyer’s patches proliferate in
response to Giardia antigens, whereas no response was seen in
spleen and inguinal lymph node lymphocytes (20). Previous
research has suggested that during the course of Giardia in-
fection, there is a gradual transition from suppressor or cyto-
toxic to helper or inducer T cell in the intraepithelial and
lamina propria compartments (48). Together with the present
findings and other reports on cellular and humoral immunity to
giardiasis (21, 47), these observations suggest that Giardia elic-
its a local mucosal immune reaction, which implicates CD8� as
well as CD4� T lymphocytes.

Direct evidence for the role of CD4� T cells in parasite
expulsion has been demonstrated in murine giardiasis. Deple-
tion of CD4� helper or inducer T lymphocytes in G. muris-
infected mice results in chronic infection (26, 45). In contrast,
infected mice depleted of CD8� suppressor or cytotoxic T-cell
subtypes show normal eradication (26). The expulsion of G.
muris coincides with the appearance and level of secreted im-
munoglobulin A antibody in infected mice (46). Moreover,
immunoglobulin A-mediated defense against Giardia is im-
paired by treatment of mice with anti-CD4 antibodies, further
suggesting that CD4� T cells contribute to the clearance of
Giardia parasites (25). The role of CD8� T cells in giardiasis
has remained more elusive.

Findings from the present study show that adoptive transfer
of whole activated SMLN lymphocytes or CD8� T cells, but
not CD4� T cells, from ID mice induces brush border injury in
naive recipient animals. In these animals, shortening of mi-
crovillous length and loss of reduced brush border surface area
coincided an impairment of sucrase activity. In contrast, su-
crase activity in mice that received enriched CD4� T cells was
not different from controls. Moreover, increased crypt/villus
ratio was reported in the jejunum of naive mice that received
whole SMLN lymphocytes or CD8� T cells from IDs com-
pared to their paired CD groups. No changes were seen in
mice that received SMLN CD4� T cells from infected and
CDs. Hence, the alterations in crypt/villus ratio appear to be
regulated by CD8� T cells, similarly to the changes seen in the
epithelial brush border. These findings indicate that activated
CD8� T cells are responsible for the ultrastructural, architec-
tural, and functional changes of the jejunal mucosa observed in
the acute phase of giardiasis.

Diffuse pathogenic brush border abnormalities have also
been documented in Crohn’s disease (2, 12–14, 36, 42), celiac
disease (40), food anaphylaxis (11, 18), and bacterial enteritis
(7, 19). CD4� T cells are known to be involved in the patho-
genesis of Crohn’s disease, and adoptive transfer of CD4�

CD45 RBhigh cells into SCID mice induces inflammation in the
intestine and lesions similar to Crohn’s disease (31). In addi-
tion, significant infiltration of CD8� T cells has also been

FIG. 3. Crypt/villus ratios in donor mice (donors) or in naive mice that received T-lymphocytes from donors 3 days posttransfer (whole
lymphocyte preparation, CD4, CD8). Empty bars represent results from CDs or from naive recipients that received lymphocytes from CDs; solid
bars represent results from IDs or from naive recipients that received lymphocytes from ID. Values are expressed as crypt/villus ratio (mean �
SEM [error bars]) per group. *, P � 0.05 versus paired CD group (n � 5 to 10 mice per group).

FIG. 4. Jejunal IEL counts in mice that received lymphocytes from
previously infected donors or from sham-inoculated CDs. Lympho-
cytes used were whole SMLN lymphocyte preparation, enriched CD4�

T cells, or enriched CD8� T cells, and counts were performed 3 days
after transfer. Values are expressed as number of IEL per 100 entero-
cytes (% IEL) (mean � SEM [error bars]). (* P � 0.05 versus paired
CD group; n � 5 to 10 mice per group).
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documented in the small intestinal mucosa of Crohn’s disease
patients, and it has been suggested that increased cytolytic
activity of CD8� T cells in the intraepithelial compartment of
the patients may be involved in the induction of epithelial
tissue damage (28, 34, 35). Consistent with this hypothesis,
findings from the present study demonstrated that CD8� lym-
phocytes are responsible for the brush border injury and mal-
function seen in giardiasis. Immunostaining studies have
shown that, in Giardia-infected human intestinal tissues, the
IEL, which are mostly CD8� T cells, are positive for T-cell
restricted intracellular antigen-1, but negative for granzyme B,
implying that these CD8� T cells are resting cytotoxic cells
(37). Furthermore, CD8� IEL isolated from TCR transgenic
mice exhibit antigen-specific perforin- and FasL-mediated cy-
totoxic activity toward intestinal epithelial cells and T cells (10,
33). Potent FasL-dependent cytolytic activity of CD8� IEL
toward enterocytes was also reported in graft-versus-host dis-
ease (30). The signaling events implicating CD8� T cells in the
brush border injury during giardiasis and other disorders of the
small intestinal warrant further investigations.

Increased numbers of IEL have been reported in a variety of
intestinal diseases, including giardiasis, cryptosporidiosis, sal-
monellosis, and celiac disease (1, 15, 19, 24, 37, 45, 48, 50).
Recent findings suggest that the origin of enhanced numbers of
IEL in giardiasis may be partly extrathymic (44). Similarly, in
cryptosporidiosis, the source of proliferative IEL is both thy-
mic and extrathymic (1). In the present study, transfer of Gi-
ardia-activated SMLN CD4� or CD8� T cells, regardless of
their subset, induced a modest, albeit significant, increase of
IEL numbers in recipient mice. The results suggest that both
subtypes of T cells may be regulating the proliferation and/or
the increased homing of lymphocytes into the intraepithelial
compartment during giardiasis. Celiac disease is characterized
by a striking increase in �	 versus 
� T cells (43, 49). Similarly,
increased numbers and activation of the CD8� TCR�	� T
cells have been reported in the IEL compartment during in-
testinal infections with Salmonella spp., Listeria spp., or Cryp-
tosporidium spp. (8, 15, 22, 24). Studies of Giardia-infected
tissues reveal a much more subtle increase in IEL numbers
than that seen in celiac disease (27, 37). Whether this may
suggest that unlike in celiac disease, the pathophysiology of
giardiasis may be mediated by cytotoxic T cells other than �	
IEL has yet to be investigated. Recent studies have found that
in athymic mice, which still harbor functional extrathymic �	
IEL, Giardia-induced brush border injury is abolished (44).
Future experiments will determine whether thymus-derived
CD8� TCR
�� T cells, rather than �	 T cells as seen in celiac
disease, may be responsible for the microvillous injury seen in
giardiasis.

In summary, findings from this study demonstrate that brush
border injury, disaccharidase deficiency, and increased crypt/
villus ratio, which cause malabsorptive diarrhea in giardiasis
and other intestinal diseases, are dependent on SMLN-derived
CD8� T cells, but not CD4� T cells. Moreover, transfer of
either CD4�or CD8� T cells from Giardia-infected donors
increased the numbers of IEL in recipient mice, suggesting
that both subpopulations of T cells may regulate the influx of
IEL in giardiasis. Future investigations will assess whether and
how CD8� T cells may signal for epithelial brush border injury
and malfunction from within the IEL compartment, in giardi-

asis as well as in other malabsorptive disorders of the small
intestine.
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