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Analysis of Intestinal Lymphoc  tes in Mouse Colitis Mediated 
by Transfer of CD4+, CD45RBliRh T Cells to SCID Recipients' 

Richard Aranda,*+  Beate C. Sydora,*  Paula L. McAllister,* Scott W. Binder,§"' Hui Ying Yang," 
Stephan R. Targan,' and Mitchell Kronenberg*+*** 

Transfer of specific T lymphocyte subsets isolated from the spleens of healthy donor mice into immunodeficient SClD mice leads 
to chronic intestinal inflammation with characteristics similar to those of human inflammatory bowel disease (IBD). CD4+, 
CD45RBhigh cells cause  disease,  whereas CD4+, CD45RBIoW and CD8+, CD45RBh'gh cells do not. Despite this difference, we 
demonstrate that all three T cell populations reconstitute the  intraepithelial and lamina propria compartments of both small and 
large intestines of SClD recipients. Therefore, infiltration  of lymphocytes alone is not sufficient for disease development. CD4+ 
lymphocytes that have trafficked to the SCID intestine exhibit a phenotype characteristic of  normal mucosal lymphocytes. This 
includes high expression of aE integrin and CD69, expression of CD8aru homodimers in some of the intraepithelial lymphocytes, 
as well as low expression of CD62L and CD45RB. The phenotype of the infiltrating mucosal cells is indistinguishable, with 
respect to the cell surface markers tested,  regardless of whether the starting donor population is  CD45RBh'gh or CD45RBIoW. 
Severe inflammation is  restricted primarily  to the  colon despite lymphocyte infiltration throughout  the  length  of the intestine. 
This  suggests that some property of the colon  microenvironment contributes to inflammation. Consistent with this, transfer of 
CD4+, CD45RBhigh cells to SClD mice that have significantly reduced numbers of enteric flora results in attenuation of the 
wasting and colitis. Fewer numbers of donor lymphocytes are recovered from the  intraepithelial and lamina propria compart- 
ments of reduced flora SClD mice. We hypothesize that the ability  of pathogenic cells to traffic to the intestine and mediate 
colitis may be driven by T cell reactivity to bacteria or bacterial products. Thelournal of Immunology, 1997,158: 3464-3473. 

I nflammatory bowel diseases (IBD)' are immune-mediated 
diseases of the intestine characterized by dysregulated T cell 
activity and, in some  cases, by the overproduction of proin- 

Aammatory cytokines. Despite intensive study of IBD pathogene- 
sis, the initiating Ag(s) and the mechanism that sustains the in- 
flammatory process remain unknown. Recently, a number of 
mouse models of intestinal inflammation have been generated by 
either genetic or immunologic means ( 1  - 8). One such model in- 
volves the transfer of spleen or lymph node (LN)-derived CD4"  T 
lymphocytes from normal mice into immunodeficient scidscid 
(SCID) recipients (6, 7). Mice that receive purified CD4 ', 
CD45RBhigl' T  cells  develop  a wasting disease characterized by 
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chronic intestinal inflammation. This inflammation is more severe 
in the colon (6, 7). In contrast, transfer of CD4", CD45RB"'" T 
cells results in  no disease development, and this population has 
been shown to be protective when cotransferred with the patho- 
genic, CD4', CD45RBhigh T lymphocytes (6, 9). The significance 
of the level of CD45RB expression is uncertain, but data from 
some experiments indicate that the CD45RB levels correlate with 
cytokine production by T lymphocyte subsets. Lymphocytes con- 
tained within the CD4+, CD45RB"'"" subset have been shown to 
preferentially produce proinflammatory or Thl -type cytokines, 
such as IL-2, IFN-y, and TNF-a, whereas those in the CD45RB'"" 
subset tend to produce Th2-type cytokines, such as  IL-4 (10, 1 I ) .  
The situation may be more complex, however, as there is some 
overlap in cytokine production between CD4" cells with different 
levels of CD45RB expression. Furthermore, naive T cells, which 
have not yet differentiated to a polarized Thl or Th2 status, also 
are found within the CD45RBhIgh population. Finally, in the non- 
obese diabetic model for spontaneous diabetes, which also is 
thought to be mediated by Thl type T  cells  (12), the pathogenic 
cells are CD45RB'"" T lymphocytes. Despite the uncertainty con- 
cerning the significance of CD45RB expression levels, the results 
from several studies suggest that colitis pathogenesis in this T cell 
transfer model in part reflects the increased production of Thl 
cytokines by CD45RBhiSh  donor lymphocytes (6, 13). Increased 
levels of mRNA for IFN-y are found in the colon of diseased SCID 
recipients, and disease could be prevented by  in vivo treatment of 
the recipients with either  anti-IFN-y mAb or anti-TNF mAb. Con- 
sistent with this, administration of rIL-IO, a cytokine known to 
down-regulate Thl responses ( 1  3), could ameliorate disease. 
Down-regulation of pathogenesis by  CD45RB'"" T cells, there- 
fore, may  be due to the production of cytokines such as IL-IO of, 
possibly, to the production of other anti-inflammatory cytokines 
such as TGF-/3 (14). 
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Although the cytokine profile responsible for disease pathogen- 
esis in this colitis model has been described, there has been rela- 
tively little characterization of the phenotype and number of T 
cells found at the site of disease. Furthermore, the nature of the 
antigenic stimulus responsible for disease development is not 
known. To begin to explore these issues, in the present study a 
detailed characterization of the donor-derived lymphocytes in the 
SCID intestine was conducted. This was conducted to address the 
following questions. 1) Is the observed difference in disease de- 
velopment following transfer of the pathogenic (CD4+, 
CD4SRBhigh) and nonpathogenic (CD4+, CD45RB'"") T cell pop- 
ulations related to differing abilities to traffic to and reconstitute the 
intestine of recipient SCID mice? 2) Do mice that receive the 
CD4 ' , CD4SRBhIgh population develop colitis because pathogenic 
cells preferentially localize to the colon as opposed to the small 
intestine? 3) Are other T cell populations, for example CD8+, 
CD45RBhIgh T cells, also capable of causing disease? 4) Is the 
phenotype of the reconstituting intestinal mucosal lymphocytes de- 
rived from spleen cells similar to the phenotype of T cells normally 
resident in the intestine? 5 )  Is the presence of normal enteric bac- 
teria important for disease induction? I f  so, this would suggest that 
the response to bacterial Ags could drive the disease process. 

Materials and Methods 
Mice 

Donor mice (C57BU6 X BALB/c)F, were purchased from Simonsen Lab- 
oratories (Gilroy.  CA) and maintained at the University of California-Los 
Angeles vivarium in ventilated cage racks (Thoren Caging Systems, Hazle- 
ton,  PA) under specific pathogen-free (SPF) conditions. C.B-17 SCID mice 
were bred  in ventilated cage racks from stock originally obtained from the 
University of California-Los Angeles SClD  core facility. Unless otherwise 
noted, SClD mice were kept under SPF conditions. C.B-17  SCID mice 
with reduced and detined bacterial flora were generated by embryo transfer 
to foster mothers in the germfree mouse facility, Department of Radiation 
Oncology, University of California-Los Angeles. The  mice in this colony 
are devoid of intestinal aerobes and are devoid of anaerobes, except for the 
presence of three nonpathogenic Closrridiunz species (W. McBride, unpub- 
lished observations). For the sake of accuracy and rigor, we therefore have 
chosen to refer to these mice as reduced flora (RF), rather than germfree, 
animals. In experiments in which these RF  SClD mice were used as re- 
cipients, after T cell transfer the mice were maintained in the same room 
as the SPF  SClD mice, but in separate filter-top cages in ventilated racks. 
They continued to be maintained with autoclaved food and bedding. and 
acidified water. This transfer did not cause an increase in intestinal flora 
when feces were cultured at the end of  an 8-wk period (W. McBride, 
unpublished observations). Donor mice were always female and were used 
between 6 and I2 wk  of age. Recipient mice were of both sexes and were 
used between 8 and 12  wk  of age. 

Preparation and transfer of T cell populations 

Spleens were removed from donor (C57BL/6 X BALB/c)F, mice and 
teased into single-cell suspensions in PBS. Erythrocytes were removed by 
hypotonic lysis. To remove CDS+ cells and B  cells, the cell suspension was 
incubated with anti-Ly-2.2 mAb (Cedarlane, Hornby, Ontario, Canada) and 
anti-l-Ah.d clone 25-9-17 (PharMingen, La Jolla, CA)  for  30 min  at 4°C. 
Subsequently, the cells were incubated with Low-Tox M rabbit comple- 
ment (Accurate Chemical and Scientific Corp., Westbury, NY) for  30 min 
at 37°C. After washing, the cells were stained with FITC-conjugated anti- 
CD4  clone RM 4-4 (PharMingen) and PE-conjugated anti-CD45RB clone 
16A (PharMingen). In some cases, splenocytes were directly labeled with 
FITC-conjugated CD4 or FITC-conjugated CD8 and phycoerythrin-conju- 
gated CD45RB without enrichment and were directly sorted. The cells 
were sorted on a FACStar (Becton Dickinson, San  Jose,  CA) in the Uni- 
versity of California-Los Angeles Flow Cytometry Core Facility (Jonsson 
Comprehensive Cancer  Center). Lymphocytes that stained brightly with 
both CD4+ and CD45RB mAbs as well as those that stained brightly with 
CD4+ but not with CD45RB  mAb were collected and called CD4+, 
CD45RBhIgh and CD4+, CD45RBL"", respectively. No CD45RB interme- 
diate population was collected. In experiments in which CD8+ lympho- 
cytes were used, only the cells that stained brightly with both CD8+ and 

CD45RB were sorted and collected. All populations were at least 98% pure 
on post-sort analysis. 

Transfer of  donor T cell populations 

Sorted donor lymphocytes (4-5 X 10') were resuspended in 200 kl of 
sterile PBS and injected i.p. The recipient SCID mice were weighed ini- 
tially, then weekly thereafter. They were observed for clinical signs of 
illness: hunched over appearance, piloerection of the coat, diarrhea, and 
occult blood in the stool. 

Preparation of intraepithelial and lamina  propria 
lymphocytes 

Mucosal lymphocytes were isolated and prepared according to a modifi- 
cation of a previously published method (1.5). Small and large intestines 
were removed and placed in petri dishes containing chilled (4°C) HBSS 
without Ca+' and Mgi2 (Life Technologies, Gaithersburg, MD). Each 
intestine was carefully cleaned from its mesentery and flushed of fecal 
content. Intestines were opened longitudinally and then cut into 0.5-cm 
pieces. The intestinal tissue was transferred to 250-ml Erlenmeyer flasks 
and shaken three times at 200 rpm for 30 min  at 37°C in HBSS without 
Cat'  and Mg+' containing 1 mM DTT (Sigma Chemical Co., St. Louis, 
MO). The tissue suspensions were passed through a 60-pm nylon mesh 
into 50-1111 conical tubes, and the cells were pelleted by centrifugation at 
1200 rpm. The cell pellets were resuspended in 20% Percoll (Pharmacia, 
Piscataway, NJ) made with complete  RPMl 1640 (University of California 
Media Center, Los Angeles, CA), layered over a discontinuous 40/70% 
Percoll gradient, and centrifuged at 900 X g for 25 min. Cells from the 
40/70% interface were collected, washed, and resuspended in complete 
RPMI 1640 medium supplemented with 5 %  FCS. This puritied cell sus- 
pension constituted the IEL population. To isolate LPL, the remaining 
intestinal tissue was minced, transferred to 250-ml Erlenmeyer flasks, and 
shaken for 60 min at 37°C in complete RPMl 1640 supplemented with 5% 
FCS containing dispase  at 1.5 mg/ml (Sigma Chemical Co.). The tissue 
suspensions were collected and passed through nylon mesh, and the cells 
were pelleted by centrifugation at 1200 rpm. The cells were resuspended in 
20% Percoll, layered over a discontinuous 40/70% Percoll gradient, cen- 
trifuged, and processed as described above for the preparation of IEL. 

Flow  cytometric analysis of  lymphocyte populations 

IEL and LPL were resuspended in PBS staining buffer containing 2% BSA 
and 0.02% NaN, and placed in 96-well round-bottom plates. Pretitrated 
mAb directly conjugated to FITC, PE. or biotin were added to cell sus- 
pensions at 4°C and incubated for 20 min. After staining with the primary 
Ab, samples were washed three times in PBS at 4°C. Tricolor-conjugated 
streptavidin was added as secondary staining reagent for the biotinylated 
mAb. After mAb staining and washing, all samples were fixed  in PBS 
containing 1 %  paraformaldehyde and 0.02% NaN,. The samples were 
stored at 4°C before flow cytometric analysis. All mAbs used to charac- 
terize IEL and LPL populations were directly conjugated and included 
CD~E-FITC clone 145-2C1 I ,  CD4-FITC clone RM4-4, CD4-PE clone 
RM4-4, CD8a-FITC and CD8a-PE clone 53-6.7, CDXP-PE clone 53A- 
5.8, CD45RB-PE  clone 16A, TCR-ap-FITC clone H57-597, TCR-y&PE 
clone GL3, integrin a,-FITC clone M290, CD69-biotin clone H1.2F3, 
H-2Kh-biotin clone AF6-88.5, and CD62L biotin (L-selectin) clone 
MEL-14 (all from PharMingen) and streptavidin tricolor (Caltag, San Fran- 
cisco,  CA). Flow cytometric analysis was performed on a FACScan flow 
cytometer (Becton Dickinson) in the University of California-Los Angeles 
Flow Cytometry Core Facility (Jonsson Comprehensive Cancer Center). 
Between 3000 and 5000 gated events were obtained. 

Preparation of tissue for histopathologic analysis 

Tissue samples of approximately 5 mm were taken from segments of the 
small intestine corresponding to the duodenum, jejunum, and ileum as well 
as from the proximal and distal segments of the large intestine and fixed in  
10% formalin. Fixed tissue was embedded in paraffin, and approximately 
3-pm  sections were prepared and  Stained  with hematoxylin-eosin. To  com- 
pare the histopathologic changes that occurred in the intestine as a  conse- 
quence of transfer of the different lymphocyte populations, a scoring sys- 
tem was established using the following parameters: 1 )  degree of 
inflammatory infiltrate in the lamina propria, given a score ranging from 0 
to 3; 2) mucin depletion, given a score ranging from 0 to  2 (large intestine 
only); 3) reactive epithelial hyperplasidatypia, given a score ranging from 
0 to 3;  4) number of IEL in the epithelial crypts, given a score ranging from 
0 to 3; and 5 )  number of inflammatory foci per 10 high powered fields 
examined, given a score ranging from 1 to 3.  The  seventy of the inflam- 
matory changes in the intestine was based on the sum of the scores reported 

D
ow

nloaded from
 http://journals.aai.org/jim

m
unol/article-pdf/158/7/3464/1077742/3464.pdf by guest on 02 January 2023



3466 MUCOSAL T CELLS IN MOUSE COLITIS 

IZ6 I 
t - 

for  each  parameter  listed above. The higher  the  score,  the  greater  the in- 
flammatory  changes.  Samples  were  coded, and the  interpreting  pathologist 
was  blinded  to  the  phenotype of the  reconstituting  lymphocyte  population. 

Results 
Colitis is  caused by CD4+, CD45RBhigh cells but not by 
CD8+ T cells 

Consistent with previous results, SCID mice reconstituted with 
CD4+, CD45RBhigh T lymphocytes developed significant weight 
loss by 8 wk (Fig. 1). Disease became apparent at about 3 wk, and 
sick mice characteristically manifested a hunched-over appear- 
ance, piloerection of their coat, and loose stool. We also confirmed 
that mice reconstituted with the CD4', CD45RBLoW subset did not 
develop the wasting disease. To determine whether colitis patho- 
genesis is limited to presumably MHC class 11-restricted, T lym- 
phocytes, we transferred CD8+, CD45RBhigh T lymphocytes from 
donor spleen into SCID mice. As the CDS', class I-restricted T 
cells transferred were cytotoxic and capable of secreting IFN-.)I,  we 
reasoned that they could be pathogenic. Mice that received the 
CD8+, CD45RBhIgh subset, however, were very similar to recip- 
ients of nonpathogenic CD4+, CD45RB'"" T cells. They did not 
develop a wasting disease when analyzed for a period up to 8 wk. 
In fact, these CD8 T cell recipients remained healthy, and their 
weight increased by approximately 10 to 15%. In a few cases, 
SCID mice reconstituted with CDS' CD45RBhigh splenic T cells 
showed signs of disease after > 12 wk post-transfer (data  not shown). 
We believe  that  this is due to the selective expansion of contaminating 
CD4+ T cells, as these few diseased mice showed a greater expansion 
in  the  number  of donor-derived CD4' T lymphocytes than  the  ma- 
jority of the CD8+ T cell recipients (see below). 

Severe inflammation in the  SCID  host  is concentrated in the 
large  intestine 

In the experiments we have conducted, involving more than 40 
transfers of CD4+, CD45RBhigh T cells, colitis was induced in 
approximately 92% (37 of 40) of the SCID recipients consistent 
with previously reported results (6,7). Microscopic analysis of the 
intestines from recipient mice revealed that the most severe 
changes occur as a result of infiltration of the large intestine with 
T cells derived from a CD4+, CD45RBhigh  donor inoculum. His- 
tologic changes in the large intestine were categorized into five 
parameters: severity of the inflammatory cell infiltrate, epithelial 
cell  hyperplasidatypia, goblet cell depletion, and increases in in- 
traepithelial lymphocyte numbers and number of inflammatory 
foci. These parameters formed the basis for a numeric scoring 
system, detailed in Materials  and  Methods, that compares the his- 
tologic changes present in the intestinal tissue of recipient SCID 
mice. Figure 2 represents the results from the microscopic analysis 
of large intestinal tissue of individual mice. Sections from indi- 
vidual SCID mice scored in a blinded fashion had an average  score 
of 2.6; the average  score  for normal, immune competent mice was 
3.8. The increased numerical score of the normal compared with 
the SCID reflects in part the increased number of IEL in immune- 
competent mice, although SCID mice have a small number of 
TCR-negative IEL (16). In mice that received CD4+,  CD45RBhigh 
T cells, however, the average  score was 12.2  of a possible 14. This 
is highly statistically significant ( p  = 0.0084), and it involved 
alterations in all the parameters that constitute the histologic score 
along the length of the large intestine. There was no major differ- 
ence in the changes between the proximal and distal segments of 
the large intestine (data not shown).  While there were some his- 
topathologic changes in the small intestine of SCID mice that re- 
ceived CD4+,  CD45RBhigh T cells, they were generally less severe 
than those found in the large intestine and reflected changes pri- 

t 

* 

+ CD4+,CD45RBW * CD4+,CD45RBb 
"- CD8+,CD45RBhW 1 

0 1 2 3 4 5 6 7 8  
Weeks post lymphocyte transfer 

FIGURE 1 .  CD8+, CD45RBhIRh cells do  not cause weight loss when 
transferred into C.B-17 SCID mice.  Donor splenocytes were isolated 
from  (C57BV6 X BALB/c)F, mice  and stained with either  anti-CDB- 
FiTC or  anti-CD4-FlTC,  and anti-CD45RB-PE. Cells were sorted, and 
donor  populations  were  collected as described in Materials  andMeth- 
ods. Sorted cells  (4-5 X lo5) were  injected i.p. Recipient  mice  were 
weighed on the  day of  cell transfer and  weekly thereafter. The results 
represent the percentage of  the  original  weight over time. The data are 
the  mean  plus SE of  the  following  numbers  of  mice per group:  CD4+, 
CD45RBhigh, n = 11; CD4+,CD45RB'OW, n = 6; and 
CD8+,CD45RBhIgh n = 4. Statistical analysis was performed  using 
two-tailed t tests to  compare  the slopes of  the  weight change between 
the groups of  animals  that  received CD4+,CD45RB'OW or 
CD8+,CD45RBhigh cells to animals  that  received CD4+,CD45RBhlgh 
cells. * Indicates p < 0.000001. 

marily in epithelial cell hyperplasia and degree of atypia, rather 
than the presence of a significant inflammatory cell infiltrate (data 
not shown). Within the small intestine, there were no significant 
differences in the histologic changes observed between the duode- 
nal, jejunal, or ileal segments of individual mice. 

Analysis of sections from the large intestine of SCID mice re- 
populated with the CD4+, CD45RB'"" T cell population revealed 
that the histopathologic changes present in the large intestine were 
significantly less severe than those found as a result of transfer of 
the CD4+ CD45RBhigh T cells (Figs. 2 and  3, C and D). In fact, 
the average histopathologic score in the recipients of  CD4', 
CD45RB'"" T cells was not significantly different from the score 
in normal mice. Histologic examination of the colons also revealed 
minimal inflammatory changes, with an average histopathologic 
score of 3.2 in SCID mice that received CD8+ splenic T cells, 
consistent with the absence of macroscopic manifestations of dis- 
ease  in these animals (Figs. 2 and 3F). In contrast to the results 
obtained from the large intestine, the histologic changes in the 
small intestine of SCID recipients of CD4+, CD45RB'"" T cells 
were similar in degree to those moderate changes occurring in the 
small intestine following transfer of CD4+, CD45RBhigh T cells. 
In summary, severe inflammation in this model is confined almost 
exclusively to the large intestine following transfer of CD4+, 
CD45RBhIgh T cells despite the presence of ample numbers of 
donor-derived T cells along the length of the SCID intestine fob 
lowing transfer of all three T cell subpopulations tested. 

CD4+, CD45RBhigh,  and RB'"" T cells  repopulate  the  SCID 
intestine 

We used multicolor flow cytometry to more quantitatively deter- 
mine the distribution of donor-derived T cells in the SCID intes- 
tine. Initially, two questions were addressed. First, are donor-de- 
rived T cells localized preferentially in the large intestine, where 
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FIGURE 2. Inflammation is caused by 
CD4+,CD45RB"'gh T cells. The histopatho- 
logic score of the proximal  large intestine of 
SCID recipients  following  transfer of patho- 
genic CD4', CD45RBhixh ( n  = 5). CD4', 
CD45RB"" ( n  = 6), or CD8', CD45RB1'igh 
( n  = 4) cells is shown. Microscopic  analysis 
of intestinal sections obtained from individ- 
ual recipient mice generated a score for 
each of the five categories that constitutes 
the histopathologic score as detailed in Ma- 
terials  and Methods. The data are expressed 
as the total histopathologic score (sum of 
the scores for categories 1-5) of individual 
recipient mice for a given donor population. 
For comparison, histopathologic scores 
were also generated following microscopic 
analysis of the intestines of unreconstituted 
C.B-17 SClD mice ( n  = 3) and  normal 
(C57BV6 X BALB/c)F, donors ( n  = 3). 

vs RBI"" groups were compared us- 
ing the Mann-Whitney U test. * Indicates 
p = 0.0084. 

RBhixh 

g ::I 
s 10 

0 
0 

8 

- 1 2 2 *  
0 

J 

~ e ~ i p i c n t  C.0-17 scid CB6F1 C.0-17 scld C.0-17 scid C.0-17 scld 
Donor cells: - - CD4RB'O" CD4RB"Mc" CD8R0"'9' 
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Seclions ofthe large  intestine  were  microscopically analyzed and  scored  by a pathologist. Categories and  scoring  are 
as  follows: 

A) degree of inflammatory cell infiltrate  in  lamina  propia 0-3 
E) mucin  depletion 0-2 
C) epithelial  cell  reactive  atypialhyperplasia 0-3 
D) number IEL in  epithelial  crypts 0-3 
E) number  of  inflammatory foci/l Ohpf: I-rare scanered inflamnatory cells, no cryptitis or reactive  changes,  2-patchy 

acute  and  chronic  inflammation.  focal  reactive  atypia/hyperplasia of epithelium. no cryptitis.  3-complete  involvement 
with  acute  and  chronic  inflammatory  cells,  marked  reactive atypiahyperplasia of epithelium.  cryptitis 

F IGURE 3. Histopathologic changes ob- 
served in the proximal  large intestine of 
SClD mice following  transfer of CD4' lym- 
phocyte populations. A, Normal unreconsti- 
tuted SCID intestine. B, Normal (C57B1/6 X 
BALB/c) mouse intestine. C, Severe inflam- 
matory changes observed  following  transfer 
of CD4', CD45RBhifih cells. 0, Minimal in- 
flammatory changes following  transfer of 
CD4+, CD45RB'"" cells. E, Focal inflamma- 
tory changes (arrow) observed following 
transfer of CD4', CD45RBhixh cells to re- 
duced flora SClD mice. F, Minimal  inflam- 
matory changes following  transfer of CD8', 
CD45RBhiKh cells. Magnification, X78. The 
shorter height of the epithelium in E and F 
reflects the way these sections were cut for 
staining. 

disease  is most severe?  Second, is the difference in the ability of 
CD4'. CD45RBhigh vs CD4',  CD45RB'"" cells to cause  disease 
related to their capacity to home and expand in the SCID intestine? 
We analyzed the mucosal lymphocyte population from the IEL and 
LPL  compartments of the small and large intestines of SCID re- 
cipients 8 wk after transfer of the two sorted T cell populations. A 
semisyngeneic transfer system was used, in which (C57BW6 X 
BALB/c) F, (H-2b'd) donor  lymphocytes  were transferred into 
C.B- 17 SCID (H-2d) recipients. Donor-derived lymphocytes  were 
recovered from the intestines of SCID recipients, and  cells triply 
positive for  anti-H-2Kh  (donor MHC haplotype), anti-CD3~. and 
anti-CD4 were enumerated. The results from individual recipients 
analyzed in this way are  compiled in Figure 4. 

There was  no positive  correlation  between  the  degree of in- 
flammation and  the  number of donor-derived T lymphocytes 
present in a particular  site.  Furthermore,  diseased  SCID  animals 
did not have an extraordinarily high number of mucosal  lym- 
phocytes.  Donor-derived  CD45RBhigh T cells  were  found in the 
lamina  propria  and in the  epithelium of  both small  and  large 
intestines.  On  the  average,  the  number  of T cells in the  small 

intestine  epithelium  was  more  than IO times  the total number 
found in the  large  intestine,  although  disease  was  concentrated 
in the  large  intestine  (see below). The  surface  area of the  large 
intestine  epithelium  was much less  than  that  of  the  small  intes- 
tine,  and  therefore,  lymphocyte  density  probably  was a  more 
relevant  parameter than  total numbers when comparing  the  two 
sites.  Nevertheless,  unmanipulated  control  mice  also  typically 
had approximately IO-fold more  small  intestine than large in- 
testine  IEL  (17). In addition,  disease  pathogenesis  was not cor- 
related  with the  accumulation of excess T cells in the  large 
intestine.  The  average  numbers of donor-derived T cells in the 
large  intestine  epithelium  and  large  intestine  lamina  propria of 
SCID  recipients of CD4+,  CD45RBhigh T lymphocytes  were 
similar to the  numbers  we  reported in  normal BALB/c  mice ( I  7) 
and  to  those in normal (C57/BL6 X BALB/c) F, donor  mice  (R. 
Aranda,  unpublished  observations).  Although normal  large  in- 
testine  IEL  contain  more  CD8+ T cells,  the  data  from  the small 
intestine  indicate  that  the  presence of  a particular  CD4+  sub- 
population is  not  sufficient for  disease, but that  the  microenvi- 
ronment in the  large bowel also is critical  for  pathogenesis. 
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FIGURE 4. Pathogenic and  nonpathogenic  cells  can  repopulate  the  SClD host intestine. The number  of donorT cells  recovered  from  the  intestine 
of SClD recipients is shown.  Mucosal  lymphocytes  were  isolated  from  the IEL and LPL compartments of the  small  and  large  intestine  of  SClD 
recipients 8 wk  following transfer of  the  pathogenic CD4+,CD45RBhIgh or  nonpathogenic  CD4+, CD45RB"" spleen cells. Donor  T  cells  were 
identified by staining with either  anti-CD4-FITC  or  anti-CD3eFITC,  and  anti-H-2Kb  biotin  (donor MHC haplotype)  followed  by  streptavidin 
tricolor.  The results, expressed as a scattergram, depict  the  number of donor  lymphocytes  recovered  from  the IEL and LPL compartments  following 
analysis of  recipient  mice.  Data represent the analysis of  five  or six mice  for each of  the  donor  populations. Statistical analysis was performed  using 
the  ttest after log  transformation of the data, (For the small intestine: IEL RBh'gh > RBI"", p = 0.293; LPL  RBh'gh > RB'"''', p = 0.168; IEL plus LPL 
RBh'gh > RBI"", p = 0.254;  for  the large intestine: IEL RBhIEh > RBI"", p = 0.039; LPL RBhIEh > RBI"", p = 0.041 ; IEL plus LPL  RBhigh > RBI"", 
p = 0.009. 

Nonpathogenic CD4+, CD45RB'"" T cells are  capable of re- 
populating the intraepithelial and lamina propria compartments of 
both small and large intestines. Comparing the outcome obtained 
with CD4+,  CD45RBhigh  to that with CD4+, CD45RB'"" donors, 
greater numbers of donor-derived mucosal lymphocytes were re- 
covered from the SCID  mouse intestine as  a result of transfer of 
the CD4+,  CD45RBhiEh cells.  This may reflect a greater ability of 
CD4', CD45RBhIgh cells to migrate and/or expand once in the 
SCID intestine. It had previously been reported that CD4+, 
CD45RBhigh T cells were somewhat more effective at repopulating 
the SCID host spleen (7). In the small intestine there was a less 
than a twofold difference in the average number of donor-derived 
LPL or IEL when results following CD45RBhigh transfer were 
compared with those following CD45RB'"" transfer, and there was 
substantial overlap in the number of donor-derived T cells  ob- 
tained from the different sets of donors. In the large intestine, by 
contrast, the increase in total cell numbers obtained from 
CD45RBhigh donors was three- to fourfold greater compared with 
that of  CD45RB'"" donors. The ability of CD4+, CD45RBl"" T 
cells to home to the intestine further suggests that this subpopu- 
lation could be exerting its down-regulatory effect on CD4', 
CD45RBhigh T cells locally, although a systemic or extraintestinal 
effect is not excluded by these  data. 

Nonpathogenic CD8' T cells home to the SClD intestine 

TCR+ lymphocytes. The majority of the donor-derived TCR+ 
mucosal T cells were also  CD8 single positive. This was most 
apparent in the IEL compartment. In the lamina propria this was 
also evident, but dispase digestion led in some  cases to lower 
levels of CD8 and CD4. Analysis of lymphocyte surface markers 
revealed that donor CD8+ cells recovered from the SCID 
large intestine were positive for the activation marker CD69 
and aE integrin (Fig. 5) ,  indicating that, at least for these two 
markers, they exhibit the phenotype of normal mucosal lympho- 
cytes. Similar results were obtained from the epithelial and lamina 
propria compartments of the small intestine (data not shown). In 
addition to CD8+ T cells, a significant number of donor-derived 
CD4+ single-positive T cells and double positive T cells were also 
found in IEL and LPL compartments (Fig.  5). Post-sort analysis 
indicated that the injected CD8 ' population was at least 98%  pure, 
and therefore, we speculate that the percentage of CD4-positive T 
cells in the mucosa of the SCID host reflects a selective in vivo 
expansion of contaminating donor CD4+ lymphocytes over the 8 
wk of the experiment, giving rise to the single-positive CD4+ cells 
and the double positive cells through acquisition of CD8+ (see 
below). It is entirely possible, however, that the transferred CD8' 
cells acquire the CD4' coreceptor, accounting for the double pos- 
itive population. Nevertheless, we conclude that CD8+ T lympho- 
cytes, like CD4+, CD45RB'"" cells, are not pathogenic despite 
their ability to  populate the intestinal mucosal tissue of the SCID 

Examination of the purified mucosal lymphocyte populations in recipient. 
SCID recipients of  CD8', CD45RBhigh  T cells demonstrated 
that CD8+ splenic T cells are capable of homing to the intestine. 
Reuresentative flow cvtometrv data from the intraepithelial and 

Donor CD4+ splenic T cells express surface markers 
characteristic of mucosal lymphocytes 

lamina propria compartments of the large intestine are presented Analysis of the expression of activation markers and other iym- 
in Figure 5 .  All the CD3e-positive mucosal lymphocytes were phocyte surface proteins could provide some insight into the rea- 
donor derived (Kb'). In this and in many other experiments, the sons why pathogenesis is restricted anatomically to the colon, and 
C.B-17 SCID mice up to 6 mo of age analyzed in our colony why it  occurs only after transfer of CD4+, CD45RBhigh  T  cells. 
showed either minimal or no detectable leaky production of The starting donor splenocyte population generally has < 1 % of 
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FIGURE 5. Donor  CD8 cells  repopulate  the SCID intestine  and express surface markers characteristic of normal  mucosal  lymphocytes. IEL and 
LPL from  the large intestine  of  individual  recipient  mice  were  isolated 8 wk  following transfer of  splenic  CD8+, CD45RBhIgh cells  and  were stained 
with  the  following  mAbs:  anti-CD8a-PE  or  anti-CD3c  and  either  anti-CD4-FITC, aE integrin-FITC, anti-CD69-biotin,  or  anti-H-2Kh-biotin  followed 
by  streptavidin  tricolor.  The data presented are from a representative experiment  of  four  performed. The variation in the  quadrant percentages of 
the flow  cytometric data obtained  from all the mice ( n  = 2-4) is  as follows:  CD3+  and  H-2Kb+: large intestine  intraepithelial  lymphocytes (LIEL), 
76 to 96%; large intestine  lamina  propia  lymphocytes (LLPL), 68 to 69%; CD8 single  positive: LIEL, 50 to 77%;  LLPL, 30 to 50%; CD4 single 
positive: LIEL, 8 to 9%; LLPL, 12 to 16%; CD4,  CD8  double  positive: LIEL, 3 to 5%;  LLPL, 2 to 3%; CD8+ and  CD69+: LIEL, 40 to  41 YO; LLPL, 
69  to  70% 

CD4 

"- 
glEL  CD69  L-SELECTIN 
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FIGURE 6. Donor  CD4+, CD45KBhIgh and  CD45KB'"W splenic cells  acquire surface markers characteristic  of  mucosal  lymphocytes. IEL obtained 
from  the large intestine  of  recipient  mice  were stained with anti-CD4-PE, and anti-a, integrin-FITC, anti-CD69-biotin,  or  anti-L-selectin-biotin, 
followed  by  streptavidin  tricolor. The top row shows the profile  of  the  donor spleen, the  middle row shows the large intestine IEL obtained 
following transfer of  CD4+,CD45RBhIgh  donor cells, and the bottom row shows large intestine IEL following transfer of CD4+,CD45RB1"" donor 
cells.  CD4-negative  cells in the  lymphocyte gate include some contaminating  cells  that are not lymphocytes, and TCR-negative and  CD4-negative 
lymphocytes that are known to be present in the SClD  intestine (1 6). These cells do  not stain with Kb mAb and, therefore, are not  donor  derived. 
The data presented are from  a representative experiment  of five. The variation  in  quadrant percentages of  the  flow  cytometric data obtained  from 
all the  mice ( n  = 2-5) are as follows:  CD4+  and  alEL+: LlELhlKhh, 23 to 61%; LIEL'"", 25 to 57%; CD4+  and  CD69+: LIELhIgh, 17  to  18%; LIEL"'", 
33 to 56%; CD4+  and L-selectin+: LIELhIgh, 2  to  3%; LIEL1"W, 2  to 3%; CD4+ and CD45KBhigh: LIELh'", 1 to 3%,  LIEL'"",  0.5 to 2.6%. 

cells that stain positively for both CD4 and aE, an integrin a-chain 
characteristic of IEL  and  other mucosal lymphocytes (18, 19). Ex- 
pression of the early activation marker CD69 also is very infre- 
quent in normal CD4' spleen cells (Fig. 6). In contrast, >70% of 
the CD4+ splenic T cells stain positively for CD62L or L-selectin, 
a LN homing receptor. Normal IEL and LPL have the opposite 
expression pattern for these three markers, as they express  CD69 
and as integrin while they also are mostly negative for  CD62L 
expression. Figure 6  shows representative flow cytometry profiles 

for donor-derived splenic lymphocytes found in the SCID host IEL 
and LPL compartments of the large intestine. Cells were gated for 
lymphocytes by light scatter and analyzed for the expression of 
CD4, along with either aE integrin, LN homing receptor, or the 
CD69 activation marker. CD4-positive cells were nearly entirely 
Kb positive or donor derived (data not shown). Unlike the donor 
spleen cell lymphocyte population, a substantial fraction of the 
donor-derived T cells isolated from the SCID intestine are positive 
for the aE integrin and for the CD69 activation Ag. In addition, 
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FIGURE 7. Donor  CD4, CD45RBhIgh splenic  cells  acquire  the CD8 
coreceptor. IEL and LPL isolated  from small and large intestines of 
recipient  mice  were stained with anti-CD4-FITC  and anti-CD8crPE. 
The data presented are from a representative experiment  of  five per- 
formed.  The  variation in quadrant percentages of  the  flow  cytometric 
data obtained  from  all  the  mice are as follows ( n  = 5):  CD4+,CD8+: 
SIEL, 10  to 36%; SLPL, 0.2 to 3.7%; LIEL, 5.5 to 43%; LLPL, 1.2 to 
1 .8%. 

very few of these donor-derived mucosal T cells express CD62L. 
This is true regardless of whether the donor population consisted 
of pathogenic CD45RBhigh or nonpathogenic CD45RB'"" T cells 
(Fig. 6). Furthermore, the phenotype with regard to aE integrin, 
CD62L, or CD69 expression was the same in small intestine LPL 
and IEL (data not shown). 

The mucosal T  cells from both CD45RBhigh and CD45RB'"" 
donors are nearly uniformly CD45RB'"". In normal mice, most 
resident CD4+ IEL also are CD45RBi"", although CD8+ IEL 
have high levels of CD45RB expression (data not shown). As low 
levels of CD45RB expression are characteristic of previously ac- 
tivated cells along with CD69 expression, these data are consistent 
with the hypothesis that it is activated T cells that are found in the 
SCID intestine. 

A variable but generally significant number of donor-derived 
CD4+, CD45RBhigh or CD45RB'"" cells isolated from the intra- 
epithelial compartment of both small and large intestines acquired 
coexpression of the CD8+ coreceptor. Representative data from a 
two-color flow cytometric analysis of IEL and LPL from small and 
large intestines are shown in Figure 7. In many cases, the majority 
of CD4+ IEL in the large and small intestine became CD8 posi- 
tive. CD8+ coexpression was characterized by acquisition of 
CD8aa homodimers as opposed to CD8aP heterodimers (data not 
shown). The double positive cells generally were found in the Iym- 
phocytes isolated from the intraepithelial and not the lamina pro- 
pria compartment, and they were not found in extraintestinal sites 
such as the spleen or peripheral LN (data not shown). 

Colitis is attenuated following transfer of CD45RBhrSh cells 
into  mice  with reduced  bacterial  flora 

It is noteworthy that disease is histopathologically more severe in 
the colon despite the fact that large numbers of potentially disease- 
causing CD4+, CD45RBhigh T cells reconstitute the small intes- 
tine. Because bacterial load differs substantially between these two 
regions of the intestine, we tested whether the presence of bacteria 
or bacterial products is important for colitis induction. Figure 8 
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FIGURE 8. Wasting is  less  severe following transfer of  pathogenic 
CD4+,  CD45RBhigh  cells  to RF SClD mice.  CD4+, CD45RBhigh cells 
were sorted and  collected as described in Figure 5. Cells (4-5 X lo5) 
were  injected  i.p.  into RF ( n  = 7) and SPF (n = 11) SClD  mice. Re- 
cipient  mice  were  weighed  on  the  day of cell transfer and  weekly 
thereafter. The results represent the percentage of  the  original  weight 
over  time  and are the mean  plus SE for  each  group  of  recipient  mice. 
Statistical analysis was performed  using  two-tailed t tests comparing 
the slopes of the  weight  change  between  the  two groups. Analysis 
included data points  for  the  entire  experiment (* indicates p = 
0.000924).  The  control transfers into SPF SClD  mice are data from  the 
same recipients as those in Figure 1 .  

demonstrates that wasting disease is less severe following transfer 
of CD4+, CD45RBhigh T  cells  into RF SCID mice than it is fol- 
lowing transfer to SPF  SCID mice. The RF SCID recipients ini- 
tially increased their weight approximately lo%, and although they 
had some weight loss from this peak, they were able to maintain 
their weights at 5 to 8% above their starting weight. Donor-derived 
lymphocytes could be recovered from the intestines of the RF 
SCID mice 8 wk following transfer, but in significantly reduced 
numbers compared with those in the SPF SCID recipients (Fig. 9). 
Combining the numbers from the IEL and LPL compartments, 
there was a twofold reduction in the number of donor-derived lym- 
phocytes in the large intestine and an eightfold reduction in the 
number of lymphocytes in the small intestine of the RF SCID 
recipients. Comparing the different compartments of the large in- 
testine of RF and SPF  SCID recipients, there was only a slight 
decrease in the number of donor-derived IEL, but there was a 
threefold decrease in the number of donor-derived LPL in the RF 
SCID recipients. This difference in the LPL compartment between 
RF and SPF SCID recipients nearly reached statistical significance 
( p  = 0.0523). The significance of decreased numbers of LPL but 
not IEL with respect to disease pathogenesis is unclear, as T cells 
isolated from either compartment of diseased SPF SCID mice can 
also cause colitis when secondarily transferred to new SCID re- 
cipients (R. Aranda and B. C. Sydora, unpublished). 

Microscopic analysis of colonic sections from RF  SCID recip- 
ients of CD4+, CD45RBhIgh T  cells revealed that the intestinal 
inflammation was reduced compared with that in SPF  SCID re- 
cipients of the same donor T cell population (Fig. 10). The  average 
histopathology score, 8.0, was intermediate between the relatively 
low scores of either normal mice or mice that received CD4+, 
CD45RB'"" T cells and the high score obtained following transfer 
of CD4+, CD45RBhigh T  cells  into SPF SCID recipients. This 
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FIGURE 9. Number  of  donor T cells  recovered  from the intestine  of RF SClD recipients.  Mucosal  lymphocytes  were  isolated  from the IEL and 
LPL compartments of small  and large intestines of  recipient  mice 8 wk  following transfer of  the  pathogenic CD4+,CD45RBhIgh spleen cells.  Donor 
T cells  were  identified by staining with either  anti-CD4-FITC  or  anti-CD3~-FlTC,  and  anti-H-2Kh  biotin  (donor MHC haplotype)  followed  by 
streptavidin  tricolor.  The results, expressed as a scattergram, depict  the  number  of  donor  lymphocytes recovered from the IEL and LPL compart- 
ments following analysis of RF (n = 5) and SPF (n = 5)  recipient SCID mice. Statistical analysis was performed using the t test after log 
transformation  of  the data. For the small intestine: IEL SPF > RF, p = 0.0010; LPL  SPF > RF, p = 0.0220; IEL plus LPL SPF > RF, p = 0.0006; 
for  the  large intestine: IEL SPF > RF, p = 0.3917; LPL SPF > RF, p = 0.0523; IEL plus LPL,  SPF > RF, p = 0.0338. 
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FIGURE 10. Colitis is  attenuated in RF SCID mice. Pieces of large 
intestine  from  individual  mice  were removed, fixed  in 10% formalin, 
and stained with  hematoxylin-eosin, Samples were  coded so that the 
interpreting  pathologist was blinded  to the identity  of tissue samples. 
Microscopic analysis of  intestinal sections obtained  from  individuai 
recipient  mice generated a score for  each of the  five categories that 
constitutes the histopathologic score as detailed  in  Materials  and 
Methods. The total score i s  reported  for  individual RF ( n  = 5)  and SPF 
( n  = 5) recipient  mice  following transfer of the  pathogenic 
CD4,CD45RBh'gh cells. RF and SPF recipient  mice  were  compared 
using the Mann-Whitney U test. * Indicates p = 0.0079. 

intermediate histopathology score is consistent with the interme- 
diate weight loss that these recipients suffered (Fig. 8). Further- 
more, when comparing the categories that constitute the total his- 
topathologic score, the inflammatory changes observed in the RF 
SCID intestine tended to be focal, with the  changes in the inflam- 
matory parameters being much less severe. In the SPF SCID in- 
testine, however, the inflammatory changes were more severe and 
involved the entire mucosa in a contiguous fashion (Fig. 3, C and 
E, and Table I). Despite these differences, consistent with the  data 
presented in Figure 9 on isolated cell populations, there was not a 
great difference in the number of large intestine IEL when com- 
paring RF to SPF SCID mice. In summary, these results suggest 
that the presence of normal bacteria or their products is important 

Table 1 .  Histopathologic score of the  large  intestine by categorya 

Histopathologic Category 
and Scoreb 

Donor 
Population  Condition A B  C D E 

(C57BL/6 X BALB/c) F, SPF 0.83 0.66 1.0 0.33 1.0 
CD4+, CD45RB'"" SPF 1.25 0.25 1.0 0.33 1.16 
CD4+, CD45RBhIgh SPF 2.6 2.0 3.0 1.6 3.0 
CD4+. CD45RBhIgh RF 1.9 1.2* 1.9* 1.4 1.6* 

category. Tissue was obtained, processed, and  interpreted as outlined  in  Mate- 
* Breakdown of  the  histopathologic score of  the  proximal large intestine by 

rials and  Methods  and Figure 2. Microscopic analysis of intestinal sections ob- 
tained  from  an  individual  recipient  mouse generated a score for  each  of  the  five 
categories that  constitute  the  hlstopathologic score as detailed in Materials  and 

The data presented are for  a  given  recipient  condition  and  histopathologic cat- 
Methods. The sum of  the scores was determined for each  of  the  five categories. 

egory. Statistical comparisons  were  performed  using  the  Mann-Whitney U test. 
For SPF vs RF: * p  = 0.031 7, category B; ' p  = 0.0079, category C; ' p  = 0.0079, 
category E.  

a  pathologlst. Categories and  scoring are outlined  in  Materials  andMethods  and 
Sections of the large  intestine  were  microscopically  analyzed  and scored by 

In Figure 2. 

both for disease development in this colitis model and for the hom- 
ing and/or expansion of donor-derived T cells to the intestine. 

Discussion 
We have undertaken a detailed analysis of the number and phe- 
notype of lymphocytes found in the intestinal tissue of SCID mice 
following transfer of purified lymphocyte populations. The present 
study demonstrates that expanded populations of lymphocytes 
from at least three splenic donor T cell subpopulations, CD4+, 
CD45RBhIgh, CD4+, CD45RB'OW, and CD8+,  CD45RBhigh cells, 
can home to the intestine of SCID mice. Homing is not highly 
selective  for  either lamina propria or epithelium, and it occurs 
along the length of the intestine. In all cases analyzed, the donor- 
derived splenic T cells found in the intestine have phenotypic fea- 
tures similar to the lymphocytes that normally reside there. For 
example, CD4+ donor T cells  found in the intestine have low 
levels of expression of CD62L and high levels of expression of 
both aE integrin and CD69. Furthermore, CD4+ donor cells are 
nearly uniformly CD45RB1"",  and  in the epithelial compartment, 
some of them express CDScrtr homodimers. Similar observations 
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on the acquisition of CD8aa homodimers have been made by 
Morrissey et  al. (20). although they reported finding the double 
positive cells primarily in the epithelial compartment of the small 
intestine, whereas we observed them in the epithelial compartment 
of both small and large intestines. CD4+, C D S a d  double positive 
T cells also are found in IEL, but not LPL, preparations from 
normal mice (21). These  data suggest that the double positive IEL 
in the SCID host were not generated by an experimental artifact, 
and they further suggest that double positive IEL can be derived 
from mature (i.e., post-thymic) CD4+ T cells. In addition, the pro- 
cess of CD8 acquisition apparently is influenced by the intestinal 
epithelium. It has not been determined whether the atypical phe- 
notype of the splenic  T  cells that reach the intestine (aE inkgrin+, 
CD69+, CD62L-, CD8aaf)  represents selective expansion of  a 
small subpopulation of lymphocytes that already were present in 
the starting donor population, or if it reflects a true phenotypic 
conversion of cells that home to the intestine. The  data indicating 
that CD4 and CD8aa double positive IEL are generated from 
CD4+ donors  favor phenotypic conversion, at least for this marker, 
because such double positive cells are not detectable in the starting 
donor population, 

The number of donor-derived T cells that can be recovered from 
the intestine, including the lamina propria and epithelium of small 
and large intestines, is severalfold greater than the injected donor 
population. These data demonstrate that a true expansion of the 
donor lymphocytes occurs in vivo. This expansion may be driven 
by exposure to Ags, possibly to Ags derived from bacterial flora in 
the intestine. Consistent with this, donor-derived T lymphocytes in 
the SCID intestine have a  phenotype similar to that of memory 
cells (CD62Lp, CD45RB'"") or recently activated T  cells 
(CD69+). The extent of homing to the intestine as well as colitis 
pathogenesis are dependent upon intestinal flora. It is not known, 
however, whether the reduced number of donor T cells located in 
the intestine and the mild pathogenesis observed in the RF SCID 
mice are  due to the remaining bacterial flora, or if there is  a bac- 
teria-independent component to these processes. As bacteria can 
stimulate cytokine and chemokine secretion by intestinal epithelial 
cells (22,23), the presence of bacterial flora may provide a non-Ag 
conditioning factor that makes the intestinal tissue more suscepti- 
ble to colonization by T lymphocytes with a variety of specificities. 

The results derived from tracking the homing of different T lym- 
phocyte populations to the intestine, suggesting that each of the 
different populations transferred can colonize the length of the in- 
testine, stand in stark contrast to the relatively restricted conditions 
that permit colitis pathogenesis in the SCID host. Clearly, the mere 
presence of increased numbers of T cells in the SCID host intestine 
is not sufficient for colitis pathogenesis. Disease is restricted with 
regard to both the cell type that causes colitis and the anatomical 
location of the most severe inflammation. As reported previously 
by others (6, 7, 13), we confirmed that transfer of CD4+, 
CD45RBhigh T cells to immunodeficient SCID mice uniformly 
caused intestinal inflammation and wasting within 8 wk, whereas 
transfer of the CD4, CD45RBluW cells resulted in no disease de- 
velopment. CD8+, CD45RBhigh  T  cells were likewise ineffective 
at causing colitis. In the case of CD8' T cells, however, it remains 
formally possible that the contaminating CD4 T  cells selectively 
expanded in vivo and prevented colitis induction. We consider this 
very unlikely, however, because the donor T cells were sorted for 
high levels of CD45RB expression as well as  CD8 expression. 
Therefore, any contaminating CD4+ T cells were most likely also 
pathogenic CD45RBhigh cells, rather than down-regulatory 
CD45RBIoW T lymphocytes. 

Intestinal inflammation is one of the characteristic lesions of 
experimentally induced graft-vs-host disease in mice. Recent stud- 

ies have shown that during graft-vs-host disease, donor spleen cells 
infiltrate the intestine of recipient mice, and the enrichment for 
CD8+ T cells and yS cells in the infiltrate suggests that these 
donor-derived cells may also express the phenotype of normal mu- 
cosal lymphocytes (24). These phenotypic features are similar to 
the results we have obtained, although we did not observe an ex- 
pansion of TCR y6+ cells. It should be noted, however, that the 
colitis seen in this mouse model of IBD does not represent a graft- 
vs-host response, because there should be no  allogeneic reactivity 
with the donorkecipient combination used in our system. 

The unique propensity of the CD4+, CD45RBhigh  T cells to 
cause disease could be due to a combination of factors, including 
the increased ability of these cells to home  and expand to the 
intestine, the reported differential activation requirements for 
CD4+ CD45RBhigh vs CD4+, CD45RB'"" cells (25),  and differ- 
ences in the level and profile of cytokines obtained from the dif- 
ferent T cell populations. Although increased numbers of donor  T 
lymphocytes were recovered from the large intestine of SCID re- 
cipients following transfer of CD4+  CD45RBhigh compared with 
CD4+, CD45RB'"W cells, it is unlikely that disease development 
was the result primarily of excess infiltration of donor  T  cells. 
First, colitis pathogenesis was generally not associated with a vast 
increase in total cell numbers over that found in normal mice. 
Second, there was some overlap in donor-derived T cell numbers, 
especially in the IEL compartment between CD45RBhigh and 
C D ~ ~ J R B ' " ~  recipients despite their different abilities to cause co- 
litis. Furthermore, Powrie and co-workers have provided convinc- 
ing data implicating the secretion of Thl cytokines by intestinal 
CD4+  CD45RBhigh T cells as one important factor in colitis 
pathogenesis (13). 

Despite homing of donor T lymphocytes along the entire length 
of the intestine and greater numbers of disease causing CD4+ T 
lymphocytes recovered from the small intestine following transfer 
of the CD4+, CD45RBhIgh cells, microscopic analysis of the in- 
testines from reconstituted SPF SCID mice revealed histopatho- 
logic changes to be more severe in the large intestine. These al- 
terations consisted primarily of an increased inflammatory cell 
infiltrate in the lamina propria, goblet cell depletion, and epithelial 
cell hyperplasidatypia. Histopathologic changes were also ob- 
served in segments of mucosa throughout the length of the small 
intestine, but were characterized by increased epithelial cell atypia/ 
hyperplasia rather than the presence of a significant inflammatory 
infiltrate. Increased inflammation in the SCID large intestine could 
reflect the unique features of this microenvironment, which might, 
in turn, affect T  cell homing, T  cell activation, or the cytokine 
profile elicited following lymphocyte activation. T cell homing is 
different in  the distinct segments of the intestine in this model, as 
data from  a kinetic analysis of T cell transfers into SCID mice have 
shown that the large intestine is colonized several weeks earlier 
than the small intestine, regardless of the source of the donor T 
cells (B. C. Sydora et al., manuscript in  preparation). As suggested 
from the data obtained from experiments with RF SCID mice, 
bacteria or bacterial products are likely to play an important role in 
the more rapid kinetics of homing of T  cells to the large intestine, 
their subsequent expansion, and the enhanced susceptibility of the 
large intestine to inflammation. 

In conclusion, we have shown that cells derived from any one of 
several subpopulations of donor  T lymphocytes can accumulate in 
the intestine of SCID recipients by 8 wk following cell transfer. 
The T lymphocytes that migrate to the intestine mostly have an 
activated phenotype in the absence of a graft-vs-host response or 
any intentional immunization. Despite this, colitis pathogenesis in 
the SCID host requires unique features of both the CD4+, 
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CD45RBhIgh subpopulation and the large intestinal microenviron- 
ment. As in several other experimental colitis models (1, 3), one 
critical feature of the large intestine is the presence of bacterial 
flora. Based upon all these data, we propose a speculative model 
for colitis pathogenesis in which increased bacteria or bacterial 
products that cross  the  SCID intestinal epithelium permit the  sen- 
sitization of reactive, donor-derived T cells in peripheral lymphoid 
tissues. Some of these activated T cells might then migrate to the 
various intestinal compartments, where additional T cell expansion 
and activation could be promoted by flora in the large intestine. 
Further experiments will be required to precisely delineate the re- 
lationship among the CD4+,  CD45RBhigh subpopulation, bacterial 
flora, and other  features of the large intestine microenvironment 
that lead to colitis. 
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