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The intestinal inflammation induced by injection of naïve CD4+ T cells into
lymphocyte-deficient hosts (more commonly known as the T cell transfer
model of colitis) shares many features of idiopathic inflammatory bowel dis-
ease (IBD) in humans, such as epithelial cell hyperplasia, crypt abscess forma-
tion, and dense lamina propria lymphocyte infiltration. As such, it provides a
useful tool for studying mucosal immune regulation as it relates to the patho-
genesis and treatment of IBD in humans. In the IBD model described here,
colitis is induced in Rag (recombination-activating gene)-deficient mice by re-
constitution of these mice with naïve CD4+CD45RBhi T cells through adoptive
T cell transfer. Although different recipient hosts of cell transfer can be used,
Rag-deficient mice are the best characterized and support studies that are both
flexible and reproduceable. As described in the Basic Protocol, in most studies
the transferred cells consist of naïve CD4+ T cells (CD45RBhi T cells) derived
by fluorescence-activated cell sorting from total CD4+ T cells previously pu-
rified using immunomagnetic negative selection beads. In a Support Protocol,
methods to characterize colonic disease progression are described, including
the monitoring of weight loss and diarrhea and the histological assessment of
colon pathology. © 2024 The Author(s). Current Protocols published by Wiley
Periodicals LLC.

Basic Protocol: Induction of IBD in Rag-deficient mice by the transfer of naïve
CD4+CD45RBhi T cells
Support Protocol: Monitoring development of colitis
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INTRODUCTION

Historically, most animal studies of IBD utilized chemically induced or
polymer/microbial-induced models of intestinal inflammation, which generally cause
acute or subacute inflammatory responses, rather than the chronic inflammation that
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is characteristic of the human disease. The advent of mouse strains with deletion of
specific genes led to the development of a raft of new mouse models of IBD. This
initially included mice with targeted disruptions of the interleukin 10 gene (IL-10KO
mice; Kuhn et al., 1993), the IL-2 gene (IL-2KO mice; Sadlack et al., 1993), the T cell
receptor α chain gene (TCR-αKO mice; Mombaerts et al., 1993), and the signaling G
protein subunit Gαi2 gene (Gαi2K0 mice; Rudolph et al., 1995); however, in later years
many additional single-gene-deletion models of IBD were reported. The original version
of the T cell transfer colitis model using lymphocyte-deficient SCID mice restored
with CD4+CD45RBhi T cells is part of this group as well, because it depends on mice
with a gene deletion (Morrissey et al., 1993; Powrie et al., 1993).These IBD models
represented a significant step forward in gastrointestinal research as the intestinal lesions
that develop in these models share many histological features present in human IBD,
including chronic inflammation, epithelial cell hyperplasia, ulceration, and depletion of
mucin-secreting goblet cells. In addition, these IBD models share the fact that in all cases
colitis development occurs as a result of an altered immune system and thus establish
that an intact immune system is necessary for prevention of intestinal inflammation
(Powrie, 1995). The CD4+CD45RBhi T cell transfer model of IBD has several advan-
tages over other models, as the incidence of disease is high (∼90%) and the kinetics
and course of disease are highly reproducible (see Understanding Results). This is in
contrast to the spontaneous models in various knockout mice, in which disease occurs
with variable incidence and can take 3-4 months to develop. The CD4+CD45RBhi T cell
transfer model can be used to study CD4+ T cell–mediated inflammatory responses and
their regulation in vivo, as well as the effects of various therapeutic strategies on these
processes.

This article describes the transfer of naïve CD4+ T cells into immunodeficient mice to
initiate colitis, with or without regulatory T cells that ameliorate disease (Basic Proto-
col). A Support Protocol provides methods to characterize colonic disease progression,
including the monitoring of weight loss and diarrhea and the histological assessment of
colon pathology.

NOTE: All protocols involving animals must be reviewed and approved by the appropri-
ate Animal Care and Use Committee and must follow regulations for the care and use of
laboratory animals.

BASIC
PROTOCOL

INDUCTION OF IBD IN RAG-DEFICIENT MICE BY THE TRANSFER OF
NAÏVE CD4+CD45RBHI T CELLS

In this protocol, CD4+ T cell subsets are isolated from the spleen by a process of
negative selection using magnetic beads followed by cell sorting. These consist of
CD4+CD45RBhi T cells that are injected into immunodeficient hosts either alone (for
induction of colitis) or in combination with CD4+CD25+CD45RBlo regulatory T (Treg)
cells (given concomitantly for protection from colitis, or injected at a later time point
for cure of colitis). Following this cell isolation and injection, the recipient mice are
monitored for the development of intestinal disease. Transfer of CD4+CD45RBhi T cells
from C57BL/6J mice to C57BL/6J Rag1–/– mice is used here as an example, but the
model has also been shown to work when transferring CD4+CD45RBhi T cells from dif-
ferent inbred strains into MHC-matched T cell–deficient recipients, including BALB/c
into CB.17 SCID (Powrie et al., 1993), 129 SvEv into 129 SvEv Rag2–/– (Powrie et al.,
1996), and C57BL/6J mice into Tcrb–/– Tcrd–/– mice (Ostanin et al., 2006). This protocol
is described using female donor and recipient mice, but male donors and recipients may
also be used.

Materials

6- to 8-week-old female C57BL/6J Rag1–/– mice (recipient mice; C57BL/6J
Rag2–/– mice may also be used)
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6- to 12-week-old female C57BL/6J mice (donor mice)
PBS/BSA, with and without EDTA (see recipe)
0.025% (w/v) trypan blue
MojoSortTM Mouse CD4 T cell isolation kit (Biolegend) or EasySepTM Mouse

CD4+ T cell isolation kit (StemCell Technologies)
Phycoerythrin-conjugated anti-CD25 antibody (CD25-PE; Biolegend or

equivalent)
Peridinin-chlorophyll-protein-Cyanine 5.5-conjugated anti-CD4 antibody

(CD4-PerCP Cy5.5, Biolegend or equivalent)
Allophycocyanin–conjugated anti-CD45RB antibody (CD45RB-APC; Biolegend

or equivalent)
4,6-Diamidino-2-phenylindole (DAPI; ThermoFisher or equivalent)
Heat-inactivated fetal bovine serum (FBS)

70-mm nylon cell strainers (Fisher Scientific or equivalent)
1-ml disposable syringe
15- and 50-ml conical polypropylene centrifuge tubes
Magnet (StemCell Technologies EasySep magnet or Biolegend Mojo magnet or

equivalent)
4- and 5-ml polystyrene tubes for cell sorting (Falcon or equivalent)
Fluorescence cell sorter (Becton Dickinson Aria III or equivalent)
Top-pan balance

Additional equipment for removal of lymphoid organs (Reeves & Reeves, 1992),
preparation of single-cell suspensions (Kruisbeek, 2001), negative selection of
CD4+ cells using magnetic beads (Horgan et al., 2009, immunofluorescence
staining of single-cell suspensions (Holmes et al., 2001), trypan blue exclusion
(Strober, 2015), management of immunocompromised animals (Donovan &
Brown, 2007), cell sorting (Holmes et al., 2001; McKinnon, 2018),
intraperitoneal injection (Donovan & Brown, 2006a), unique identification of
mice (Donovan & Brown, 2006b), and CO2 euthanasia (Donovan & Brown,
2006c)

NOTE: All manipulations should be carried out at 4°C unless otherwise stated.

NOTE: Protocols involving animals must be reviewed and approved by the appropriate
Institutional Animal Care and Use Committee. Institutional guidelines for the care and
use of laboratory animals must be followed.

Prepare single-cell suspension
1. Extract 10 spleens from normal C57BL6/J mice and place them into 20 ml of sterile

PBS/BSA.

HBSS/BSA can be used in place of PBS/BSA. The number of spleens used should be
based on the required number of purified CD4+CD45RBhi T cells. As a rule of thumb,
ten spleens will yield ∼1 × 107 CD45RBhiCD4+ T cells. Additional removal of the pe-
ripheral lymph nodes can further enhance final cell yields (cervical, axillary, brachial,
and inguinal are sufficient). This is more important when sorting CD4+CD25+CD45RBlo

Tregs for protection/cure of colitis, as Treg numbers are generally lower.

2. Generate a single-cell suspension by forcing the spleens through a 70-μm nylon
mesh or cell strainer using the plunger from a 1-ml disposable syringe. Wash the
mesh with 10 ml PBS/BSA and add the wash to the single-cell suspension.

3. Pellet the cells by centrifugation for 5 min at 300 × g, 4°C, and resuspend cells in
PBS/BSA/EDTA solution (1 ml per spleen).

Enrich for CD4+ cells using magnetic beads
4. Count cells using trypan blue uptake to exclude dead cells from the count.
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5. Utilize a kit protocol to enrich the cells. Procedures described in steps 6-11 are de-
rived from the MojoSort protocol and should be modified if other kits are used.

6. Pellet the cells as above and resuspend in PBS/BSA/EDTA at 1 × 108 cells/ml. Add
10 μl Biotin-Antibody cocktail per 100 μl of cells, mix well, and incubate at 4°C
for 15 min.

If using either MojoSort (Biolegend) or EasySep (StemCell Technologies) CD4 enrich-
ment, it is important that erythrocytes are not lysed before the kit is used.

7. Vortex Streptavidin Nanobeads and add 10 μl nanobeads for each 100 μl of cells;
mix well and incubate the mixture at 4°C for 15 min.

8. If <2.5 ml total solution is obtained, increase the volume to 2.5 ml with
PBS/BSA/EDTA; then pipet up and down to disrupt any aggregates.

9. Place the tube in the magnet for 5 min.

10. Pour out in one smooth motion and collect the liquid. Do not discard as this contains
the CD4+ T cells.

11. Repeat steps 8-10 to increase the yield.

12. Pellet collected cells (5 min at 300 × g, 4°C) and resuspend in 5 ml PBS/BSA/EDTA.

13. Count viable cells again. Remove five aliquots of 5 × 105 cells into 4-ml polystyrene
tubes as controls for cell sorting.

Label with fluorochrome-conjugated antibodies
14. Pellet remainder of cells (5 min at 300 × g, 4°C) and resuspend in a 5-ml polypropy-

lene tube at 1-2 × 107 cells/ml in PBS/BSA/EDTA containing 15 μg/ml CD25-PE
(1:100), 2 μg/ml CD4-PerCP-Cy5.5 (1:400), and 15 μg/ml CD45RB-APC (1:100).
Incubate for 30 min at 4°C in the dark.

Successful staining is dependent on titration of the antibodies used (see Critical Param-
eters and Troubleshooting).

15. During incubation of samples, if using cells for single-color controls, pellet con-
trol aliquots of cells (step 13) at 300 × g, 4°C, for 5 min and resuspend in 100 μl
PBS/BSA containing one of the following per tube:

Tube a: nothing
Tube b: 15 μg/ml CD45RB-FITC
Tube c: 1 μg/ml CD25-PE
Tube d: 1 μg/ml CD4-PerCP-Cy5.5
Tube e: 1 μg/ml DAPI

Compensation beads can be used in place of live cells except for tube e, which requires
cells because DAPI will not bind to compensation beads.

16. Incubate cells with mAb at 4°C for 30 min in the dark and then wash twice with
3 ml PBS/BSA. Resuspend single-color control cell pellets in 300 μl PBS/BSA and
stored at 4°C until analysis.

17. Pellet labeled cells (step 14) and wash twice with 10 ml PBS/BSA. Resuspend in
PBS/BSA at 1 × 107/ml at store at 4°C until analysis.

Perform cell sorting
18. Set up a cell sorter (McKinnon, 2018) by running unstained cells (step 15, tube a).

19. Determine appropriate compensation (Holmes et al., 2001) for four-color analysis
using FITC-, PE, and PerCP-Cy5.5-conjugated mAbs by analyzing cells stained
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Figure 1 Splenocytes enriched for CD4+ T cells stained with CD25-PE, CD4-PerCP-Cy5.5,
and CD45RB-APC. Left, the primary sort gate for CD4+ T cells (P4); right, the sorting gates for
CD4+CD25loCD45RBhi naive T cells (P5) and CD4+CD25hiCD45RBlo Treg cells (P6).

with CD45RB-FITC alone (tube b), with CD25-PE alone (tube c), with CD4-PerCP-
Cy5.5 alone (tube d), and with DAPI alone (tube e).

20. Analyze labeled cells (step 17) on the cell sorter and set appropriate gates (Holmes
et al., 2001). Use DAPI to exclude nonviable cells, and use forward scatter height
and width to exclude doublet cells.

21. Sort the cell suspension into DAPI– CD4+CD25loCD45RBhi and DAPI–

CD4+CD25hiCD45RBlo T cell populations as shown in Figure 1.

See McKinnon (2018) for a detailed discussion of the theory and methodology of cell
sorting. Cells are routinely run through the machine at ∼5000 cells/s and collected into
a cushion of 100 μl heat-inactivated FBS in 4-ml tubes.

22. Pellet sorted cells (300 × g, 4°C, 5 min) in collection tubes, resuspend in 2 ml
PBS/BSA/EDTA, and pool into a 50-ml centrifuge tube.

Optimal cell yields are obtained when sorted cells are pelleted in the original collection
tubes.

23. Count viable cells by trypan blue exclusion.

24. Remove 1 × 105 cells from each sorted population and re-analyze on the cell sorter
to assess the purity of the sorted T cells.

Inject immunodeficient recipients
25. Pellet sorted cells from step 22 (300 × g, 4°C, 5 min). Resuspend the

CD4+CD45RBhi (naïve) T cells at 4 × 106/ml in PBS, and resuspend the
CD4+CD25hiCD45RBlo (regulatory) T cells (Tregs) at 2 × 106/ml.

26. To induce colitis in recipient mice, take 4 × 105 CD4+CD45RBhi T cells (equivalent
to 100 μl of cell suspension) for each immunodeficient recipient to be restored with T
cells and dilute the cell suspension with an equal volume of PBS; then inject the cells
(now suspended in 200 μl volume) intraperitoneally (Donovan & Brown, 2006a)
into female C57BL/6J Rag1 KO mice.

To protect recipients from colitis, mix 4 × 105 CD4+CD45RBhi T cells with 2 × 105

CD4+CD25hiCD45RBlo Treg cells (equivalent of 100 μl of each cell suspension) and
inject 200 μl of the mixture intraperitoneally.

To “cure” recipients from colitis, inject 4 × 105 CD4+CD45RBhi T cells intraperitoneally
to induce colitis as above, wait until clinical symptoms of intestinal inflammation are
evident (usually around 2-4 weeks), and then inject 8 × 105 CD4+CD25hiCD45RBlo

Treg cells intraperitoneally.
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For all cell injections, it is recommended that enough cells are prepared to inject at least
two additional recipients per group. This compensates for loss of volume due to dead
space in syringes, as well as for loss of recipients due to injection issues.

27. Mark mice for unique identification by hole punching the ears or other method of
identification (Donovan & Brown, 2006b).

28. Weigh mice immediately following T cell transfers, and then at least weekly there-
after, using a top-pan balance.

Due to the circadian nature of mouse activity and feeding, mice should be weighed at
around the same hour of the day.

Once mice begin to lose weight, they should be monitored and weighed daily, as this may
progress rapidly. The usual humane endpoint is to immediately cull mice if they have lost
20% of their initial body weight.

SUPPORT
PROTOCOL

MONITORING DEVELOPMENT OF COLITIS

Development of colitis is accompanied by progressive weight loss and the onset and
persistence of loose stools containing a high proportion of mucus. Weight loss can be
variable depending on the microbiota and can be cage dependent. Recipient mice usually
stop gaining weight in the first 2 weeks after T cell transfer and then lose weight over
the next 2-6 weeks. At this time point, mice may undergo a rapid decline in health that
requires close monitoring to allow cell harvest and other investigation prior to demise
or recovery by injection of Tregs. The presence of colitis is identified by histological
analysis of the colon. Characteristic lesions include a mononuclear cell infiltrate into the
mucosa and muscularis, epithelial cell hyperplasia, ulceration, and depletion of mucin-
secreting goblet cells.

Materials

Female C57BL/6J Rag1–/– mice that have received adoptively transferred
CD4+CD45RBhi T cells, weighed weekly (see Basic Protocol)

Phosphate-buffered saline (PBS), ice cold
10% (v/v) buffered formalin (Baxter)
Hematoxylin counterstain (Mayer’s; Merck)

Dissecting instruments
19-G blunted-ended needle
Tissue-processing histology cassettes (Fisher Scientific)
Histology pencil (Fisher Scientific)

Additional reagents and equipment for CO2 euthanasia (Donovan & Brown, 2006c)
and (optional) paraffin embedding, sectioning, and hematoxylin staining
(Hofman & Taylor, 2013)

1. When T cell–transferred mice develop loose stools or lose 10%-15% of their initial
body weight, euthanize in an atmosphere of 100% CO2 (Donovan & Brown, 2006c).

2. Open the abdomen, cut the colon below the cecum and just above the anus, and trans-
fer the colon to ice-cold PBS. Using a 19-G blunt-ended needle, wash out the contents
of the lumen with PBS.

3. Cut a small portion (∼1 cm) of each of the ascending (proximal), transverse (mid),
and descending (distal) colon and place into a histology cassette. Assign each sample
a code and label using a histology pencil. Fix in 10% buffered formalin for ≥24 hr.

Samples can be kept in buffered formalin for up to 2 weeks before being further processed.Pearson and
Maloy
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Table 1 Histopathology Scoring of Mice with Colitis

Epithelium Hyperplasia and/or Goblet cell depletion

0 None None

1 Mild (1.5× longer) Mild (25%)

2 Moderate (2-3× longer) Marked (25%-50%)

3 Severe (>3× longer) Substantial (>50%)

Inflammation in lamina propria

0 None—few leukocytes

1 Mild—some increase in leukocytes at tips of crypts OR many lymphoid
follicles

2 Moderate—marked infiltrate (notable broadening of crypt)

3 Severe—dense infiltrate throughout

Area affected (% of section)

0 None

1 Up to 25%

2 25%-50%

3 More than 50%

Markers of severe inflammation

0 None

1 Submucosal inflammation OR few crypt abscesses (<5)

2 Submucosal inflammation AND few crypt abscesses (<5)

2 Many crypt abscesses (>5) OR extensive submucosal inflammation

3 Many crypt abscesses (>5) AND extensive submucosal inflammation

3 Ulceration OR extensive fibrosis

4. Paraffin embed samples and cut two to three 5-μm transverse sections per sample.
Mount on microscope slides and stain with hematoxylin counterstain.

Paraffin embedding and processing can be performed in-house (see Hofman & Taylor,
2013), or samples can be submitted to a histology lab.

5. Analyze stained sections by light microscopy to determine the extent of intestinal
inflammation. Grade each pathological parameter semi-quantitatively on a scale from
0 (no change) to 3 (most severe) as described in Table 1, giving a total score for each
section of 0-12.

Data should be presented as the mean of the grades for each section (proximal, mid, and
distal colon) for each individual mouse. Group data should show individual mouse scores
and highlight the median values. As the severity of disease can vary across individual
mice in each group, the colitis scores are typically not normally distributed. Therefore,
nonparametric statistical analysis, such as a Wilcoxon rank sum test, can be applied to
test the significance of differences between groups.

Slides should be evaluated by somebody who does not know the identity of the sample
(i.e., scored blind) and who is familiar with normal and diseased colonic architecture.
Immunohistochemical analysis on frozen sections of colon (Hofman & Taylor, 2013) can
be used to reveal information on the phenotype of infiltrating cells; however, it should
be noted that morphology is best preserved using formalin-fixed and paraffin-embedded
material.
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REAGENTS AND SOLUTIONS

PBS/BSA(/EDTA)

Prepare a 1:10 dilution of 1% BSA stock solution (Sigma, Fraction V) in phosphate-
buffered saline (PBS). For PBS/BSA/EDTA, add 10 mM EDTA. Sterilize by filtration
with a 0.2-μm filter unit (Corning) and store at 4°C for up to 1 month.

COMMENTARY

Background Information
Transfer of naïve CD4+CD45RBhi T cells

isolated from the spleen of normal mice to co-
isogenic SCID or Rag–/– mice leads to the de-
velopment of IBD in the recipients (Morris-
sey et al., 1993; Powrie et al., 1993). Intestinal
lesions, which extend diffusely from the ce-
cum to the rectum, are characterized by exten-
sive leukocytic infiltrates (in some cases gran-
ulomatous in nature and composed primarily
of macrophages and CD4+ T cells), epithe-
lial cell hyperplasia with glandular elongation,
ulceration, and loss of mucin-secreting gob-
let cells. In addition to intestinal inflamma-
tion, some mice also develop gastritis, hepati-
tis, myocarditis, and inflammation in the lung
(Leach et al., 1996).

IBD induced in T-cell-deficient mice by
transfer of CD45RBhiCD4+ T cells involves
activation of Th1 cells, and disease is ame-
liorated by treatment with anti-IFN-γ mAb
(Powrie et al., 1994). Subsequent studies
demonstrated that CD45RBhiCD4+ T cell
transfer IBD is dependent on the production
of IL-23 and that this cytokine (in association
with IL-12) acts on CD4+ T cells to promote
pathogenic Th1 cell and Th17 cell responses in
the gut (Ahern et al., 2010; Izcue et al., 2008;
Kullberg et al., 2006). In addition, there is
marked accumulation of activated monocytes
and neutrophils in the inflamed colon, and dys-
regulated hematopoiesis contributes to patho-
genesis (Griseri et al., 2012).

The contemporaneous discovery that
IL23R gene polymorphisms were associated
with increased risk of IBD in humans (Duerr
et al., 2006) further validated the relevance
of this preclinical mouse model for human
IBD. Accordingly, recent clinical trials have
shown that antibodies targeting IL-23 can
reduce disease in many human IBD patients
(McDonald et al., 2022).

Intestinal bacteria play a critical role in
the pathogenesis of disease as colitis failed to
develop in CD4+CD45RBhi T cell–restored
immunodeficient mice raised under germ-free
conditions (Aranda et al., 1997; Powrie &
Leach, 1995). Evidence suggests that IBD
develops as a result of an abnormal immune

response to commensal bacteria (Maloy &
Powrie, 2011), and several studies have high-
lighted the effect that particular bacteria can
have on the disease process. For example, ex-
perimental infection with the gram-negative
bacterium Helicobacter hepaticus leads to
development of mild to moderate typhlocolitis
in Rag-deficient mice, even in the absence
of T cells (Maloy et al., 2003). However,
severe disease, often including rectal pro-
lapse, was observed in the presence of both
CD4+CD45RBhi T cells and H. hepaticus in-
fection, indicating that an abnormal immune
response in the presence of a single enteric
pathogen can lead to very severe immune
pathology (Cahill et al., 1997; Maloy et al.,
2003). A recent study using a similar naïve
CD4+ T cell adoptive transfer colitis model
provided compelling evidence that cognate
recognition of microbiota-derived antigens
drives the expansion of colitogenic CD4+

T cells in the intestine (Muschaweck et al.,
2021). Using TCR sequencing, the authors
observed the accumulation of a few dominant
clonotypes in each Rag–/– recipient that were
shared between Th1 and Th17 effector sub-
sets. In addition, modulation of the microbiota
using antibiotics correlated with changes in
the colonic T cell repertoire, suggesting that
recognition of specific microbiota components
was responsible for expansion of dominant T
cell clones (Muschaweck et al., 2021).

IBD induced by transfer of
CD4+CD45RBhi T cells can be inhibited
in a dose-dependent fashion by co-transfer of
the reciprocal CD4+CD25hiCD45RBlo T cell
population, showing that Treg cells contained
within this population inhibit the development
of pathogenic inflammatory responses in the
intestine (Powrie et al., 1993). Transfer of
the CD4+CD25hiCD45RBlo T cell population
can also be used to “cure” established colitis
in mice that were previously injected with
CD4+CD45RBhi T cells (Mottet et al., 2003).

The immune-suppressive properties of
CD4+CD25hiCD45RBlo Treg cells were
shown to involve the production of transform-
ing growth factor beta (TGF-β), which
acts on donor T cells to suppress the
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accumulation of pathogenic CD4+ T ef-
fector cells in the gut (Fahlen et al., 2005).
The CD4+CD25hiCD45RBlo Treg cells ex-
press the co-inhibitory receptor CTLA-4,
which is also required for their suppression
of colitis (Read et al., 2006). Additional
factors that potentiate the suppressive func-
tion of intestinal CD4+CD25hiCD45RBlo

Treg cells have been identified, including the
alarmin IL-33 that is released by epithelial
cells during tissue damage (Schiering et al.,
2014).

Taken together, these studies highlight the
utility of the CD4+CD45RBhi T cell trans-
fer model of IBD for the identification of
cellular, molecular, and environmental factors
that contribute to the induction or suppression
of chronic intestinal inflammation, which has
opened new avenues for therapeutic interven-
tion in human IBD.

Critical Parameters and
Troubleshooting

Successful induction and/or regulation of
intestinal disease in the cell transfer model
described here is dependent on several fac-
tors. One factor of particular importance is
the purity of the CD4+CD45RBhi T cells
and CD4+CD25+CD45RBlo Treg cells be-
ing transferred, as contamination of the
CD4+CD45RBhi T cell population with as few
as 10%-15% CD4+CD25+CD45RBlo T cells
can lead to inhibition of disease. For this rea-
son, cell sorting is recommended for prepara-
tion of T cell subpopulations, using a program
that utilizes both the CD45RB and CD25 cell-
surface markers to allow mutual exclusion of
cells with one or the other marker (Fig. 1).

Specific-pathogen-free (SPF) mice are also
essential for the successful use of this model.
This is evident from the fact that the pres-
ence of pathogens in either the donor or re-
cipient mice can significantly alter the results
obtained. If Rag-deficient mice rapidly de-
velop wasting disease (i.e., within 2 weeks af-
ter CD4+CD45RBhi T cell transfer) or there
is significant mortality in the experimental
groups, suspect the presence of pathogens
such as Pneumocystis carinii or mouse hepati-
tis virus. Often Rag-deficient mice can harbor
pathogens without displaying clinical signs;
however, transfer of donor T cells, particu-
larly the CD4+CD45RBhi T subset, leads to
activation of an immune response that induces
immune pathology (Roths & Sidman, 1992).
To minimize the chances of infection, the au-
thors house their colonies in individually ven-
tilated cages, which provide a source of high-

efficiency particulate air (HEPA)-filtered air to
individual cages.

As noted above, the presence of H. hep-
aticus in the recipient Rag-deficient mice can
have a dramatic exacerbating effect on disease
severity. Although H. hepaticus is not a bona
fide pathogen of normal immune-competent
mice, most animal facilities now include H.
hepaticus screening as part of their regular
monitoring. There are several related intesti-
nal Helicobacter spp. that have been associ-
ated with intestinal inflammation in rodents,
and it is therefore recommended that recip-
ient Rag-deficient mice are screened for the
presence of intestinal Helicobacter spp. (Feng
et al., 2005).

Mouse age may also play a role in disease
induction, and recipient mice older than 16
weeks at transfer are less susceptible to de-
veloping colitis. In addition, the of use mice
younger than 6 weeks old at transfer is not
recommended due to their smaller starting
weight.

Protection from and cure of colitis
in experiments may require some opti-
mization of cell numbers. The number of
CD4+CD25+CD45RBlo Treg cells required
to block disease may alter depending on the
local microenvironment and how quickly dis-
ease develops in normal circumstances. More
Treg cells may be required in facilities where
colitis occurs faster. It is important to keep
cells on ice when not actually being sorted,
especially when sorting a large number of
Treg cells, as long delays before injection can
reduce colitis induction efficacy.

Understanding Results
Rag–/– recipient mice stop gaining weight

about 2 weeks after reconstitution with
CD4+CD45RBhi T cells. By 3 weeks they
start to lose weight and develop loose stools.
Weight loss is progressive, and by 6-8 weeks
mice in this group can have lost up to 15%-
20% of their body weight, although it is
possible for some mice to maintain weight but
still develop disease. In contrast, Rag–/– mice
restored with a mixture of CD4+CD45RBhi

T cells and CD4+CD25+CD45RBlo Treg
cells gain weight and thrive throughout the
course of the experiment (Fig. 2). Upon
necropsy, ∼80% of Rag–/– mice that received
CD4+CD45RBhi T cells exhibit a thickened
colon that is visible macroscopically. Micro-
scopic analysis reveals inflammation and ep-
ithelial cell hyperplasia that affects the entire
circumference of the bowel wall (Fig. 3) and is
present diffusely from cecum to rectum. The
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Figure 2 Wasting disease in C57BL/6 Rag–/– mice that were adoptively transferred
with CD4+CD45RBhi T cells (black closed circles) is prevented by co-transfer of the
CD4+CD25+CD45RBlo Treg cells (gray squares).

Figure 3 Microscopic analysis of bowel wall in mouse T cell transfer–induced colitis. Left, rep-
resentative mid-colon section from a control C57BL/6 Rag1–/– mouse. Right, representative mid-
colon section from a C57BL/6 Rag1–/– mouse that was adoptively transferred with CD4+CD45RBhi

T cells 8 weeks earlier (25× magnification).

majority of mice in this group develop colitis
that is scored between 5 and 12 (Table 1). In
contrast, colons from Rag–/– mice successfully
restored with a mixture of CD4+CD45RBhi T
cells and CD4+CD25+CD45RBlo Treg cells
generally look indistinguishable from normal
C57BL/6J mice, or show minimal signs of
pathology (Fig. 3).

Time Considerations
The preparation of CD4+CD45RBhi T cells

and CD4+CD25+CD45RBlo Treg cells typ-
ically takes a full day. It takes ∼2 hr to
prepare an enriched CD4+ population from
whole spleens. Staining the cells for cell sort-
ing will take 1 hr. The time required to sort
cells is dependent upon the sort rate and pro-
portion of events falling in the required sort
gates; however, as a rough guide, sorting 107

CD4+CD45RBhi T cells at 5000 events/s will
take 2-3 hr. Sorted cells can be pooled as the
sort progresses. Time should also be left for
reanalysis (30 min) and injection of the sorted
CD4+ subpopulations into recipients (1 hr).
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