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Introduction

Acute allograft rejection is a complex process involving

multiple cell types. Numerous studies have shown that

CD8+ T cells are the primary effector cells in acute

rejection [1], yet detailed study of the mechanisms

involved in the various steps leading to graft destruc-

tion has been difficult [2]. A detailed study of allorejec-

tion is hampered in most animal models by the fact

that not all the cells that appear at the graft site are

allospecific. Lymphocytes are recruited to the graft during

their recirculation as part of the immune surveillance

process [3]. Naı̈ve T cells recirculate randomly through

secondary lymphoid sites until they are stimulated by

antigen [4]. Activation of naı̈ve cells can lead to the

random acquisition of different cell adhesion molecules

and chemokine receptors and to random homing of

different sites in an antigen-independent mechanism

and so activated T cells can be found in many organs

[5]. However, recent studies have provided evidence for

the importance of an antigen-dependent mechanism of

lymphocyte recruitment to the allografts via antigen

presentation by the major histocompatibility complex

(MHC) on endothelial cells in vascularized grafts that

enhances the rate of transendothelial migration [6,7]

Thus, a model system utilizing a single cell population

of alloreactive effector T cells might allow a more care-

ful analysis of the stepwise progression of T cell activa-

tion, homing, and effector function. It might allow for

the identification of alloreactive cell subsets with differ-

ent functional characteristics involved in the mech-

anisms of induction of T-cell anergy or generation of

immunoregulatory cells. Furthermore, a model system

utilizing a single cell population of alloreactive effector

T cells might allow for cell manipulation before recon-

stitution, which can modulate the expression of func-

tional molecules involved in graft destruction. The aim

of the current study was to develop a model of allo-

graft rejection using a purified monoclonal population

of alloreactive effector cells.
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Summary

The complexity of allorejection (cell activation, homing, and effector function)

makes detailed studies difficult. We have developed a model of allograft rejec-

tion using purified monoclonal alloreactive effector cells. Immunodeficient

C57Bl/6-Rag-1 (H-2b) recipients of Balb/c (H-2d) islet or skin grafts were

reconstituted via adoptive transfer of splenocytes from 2C transgenic mice con-

taining CD8+ cytotoxic effector cells directed against Ld. Recipients were

assessed for engraftment, activation and homing of effector cells, and ability to

reject grafts. Both unpurified 2C splenocytes and purified 2C/CD8+ cells dur-

ably reconstitute immunodeficient mice. Naı̈ve 2C effector cells reject skin

grafts, but not islet allografts. However, when effector cells are primed prior to

reconstitution, islet allografts are rejected. Using this model, blockade of adhe-

sion molecules LFA-1 and a4-integrin delayed infiltration of islet allografts and

prolonged allograft survival. This model of allorejection may be useful to study

the activation and homing of allospecific cells in vivo.
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In pursuit of this goal, we used purified CD8+ cells

from 2C T-cell receptor (TCR) transgenic mice as effec-

tor cells and reconstituted immunodeficient C57BL/

6-Rag-1 (H-2b) recipients, which posses B and T-cell

deficiency. The 2C TCR mice posses functionally rear-

ranged TCR a- and b-chain genes from the cytotoxic

T-cell clone that is derived from the allogeneic response

of an H-2b mouse to H-2d cells. The 2C TCR cells

respond specifically to cells that express Ld, one of the

three class I MHC alloantigens encoded by H-2d haplo-

type [8–10]. The 2C mice have C57Bl/6 background

similar to the immunodeficient Rag-1 mice. We found

that both unpurified 2C splenocytes and purified

2C CD8+ cells durably reconstitute immunodeficient

C57BL/6-Rag-1 recipients. Naı̈ve 2C effector T cells

reject Balb/c (H-2d) skin grafts, but not Balb/c islet allo-

grafts, efficiently. However, when the effector cells are

primed prior to reconstitution, islet allografts are also

rejected. After the initial characterization of the model

we tested its usefulness to study the allograft rejection

using immunosuppressive regimens directed against

adhesion molecules. Our choice of a combination treat-

ment with monoclonal antibodies directed against the

adhesion molecules VLA-4 a-chain (a4 integrin) and

LFA-1 was based on studies successfully targeting a4
integrins [11] and our previous experience [2,12]. The

treatment delayed the infiltration of islet allografts and

prolonged allograft survival. Thus, we believe that the

2C-Rag-1 TCR transgenic mouse model of allorejection

may be a useful tool to study the mechanisms of activa-

tion and homing of allospecific T cells in vivo.

Materials and methods

Mice

2C transgenic mice were inbred at the Mayo Clinic Animal

Facility. C57BL/6J-Rag1tm1Mom (H-2b) and Balb/c (H-2d)

mice were purchased from Jackson Laboratories (Bar Har-

bor, ME, USA). Animals were handled in accordance with

the regulations of the Institutional Animal Care and Use

Committee of the Mayo Foundation and Clinic, Rochester,

MN. After weaning, the mice were bled by the tail vein and

their blood lymphocytes screened for 2C TCR transgene

expression by FACS analysis.

The model system

The model system involves the use of immunodeficient

Rag mice as recipients of either islet or skin grafts. Seven

days after transplantation the immune system of these

graft recipients is reconstituted with alloreactive 2C

splenocytes of various purity. The various steps toward

allograft rejection are assessed as follows: (i) Engraftment

is determined using immunohistochemical analysis for

either 2C or CD8. (ii) Activation of alloreactive cells is

determined by expression of the IL-2 receptor on adop-

tively transferred 2C cells in lymph nodes, spleen, or in

the graft either immunohistologically or by FACS analysis.

(iii) Homing is assessed by graft infiltration of 2C+ cells.

The allografts were performed prior to the immune

reconstitution in order to avoid the homeostatic prolifer-

ation reported in Rag-1)/) mouse [13].

Islet isolation and transplantation

Six hundred islets from Balb/c donor mice were isolated

by collagenase digestion, density-gradient separation,

hand-picked and transplanted under the left renal capsule

in streptozotocin-induced (250 mg/kg) C57BL/6-Rag-1

diabetic recipients [2]. Rejection was defined as persistent

tail vein blood glucose levels >250 mg/dl.

Skin grafts

Skin grafts were performed by first removing the donor

skin graft from the dorsum of the tail of Balb/c donors

using a scalpel. The recipient site was prepared using a

similar technique and the skin grafts were placed on the

recipient site, manually compressed and allowed to

adhere. Two allografts and one isograft control were

placed on each recipient. A protective dressing was placed

for 4 days and the grafts were inspected daily for viability.

Rejection was defined as loss of the normal hair pattern

and sloughing of the skin graft.

Reconstitution of C57BL6/Rag-1 mice with 2C cells

Allograft recipients were reconstituted with intravenous

(i.v.) or intraperitoneal (i.p.) injection of either: (i) naı̈ve

unfractioned splenocytes; (ii) naı̈ve purified T cells or 2C/

CD8+ splenocytes; (iii) Balb/c-primed purified 2C/CD8+

cells (5 · 107, 2 · 107, 107, 5 · 106, and 106 cells). The

2C mice were primed by i.p. injection of 107 Balb/c

splenocytes. Two weeks after priming spleens were harves-

ted, splenocytes isolated and injected into recipients.

Immune reconstitution was verified by weekly FACS ana-

lysis of peripheral blood lymphocytes. At the time of

rejection or after 50 days of follow-up the recipients were

killed and their grafts, spleens, and lymph nodes exam-

ined by immunohistochemical analysis.

2C splenocyte subfraction isolation

All of the CD8+ cells in the native 2C mouse were

found to be positive for the 2C marker using 1B2-H6

monoclonal antibody by FACS analysis. Therefore, we
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used the anti-CD8 antibody to isolate purified, mono-

clonal alloreactive 2C TCR transgenic cells. Purified 2C

T cells and CD8+ 2C splenocytes were isolated by mag-

netic cell sorting using MicroBeads CD90 (Thy 1.2)

and CD8a (Ly-2), respectively, MACS LS+ Separation

Columns and MidiMACS magnetic cell separators

(Miltenyi Biotec, Auburn, CA, USA). Briefly, 10 ll of

CD 90 or CD8a MicroBeads per 107 total cells were

added to the cell suspension and incubated for 15 min

at 6–12 �C. After washing, the cells were resuspended

in PBS containing 0.5% bovine serum albumin and

2 mm EDTA and loaded onto the separation columns

for positive selection separation. After washing the col-

umn was removed from the separator and the positive

fraction flushed out using a plunger.

FACS analysis

The 2C TCR transgene expression was verified by the

clonotypic antibody 1B2 as culture supernatant from

mouse hybridoma 1B2-H6, which was a gift from

Dr L. Pease, Mayo Clinic. The cell innoculum was exam-

ined by FACS analysis for 2C, CD3, CD8, CD4, B220,

and IL-2R expression. We used primary antibodies labe-

led with FITC or R-Phycoerythrin, anti-CD3 (clone 145-

2C11), CD4 (L3T4, clone GK 1.5), CD8a (Ly-2, clone

53-6.7); CD45R/B220 (clone RA3-76B20) CD25 (IL-2R a
chain, clone 7D4 (PharMingen, San Diego, CA, USA),

and secondary antibodies anti-mouse IgG F(ab)2 FITC

(Sigma, St Louis, MO, USA) and anti-mouse IgG F(ab)2–

PE (Accurate Chemical Corp., Westbury, NY, USA).

Immunohistochemical analysis

Cryostat sections were cut at 4 lm, fixed in acetone

and sequentially incubated with 5% blocking serum,

appropriately diluted primary biotinylated antibody,

avidin-biotin-peroxidase complex (Vectastain ABC Elite;

Vector Laboratories, Burlingame, CA, USA), 3,3¢-diam-

inobenzidine substrate and counterstained with hema-

toxylin. 2C expression was revealed using a nonlabeled

mouse monoclonal antibody (1B2-H6) and anti-mouse

IgG F(ab)2 FITC. For control sections, the primary anti-

bodies were substituted with normal immunoglobulins

of the appropriate class and isotype. Antibodies to

the following antigens were used: 2C (clone 1B2-H6,

hybridoma supernatant produced in the laboratory);

insulin (Dako Corporation, Carpinteria, CA, USA), CD3

(clone 145-2C11); CD4 (clone GK 1.5); CD8a (clone

53-6.7); CD45R/B220 (clone RA3-76B20), CD25 (IL-2R

a chain, clone 7D4); CD11a (LFA-1 aL chain, clone

2D7) and CD49d (VLA-4 a4 integrin chain, clone

R1-2) (all from PharMingen).

Treatment with antibodies against adhesion molecules

Anti-a4 integrin antibody (clone PS/2; American Type

Culture Collection, Manassas, VA, USA) and anti-LFA-1

antibody (clone KBA, gift from Dr H. Yagita from

Juntendo University School of Medicine, Tokyo, Japan)

were isolated as hybridoma ascites from Balb/c- scid

mice. Ascites immunoglobulin content was quantified

using an ELISA assay. Rat immunoglobulin (PharMin-

gen) was used as a treatment control. The reconstituted

islet allograft recipients received a combination treat-

ment with anti-LFA-1 and anti-a4 integrin antibodies

by daily i.p. injections at a dose of 100 lg each for 10

consecutive days.

Statistical analysis

The time to rejection in experimental groups was com-

pared using the two-tailed t-test. P < 0.05 was considered

statistically significant.

Results

Characterization of 2C TCR effector cells

Before every cell transfer the innoculum was examined

by FACS analysis. Unfractionated splenocytes in 2C

mice are composed primarily of 1B2+ 2C/CD8+ TCR

transgenic T cells (approximately 50%), CD19+ B cells

(approximately 40%), nontransgenic, mostly CD4+ T

cells (approximately 5%) and other unidentified cell

types (approximately 5%). After magnetic bead purifica-

tion, the 2C/CD8+ population was increased to >90%.

Figure 1 shows a typical FACS analysis after positive

selection using anti-CD8 antibody of primed 2C cells

(see above for details of priming). Cells are CD3+, 2C/

CD8 double positive and CD25 (IL-2R) positive.

Unprimed, purified cells showed a similar pattern, but

do not generally express the IL-2R.

Time course of immune reconstitution of the

C57BL/6-Rag-1 mice

The time course of the engraftment of the lymphoid

organs of C57Bl/6-Rag-1 mice injected with 107 2C/CD8

splenocytes was studied at day 5, 10, 20, and 30 after the

adoptive transfer. As early as 5 days after the cell transfer,

immunohistochemical analysis of the spleen shows cells

positive for CD3, CD8, IL-2R, and 2C (Fig. 2a–d). At day

10 the spleen was populated with CD3+ lymphocytes;

however, they were relatively homogeneously distributed

and not organized in distinct areas (Fig. 2e). The typical

spleen architecture was seen at day 20 (Fig. 2f). At day 30

CD3+ areas were well formed and the 2C+ cells were
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abundant (Fig. 2h,g). At the same time points the lymph

nodes showed similar reconstitution course.

Naı̈ve 2C effector cells do not cause islet allograft

rejection but reject skin grafts

We performed reconstitution with various numbers of

splenocytes or purified T cells or CD8+ cells from 2C

mice to C57BL/6-Rag-1 recipients of Balb/c grafts in

order to find the optimal conditions for the model –

which cell fraction, what cell dose and what application

way would lead to an acute allograft rejection. After

reconstitution with splenocytes from naı̈ve 2C mice the

islet allograft recipients generally did not reject with only

one recipient of 5 · 106 splenocytes developing hypergly-

cemia (Table 1). Similarly, recipients of 5 · 106 purified

naı̈ve 2C T cells remained normoglycemic for over

50 days: one animal rejected at day 55, one rejected at

day 88 and four survived for over 100 days. We further

purified the 2C effector cells to 2C/CD8+ cell fraction.

Similarly, recipients of 5 · 106 purified naı̈ve 2C/CD8+

effector cells also remained normoglycemic for over

100 days even when 2 · 107 2C/CD8+ cells were injec-

ted. In contrast, mice reconstituted with even relatively

few (5 · 106) naı̈ve purified 2C T cells reproducibly

rejected skin allografts (21.0 ± 1.1 days; n ¼ 4)

(Table 1).

Following adoptive transfer, the spleens and lymph

nodes of the C57BL/6-Rag-1 mice (both islet and skin

graft recipients) showed numerous cells that stained pos-

itive for both 2C and CD8 suggesting that the lack of

rejection in islet allografts was not due to the lack of

reconstitution. Interestingly, functioning islet allografts

(Fig. 3a) in mice reconstituted with purified cells showed

peri-islet infiltration with 2C+/CD8+ cells (Fig. 3b,c).

These cells also appeared to be activated in that they

express IL-2 receptor (Fig. 3d). Thus, in the case of the

islet allograft model, the naı̈ve purified 2C/CD8+ cells

were able to become activated in vivo and home to

the graft site, but were unable to cause islet allograft

rejection.

Primed, purified 2C effector cells cause islet allograft

rejection

While the purified T cells from naı̈ve 2C mice were effi-

cient in rejecting skin allografts, neither they nor further

purified CD8+ cells could cause islet destruction. One

possible explanation for the lack of rejection of islet allo-

grafts by naı̈ve 2C cells is the lack of appropriate activa-

tion in vivo in immunodeficient mice. To test this

hypothesis, we primed the native 2C donors using an i.p.

injection of 107 Balb/c splenocytes 2 weeks prior to cell

isolation. The primed 2C effector cells were purified and

adoptively transferred into C57BL/6-Rag-1 islet or skin

allograft recipients as before and the time of rejection was

compared with the rejection time of the unprimed model.

While low doses (106) of primed 2C/CD8+ cells did not

show islet rejection, higher doses did cause islet destruc-

tion (Table 2). Two of three mice injected with 5 · 106

cells rejected their grafts at days 22 and 34. The dose of

107 2C+/CD8+ cells administered i.v. was well tolerated

and the mice developed rejection at a mean of

17.8 ± 4.7 days (n ¼ 7) (Table 2). The time to rejection

was significantly shorter than in the other groups and clo-

ser to the rejection time of native 2C recipients of BALB/

c islets which rejected at 10.2 ± 3.4 days (n ¼ 5). Similar

to islet allografts, the primed 2C effector cells were more

efficient than naı̈ve cells in rejecting skin grafts leading to

rejection in 8.0 ± 0.4 days (n ¼ 4), which was signifi-

cantly faster than the unstimulated group (P < 0.0001)

(Table 2). The i.p. injection of 5 · 107 primed 2C/CD8+

cells caused rejection in three of 5 recipients at 10 and

41 days after the cell transfer. The dose of 2 · 107 2C+/

CD8+ cells administered i.v. resulted in fast rejection at 5

and 14 days in two mice, but it was not well tolerated by

the animals (data not shown).

5Figure 1 FACS analysis of the 2C CD8 cell innoculum administered

for reconstitution of C57Bl/6-Rag-1 immunodeficient mice. 2C mice

were primed intraperitoneally with 107 Balb/c splenocytes and after

2 weeks their splenocytes were isolated and fractionated using CD8

positive selection magnetic cell sorting. The positive fraction was

examined by FACS analysis for purity and 2C+/CD8+ cells were admin-

istered to the Rag-1 recipients. A representative experiment is shown

demonstrating (a) Light scatter of the cell population; (b) CD3-positive

cells; (c) double staining for CD8 and 2C markers; (d) CD25 (IL-2R)-

positive cells.
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Immune reconstitution of C57Bl/6-Rag-1 allograft

recipients at the time of rejection

In recipients of primed, purified cells, peripheral blood

lymphocytes and splenocytes of the recipients showed dif-

fering number of 2C+ cells. The percentage of the 2C cells

in the blood or in the spleen did not correlate with the

presence or absence of rejection. For example, two mice

injected with 5 · 106 cells, which rejected at days 22, and

34 showed 77.6% and 37.4% 2C cells in the blood and

10.0% and 18.3% in the spleen, respectively. Three mice

injected with 5 · 107 primed, purified cells i.p. which rejec-

ted at days 10, 11, and 41 showed 27.0%, 30.6%, and 77.8%

of 2C cells in the peripheral lymphocytes, and 7.5%, 7.2%,

and 95.9% in the spleen, respectively. Recipients injected

with 107 2C+/CD8+ cells consistently demonstrated higher

levels of 2C+, CD8+, and CD25+ cells as shown in Table 3.

The immunohistochemical analysis of the spleen and

mesenteric lymph nodes of the recipient mice reconstituted

with primed cells that developed rejection confirmed the

engraftment with cells positive for CD8, 2C, and IL-2R

(Fig. 4). Immunohistochemical analysis of islet graft infil-

trate in all animals showed that the infiltrating cells were

2C transgenic (1B2+) (Fig. 5a). The infiltrating cells

expressed markers of T-cell activation as CD25 (IL-2R)

Table 1. Rejection of Balb/c allografts in C57BL/6-Rag-1 recipients

injected with naı̈ve 2C cells.

Graft

Cells

transferred

Cell

number

Number of

animals

Graft

survival (days)

Islet None 0 6 >100 · 6

Islet Splenocytes 5 · 106 3 35, >100 · 2

Islet Splenocytes 2.5 · 107 3 >100 · 3

Islet Purified T cells 5 · 106 6 55, 88, >100 · 4

Islet Purified CD8 5 · 106 3 >100 · 3

Islet Purified CD8 2 · 107 3 >100 · 3

Skin Purified T cells 5 · 106 4 19, 20, 21, 24*

*Mean ± SD ¼ 21.0 ± 1.1.

6Figure 2 Engraftment of the spleen and lymph nodes of 2C/Rag-1 mice. Five days after the cell transfer immunohistochemical analysis of the

spleen of the C57Bl/6-Rag-1 mice injected with 107 2C/CD8+ splenocytes shows cells positive for CD3 (a), CD8 (b), IL-2R (c) and 2C (d). At day

10 the spleen is populated with CD3+ lymphocytes; however, they are relatively homogeneously distributed and not organized in distinct areas

(e). The typical spleen architecture can be seen at day 20 (f). At day 30 CD3+ areas are well formed (g) and the 2C+ cells (h) are abundant. At

the same time points the lymph nodes showed similar reconstitution course; CD3+ lymphocytes in a mesenteric lymph node, day 30 (I). (a – c,

e – g and I) Direct ABC-peroxidase staining; (d, h) indirect FITC staining; original magnification: (a – d, h, i) 200·; (e–g) 100·.
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(Fig. 5d). It is also important, with respect to homing, to

note that these graft-infiltrating cells express the adhesion

molecules, LFA-1 and VLA-4 a4-integrin (data not shown).

Antibodies directed against the adhesion molecules

LFA-1 and a4 integrin prolong allograft survival

in the 2C-Rag-1 TCR model

Using the primed islet allograft model, we examined the

effect of adhesion molecule blockade with monoclonal anti-

bodies directed against the adhesion molecules, LFA-1 and

a4 integrin on graft survival. C57BL/6-Rag-1 recipients of

Balb/c islets received 107 primed 2C/CD8+ splenocytes i.v.

On the day of cell transfer the mice started receiving a com-

bination treatment with both anti-LFA-1 and anti-a4 inte-

grin antibodies (100 lg of each i.p.) that continued daily

for 10 days. This combination anti-adhesion molecule

treatment prolonged islet allograft survival (31.3 ±

9.5 days, n ¼ 3) when compared with the control IgG-trea-

ted group (16.8 ± 5.2 days, n ¼ 6) (P < 0.05) (Fig. 6).

Immunohistochemical analysis of the grafts showed islet

infiltration; however, the treatment delayed infiltration.

The infiltrating cells in treated animals showed expression

of LFA-1 (CD11a) and a4-integrin (Fig. 7).

Table 2. Rejection of Balb/c allografts in C57BL/6-Rag-1 recipients

injected with primed 2C cells.

Graft

Cells

transferred

Cell

number

Number of

animals

Graft

survival (days)

Islet Splenocytes 2.5 · 107 5 7, >100 · 4

Islet Purified CD8 106 3 >100 · 3

Islet Purified CD8 5 · 106 3 22, 34, >100

Islet Purified CD8 107 7 11, 14, 15, 16,

21, 21, 25*

Skin Purified T cells 5 · 106 4 7, 8, 8, 9**

Mean ± SD: *17.8 ± 4.7; **8.0 ± 0.4.

Table 3. Immune reconstitution at the time of rejection of C57BL/6-

Rag-1 allograft recipients which rejected Balb/c islets after inoculation

with 107 2C+/CD8+ cells: FACS analysis of the peripheral blood

lymphocytes and splenocytes (n ¼ 7).

Cell marker

% of positive cells (mean ± SD)

Blood Spleen

2C+ cells 60.8 ± 23.0 31.7 ± 13.3

CD8+ cells 58.6 ± 23.5 28.1 ± 16.0

CD25+ cells 52.8 ± 11.3 28.4 ± 24.5

Figure 3 Functioning islet allograft in a mouse reconstituted with naı̈ve purified 2C/CD8+ cells demonstrating peri-islet infiltration. The islets show

positive insulin staining (a). The infiltration shows cells positive for CD8 (b), 2C (c), and CD25 (d). (a, b and d) ABC-peroxidase staining; (c) indirect

FITC staining; original magnification: (a, b and d) 100·, (c) 200·.
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Figure 5 Immunohistochemical examination of islet allograft at the time of rejection. 2C positive cells (a) in a rejected islet graft of a C57Bl/6-

Rag-1 mouse 11 days after intravenous reconstitution with 107 2C/CD8+ splenocytes. Islets are heavily infiltrated and only remnant islet cells can

be seen; the intraislet infiltration showed CD3+ (b), CD8+ (c), and CD25+ cells (d). (a) Indirect FITC staining; (b–d) Direct ABC-peroxidase staining;

original magnification 200·.

Figure 4 During the allograft rejection the immunohistochemical analysis of the spleen (a, b, c) and the lymph nodes (d, e, f) showed full

engraftment with cells positive for 2C (a, d), CD8 (b, e) and CD25 (c, f). (a and d) Indirect FITC staining, 200·; (b, c, e, and f) Direct ABC-Peroxi-

dase staining, 100·).
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Discussion

The development of transgenic T-cell strains has provided

useful tools to study antigen-specific T-cell interactions

both in vivo and in vitro [14]. The 2C CD8+ TCR trans-

genic mouse has been used for a variety of T-cell studies

including T-cell development [15], anti-tumor reactivity

[16], peripheral T-cell expansion and apoptosis [17], and

for identifying differences between naı̈ve and memory T

cells in vivo [11,13,18].1

We developed a model of allorejection using purified

2C/CD8+ TCR transgenic effector cells in reconstituted

immunodeficient C57BL/6-Rag-1 mice. In our initial

characterization of this model system, we found the

unpurified 2C splenocytes containing a significant num-

ber of nontransgenic 1B2) T cells, including many B cells

and even a few nontransgenic T cells. Thus, we recom-

mend that future studies that utilize the 2C TCR trans-

genic model should include a purification step to avoid

contamination by nontransgenic T cells.

In further studies, we found that both unpurified and

purified 2C/CD8+ T cells reconstitute and endure in

immunodeficient mice and cause skin graft rejection.

However, both unpurified and purified naı̈ve 2C TCR

transgenic cells are poor effector cells in vivo in the islet

allograft model. These cells appear to be capable of

becoming activated in that they express the IL-2 receptor

and even are capable of homing to islet allografts in vivo.

However, these naı̈ve cells do not reject islet allografts

efficiently. The reason for this is unclear and could be

due to either a qualitative or quantitative phenomenon. It

could be that these cells are not completely functional

effector cells despite the expression of this activation mar-

ker. The finding that primed 2C/CD8+ cells reject islets

supports this hypothesis. Similarly, skin grafts, known to

be much more immunogenic than islet allografts, appear

to stimulate rejection by 2C/CD8+ cells even when naı̈ve

cells are used for reconstitution. The finding that naı̈ve

2C effector cells do not reject islet allografts demonstrates

that this model system may require further enhancements

to completely mimic the usual allorejection process (for

example, the addition of antigen-presenting cells). Fur-

thermore, the lack of rejection may be due to the lack of

proper Fas-FasL signaling and insufficient expression of

Fas-FasL on the islets and 2C T cells as these interactions

are critical for beta cell destruction in mouse models of

spontaneous autoimmune diabetes [19,20].

Another limitation of the model system as currently

described is that the transplants are performed prior to

reconstitution. Thus, the nonspecific inflammatory

response that might contribute to the early events of acti-

vation and allograft rejection is not present when the

effector cells are introduced [21]. Alternatively, the

Figure 7 LFA-1 (a) and a-4 integrin (b) expression on the infiltrating cells in an LFA-1/a-4 integrin monoclonal antibody-treated islet allograft with

prolonged graft survival; ABC-peroxidase staining, original magnification 100·.

Figure 6 Combination treatment with monoclonal antibodies against

LFA-1 and a-4 integrin delays islet allograft rejection in the primed

model system. C57BL/6-Rag-1 recipients of Balb/c islets received 107

primed 2C/CD8+ splenocytes intravenously. On the day of cell transfer

the mice started receiving a combination treatment with both anti-

LFA-1 and anti-VLA-4 antibodies (100 lg of each intraperitoneally)

that continued daily for 10 days. This treatment prolonged islet allo-

graft survival (31.3 ± 9.5 days, n ¼ 3) when compared with the con-

trol IgG-treated group (16.8 ± 5.2 days, n ¼ 6) (P < 0.05).
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presence of antigen at the time of introducing the

immune reconstitution may favor antigen-induced T-cell

differentiation rather than homeostasis-induced cell dif-

ferentiation. The latter differentiation may occur upon

adoptive transfer into Rag-1 mice as lymphopenia-

induced spontaneous proliferation of the naı̈ve T cells

without administration of exogenous antigen [13]. There-

fore, it would be of interest to examine whether naı̈ve 2C

T cells would be able to reject the allogeneic islets when

transferred immediately following transplantation.

Despite these limitations, we believe that the model as

is currently used does provide a useful method for study-

ing activated alloreactive T cells in vivo. We plan to use

this model to study homing in vivo. Most prior studies of

homing have involved in vitro systems such as flow cham-

bers that do not fully mimic the entire dynamic process

[22]. Conversely, the study of homing in vivo also has

met with difficulties. For example, in attempts to study

the effect of adhesion molecule blockade in vivo, it has

always been unclear whether the mechanism of graft pro-

longation has been via the inhibition of T-cell activation

(LFA-1 and VLA-4 has been implicated in T cell-antigen

presenting cell interactions) or via homing or both. Our

data show that adhesion molecule blockade delays infil-

tration by primed 2C+ cells; however, at the time of rejec-

tion, LFA-1 and a4-integrin are expressed on infiltrating

cells. The possibility of staining of bound antibody was

avoided by using different antibody clones for treatment

and for immunohistochemical analysis. The finding that

adhesion molecule blockade delays infiltration and islet

allograft rejection suggests that this model might allow

for the isolated study of homing in vivo.

The antigen-induced 2C differentiation in Rag-1 recipi-

ents has been useful in studying the memory cell develop-

ment in a similar model as a substantial number of

memory cells can be generated in the recipient, which can

be easily purified for functional and biochemical analysis

[13]. Our study suggests that the 2C-Rag-1 TCR transgenic

mouse model of allorejection may be a useful tool to study

the mechanisms of activation and homing process.
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