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Summary

The non-obese diabetic (NOD) mouse is a prevalent disease model of type

1 diabetes. Immune aberrations that cause and propagate autoimmune

insulitis in these mice are being continually debated, with evidence sup-

porting both dominance of effector cells and insufficiency of suppressor

mechanisms. In this study we assessed the behaviour of NOD lympho-

cytes under extreme expansion conditions using adoptive transfer into

immunocompromised NOD.SCID (severe combined immunodeficiency)

mice. CD4+ CD25+ T cells do not cause islet inflammation, whereas

splenocytes and CD4+ CD25� T cells induce pancreatic inflammation and

hyperglycaemia in 80–100% of the NOD.SCID recipients. Adoptively

transferred effector T cells migrate to the lymphoid organs and pancreas,

proliferate, are activated in the target organ in situ and initiate inflamma-

tory insulitis. Reconstitution of all components of the CD4+ subset

emphasizes the plastic capacity of different cell types to adopt effector

and suppressor phenotypes. Furthermore, similar immune profiles of dia-

betic and euglycaemic NOD.SCID recipients demonstrate dissociation

between fractional expression of CD25 and FoxP3 and the severity of

insulitis. There were no evident and consistent differences in diabetogenic

activity and immune reconstituting activity of T cells from pre-diabetic

(11 weeks) and new onset diabetic NOD females. Similarities in immune

phenotypes and variable distribution of effector and suppressor subsets in

various stages of inflammation commend caution in interpretation of

quantitative and qualitative aberrations as markers of disease severity in

adoptive transfer experiments.
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Introduction

The non-obese diabetic (NOD) mouse is widely used as a

model to simulate the autoimmune disorder in human

type 1 diabetes.1–3 The mechanisms underlying this

inflammatory disease are not fully understood, yet it has

been recognized that multiple cellular and molecular

mechanisms participate in islet destruction.4–6 Autoreac-

tive T cells in NOD mice develop at a very early age,7

their cytotoxic activity is elaborated in the pancreatic

lymph nodes,8–10 and protracted inflammation results in

destruction of the b-cells and insufficiency of insulin out-

put. The aberrations in mechanisms of immune regula-

tion in NOD mice have been extensively studied and

discussed.1–3 One of the proposed mechanisms is escape

of autoreactive T cells from negative selection and domi-

nant activity of pathogenic cells without true deficit in

regulatory mechanisms.11–13 Persistence of autoreactive

cells might be caused by reduced sensitivity to negative

regulation and apoptosis,14,15 which declines progressively

with age.11,16,17 Alternatively, uncontrolled inflammatory

insulitis might be caused by defective suppressor activity
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at disease onset,7 which persists and intensifies with age

in NOD mice and in people with diabetes.16,18–20

Although some studies found that deficient suppression

results from quantitative decline in numbers of regulatory

T (Treg) cells with age,21,22 other studies could not

confirm this mechanism.11,23–25

In our previous studies we found relatively stable levels

of effector and suppressor cells in NOD mice at various

ages, with a surge in Treg cells before the onset of overt hy-

perglycaemia.26 Because late stages of inflammatory insuli-

tis are characterized by exacerbation of cytotoxic cell

activity,27 we were interested to determine some of the

characteristics of T cells in NOD mice. Diabetogenic and

regulatory cells in NOD mice are submitted to negative

regulation by Fas cross-linking in vitro28,29 and in vivo.30–32

In this study we assessed the patterns of expansion of dia-

betogenic effector and suppressor cells in vivo using a

model of adoptive transfer into immunocompromised

NOD.SCID (severe combined immunodeficiency) mice.

Simultaneous reconstitution through spontaneous and

homeostatic expansion under conditions of lymphopenia

is expected to amplify possible differences in the behav-

iour of T cells.33–35 Furthermore, inherent and induced

lymphopenia are conditions associated with predisposi-

tion to evolution of effector mechanisms that increase the

susceptibility to anti-self reactivity and diabetic auto-

immunity.36

The phase of accelerated destructive insulitis27 in the

presence of high levels of Treg cells26 questioned whether

the pathogenic activity of diabetogenic cells increases in

the final stages of inflammatory insulitis. Immunopheno-

typing of adoptively transferred NOD.SCID mice revealed

that each one of the T-cell subsets reconstitutes all effec-

tor and suppressor lineages, without significant differ-

ences between pre-diabetic and new-onset diabetic NOD

female mice. We then questioned whether the incidence

of Treg cell phenotypes correlates with severity of

destructive insulitis. The similarities in immune profiles

of the reconstituted mice suggest that phenotyping of reg-

ulatory subsets is unreliable in assessment of the severity

of adoptive disease transfer.

Materials and methods

Mice and diabetes monitoring

Mice used in this study were NOD and NOD.SCID mice

purchased from Jackson Laboratories (Bar Harbor, ME).

The inbred colonies were housed in a barrier facility. The

Institutional Animal Care Committee approved all proce-

dures. Blood glucose was monitored between 9:00 and

11:00 a.m. in tail blood samples at weekly intervals using

a glucometer (Roche Diagnostics, Florence, SC). Diabetes

was defined as two consecutive blood glucose measure-

ments above 200 mg/dl.13,31

Cell isolation, characterization and staining

Spleen, mesenteric/pancreatic lymph nodes, thymus and

pancreas were gently minced on a 40-lM nylon mesh in

Hanks’ balanced salt solution to prepare single-cell sus-

pensions.31 The pancreas was dissected into small pieces

and incubated with 20 lg/ml Collagenase P (Roche Diag-

nostics) for 30 min at 37°. Lymphocytes were isolated by

centrifugation over Lympholyte-M (Cedarlane, Burling-

ton, NC) and washed twice with 1% BSA. The CD4+ and

CD4+ CD25� subsets were isolated using the

CD4+ CD25+ Treg cell isolation kit, according to manu-

facturer’s instructions (Miltenyi Biotec, Bergisch Glad-

bach, Germany). Purities of the isolated subsets were

> 97% for CD4+ CD25� and > 87% for CD4+ CD25+ T

cells (FoxP3 expression in ~ 85% of the isolated cells)

(Fig. 1). Cells were labelled with 10 lM 5-(and 6-)-

carboxyfluorescein diacetate succinimidyl ester (CFSE;

Molecular Probes, Carlsbad, CA).28

Adoptive transfer

NOD.SCID mice aged 5–6 weeks were injected with

2 9 107 splenocytes, 2�5 9 107 CD4+ CD25� T cells and

in conjunction with 2�5 9 106 CD4+ CD25+ Treg cells

(effector : suppressor ratio of 10 : 1).28,29 Blood glucose

levels were monitored twice a week and confirmed upon

appearance of hyperglycaemia exceeding 200 mg/dl. Mice

were immunophenotyped within 3 days from onset of hy-

perglycaemia and euglycaemic mice were immunopheno-

typed at the experimental end-point of 25 weeks following

adoptive transfer.

Flow cytometry

The yield of isolation was evaluated using fluorochrome-

labelled primary antibodies: CD4 (clone RM 4-5), CD8

(clone 53-6.7), CD25 (clone PC61.5).31 FoxP3 was deter-

mined following permeabilization and intracellular stain-

ing with a phycoerythrin-labelled antibody (Foxp3

staining buffer set NRRF-30; eBioscience, San Diego, CA).

Measurements were performed with a Vantage SE flow

cytometer (Becton Dickinson, Franklin Lakes, NJ). Posi-

tive staining was determined on a log scale, normalized

with control cells stained with isotype control antibodies.

Proliferation was determined from quantified CFSE dilu-

tion using MODFIT software (Verity Software House,

Topsham, ME).13

Statistical analysis

Data are presented as means � standard deviations for

each experimental protocol. Results in each experimental

group were evaluated for reproducibility by linear regres-

sion of duplicate measurements. Differences between the
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experimental protocols were estimated with a post hoc

Scheffe t-test and significance was considered at P < 0�05.

Results

Diabetogenic potential of T cells in pre-diabetic NOD
mice

In our female colony overt hyperglycaemia appeared at

14 weeks and > 80% of the females were diabetic at

30 weeks of age.13,31 Initial experiments were designed to

determine the relative diabetogenic potential of immune

cells from pre-diabetic NOD females (age 11 weeks).

Adoptive transfer of 2�5 9 107 CD4+ CD25� T cells

induced diabetes in 80% of the NOD.SCID recipients,

and co-adoptive transfer of CD25� : CD25+ T cells (at a

10 : 1 ratio) resulted in disease evolution in all recipients

(Fig. 2a). In contrast, adoptive transfer of CD4+ CD25+

Treg cells failed to induce diabetes and the pancreata of

recipients displayed very low levels of inflammation.

To determine the relative activities of these cell subsets,

NOD.SCID mice were immunophenotyped at onset of

hyperglycemia and at 25 weeks of age in euglycemic mice.

The first general impression was the outstanding capacity

of either one of these subsets to reconstitute all CD4+

T-cell lineages, with similar levels of expression of CD25

(Fig. 2b,d) and FoxP3 (Fig. 2c,d). These Treg cell markers

were variably expressed under conditions of simultaneous

reconstitution of the lymphopenic organs of NOD.SCID

mice. For example, adoptive transfer of CD4+ CD25+

Treg cells (> 85% expressing FoxP3) resulted in domi-

nant fractions of CD25+ FoxP3� T cells in the thymus,

exceeding the levels induced by adoptive transfer of

CD4+ CD25� T cells (P < 0�005, Fig. 2b).
The immune profiles of NOD.SCID mice grafted with

various cell types emphasized several similarities and dif-

ferences. Both fractions of CD25� FoxP3+ (Fig. 2c) and

CD25+ FoxP3+ naturally occurring Treg cell phenotype

(nTreg, Fig. 2d) were similarly reconstituted in the

spleens and mesenteric lymph nodes by adoptive transfer

of CD4+ CD25� T cells with and without Treg cells,

and irrespective of glycaemic control. Significant differ-

ences were primarily related to adoptive transfer of

CD4+ CD25+ nTreg cells compared with CD4+ CD25�

effector cells : high CD25+ FoxP3� T cells in the thymus

(P < 0�005, Fig. 2b) and high CD25� FoxP3+ in spleens

and lymph nodes (P < 0�05, Fig. 2c). In addition, pancre-

ata of euglycaemic mice following adoptive transfer of

CD4+ CD25� effector cells displayed low levels of

CD25� FoxP3+ Treg cells (P < 0�001 versus diabetic,
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Figure 1. Phenotypic characterization of isolated T cells. Plots display the fractions of CD4+ T cells in reference to CD25 expression, CD8+ T

cells and B lymphocytes before isolation (left panels). Isolation CD4+ CD25� T cells yields low contamination with CD4+ CD25+ T cells and

CD8+ T cells (middle panels). The CD4+ CD25+ subset contains ~ 10% CD4+ CD25� T cells and ~ 85% express FoxP3 (right panels).
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Fig. 2c) and CD25+ FoxP3+ nTreg cells (P < 0�005 versus

diabetic, Fig. 2d). This was a paradoxical result if low

Treg cell fractions were expected to correlate with disease

eruption.

Relative diabetogenic activity of T cells in pre-diabetic
and diabetic NOD females

Appearance of peripheral blood hyperglycaemia is pre-

ceded by a phase of aggressive destructive inflammation27

despite a surge in Treg cells,26 questioning whether it is

caused by increased cytotoxic activity of pathogenic cells.

We therefore assessed differences in reconstituting activ-

ity of T cells from pre-diabetic NOD females aged

11 weeks (insulitis) and NOD.SCID mice with new-onset

diabetes. Attempting to integrate mean disease onset and

incidence, the diabetogenic potential was determined as

1 / (mean onset time) (MOT�1), where failure to

develop the disease by 25 weeks of follow up was consid-

ered as MOT�1 = 0 (Table 1). This parameter revealed a

higher diabetogenic potential of splenocytes from diabetic

NOD mice compared with those from pre-diabetic NOD

mice (P < 0�05). Whereas CD4+ CD25+ did not induce

inflammatory insulitis (n = 12), adoptive transfer of

CD25� T cells and mixtures of CD25� : CD25+ T cells

(10 : 1 ratio) showed no significant differences between

pre-diabetic and diabetic NOD females (Table 1). Evi-

dently, the diabetogenic activity is largely confined within

the CD4+ CD25� T-cell subset. Higher diabetogenic

potential was achieved by adoptive transfer of 2 9 107

splenocytes than 2�5 9 107 CD4+ CD25� T cells, as

expected from the additional contribution of CD8+ T

cells and antigen-presenting cells to elaboration of the

immune reaction.
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Figure 2. Adoptive transfer of immune cells into NOD.SCID mice. (a) Incidence of hyperglycaemia in NOD.SCID mice following adoptive trans-

fer of 2�5 9 107 CD4+ CD25� T cells (n = 26) and in conjunction with 2�5 9 106 CD4+ CD25+ Treg cells (n = 10) harvested from pre-diabetic

NOD females aged 11 weeks. Immune profiles of diabetic and euglycaemic NOD.SCID mice following adoptive transfer of CD4+ CD25� (n = 5)

and CD4+ CD25+ Treg cells (n = 8) were determined in the thymus, spleen, mesenteric lymph nodes and pancreatic infiltrates: (b)

CD4+ CD25+ FoxP3�, (c) CD4+ CD25� FoxP3+ and (d) CD4+ CD25+ FoxP3+ T cells.
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Immune profiles of the reconstituted mice are
dissociated from diabetes induction

A standing question is whether destructive insulitis is the

result of unleashed activity of diabetogenic cells, func-

tional insufficiency of regulatory subsets or gradual pro-

gression of inflammation. The most significant difference

was the higher efficacy of disease transfer (Table 1) by

splenocytes from new-onset diabetic NOD females com-

pared with pre-diabetic mice (insulitis at 11 weeks,

Fig. 3a). Comparative immunophenotyping showed sig-

nificant dissociation in relative reconstitution of the

spleen and mesenteric lymph nodes. Adoptive transfer of

cells from diabetic donors was associated with increased

fractions of CD25� FoxP3+ and decreased fractions of

CD25+ FoxP3+ nTreg cells in the spleen (Fig. 3b). In con-

trast, CD25+ FoxP3� effector subsets were increased and

FoxP3+ Treg cell subsets were decreased in the lymph

nodes of mice reconstituted with splenocytes from new-

onset diabetic mice (Fig. 3c). Although the variations

were similar in the lymph nodes and pancreatic infiltrates,

the small variations were statistically insignificant in the

latter (Fig. 3d). These data depict marked variations in

composition of the spleens, lymph nodes and pancreata

of the reconstituted NOD.SCID mice, without clear evi-

dence that differences in immune profiles affect disease

induction by splenocytes from pre-diabetic and diabetic

NOD females.

Considering that the net suppressor activity of Treg

cells is preserved with age,11,12 we assessed the differences

in lymphoid reconstitution by CD4+ CD25� T cells in

reference to the glycaemic state of the NOD.SCID recipi-

ents. The basis for comparative analysis of cells from

pre-diabetic and new-onset diabetic mice was the similar

Table 1. NOD.SCID mice were adoptively transferred with 2 9 107 splenocytes, 2�5 9 107 CD4+ CD25� T cells and 2�5 9 106 CD4+ CD25+

regulatory T cells from pre-diabetic (insulitis) and new-onset diabetic NOD female mice

Insulitis Diabetes

P-value

Incidence

(%)

Mean onset

time (weeks)

Diabetogenic

potential

Incidence

(%)
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time (weeks)
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CD25� 81 9�1 � 3�6 0�1 � 0�08 70 7�3 � 1�2 0�09 � 0�07
CD25� CD25+ 100 13�1 � 2�5 0�08 � 0�02 100 13�2 � 2�5 0�09 � 0�02
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Figure 3. Differential reconstitution with spleno

cytes. NOD.SCID mice were infused with

2 9 107 splenocytes from pre-diabetic (insulitis,

n = 10) and new-onset diabetic NOD female

(n = 11) mice. (a) Onset of hyperglycaemia.

Fractional expression of CD25 and FoxP3 is

shown in the spleen (b), mesenteric lymph nodes

(c) and pancreatic infiltrates (d).
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efficiency of adoptive disease transfer by CD4+ CD25� T

cells (Table 1). Recipients of effector T cells from diabetic

NOD donors presented reduced fractions of

CD25+ FoxP3� T cells in the mesenteric lymph nodes

(Fig. 4a) and pancreatic infiltrates (Fig. 4d) compared

with recipients of cells from pre-diabetic donors

(P < 0�01). At the same time, mice reconstituted with

effector T cells from diabetic NOD mice displayed elevated

CD25� FoxP3+ fractions in the mesenteric lymph nodes

(Fig. 4b), which were not consistent with the profiles of

the pancreatic infiltrates (Fig. 4e). Likewise,

CD25+ FoxP3+ nTreg cell phenotypes were largely dissoci-

ated in the mesenteric lymph nodes (Fig. 4c) and pancre-

atic infiltrates (Fig. 4f). Altogether these data emphasize

dissociation between immune phenotypes and glycaemic

control in the reconstituted lymphopenic recipients, indi-

cating an overall poor predictive value of immune profil-

ing on the severity of adoptively transferred destructive

insulitis.

T-cell homing in lymphopenic recipients

To determine the distribution of adoptively transferred T

cells in the lymphopenic recipients, cells labelled with an

intracellular dye (CFSE) were harvested from the lym-

phoid organs. At 24 hr post-infusion, approximately 7%,

15% and 3% of the infused cells were detected in the

spleen, mesenteric lymph nodes and pancreata of the

NOD.SCID recipients, respectively (Fig. 5a). Soon after

homing, these cells engaged in fast cycling, particularly in

the mesenteric lymph node (P < 0�01 versus spleen,

Fig. 5b). An impressive result was the acute up-regulation

of CD25 in pancreas-homed cells during the second post-

infusion day (Fig. 5c), an activation marker that reflects

the expansion of pre-activated T cells in response to

repeated antigen encounter.

Discussion

Adoptive transfer of effector cells into NOD.SCID mice is

a prevalent experimental model for the evaluation of the

pathogenic potential of various cell subsets. We used con-

ditions of lymphopenic expansion to maximize possible

differences in the behaviour of T cells from NOD females.

Comparative analysis of various cell subsets assigns diabe-

togenic potential to the CD4+ CD25� subset, with minor

variations in diabetogenic activity before and after onset

of overt hyperglycaemia. We found that profiling of effec-

tor regulatory subsets does not reflect the severity of

inflammation.

The infused cells migrate to all lymphoid organs

including spleen, mesenteric lymph nodes and pancreas,

accounting for 20–25% of the inoculum within the first

24 hr. T cells are non-selectively trapped in the liver and

lungs, and home with high efficiency to the bone mar-

row,37 in addition to migration to the acellular lymphoid

organs of NOD.SCID mice. Effector T cells of NOD

females displayed remarkable responses of homeostatic

and spontaneous expansion in the lymphoid organs and

pancreas (range of proliferation index 7–12), concomitant

with acute up-regulation of CD25 as an activation marker

in the target tissue. Such early in situ stimulation
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Figure 4. Immunophenotyping of diabetic and

euglycaemic NOD.SCID recipients of T cells

from pre-diabetic and diabetic NOD females.

NOD.SCID mice were infused with 2�5 9 107

CD4+ CD25� T cells from pre-diabetic (age

11 weeks, n = 26) and new-onset diabetic

NOD female (n = 17) mice. Data represent

fractional CD25 and FoxP3 expression in the

lymph nodes (a–c) and pancreatic infiltrates

(d–f) in new-onset diabetic NOD.SCID mice

and in euglycaemic mice at the experimental

end-point of 25 weeks: (a,d) CD25+ FoxP3�,
(b,e) CD25� FoxP3+, (c,f) CD25+ FoxP3+.
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indicates that pathogenic cells in NOD mice do not

necessitate priming or extended and repeated exposure to

antigens for reactivation, and consequently destructive

insulitis to the extent of insulin deficiency is accom-

plished within 4–9 weeks in NOD.SCID mice. Although

diabetogenic cells represent a minute fraction of T cells in

NOD mice, it has been long recognized that small num-

bers of cells are sufficient to cause disease relapse and

induce destructive insulitis.38 This is probably mediated

by dominant activity of NOD T cells in response to islet

antigens within the competitive clonal expansion under

conditions of lymphopenia-induced proliferation.39,40

Unopposed expansion41,42 is per se a condition prone to

sensitization of effector T cells and their conversion into

cytotoxic cells,43,44 explaining the detrimental conse-

quences of radiation-induced lymphopenia on therapeutic

approaches to type 1 diabetes.36,45,46

Within the multiple and redundant mechanisms of

immune cells with capacity to exert destructive insulitis,5,6

CD4+ T cells alone displayed sufficient activity to attack

and destroy the pancreatic islets.4 Although the emphasis

was on isolation of CD4+ T-cell subsets, impurities of 3%

possibly representing CD8+ T cells may have contributed

to adoptive disease transfer, evident from the superior

diabetogenic activity of unfractionated splenocytes.4,47

Ideal assessment of CD4+ T cells would require absolute

purification, though consistent contamination is unlikely

to affect the comparative analysis presented here. The

most impressive feature observed in these studies was the

outstanding capacity of either one of the CD4+ T-cell

subsets to reconstitute, with relatively minor variations,

all components of this lymphoid compartment. CD4+

CD25� cells (purity exceeding 99%) converted to adopt

regulatory phenotypes, corroborating the effective periph-

eral conversion of naive T cells to suppressor function.48–50

Reciprocally, adoptively transferred CD4+ CD25+ nTreg

cells (> 85% Foxp3+) down-regulated both markers. The

impurity of this subset was at maximum in the order of

several per cent, but even if effector contaminants

expanded vigorously under lymphopenic conditions,24 the

effector : suppressor ratio was not low enough to prevent

inflammation of the islets. Although Treg cells expand

under lymphopenic conditions also,51 their slower prolif-

erative and activation responses usually lag behind those

of effector cells and postpone the onset of inflammation

but fail to control its evolution.52 In fact, lymphopenia-

induced expansion of cytotoxic cells overrides and abol-

ishes the protective activities of Treg cells.46,53

Regulatory cells also migrate efficiently to the mesen-

teric lymph nodes and pancreata of NOD and NOD.SCID

mice and proliferate in situ20,31,32 in response to antigenic

stimulation,54 as emphasized by the delay of disease onset

following co-administration of effector and regulatory

cells at physiological ratios (P < 0�05 versus effector cells

alone). Ineffective prevention of adoptive disease transfer

by infusion of Treg cells at a physiological ratio corrobo-

rates previous reports,16 and differs from other studies

using smaller numbers of effector T cells.20,22 These dif-

ferences suggest that the potential efficacy of Treg cells

depends on the pathogenic burden at the site of inflam-

mation.

The most prominent and somewhat consistent differ-

ence under conditions of homeostatic expansion in

NOD.SCID mice was the lower level of CD25 expression

in CD4+ T cells from diabetic mice, which was not appar-

ent in the baseline phenotypic characterization of our col-

ony.13,26,31,32,53 Low fractional CD25 expression was

detected in CD4+ T cells in the mesenteric lymph nodes

and islet infiltrates irrespective of blood glucose levels.

Consistently, dominant CD25� FoxP3+ fractions suggest

relative deficiency in expression of the a-chain of the

interleukin-2 receptor. Notably, CD4+ CD25� FoxP3+

cells represent a subset of peripheral progenitors that can

convert into either effector or suppressor cells.55,56 This
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Figure 5. Migration and activity of grafted T cells. NOD.SCID mice were injected with CFSE-labelled 2�5 9 107 CD4+ CD25� T cells and were

killed after 1 and 2 days for analysis of the spleen, mesenteric lymph nodes (LN) and pancreas. (a) Homing of donor T cells to these organs

within 1 day, expressed as per cent of the donor inoculum. (b) Proliferation of donor T cells after 1 day, as determined from CFSE dilution and

quantified with the MODFIT software. (c) Expression of CD25 expressed as per cent of donor T cells homed to the various organs after 1 and

2 days.
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subset was found at increased frequencies following im-

munomodulation in NOD mice13,31,32 and displayed sup-

pressive activity in vitro.57 It has been shown that nTreg

cells down-regulate expression and shed the a-chain of

the interleukin-2 receptor under particular conditions

without impairing their suppressor activity.58–60 A decline

in CD25 expression has been attributed to reduced inter-

leukin-2 output from inflammatory cells in the late stages

of destructive insulitis,61–63 and may represent a physio-

logical feature of termination of the inflammatory reac-

tion due to extinction of b-cell mass.64 Reversal of the

predisposition of T cells from mice with new-onset diabe-

tes to display lower levels of CD25 by co-adoptive trans-

fer with other cell types (splenocytes and CD4+ CD25+

Treg cells) confirm that CD25 is submitted to environ-

mental influences and is not an intrinsic characteristic of

diabetogenic cells.

Altogether the data presented in this study indicate that

immune phenotyping is of poor predictive value in evalu-

ation of the severity of inflammatory insulitis and glycae-

mic control in adoptive transfer experiments. Apparently,

increased diabetogenic activity of splenocytes from dia-

betic female NOD mice was associated with preferential

reconstitution of CD4+ CD25�T cells and reduced

FoxP3+ Treg cells. However, detailed analysis of the pan-

creatic infiltrates of mice reconstituted with splenocytes

and CD4+ CD25� effectors showed significant dissocia-

tion and even inverse frequencies of FoxP3+ T cells in the

mesenteric lymph nodes and pancreas. Considering that

inflammatory insulitis was present in NOD.SCID mice

that sustained euglycaemia after adoptive transfer of

CD4+ CD25� T cells, it is tempting to speculate that the

elevated Treg cell fractions reflect an effort of the lymph

nodes to counteract islet inflammation. A similar surge in

FoxP3+ Treg was observed in pancreata and regional

lymph nodes of aged euglycaemic NOD females in

advanced stages of destructive insulitis before the onset of

hyperglycemia.26 In fact, the dissociation between im-

munophenotypes and glycaemic control in adoptively

transferred NOD.SCID mice emphasizes the poor predic-

tive value of Treg cell measurements in the assessment of

disease severity, and warrant careful interpretation.

Numerous immune aberrations have been suggested to

underlie the evolution of spontaneous autoimmune insu-

litis in NOD mice, including deficient suppression and

hyperactivity of effector cells. Each one of these subsets

has the plastic capacity to reconstitute all components of

the T-cell compartment in lymphoid organs of immuno-

compromised mice, but only CD4+ CD25� T cells adop-

tively transfer inflammatory insulitis. We found no

evidence of differences in expansion, reconstitution and

diabetogenic activity of T cells from new-onset diabetic

mice compared with pre-diabetic female NOD mice.

Effector T cells in NOD mice display neither aberrant

sensitivity to negative regulation by Fas-mediated apopto-

sis,28 nor different susceptibility from nTreg cells.29 Con-

sidering stable fractions of naive and cytotoxic T cells in

NOD mice as a function of age24,26 and effective suppres-

sion by regulatory subsets,11,12 their particular characteris-

tics will be revealed only by the development of

techniques to identify islet-specific T cells.
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