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Abstract

Costimulation by B7-1 and B7-2 molecules results in divergent biological effects. This is 

particularly striking in the NOD mouse, since the lack of B7-2 leads to complete protection from 

autoimmunity, whereas the B7-1 deficiency causes exacerbation of disease. We tested the 

hypothesis that B7-1 costimulation suppresses pancreatic autoimmunity. We describe that the lack 

of B7-1 not only causes aberrant thymocyte maturation but also significantly enhances expansion, 

survival, and effector function of islet specific T cells in periphery. We also observed a significant 

reduction in the proportion of T-regulatory (T-regs) cells. Immunophenotypic analysis of T and 

APCs revealed a significantly lower frequency of T cells expressing the negative costimulatory 

receptor PD-1 in B7-1KO mice whereas the proportion of B7-H1 positive APCs was found to be 

significantly higher. Blocking studies in B7-1KO mice suggest that B7-H1 provides negative 

signals for anti islet CD4 and CD8 T cell expansion but is differentially required for their priming. 

Our data demonstrate that deficiency of B7-1 mediated costimulation causes multitude of 

immunological defects, which involve reduction in T-regs and a concomitant enhancement of 

expansion, survival and effector potential of auto reactive T cells.
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1 Introduction

Activation of naïve T cells requires the supplementation of primary TCR signal with 

costimulatory input. B7 ligands (B7-1/CD80 and B7-2/CD86) bind to both activating 

(CD28) and deactivating (CTLA-4) receptors in T cells (Sharpe and Freeman, 2002). In 

addition to the positive costimulation provided by B7-1 and B7-2, two new members of B7 

family, B7-H1 (PD-L1) and B7-DC (PD-L2) have been identified as negative costimulators, 
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which can interact with their receptor PD-1 on T cells leading to the transduction of negative 

signals, altered positive selection and peripheral tolerance (Chen, 2004; Keir et al., 2006; 

Khoury and Sayegh, 2004). However, a second, as yet uncharacterized non-PD-1 receptor 

has been suspected to provide positive signals to T cells (Kanai et al., 2003). The dynamic 

fine-tuning of immune response also involves B7-1 and B7-2 mediated preferential 

localization of CTLA-4 and CD28, respectively, to the synapse (Pentcheva-Hoang et al., 

2004). Although B7-1 and B7-2 can provide similar signals (Lanier et al., 1995; Santra et 

al., 2000; Schweitzer et al., 1997), several reports also suggest that these molecules have the 

capacity to induce functionally distinct effects (Guerder et al., 1998; Slavik et al., 1999). The 

final outcome of immune response is directly linked to the quality of costimulatory signals 

provided by APCs to T cells. B7-1 displays a distinct temporal expression pattern and its 

expression is inducible, unlike B7-2, which is constitutively expressed on antigen presenting 

cells (APCs) (Larsen et al., 1994) suggesting that B7-2 plays a role in the initial priming of 

T cells, whereas B7-1 may help sustain the active phase of the disease (Salomon and 

Bluestone, 2001). Furthermore, B7-1 costimulation alone has been shown to be insufficient 

to induce T1D in nonautoimmune disease-prone mice, but its expression on APCs is 

important in both the T cell priming and effector phases of T1D (Camacho et al., 2001; 

Guerder et al., 1994).

The development of type 1 diabetes in the NOD mouse is distinctly regulated by B7-1 and 

B7-2. For example, the absence of B7-2 leads to complete protection, whereas, B7-1 

neutralization or deficiency causes exacerbation of disease (Salomon and Bluestone, 2001; 

Salomon et al., 2001; Yadav et al., 2004). These results suggest that B7-1 may play a role in 

suppressing the development of autoimmunity in the NOD mouse. However, the underlying 

mechanisms explaining B7-1 mediated regulation of autoimmunity have not been fully 

described. The central goal of this study is to define the immunological parameters 

underlying the exacerbation of autoimmunity in the absence of B7-1. Our study 

demonstrates that enhanced disease severity in mice lacking B7-1 is associated with reduced 

levels of the immunnoregulatory factor PD-1, altered expression of PD-1 ligands, increased 

effector function, expansion, and survival of autoreactive T cells. We propose that B7-1 

exerts a counter-regulatory function, diminishing autoreactivity in the periphery.

2 Materials and Methods

2.1 Mice

Female NODshi, BDC2.5 NOD, 8.3NODscids were obtained from The Scripps Research 

Institute animal facility. In our NOD colony, diabetes starts at 15 weeks of age and ~84% of 

mice get diabetic by 26 weeks of age. The B7-1KORag−/− mice on the NOD genetic 

background were a kind gift from Dr. J. Bluestone (Univ. California, San Francisco, CA). 

The B7-1KORag−/− NOD mice were crossed with NOD. The progeny was screened for the 

B7-1 allele using the following primers for triplex PCR: B7-1 (sense) 

CTGTCCAAGTCAGTGAAAGAT, B7-1 (anti sense) GGACAACTTTACTAAAGCCA, 

Stat Neo GCTACCCGTGATATT GCTGAAGAG. The B7-1 wild type allele band was 

300bp and B7-1 mutant allele was 750bp. The progeny was also typed for RAG-2 wild type 

and mutant allele separately using the following primers. RAG-2 (sense) 
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TTAATTCAACCAGGCTTCTCACTT, RAG2 (anti-sense) 

GCCTGCTTATTGTCTCCTGGTAT, gave a 974bp band. For the mutant allele, a primer 

was chosen for the neo gene: CACCATGATATTCGGCAAGC and used with the RAG anti 

sense primer to obtain a product of 1034bp. Finally B7-1KORag+/+ NOD mice were chosen 

for the study and are described as B7-1KO in the text. We confirmed the incidence of 

diabetes in these mice and found that 100% of B7-1KO mice become diabetic by 20 weeks 

of age compared to NOD control group in which ~35% became diabetic (p=0.015, Kaplan 

Meier test) at this age in our colony (Fig. 1). All experiments were conducted in accordance 

with institutional guidelines for animal care and use.

2.2 Antibodies and flow cytometric analyses

RBC lysed single cell suspensions from spleen, pancreatic lymph nodes (PLN) were 

incubated with appropriate amount of monoclonal antibodies (Pharmingen, La Jolla, CA) 

and stained for indicated cell markers and analyzed by flowcytometry. Appropriate isotype 

controls were used to determine the background staining.

2.3 Determination of IFN-γ production by T cells using TCR/CD28 mediated stimulation of 
PLN cells in vitro

The intracellular IFN-γ staining was performed according to Mendel and Shevach (Mendel 

and Shevach, 2006) with some modifications. In brief, PLN cells (1–2×106 cells/well) from 

B7-1KO and NOD mice were in vitro activated with plate (48-well) bound anti-CD3 

antibody (1 μg/ml, 145-2C11 clone) in complete RPMI 1640 (containing 10% FCS, 5U/ml 

and 50□g/ml of penicillin-streptomycin respectively, 10mM HEPES buffer, 2mM L-

glutamine) in the presence of GolgiPlug™ (pharmingen, 1 μl/ml). Soluble anti-CD28 

antibody (1 μg/ml, 7.51 clone) was also added for costimulation. Five hours post 

stimulation; cells were harvested, washed and processed for intracellular IFN-γ staining 

according to the manufacturer’s protocol (pharmingen).

2.4 CFSE labeling and cell survival

1.2–2.5 × 107 CFSE labeled (as described previously (Yadav et al., 2004)) total splenocytes 

from either BDC2.5 or 8.3NODscids (4–7 week old) in 200μl of sterile PBS were injected 

intravenously per recipient (5–8 week old NOD, and B7-1KO mice). For monitoring cell 

death in adoptively transferred cells, PLN cells (1–2×106) from the recipients were also 

stained for annexin and Vβ4+CFSElow / Vβ8.1/8.2+ CFSElow cells were analyzed for the 

cells positive for annexin.

2.5 In vivo blockade of B7-H1 and flow cytometry

For in vivo blocking of B7-H1, 5–8 weeks old B7-1KO mice were treated with anti-B7-

H1antibody (clone MIH5, a kind gift from Dr. Miyuki Azuma) i.p. in two doses of 250–

300μg each, two days apart. With the first dose, CFSE labeled splenocytes/animal were also 

administered i.v either from BDC2.5 (1.3–1.8 × 107/animal) or 8.3NODscids (0.8–1.3 × 107/

animal) donors (as described above). The control group of B7-1KO mice was injected with 

the same amount of CFSE labeled BDC2.5/8.3NODscids cells but was treated with rat-IgG 

instead. Four days post cell transfer the animals were sacrificed and PLN cells were 
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analyzed by flow cytometry for expansion (CFSE dilution) and activation (CD69 

expression).

2.6 Diabetes incidence

Female mice were screened weekly for hyperglycemia using Glucometer Elite strips. Mice 

with two successive weekly blood glucose levels greater than 250 mg/dl were considered 

diabetic.

2.7 Statistical analyses

The cumulative diabetes incidence was compared using the Kaplan-Meier method. 

Determination of level of significance in other set of data was carried out by employing non-

parametric Mann-Whitney U test (unpaired), taking into consideration the sample size and 

the range of variation. A value of p<0.05 was considered as significant and are depicted as 

mean± SEM in the text.

3 Results

3.1 B7-1 deficiency causes exacerbation of diabetes and aberrant thymocyte maturation

NOD mice, when devoid of B7-1, have been reported to exhibit exacerbation of type 1 

diabetes (Salomon and Bluestone, 2001). Deficiency in B7-1/2 mediated costimulation can 

affect thymic selection (Gao et al., 2002) and subtle abnormalities in T cell selection and 

function may initiate or perpetuate autoreactivity (Firestein, 2004). To ask whether this 

occurred in the NOD genetic background, we checked the percentages and absolute cell 

numbers of single positive (SP) double positive (DP) and double negative (DN) CD4 and 

CD8 thymocytes in NOD and B7-1KO mice. Although the percentages of CD4SP, CD8SP, 

DN and DP thymocytes were not significantly affected in B7-1KO mice (not shown), 

significantly higher numbers of CD4SP (p=0.023) and DP thymocytes (p=0.023) were 

observed in mice lacking B7-1. However, the numbers of CD8SP and DN thymocytes did 

not exhibit any significant change between the two groups (Table 1). Besides B7, B7-HI has 

also been suggested to play an important role in positive selection by binding its ligand PD-1 

(Keir et al., 2005). We therefore asked if thymic B7-HI expression is affected in B7-1KO 

mice. Interestingly, a significantly reduced frequency of B7-HI positive T cells were 

observed in B7-1KO mice in all thymic T cell subsets (Table 1). No significant difference in 

the levels of PD-1+ thymocytes was observed (not shown). This suggests that B7-1KO mice 

exhibit a deficiency of B7-H1 mediated signals in the thymus, which in turn can lead to 

perturbed thymocyte maturation.

3.2 Increased peripheral cellularity and anti-islet CD4 and CD8 T cell expansion in B7-1KO 
mice

We hypothesized that the increased numbers of DP and CD4 SP T cells in the thymus of 

B7-1KO mice may result in enhanced cellularity in the periphery. Indeed, the size of the 

CD4 compartment was found to be significantly increased both in spleen (p=0.021) and 

PLNs (p=0.034) in B7-1KO mice. The total number of CD8 T cells was increased in the 

spleens of B7-1KO mice (p=0.034) (Table 2).
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To test responses to islet antigens, NOD and B7-1KO mice were injected with CFSE labeled 

splenocytes from either BDC2.5 or from 8.3NODscid transgenic NOD mice, which harbor 

an anti-islet CD4 or CD8 T cell repertoire respectively (Katz et al., 1993; Lieberman et al., 

2003). On day 4 post transfer, the PLN cells were harvested and analyzed for proliferation 

based on CFSE dilution. Interestingly, B7-1KO mice exhibited a significantly increased 

percentage of proliferating 8.3NODscid (p=0.037) and BDC2.5 (p=0.011) TCR transgenic T 

cells (Fig 2A).

3.3 B7-1 differentially regulates anti-islet CD4 and CD8 T cell survival

The increase in T lymphocyte cellularity in B7-1KO mice may reflect their prolonged 

survival. To test this, the adoptively transferred CFSE labeled BDC2.5 and 8.3NODscids 

cells were stained with annexin. A significantly reduced (p=0.037) frequency of 

CD4+CFSElowannexin+ T cells was observed in B7-1KO recipients compared to NOD 

controls. However, analysis of adoptively transferred 8.3NODscid cells revealed no 

significant change in the frequency of CD8+ CFSElowannexin+ T cells between B7-1KO 

and NOD mice (Fig 2B). This suggests that survival of islet specific CD4 T cells is 

negatively regulated by B7-1.

3.4 B7-1KO mice display reduced proportions of T-regulatory cells and increased 
proportions of effector cells

CD4+CD25+CD62L+ T cells have been shown to possess regulatory potential (Szanya et 

al., 2002). We found a significantly reduced proportion of these cells in B7-1KO mice both 

in the thymus (p=0.0005) as well as in the PLN compartment (p=0.009) (Table 3 and Fig. 

4A). Pro-inflammatory Th1 cytokines like IFN-γ has been implicated in the development of 

type 1 diabetes (Wenner et al., 1996). We tested in vitro activated PLN cells from NOD and 

B7-1KO mice for their production of IFN-γ and found a significantly higher frequency of 

IFN-γ + CD4 (p=0.009) and CD8 (p=0.010) T cells (Fig 3). These results suggest that B7-1 

mediated signals inhibit the generation of effector T cells in the periphery.

3.5 Distinct ratios of CD28 and PD-1 Ligands in the periphery of B7-1KO mice

Variation in the levels of CD28 impact immune responses by controlling the threshold of T 

cell activation (Umlauf et al., 1993; Zhang et al., 2002). T cell costimulation is a fine tuned 

process and even a subtle phenotypic differences imparted by APCs may enhance the 

aggressiveness of auto reactive T cell response. We asked whether the absence of B7-1 

affected the proportion of T cells expressing CD28 and found a significantly increased 

frequency of CD28hi cells among CD4 (p=0.001) and CD8 T cells (p=0.006) in B7-1KO 

mice (Table 3 and Fig. 4A). However, no significant change in CD28hi cells was observed in 

spleens (not shown). This data demonstrates that the B7-1 negatively regulates cell surface 

levels of its binding partner CD28. However, no significant difference in the B7-2 

expression was observed in the APCs of B7-1 KO mice (Fig 4Bv,vi).

We also asked whether the enhanced pathogenic potential of T cells in B7-1KO mice is 

associated with alterations in the levels of PD-l/B7-H1/B7-DC molecules. Interestingly, we 

observed a significantly lower (p=0.015) percentage of CD4+PD-1+ T cells in B7-1KO 

mice (Table 3 and Fig. 4A). Analysis of PD ligands on APCs in the PLNs revealed a 
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significantly enhanced (p=0.006) proportion of CD11c+B7-H1+ cells in B7-1KO mice 

compared to NOD mice (Fig 4Bi,ii). However, a significantly lower (p=0.001) frequency of 

CD11c+B7-DC+ cells was observed in B7-1KO mice (Fig 4Biii,iv) suggesting that B7-1 

restricts expression of B7-H1, but may promote expression of B7-DC.

3.6 B7-H1 regulates priming and expansion of autoreactive T cells in periphery

We ascertained the role played by B7-H1 in modulating autoreactive T cell responses. CFSE 

labeled BDC2.5 transgenic CD4 T cells or 8.3NODscid transgenic CD8 T cells were 

injected into B7-1KO mice treated with blocking anti-B7-H1 antibody (Tsushima et al., 

2003). We analyzed the CFSE dilution profiles on the basis of and resting/undivided cells 

(CFSEhigh, M1) and dividing cells (CFSElow, M2). Significantly higher percentages of 

dividing cells were observed for both anti-islet CD4 (p=0.041) (Fig 5A) and CD8 T cells 

(p=0.015) (Fig 5C) in anti B7-H1 treated mice.

CD69 expression is elevated upon TCR ligation (Isogawa et al., 2005). We asked whether 

the priming of T cells was affected by B7-H1. The adoptively transferred CFSE labeled T 

cells were also monitored for CD69 expression in B7-1KO mice treated with B7-H1 

Interestingly, a significantly lower (p=0.010) percentage of CD69+CFSEhigh+CD4+ 

undivided T cells was observed in anti B7-H1 treated mice, suggesting that in this context 

B7-H1 costimulation promotes TCR signaling and activation (Fig. 5B). Conversely, anti-

islet CD8 T cells showed a significantly higher (p=0.043) percentage of 

CD69+CFSEhigh+CD8+ undivided T cells in anti B7-H1 treated mice (Fig. 5D), indicating 

that B7-H1 costimulation inhibits TCR legation in CD8 T cells. Therefore, when B7-1 is 

absent B7-H1 promotes the activation of CD4 T cells, while inhibiting CD8 T cell 

autoimmunity.

4 Discussion

Our work demonstrates that B7-1 expression ultimately acts to suppress the emergence of 

pathogenic autoimmune repertoire by regulating availability of pathogenic signals.

Costimulation by B7-1/2 is required for the intrathymic deletion of autoreactive T cells (Gao 

et al., 2002). Our thymic data showed significantly higher numbers of CD4SP and DP 

thymocytes in B7-1KO mice, indicating altered thymocyte maturation. In addition, we also 

observed a higher proportion of CD8+CD5hi single positive thymocytes in B7-1KO mice 

(Yadav and Sarvetnick, unpublished observations) indicating increased numbers of high-

avidity T cells in the thymus. The reduction in B7-HI signals in thymic T cell subsets in 

B7-1KO mice may play a role in the increased cell numbers we observed in the thymus. 

Indeed, a similar increase in the DP and CD4SP thymocytes has been described in B7-H1 

deficient mice (Keir et al., 2005).

We observed significantly enhanced expansion and survival of autoreactive T cells in 

B7-1KO mice. B7-1 preferentially interacts with CTLA-4, (Walunas et al., 1994) inducing 

CD4 T cell death (Scheipers and Reiser, 1998). It is possible that enhanced survival and 

expansion of CD4 T cells creates a more stable pathogenic CD4 T cell repertoire, which in 

turn can provide additional help to CD8 T cells thereby augmenting their effector potential. 
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Higher proportions of T cells from the PLN of B7-1KO mice produced the pro-

inflammatory cytokine IFN-γ (Wenner et al., 1996). Thus, the loss of B7-1 mediated 

costimulation helps create an inflammatory microenvironment, further augmenting the 

pathogenic potential of T cells. One reason for this may be the loss of CD4+CD25+CD62L+ 

T-regulatory cells both in PLN and thymus compartments in B7-1KO mice since this cell 

type controls pathogenic cells in the periphery (Szanya et al., 2002). B7/CD28 costimulation 

has been shown to play a critical role in the maintaining homeostasis of the CD4+CD25+ 

immunoregulatory T cells that control autoimmune diabetes (Salomon et al., 2000). 

Morever, in order to transmit suppressive signals, CD4CD25+ T-regs requires engagement 

of the B7 molecules expressed on target T cells (Paust et al., 2004), and this mechanism of 

immunoregulation may be defective in B7-1KO mice. Therefore, not only is the emergence 

of pathogenic repertoire enhanced but T-reg mediated control of anti islet T cells is lost in 

B7-1KO mice (Bour-Jordan et al., 2004).

The engagement of PD-1, an immunoreceptor belonging to the CD28/CTLA-4 family can 

lead to cell cycle arrest (Latchman et al., 2001). Loss of PD-1 has been shown to cause 

exacerbation of diabetes in NOD mice (Wang et al., 2005). CD28 is a major positive 

costimulatory receptor on T cells and CD28hi cells have been shown to preferentially 

migrate to inflammatory sites (Salazar-Fontana et al., 2001). We observed an increase in 

CD28hi T cells and a concomitant reduction in the frequency of PD-1+ CD4 T cells in mice 

lacking B7-1. B7-1 and B7-2 engagement has been shown to modulate CD28 expression on 

T cells (Eck et al., 1997) and ligation of CD28 with B7-1 has been reported to down regulate 

CD28 transcription. Thus, mice lacking B7-1 harbor an increased proportion T cells 

expressing CD28 and a decreased proportion of cells expressing PD-1.

The quality of costimulation provided by APCs to T cells determines the final outcome of 

any T cell response. We observed a significantly higher expression of B7-H1, whereas, the 

B7-DC expression was reduced in mice lacking B7-1. B7-H1 and B7-DC can engage with 

PD-1 providing negative costimulatory signals (Chen, 2004; Khoury and Sayegh, 2004). 

The role of B7-H1 in regulating T cell responses in vivo is not fully understood as its 

blockade precipitates diabetes (Ansari et al., 2003) but has also been shown to provide 

positive signals for naïve T cells to promote allograft rejection and autoimmunity (Subudhi 

et al., 2004). Our B7-H1 blocking studies confirmed the role of B7-H1 in providing negative 

signals for T cell expansion in the periphery of B7-1KO mice. However, in terms of T cell 

priming, the role of B7-H1 is more diverse. B7-H1 exerts a stimulatory role on CD4 T cells 

and an inhibitory role CD8 T cells. The differential modulation of PD-1/B7-H1 pathway on 

CD4 and CD8 T cells has been suggested previously (Carter et al., 2002). It is tempting to 

speculate that increase in the B7-H1 availability in B7-1KO mice may represent a 

mechanism to compensate for the reduction in the expression of its receptor PD-1 on T cells 

albeit unsuccessfully as these mice exhibit enhanced autoreactivity. Whether a concomitant 

reduction of B7-DC on B7-1KO APCs plays any significant role in the exacerbation of 

diabetes still needs further investigation.

The enhancement of autoreactivity due to loss of B7-1 in already autoimmune NOD mice 

signifies two important points. First, B7-1 plays an important role in immunoregulation of 

anti islet T cell reactivity but is not fully successful in its regulating. Second, even subtle 
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changes in the availability of APC mediated costimulatory signals and expansion of 

autorective T cells is enough to tilt the nature of autoreactivity from chronic in NOD mice to 

more acute nature in B7-1KO mice. In sum, our results demonstrate that exacerbation of 

diabetes in the absence of B7-1 mediated costimulation involves the failure of 

immunological checks and balances. Not only is the availability of T-regs reduced in 

B7-1KO mice, but also due to consolidation of pathogenic signals, T cells exhibit a 

concomitant enhancement in their expansion, survival and effector capabilities. This creates 

a microenvironment conducive for the emergence of the anti islet T cell repertoire.
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Fig. 1. 
Exacerbation of type 1 diabetes in mice lacking B7-1. NOD and B7-1KO were monitored 

for blood glucose on weekly basis and were considered diabetic if mice exhibited two 

consecutive blood glucose observations of 250mg/dl.
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Fig. 2. 
Enhanced expansion of islet-specific CD4 and CD8 T cells and increased survival of anti 

islet CD4 T cells in B7-1KO NOD mice. (A): CFSE-labeled splenocytes either from 

BDC2.5 or from 8.3NODscids were administered into NOD and B7-1KO hosts. After 4 

days, the PLN cells were analyzed by flow cytometry for CFSE dilution to assess 

proliferation. The CFSE profiles of Vβ4+CD4+CFSE+ and Vβ8.1/8.2+CD8+CFSE+ T cells 

in NOD and B7-1KO recipients are represented. M1 depicts dividing cells. Analysis of cells 

before transfer indicated >80% of them were naive (i.e. CD44low). The values represent 

mean percentage± SEM. B: For in vivo screening of apoptosis of anti-islet CD4 and CD8 T 

cells, adoptively transferred CFSE labeled BDC2.5 and 8.3 T cells were tracked in vivo (as 

described for Fig. 1). Histograms depict annexin staining in the PLNs of cells gated on M1 

(CFSElow, proliferating). The data are pooled from 2–3 independent experiments and are 

represented as mean percentage± SEM. NS, not significant.
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Fig. 3. 
CD4 and CD8 T cells show enhanced effector cytokine production in B7-1KO mice. PLN 

cells from NOD and B7-1KO mice were stimulated in vitro and analyzed for IFN-γ staining 

(as described in material and methods) by flow cytometry. The bars depict the percentage of 

CD4+IFN-γ+ and CD8+IFN-γ+ T cells. Staining with corresponding isotype controls 

exhibited negligible staining. Data are pooled from 2 independent experiments and the 

values represent mean percentage± SEM.
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Fig. 4. 
Immunophenotypic characterization of T cell and APCs in B7-1KO versus NOD mice. A: 

This is the dot plot representation of data described in table 2. The thymic and PLN T-reg 

dot plots are gated on CD3+CD4+ and CD4+ T cells respectively. B: PLN cells from 5 to 8 

weeks old NOD and B7-1KO mice were stained to determine the costimulatory expression 

profiles of B7-H1 (i and ii), B7-DC (iii and iv), and B7-2 (v and vi). The dot plots are a 

typical representation of CD11b and CD11c distribution profile in NOD and B7-1KO mice. 

The histograms are gated on the cells depicted by region R in the dot plot and are described 

as CD11c+ cells in the text. The dotted lines in the histograms represent the isotype control 

staining and solid lines represent the actual staining for the corresponding marker. The data 

are pooled from 2-4 independent experiments. Values represent mean percentage± SEM. 

NS, not significant.
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Fig. 5. 
B7-H1 controls the priming and expansion of anti islet T cells. CFSE labeled transgenic 

8.3NODscid/BDC2.5 anti-islet cells were adoptively transferred in B7-1KO mice which 

were also treated with either anti B7-H1 or rat-IgG (controls) and the PLN cells from the 

treated mice were analyzed for expansion (CFSE dilution) and priming (CD69 expression). 

Histograms depict the profiles of CD4+Vβ4+CFSE+ (A) and CD8+Vβ8.1/8.2+CFSE+ (C) T 

cells and the values represent mean percentage± SEM. Bars represents the CD69 expression 

in CD4+Vβ4+cells (B) and CD8+Vβ8.1/8.2+ T cells (D) gated on M1 (undivided) and M2 

(divided) and the values represent mean percentage± SEM. The data are pooled from 2–3 

independent experiments.
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Table 1

Comparison of thymic cellularity and B7-H1 expression in NOD and B7-1KO mice.

NOD B7-1KO n p value

Cellularity of thymic subsets (numbers)

CD4+CD8− (CD4 single positive) 6.6±0.4 × 106 11.8±1.6 × 106 10 p= 0.023

CD4−CD8+ (CD8 single positive) 2.3±0.2 × 106 2.9±0.4 × 106 10 NS

CD4−CD8− (double negative) 0.4±0.03 × 106 0.5±0.06 × 106 10 NS

CD4+CD8+ (double positive) 1.9±0.1 × 106 3.5±0.5 × 106 10 p= 0.023

B7-H1 expression in thymic subsets (%)

CD4+CD8−B7-H1+ (CD4 single positive) 68.5±2.6 56.8±0.8 6 p=0.003

CD4−CD8+B7-H1+ (CD8 single positive) 57.0±4.3 46.4±1.4 6 p=0.010

CD4−CD8−B7-H1+ (double negative) 20.3±1.4 15.7±0.4 6 p=0.045

CD4+CD8+B7-H1+ (double positive) 26.3±2 21.2±1.0 6 p=0.025

n indicates number of pooled animals from individual experiments for statistical analysis of data. The data are pooled from 2–3 independent 
experiments with 4–6 weeks old mice. For the B7-H1 data, the thymic subsets are gated on total (CD3+) T cells. The values corresponding to NOD 
and B7-1KO are mean± SEM. NS means not significant.
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Table 2

Comparison of peripheral total CD4 and CD8 T cell numbers in NOD and B7-1KO mice.

NOD B7-1KO n p value

Total cellular yield

PLN 2.9±0.3 × 106 4.2±0.3 × 106 11 p= 0.038

Spleen 6.7±0.8 × 107 11.0±1.3 × 107 14–15 p= 0.038

Total CD4 T cell numbers

PLN 1.5±0.1 × 106 2.1±0.1 × 106 10–11 p= 0.034

Spleen 1.8±0.2 × 107 3.0±0.3 × 107 14–15 p= 0.021

Total CD8 T cell numbers

PLN 0.6±0.06 × 106 0.9±0.09 × 106 10–11 p= 0.067

Spleen 0.9±0.1 × 107 1.4±0.1 × 107 15–16 p= 0.034

n indicates number of pooled animals from individual experiments for statistical analysis of data. The data are pooled from 3–4 independent 
experiments with 6–9 weeks old mice. The values corresponding to NOD and B7-1KO are mean± SEM. NS means not significant.
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Table 3

Immunophenotypic characterization of PLN T cells in NOD and B7-1KO mice.

Cellular subsets NOD B7-1KO n p-value

CD4+CD28hi 5.2±0.3 8.8±0.7 8 p=0.001

CD8+CD28hi 5.1±0.2 6.9±0.4 8 p=0.006

CD4+PD-1+ 9.8±0.8 7.2±0.3 8 p=0.015

CD8+PD-1+ 5.9±0.7 6.6±0.4 5 NS

CD4+CD25+CD62L+ 5.5±0.1 3.9±0.1 5 p=0.009

CD4+CD25+CD62L+ (Thymus) 2.1±0.03 1.4±0.07 8 p=0.0005

n indicates number of pooled animals from individual experiments for statistical analysis of data. 6–8 weeks old mice were used. The values 
corresponding to NOD and B7-1KO are mean percentage ± SEM. NS means not significant.
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