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Abstract

Invariant Natural Killer T-cells (iNKT) cells are emerging as key mediators of innate immune

cellular and inflammatory responses to sepsis and peritonitis. iNKT-cells mediate survival

following murine septic shock. Macrophages are pivotal to survival following sepsis. iNKT-cells

have been shown to modulate various mediators of the innate immune system, including

macrophages. Herein we demonstrate sepsis inducing iNKT-cell exodus from the liver appearing

in the peritoneal cavity, the source of the sepsis. This migration was affected by Programmed

Death Receptor-1(PD-1). PD-1 is an inhibitory immune receptor, reported as ubiquitously

expressed at low levels on iNKT-cells. PD-1 has been associated with markers of human critical

illness. PD-1 deficient iNKT-cells failed to demonstrate similar migration. To the extent that

iNKT-cells affected peritoneal macrophage function we assessed peritoneal macrophages ability

to phagocytose bacteria. iNKT−/− mice displayed dysfunctional macrophage phagocytosis and

altered peritoneal bacterial load. This dysfunction was reversed when peritoneal macrophages

from iNKT−/− mice were co-cultured with wild type iNKT-cells. Together, our results indicate

that sepsis induces liver iNKT-cell exodus into the peritoneal cavity mediated by PD-1, and these

peritoneal iNKT-cells appear critical to regulation of peritoneal macrophage phagocytic function.

iNKT-cells offer therapeutic targets for modulating immune responses and detrimental effects of

sepsis.
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INTRODUCTION

Sepsis remains a leading cause of death in Intensive Care Units (ICUs) worldwide. Despite

aggressive ICU care, early resuscitation, and source control, mortality remains dismally high

between 30 and 80%. Sepsis is a complex interplay between pro- and anti- inflammatory

responses, coupled with activation and alterations in cellular components of both the innate

and acquired arms of the immune system[1]. Furthermore, sepsis is associated with a

dysfunction and loss of lymphocytes in both mice and humans[2]. However, as most studies

have focused on the more overt T-lymphocyte sub-populations (as defined by CD3+) such

as CD4+, CD8+ and/or more recently CD4+CD25+[2–4], comparatively little attention has

been paid to the changes and/or contribution of some of the more minor innate-regulatory

CD3+ T-cell sub-populations, such as the invariant Natural Killer T-cells (iNKT-cells) or

gamma-delta TCR+ T-cell.

With respect to iNKT-cells, they are a pluri-potent subset of lymphocytes capable of

bridging the innate and adaptive immune systems and producing either a Th-1 or a Th-2

response. Considerable evidence is emerging demonstrating not only a central role for

iNKT-cells in many disease states, including cancer, infections[5], and auto-immune

diseases, it is also becoming more evident that iNKT-cells are instrumental in the proper

coordination of the immune response to sepsis. We have previously demonstrated a role for

iNKT-cells in response to polymicrobial sepsis[6]. Response to and control of sepsis is

dependent on an appropriate innate immune response, of which macrophages play an

important role, especially in relation to their ability to phagocytose and clear bacteria[7].

Growing evidence suggests that in varying infectious and non-infectious disease states,

iNKT-cells interact with and alter function of various phagocytic/myeloid cell members of

the innate immune system[8–10], most notably macrophages, including during more

indolent and chronic infections[6,11]. However the effect of iNKT-cells on macrophages

during sepsis is not well understood. The exact role of iNKT-cells in infections is variable

and appears to be highly dependent of whether the infection is intra- versus extra-cellular in

origin.

We have previously demonstrated that polymicrobial sepsis is associated with an increased

activation of both liver and circulating iNKT-cells[6]. This was coupled with the finding that

the liver iNKT-cell population declined rapidly following the onset of sepsis. It has recently

been shown that iNKT-cells are capable of rapid migration within the liver[10,12]. The

iNKT-cell migration appeared to occur in a surveillance fashion. We hypothesized that the

decline of iNKT-cells may indeed be a reflection of migration out of the liver and into the

site of the infection, namely the peritoneal cavity in our model of cecal ligation and puncture

(CLP)-induced peritonitis. Programmed death receptor-1 (PD-1) is a co-inhibitory surface

protein, classically described as controlling T-cells in immune responses. PD-1 has been

implicated in survival following sepsis[13–16], and has been shown to play a key role

regulating iNKT-cell functioning[17]. Thus we set out to test the hypothesis that sepsis

induces changes in iNKT-cell frequency and number reflective of a migration from the liver

to the site of infection (peritoneal cavity), and this would be affected by PD-1. Further, we

hypothesized that peritoneal macrophage functioning is dependent upon iNKT-cells.
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MATERIALS AND METHODS

Animals

C57BL/6J mice (from The Jackson Laboratory) were used for wild type. C57BL/6 mice

deficient in either iNKT cells (Jα18−/−) or in PD-1 (PD1−/−) (bred at Rhode Island

Hospital) were used. Mice aged 10 to 14 weeks of age were used in all experimental

procedures. 6–8 mice were used for each group. Research objectives and all animal

protocols were approved by the Institutional Animal Care and Use Committee of Rhode

Island Hospital and conducted in accordance with the Animal Welfare Act and National

Institutes of Health guidelines for animal care and use.

Septic Model

The CLP protocol established by Baker et al.[18] and modified by us[19] was used to induce

polymicrobial septic shock in mice. In brief, the cecum was exposed through a midline

incision, ligated and subjected to two punctures with a 22-gauge needle. Sham surgery mice

were subjected to anesthesia and midline laparotomy without ligation or puncture of the

caecum. 12 hours after the procedures, mice were euthanized with an overdose of CO2.

Blood was collected via cardiac puncture into heparinized syringes and peritoneal fluid was

collected via peritoneal lavage.

Circulating and Peritoneal Lymphocyte levels

Whole blood and peritoneal fluid analysis was undertaken to assess the lymphocytic profile.

Monoclonal antibodies directed against CD3, TCR pan- γδ and CD69 (a marker of early cell

activation) were used, according to the manufacturer’s recommendations. To identify iNKT-

cells we used α-GalCer pre-loaded CD1d tetramers conjugated to Allophycocyanin (APC)

(specific for the Vα14Jα18-TCR). The control was unloaded tetramer, both of which have

been obtained from the NIAID Tetramer Facility (Germantown, MD).

iNKT-cell isolation

Miltenyi magnetic bead separation techniques were applied according to manufacturer’s

recommendations. Non-parenchymal cells (NPCs) were isolated from wild type livers over a

Percoll gradient. The NPCs were washed and the pellet re-suspended. The T-cells were

isolated using the Miltenyi MACS pan-T-cell isolation kit. These cells were collected and

stained for CD1d tetramer APC. Anti-APC magnetic beads were conjugated against the

CD1d allowing positive selection of iNKT-cells.

Peritoneal Macrophage Isolation and Functioning

Peritoneal aspirate from wild-type and iNKT−/− mice was collected following both sham

and CLP procedures[13]. The aspirate was pelleted and resuspended at a concentration of

106 macrophages/ml. Macrophages were plated onto 24-well tissue culture plates at 1ml/

well and incubated for 1 hour allowing for macrophage adherence. Following washing, 200

microliters of approximately 1×107 PE-labelled Escherichia coli in PBS was added and

incubated. Plates were washed and adherent macrophages were detached. Flow cytometery

was used to calculate the percentage of macrophages taking up E. coli.
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Peritoneal Microbiology sampling

Peritoneal lavage fluid was aspirated and serially diluted in sterile saline. 100-microliter

aliquots of 1:100 and 1:10,000 dilutions were then spread on tryptic soy agar (TSA) blood

agar plates (Remel, Lenexa, KS) and analyzed 24 hours following incubation at 37 °C.

Colonies were counted and expressed as colony forming units (CFU)/ml of peritoneal lavage

samples.

Statistical Analysis

Data are expressed as mean and standard error of the mean. Logarithmic transformation of

bacterial counts was undertaken for the purposes of analysis of bacterial load in the mouse

peritoneal cavity. Categorical data was assessed using Chi-squared or Fisher’s exact test.

Mann-Whitney U was used to assess continuous data across two groups. One way analysis

of variance (ANOVA) with Holm-Sidak post-hoc analysis was used for continuous data

across multiple groups. Alpha was set to 0.05.

RESULTS

We have previously documented that mice either deficient in iNKT-cells or who were

administered CD1d-antibody blockade were noted to have decreased mortality in an

experimental model of septic shock[6]. Furthermore sepsis was noted to induce a decline in

liver iNKT-cells. We wished to therefore assess for a possible mechanism driving this

finding. Inasmuch, it was initially important to determine to what extent iNKT-cell

populations were changing in the blood and/or peritoneal cavity.

Following the onset of sepsis, circulating CD3+ lymphocytes were noted to be significantly

decreased in both wild type and iNKT−/− mice. Unlike the blood, following CLP, the

peritoneal cavity of wild type mice displayed no difference in the frequency of CD3+

lymphocytes. However, following CLP the iNKT−/− mice, unlike the wild-type controls,

displayed an increase in peritoneal CD3+ lymphocytes (Figure 1).

Intriguingly, following CLP there was an increase in the frequency of circulating CD1d-

tetramer+ cells (iNKT-cells) as an absolute number and as a portion of CD3+ lymphocytes

in septic mice (14.2 +/− 2.5% versus 4.8 +/− 0.9%; p=0.003). Furthermore, a significantly

larger percent of circulating iNKT-cells were noted to express CD69, a marker of activation,

in response to CLP (see Table 1a). We then assessed the iNKT-cell profile of the peritoneal

fluid (as an index of the comparative response at site more proximal to the source of

infection). Similar to the blood, there was an increase in iNKT-cells both in absolute number

and as a percentage of CD3+ T-cells (7.9 +/− 1.6% versus 3.2 +/− 1.2%; p=0.03). Further,

significantly more peritoneal iNKT-cells expressed the activation marker CD69 (73.2 +/

−19% versus 6.9 +/−0.9%; p=0.004) (see Table 1b).

To assess the possible contribution of the inhibitory immune receptor PD-1 expression to

this noted migration of iNKT-cells into the peritoneal cavity following CLP, we undertook

an analysis of iNKT-cell populations following CLP in various anatomic locations in

PD-1−/− mice. As previously observed[6], sepsis induced a loss of absolute number of

hepatic iNKT-cells in wild type mice when compared with sham. In wild type mice, there
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was an increase in the percentage of iNKT-cells that were activated. However, in PD-1−/−

mice, while sepsis was noted to induce an increase in absolute number of hepatic iNKT-cells

when compared with sham, there was no subsequent change in the percentage of activated

iNKT-cells (see Figure 2 and Table 2).

Following CLP, circulating iNKT-cells were noted to be unchanged compared to sham

animals either in absolute number or as a percentage of CD3+ lymphocytes from septic

PD-1−/− mice. However, there was a significant increase in the frequency of activation in

these circulating cells: in PD-1−/− mice, iNKT-cells from septic animals had significantly

higher percent of CD69 expression compared to sham animals (see Figure 2 and Table 2).

With respect to the peritoneal cavity, unlike wild type mice, there was no change in either

the absolute number or percentage of iNKT-cells in the peritoneal cavity of PD-1−/− septic

mice compared to sham. However, in PD-1−/− mice, significantly higher proportions of

peritoneal iNKT-cells were CD69+ following sepsis compared with sham mice. Notably,

PD-1−/− mice had greater numbers of iNKT-cells in the peritoneal cavity when comparing

sham laparotomy to wild type sham as well as comparing CLP in PD-1−/− to CLP in wild

type mice (see Figure 2 and Table 2).

To the extent that these changes in iNKT cell frequency and the degree of their activation

(increased percentage of CD69+ expression) culminated in significant functional effect, we

next attempted to determine if the ex vivo capacity of peritoneal macrophages to engulf E.

coli was altered if they were derived from iNKT−/− or wild type background control mice

12 hours following sham laparotomy or CLP. Following induction of sepsis, in keeping with

our prior report[13], we initially noted that wild type mouse-derived peritoneal macrophages

were observed to have a decreased ability to uptake E. coli when compared to wild type

sham mouse derived macrophages. However, it was noted that there conversely was an

increase in the ability of iNKT−/− derived peritoneal macrophages to engulf E. coli (Figure

3).

To the extent that this change was a direct result of the absence of the iNKT-cells in the

knockout animal from which they were derived, we found that when peritoneal macrophages

from iNKT −/− mice were co-cultured with iNKT-cells isolated from septic wild type mice

displayed a return to normal levels of engulfment compared with wild type (Figure 4).

To the degree that these ex vivo effects on bacterial uptake reflect changes in bacterial

clearance/killing we also assessed overall effect of the absence of iNKT-cells on the

peritoneal bacterial burden in septic mice by culturing the peritoneal lavage fluid from these

animals. Not surprisingly, we found there were no significant differences in the bacterial

load in peritoneal fluid following sham protocol between iNKT knockout mice compared

with wild type mice. Following CLP, iNKT −/− mice demonstrated slightly increased

bacterial load compared to sham, but this was a significantly reduced bacterial load when

compared to wild type mice (Figure 5).
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DISCUSSION

Sepsis, a leading cause of death world-wide, induces dysfunction and loss of lymphocytes,

which is thought to contribute to the overall morbidity of this condition[1,3,20]. Innate

regulatory T-cells are emerging as key modulators of appropriate immune responses,

specifically invariant Natural Killer T-cells (iNKT-cells). iNKT cells regulate immune

response in many clinically significant infectious conditions[11, 21,22], and auto-immune

disease models[23]. We have previously shown that iNKT-cells play a key role in

modulating the immune response to sepsis. Following an otherwise fatal model of

polymicrobial sepsis, mice either administered CD1d blocking antibody or genetically

deficient in iNKT-cells (Jα18−/−) exhibited a survival rate of 35%, a survival advantage

manifested as early as 48 hours[6].

iNKT-cells are noted to be relatively resistant to apoptosis, and that when activated there is

an up-regulation of anti-apoptotic genes[24]. This led us to postulate that the decreased

iNKT-cell liver population[6] may in fact be due to migration as opposed to loss via cell

death. The results presented here expand on our findings by showing that, unlike the

otherwise global loss of T-lymphocytes[25], iNKT-cells as a sub-population appear to be

preserved in the peripheral circulation of mice, as well as in their peritoneal cavity, in

response to an abdominal septic source. We believe that this data supports the hypothesis

that acute sepsis induces an exodus of iNKT-cells from the liver, migrating through the

blood stream and into the peritoneal cavity, the source of infection.

iNKT-cell / macrophage interactions have been noted in several chronic disease states and

models. Macrophage influx and activity has been noted to be dependent upon iNKT-cells in

diet induced obesity [26], progression of atherosclerotic lesions[27] and models of

rheumatoid arthritis[28]. Further, iNKT-cells activate immune cells critical to successful

responses to an infection[9,23,29,30] including natural killer cells, macrophages, dendritic

cells, T-cells and B-cells. However this interaction appears to be bi-directional wherein

macrophages have been noted to modulate iNKT-cell responses. The effector and target

cells appear dependent upon both the model used, such as burns [31] versus abdominal

sepsis, as well as the background mouse strain used.

This iNKT-cell / macrophage interaction appears to be mediated via Interferon (IFN)-γ and

Tissue Necrosis Factor (TNF)-α, both found in abundance and mobilized from stimulated

iNKT-cells [29], as well as through CD1-mediated antigen presentation in macrophages and

dendritic cells. Emoto et al. demonstrated a significant role for iNKT-cells in peritoneal

macrophage bactericidal activity, postulating that, following stimulation, iNKT-cells

infiltrated the peritoneal cavity[9]. We expand upon their postulation by demonstrating an

expansion of the peritoneal iNKT-cell population (7.9% versus 3.2%; p=0.03) in the setting

of sepsis, most of which were noted to be activated (73.2% versus 6.9%; p=0.004).

Our data showing that iNKT-cells significantly affect peritoneal macrophage engulfment, a

finding reversed by the addition of iNKT-cells, supports prior observations that iNKT-cells

play key roles in mediating important cellular responses, specifically in relation to

macrophage function[6,32] and cellular migration and/or recruitment to a site of
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infection[33]. We noted that in an acute polymicrobial infection, iNKT-cells affected

peritoneal bacterial clearance with lower peritoneal bacterial burden following CLP in iNKT

−/− mice. Despite a relatively minor change in the absolute number of iNKT-cells we still

observed a significant biological effect in macrophage function. We believe that this further

speaks to the regulatory nature of iNKT-cells wherein their relatively small numbers as a

sub-population belies their ability to enact a large biological response.

The liver is the predominant source of iNKT-cells in mice[6]. Furthermore, it is noted that

most facultative intracellular bacteria are trapped in the liver immediately after systemic

infection. The high abundance of liver iNKT-cells, and their rapid and vigorous cytokine

release in response to sepsis[6] is highly suggestive of a sentinel role for iNKT-cells in

response to systemic infections. Prior studies have shown that not only do liver iNKT-cells

interact with tissue macrophages to activate them, but that these liver macrophages

contribute to the systemic pro-inflammatory cytokine response to sepsis[34].

iNKT-cells have recently been shown to be capable of both random and directional

migration in a patrolling fashion within the liver in response to bacterial infection[10,12]. To

explain a mechanism allowing the observed exodus from the liver and apparent migration

into the peritoneal cavity, the source of the infection, we assessed the role of PD-1 in iNKT-

cell migration. PD-1 is a co-inhibitory surface protein, classically described as controlling T-

cells in immune responses. Monaghan et al., Guignant et al., and Zhang et al. demonstrated

that surface expression of PD-1 on circulating cells in critically ill patients correlates with

APACHE-II scores, an index of critical illness[16,35,36].

Interaction between PD-1 on T-cells and the ligands, PD-L1 and PD-L2, is classically

thought to induce tolerance among T-cells. PD-1 can inhibit a robust immune response and

has been noted to correlate with inadequately cleared and chronic viral and fungal

infections[37]. It has been proposed that PD-1 on iNKT-cells may prevent excessive iNKT-

cell associated inflammation. Activated iNKT-cells have increased cell surface expression of

PD-1. Repeat α-GalCer stimulation of iNKT-cells has been noted to induce anergy, which is

associated with very high levels of PD-1. Blockage of the interaction between PD-1 and its

ligands (PD-L1 and PD-L2) at the time of α-GalCer administration prevented the induction

of iNKT-cell anergy[17]. However, whether this is a direct or indirect effect of PD-1:PD-L

ligation is not clear.

Active M. tuberculosis infection is associated with deficient NKT-cell proliferation and

function, defects associated with elevated PD-1 expression. Blockade of PD-1 signaling

enhances NKT-cell response to α-GalCer. However, Huang et al. demonstrated that mice

lacking PD-1, or treated with PD-1 blocking antibody, had better survival following

sepsis[13]. Indeed the authors noted PD-1 expression modulated bactericidal activity and

bacterial clearance. Given the abundance of PD-1 on lymphocytes, we speculated that PD-1

may affect iNKT-cell migration, and that this in turn may offer an explanation for the

reduced mortality noted in iNKT-cell knockout mice[6].

We demonstrated that PD-1−/− mice exhibited a significantly blunted migration of iNKT-

cells following sepsis, with increased liver iNKT-cell populations, most of which were
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activated. This is coupled with the finding of no increase in circulating or peritoneal iNKT-

cells following sepsis. However, PD-1 deficiency did not affect the sepsis-induced increase

in the degree of iNKT-cell activation. Coupling our findings together offers a potential

target for future therapy in septic patients. PD-1 blocking antibodies are already available in

clinical trials in cancer[38]; thereby, in the future, blocking PD-1 may become a real

possibility that might allow one to temporarily modulate the early iNKT-cell response to

sepsis, allowing for greater bacterial clearance. In support of this speculation is the recent

finding that PD-1 antibody blockade was protective against mortality from sepsis[15].

CONCLUSIONS

iNKT-cells play a key role in the immune response following sepsis. Their actions are

mediated in part via their interaction with macrophages. iNKT-cells affect macrophage

bacterial clearance. Finally, iNKT-cells migrate from the liver into the peritoneal cavity

following CLP. Intriguingly, liver iNKT-cell transmigration (exodus) out of the liver is

markedly affected by PD-1 gene expression.
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Figure 1. Percentage of peripheral circulating and peritoneal CD3+-lymphocytes in wild type
and iNKT−/− mice
Following CLP, there was a decline in percentage of circulating CD3+-lymphocytes in both

wild type (^ p<0.001) and iNKT−/− (# p=0.001) mice. With respect to the peritoneal cavity

following CLP compared to Sham, there was no difference in wild type CD3+-lymphocytes;

however iNKT−/− mice displayed an increase in percentage of peritoneal CD3+-

lymphocytes (* p<0.001). Notably there was no difference in sham peritoneal CD3+-

lymphocytes comparing wild type and iNKT−/− mice. However with respect to CLP,

peritoneal CD3+ Lymphocytes were significantly greater in iNKT−/− mice compared to

wild type (** p<0.001).
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Figure 2. iNKT-cell profile within a) liver, b) blood, and c) peritoneum following CLP comparing
wild type versus PD1−/− mice
a) Following CLP, there was a decrease in hepatic iNKT-cells in wild type mice (*

p<0.001), but an increase in hepatic iNKT-cells in PD1−/− mice (# p=0.004). b) In the

peripheral circulation, although wild type mice displayed an increase in circulating iNKT-

cells (* p<0.001), there was no difference in the number of circulating iNKT-cells between

sham and CLP within PD1−/− mice. PD-1−/− mice had significantly fewer circulating

iNKT-cells than wild type mice following CLP (# p<0.001). c) Within the peritoneal cavity,

wild type mice displayed an increase in iNKT-cells following CLP (* p<0.001), whereas

there was no change in the number of iNKT-cells in PD1−/− mice. Notably PD-1−/− mice

had greater peritoneal iNKT-cells compared to wild type following CLP (# p<0.001).
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Figure 3. Percentage of peritoneal macrophages engulfing E. coli following sham or sepsis
Wild type mice showed significantly decreased peritoneal macrophage uptake of E. coli

comparing sham to CLP (** p<0.001), whereas iNKT−/− mice showed an increase in

percentage of peritoneal macrophages up taking E. coli comparing sham to CLP (##

p<0.001). Wild type mice, compared with iNKT−/− mice, showed significantly increased

percentage of E. coli uptake by peritoneal macrophages following sham laparotomy (*

p<0.001). However, wild type mice had significantly lower bacterial uptake following CLP

compared to iNKT−/− mice. (# p<0.001).
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Figure 4. E. coli engulfment by iNKT−/− peritoneal macrophages co-cultured with iNKT-cells
Peritoneal macrophages from iNKT−/− mice subjected to sham or sepsis were co-cultured

with iNKT cells isolated from wild type mice. Macrophage uptake of E. coli uptake was

assessed. There was no difference in percentage of E. coli uptake following sham

laparotomy between wild type macrophages and iNKT−/− macrophages co-cultured with

iNKT-cells. The previously noted decrease in E. coli uptake in wild type macrophages was

now noted between sham and CLP for iNKT−/− macrophages co-cultured with iNKT-cells

(# p<0.001). Notably the percentage of E. coli engulfment was lower for iNKT−/−

macrophages co-cultured with iNKT-cells following CLP when compared with wild type

sepsis peritoneal macrophages (^ p=0.023).
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Figure 5. Bacterial load in the peritoneal cavity following sham or sepsis (CLP) in wild type
versus iNKT−/− mice
Compared to their respective sham groups, both wild type (** p<0.001) and iNKT−/− mice

(* p<0.001) displayed increased bacterial load following CLP. However, iNKT−/− mice

exhibited significantly lower peritoneal bacterial load when compared with wild type mice

following CLP (# p<0.001).
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Table 1 a) and b)
Levels of iNKT-cells in a) the peripheral circulation and b) peritoneal cavity of mice
subjected to either sham laparotomy or CLP-induced sepsis

An increase in the frequency of iNKT-cells in the circulation was noted following CLP, both as an absolute

number and as a percentage of CD3+-lymphocytes. Significantly more circulating iNKT-cells were activated.

Within the peritoneal cavity, there was also an increase in iNKT-cells following CLP, most of which were

noted to be activated.

1a) – Peripheral Circulation

Peripheral Circulation Sham Sepsis p value

 Number of iNKT-cells 8 +/− 0.6 ×103 19 +/− 1.5 ×103 0.02

 iNKT-cells as % of CD3+ cells 4.8% (+/− 0.9) 14.2% (+/− 2.5) 0.003

 CD69+ iNKT-cells 3.7% (+/− 1.2) 22.1% (+/− 2.5) <0.001

1b) – Peritoneal Cavity

Peritoneal Cavity Sham Sepsis p value

Wild Type

 Number of iNKT-cells 6 +/− 0.7 ×103 31 +/− 2.1 ×103 <0.01

 iNKT-cells as % of CD3+ cells 3.2% (+/− 1.2) 7.9% (+/− 1.6) 0.03

 CD69+ iNKT-cells 6.9% (+/− 0.9) 73.2% (+/− 19) 0.004
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Table 2
The effect of PD-1 deficiency upon iNKT-cell activation and migration

PD-1 deficiency affected iNKT-cell migration and iNKT-cell activation. Although hepatic iNKT-cells were

noted to have higher rates of activation following CLP, this was not evident in PD-1−/− mice. Conversely, in

PD-1−/− mice, the rates of activation of circulating and peritoneal PD-1−/− iNKT-cells were significantly

elevated following CLP.

Sham Sepsis p-value

Wild Type mice

 iNKT-cells as a % of CD3 48 +/− 2.9% 34 +/− 1.7% 0.001

 % of hepatic CD69+ iNKT-cells 28 +/− 2.3% 42 +/− 4.4% 0.014

PD-1 −/− mice

Hepatic

 iNKT-cells as a % of CD3 37 +/− 1.7% 59 +/− 2.4% 0.02

 % of CD69+ iNKT-cells 19.7 +/− 2.6% 18.9 +/− 4.2% 0.87

Circulating

 iNKT-cells as a % of CD3 5.4 +/− 0.7% 6.2 +/− 1.9% 0.7

 % of CD69+ iNKT-cells 1.5 +/− 0.4% 19.0 +/− 5.4% 0.006

Peritoneal

 iNKT-cells as a % of CD3 2.2 +/− 0.8% 2.8 +/− 0.7% 0.58

 % of CD69+ iNKT-cells 24 +/− 3.5% 41 +/− 5.8% 0.02
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