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Abstract

CD8+ T-cell immune response to liver antigens is often functionally diminished or absent. This 

may occur via deletion of these autoaggressive T cells, through the acquisition of an anergic 

phenotype, or via active suppression mediated by other cell populations. We generated a double 

transgenic model in which mice express CD8+ T cells specific for the lymphocytic 

choriomeningitis virus nucleoprotein (LCMV-NP) and LCMV-NP as a hepatic neo-autoantigen, to 

study the immunological response of potentially liver antigen autoagressive CD8+ T cells. 

Autoreactive transgenic CD8+ T cells were analyzed for functionality and cytotoxic effector 

status. Despite severe peripheral deletion of liver-specific CD8+ T cells, a fraction of autoreactive 

NP-specific CD8+ T cells accumulate in liver, resulting in hepatocyte injury and production of 

autoantibodies in both male and female mice. NP-specific intrahepatic T cells showed capacity to 

proliferate, produce cytokines and up-regulate activation markers. These data provide in vivo 

evidence that autoreactive CD8+ T cells are activated in the liver and developed an inflammatory 

process, but require additional factors to cause severe autoimmune destruction of hepatocytes. Our 

new model will provide a valuable tool for further exploration of the immunological response 

involved in inflammatory liver diseases, including autoimmune hepatitis.
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1. Introduction

In addition to metabolic functions, the liver has immunological properties playing an 

essential role in maintaining a delicate balance between tolerance and immunity [1, 2]. The 

liver is exposed to endotoxins and other microbial degradation products that reach the liver 

via portal blood; many unique molecular mechanisms, including immune and non-immune 

cells, contribute to promote the development of immune tolerance. Similar mechanisms 

avoid hepatocytes damage from specific autoimmune process [3]. Therefore, the liver is 

particularly successful in the development of peripheral tolerance. However in specific 

circumstances, tolerance to hepatic self-proteins is broken, usually in genetically susceptible 

hosts, resulting in development of autoimmune hepatitis (AIH) [4].

AIH is the consequence of selective and progressive destruction of hepatic parenchyma by 

an inflammatory process [4]. Many cell types are involved in liver lesions characteristic of 

AIH, including antigen-presenting cells (APC), B lymphocytes and both CD4+ and CD8+ T 

lymphocytes [5]. The presence of autoreactive T cells (CD4+ and CD8+) in the liver and 

auto-antibodies (auto-Ab) production directed against various hepatic antigens, reflects the 

autoimmune character of the disease [6, 7]. However, neither their specific contribution to 

the disease pathogenesis nor how they are recruited and primed in the liver has been 

resolved.

There are convincing arguments showing that CD8+ T cells contribute to the pathogenic 

autoimmune process in organ specific autoimmune diseases (AID) [8]. First, adoptive 

transfer of autoimmune disorders by CD8+ T cells in syngenic immunodeficient mice proves 

that these cells are essential for the initiation of autoimmunity [9]. In addition, some CD8+ T 

cell clones have been shown to kill specific targets without the help of CD4+ T cells [10]. 

Autoreactive CD8+ T cells can be detected in the peripheral blood of human patients with 

AID, including patients with AIH. Thus, CD8+ T cell clones specific for ASGPR or 

CYP2D6 from patients with AIH have the ability to produce IFN-γ cytokine and to exert 

cytotoxicity after recognition of CYP2D6 peptide-pulsed targets [11]. Hepatic self antigens 

(HAgs) are readily accessible to class I-restricted CD8+ T-lymphocytes and many studies in 

mice suggest that autoreactive CD8+ T lymphocytes play a key role in the pathogenesis of 

AIH [12, 13]. Transgenic (Tg) or knockout animal models have been excellent tools for 

dissecting pathogenesis and have provided crucial information on mechanisms responsible 

for the fragile and complex balance between tolerance and autoimmunity in the liver [14, 

15]. Moreover, knowledge of the mechanisms responsible for autoreactive T-lymphocytes 

activation, proliferation, clonal deletion, anergy, or ignorance in the periphery, have been 

enhanced by the use of TCR Tg mouse strains [16]. Thus, several murine models have 

highlighted the role of HAgs-specific CD8+ T cells. However, most previous works were 

based on transfer of CD8+ T cells against liver specific antigens expressed as neoself in Tg 

mice [17, 18]. Unfortunately, transfer of autoreactive CD8+ T cells was not sufficient to 
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induce chronic inflammation [19]. Thus, these approaches showed severe limitations in the 

induction of immune-mediated hepatitis as observed in humans. Heterogeneity of T cell 

clones activation in vitro, impact of number of transferred cells and the fact that the liver 

plays a robust role in peripheral tolerance could explain the disappointing results reported. 

To bypass this obstacle, Tg murine models have been produced to develop a spontaneous 

chronic progressive AIH using double Tg mice expressing a TCR carried by CD8+ T cells 

with specificity for a neoself-autoAg expressed by hepatocytes [20–22]. However, these 

models show a central clonal deletion or a persistence of high avidity autoreactive Tg CD8+ 

T cells in the periphery in the absence of chronic liver inflammation. For example, double 

Tg mice on C57BL/6 (B6) background expressing the neoself gag protein (FMuLVgag) 

from Friend virus in the thymus and liver under Albumin promoter (Alb-Gag) showed no 

signs of autoimmunity. Gag-specific Tg CD8+ T cells escaping central tolerance were 

maintained in a tolerant state in the periphery and lost the ability to proliferate and produce 

IL-2 in response to antigen stimulation [20]. In contrast, double Tg mice expressing 

influenza virus-hemagglutinin (HA) as neoself-Ag only in the liver under hepatocyte-

specific albumin promoter developed a moderate and transient form of hepatitis only in 

males. However, most liver-infiltrating HA-specific CD8+ T cells had an anergic status [22]. 

In this model, the development of a chronic T-cell mediated liver autoimmunity on mixed 

genetic background (DBA2, B6 and Balb/c) could be impaired by the interaction of 

autoimmunity-related susceptibility loci and/or the background of these strains.

To further analyze the liver specific autoimmune response and the role of the liver in 

peripheral tolerance, the double Tg model presented in this study was generated directly on 

B6 background to avoid the impact of genetic heterogeneity on T cell development and 

tolerance breakdown. This model shows specific signs of autoimmunity (cellular and 

humoral immune responses) and develops mild liver inflammation in both male and female 

mice. As such the model reported here should be of unique value for dissecting the 

molecular basis for the liver’s role in the balance between tolerance and immune mediated 

autoimmune liver injury.

2. Methods

2.1. Cells

The T CD8+ NP18 clone, which has previously been shown to have specific reactivity to 

amino acids 396–404 of the nucleoprotein (NP) from lymphocytic choriomeningitidis virus 

(LCMV), is restricted by the MHC class I H-2Db molecule [23]. Mice thymocytes, 

splenocytes, PBMC and lymph node cells were prepared according to standard protocols 

with minor modifications and cultured in RPMI+Glutamax medium (Invitrogen), 10% SBF, 

5×10−5 M 2-ME, 100 U/ml penicillin G and 100 μg/ml streptomycin.

2.2. Transgenic mice generation

To determine TCR-α and -β gene usage, synthesized cDNA from total RNA of T CD8+ 

NP18 clone was amplified with a panel of Vα and Vβ specific primers as described [24] and 

PCR amplification products were subcloned and sequenced. TCR transgenes were 

constructed by subcloning PCR amplified regions encoding rearranged Vα8.5Jα5.1 and 
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Vβ12D2Jβ2.3 domains into pT-Vα and pT-Vβ TCR transgenic vectors, respectively [25]. 

The TCR chain expression of both constructs was confirmed by transient transfection into 

58 α−/β− T cell hybridomas and RT-PCR. Their ability to respond to NP396-404 peptide 

was confirmed using an IL-2 production assay. Transgenic constructs coding for the 

functional VJα and VDJβ rearrangements of NP18 clone were co-injected in fertilized eggs 

from C57BL/6 (H-2b) mice.

Genomic DNA from founder mice and their offspring was screened for the presence of 

TCRα and TCRβ chains DNA by PCR amplification, using specific primers. TCR chains 

expression was proved by RT-PCR amplification of total RNA from Tg splenocytes. Two 

transgenic (Tg) TCR mouse lines (TNP4 and TNP5) were kept and only TNP5 was used in 

further experiments in this study. The double transgenic TNP5/TTR-NP mice line was 

obtained after breeding of TCR transgenic mice (TNP5/B6) with the TTR-NP/B6 mice [26]. 

All transgenic mice used for this study were bred in the animal facility and were kept under 

specific pathogen-free conditions. All animal experiments were performed according to 

national and institutional guidelines.

2.3. Flow cytometry

Thymocytes, splenocytes, PBMC or lymph node cells (1×06) were labeled with 

fluorescence-conjugated antibodies specific for TCR β chain, CD4, CD8, CD25 or CD69. 

All antibodies were purchased from eBioscience, except the Extravidin-PE (Sigma). The 

H2-Db-NP396-404 tetramer (NP-tet) was produced as previously described [27] and was used 

to stain NP-specific effector cells. Four-color flow cytometry was performed on a 

FACScalibur (BD Biosciences), and data were analyzed using Cell Quest Pro software (BD 

Biosciences).

2.4. Transgenic CTLs functionality

Proliferation assays were performed on splenocytes from Tg mice. Briefly, cells were 

stained with 5 μM CFSE (eBioscience), then 1×106 cells per well were seeded in a 24-wells 

plate. Cells were stimulated with 10 μg/ml of the cognate NP396-404 peptide 

(FQPQNGQFI) or CMVpp65 (NLVPMVATV) irrelevant peptide as specificity control. 

Intrahepatic lymphocytes were isolated as described [28] and combined with syngeneic 

splenocytes loaded with specific peptides. Unstimulated and PMA stimulated controls were 

included in all experiments. Cells were harvested after 48–72 hours incubation at 37°C and 

proliferation of CFSE-labeled CD8+ T cells was analyzed by FACS using an APC-

conjugated anti-CD8 antibody (eBioscience).

For degranulation assays, 2×105 transgenic mice splenocytes were seeded in 96-well plates 

and incubated for 4 hours with 10 μg/ml of NP396-404 peptide and a mAb specific for 

CD107a (Alexa Fluor 647-conjugated anti-mouse CD107a, eBioscience) [29]. An anti-CD8 

antibody (FITC-conjugated anti-mouse CD8, eBioscience) was added for the last hour of 

incubation. Cells were harvested and washed twice with PBS and then processed in four-

color flow cytometry.
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For cytokines measurements, single Tg TCR mice or double Tg mice splenocytes (1×106 

cells/wells) were incubated, with or without NP396-404 peptide. Supernatants were 

collected after 48 or 72 hours incubation and stored at −20°C. They were used for IL-2 and 

IFN-γ measurement with respective READY-SET-GO ELISA kits (eBioscience).

2.5. Monitoring liver-specific autoimmunity

Liver samples from groups of 3–12 wk-old TNP5 and TNP5/TTR-NP Tg mice were 

dehydrated, embedded in paraffin, sectioned and stained with H&E for histopathological and 

morphological analysis. The TUNEL assay was performed using The Apoptag® plus 

peroxidase in situ Apoptosis Detection Kit (Millipore, CA) according to the manufacturer’s 

protocol.

Serum ALT levels were measured in a Beckman-Synchron CX9 apparatus, from blood taken 

from mice of 3, 6, 10 and 12 weeks old. The presence of anti-NP autoantibodies in serum 

was revealed by ELISA as described [26].

2.6. Statistical analysis

Student t-test was used to determine the statistical significance of differences between 

groups, which was set at the 95% confidence level.

3. Results

3.1. Phenotypic analysis of transgenic T cells expressing a TCR specific for LCMV-NP

We amplified and cloned the genomic rearranged TCR genes from NP396-404 epitope 

(FQPQNGQFI) of LCMV-NP-specific CD8+ T clone (NP18) to generate TCR Tg mice. The 

αand β TCR chains coding for Vβ12-D2-Jβ2.3 and Vα8.5-Jα5.1 receptors were identified as 

specific chains recognizing NP396-404 epitope. The generated mouse strain (TNP5) 

expressing the Tg TCR on CD8+ T cells in the thymus and the periphery, showed an 

increased proportion of CD8+ T-cells and reduced CD4 T-cells compared with wild type B6 

mice (data not shown). As expected in CD8+ Tg models, the ratio of CD4/CD8 thymocytes 

showed skewing toward the CD8+ T cell compartment. Assessment of Tg TCR expression 

on CD8 T cells by flow cytometry using tetramer–Db-NP396-406 (NP-tet) confirmed that Tg 

TCR are present only on CD8+ single-positive (SP) or CD4+ CD8+ double positive (DP) 

thymocytes (fig 1A).

CD4 and CD8 profiles in spleen, lymph nodes or blood showed that CD8+ population was 

markedly enhanced compared to B6 littermates (data not shown). These results confirmed 

marked skewing towards the CD8 single-positive phenotype in Tg TCR mice (fig1B). The 

staining by anti-CD8+ antibody and NP-tet showed that Tg NP-specific CD8+ T cells 

represent about 37% of CD8 population in the spleen, 40% in LN, and 22% in blood 

(fig1B). No specific phenotype develops in TCR single Tg mice (TCR-STg).

3.2. Hepatic Ag-specific CD8+ T cells population in double Tg mouse model

Double Tg mice (DTg) were obtained by crossing TTR-NP single Tg mice (STg), which 

express the neo self-antigen LCMV-NP in the hepatocytes [26], with TNP5 STg mice 
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producing NP-specific CD8+ T lymphocytes. The Tg TCR T cells in TNP5/TTR-NP DTg 

mice were not deleted in the thymus and the percentage of NP-specific CD8+ thymocytes 

gated in CD4−CD8+ SP thymocytes was similar to those in TNP5 STg mice compare (Fig 

1A vs Fig 2A). This result is consistent with a positive selection in the absence of neo-self 

LCMV-NP expression in the thymus as described in TTR-NP Tg mice [26] and confirmed 

in DTg mice by RT-PCR (data not shown). Unexpectedly, NP-tet specific CD8+ T cells 

frequencies from the total of peripheral CD8+ T cells in DTg mice compared to STg mice 

showed a marked decrease from 37% to 3.9%, from 40% to 4% and from 22% to 5.1% in 

the spleen, lymph nodes and peripheral blood respectively (fig 1B and fig 2A). Thus, these 

potentially autoreative CD8+ T cells in DTg mice undergone partial but significant 

peripheral deletion compared to STg mice.

3.3. Functional capacity of potential autoaggressive NP-specific CD8 T cells

Despite the fact that the majority of NP-specific CD8+ T cells encountering LCMV-NP as a 

self-Ag in the periphery, mainly in the liver, of DTg mice are deleted and their number 

decreased by around 10 fold in secondary lymphoid tissues, they showed vigorous activation 

in vitro. To compare rates of proliferation of NP-specific CD8+ T cells, splenocytes were 

only stimulated with NP396-404 peptide and no exogenous APC were added to the culture. 

Measurement of the level of proliferation of NP-specific CD8+ T cells showed that these 

specific T cells from STg mice proliferated with higher rate (4 fold) than those from DTg 

mice (fig 3A) after 2 days of culture (70% vs 17%). However, after 3 days of culture, 

extensive proliferation of NP-specific T cells from DTg was observed with several rounds of 

division (5 to 6 divisions) (71% vs 95%) (fig 3B). Moreover, this response was highly Ag 

specific, because splenic cells failed to proliferate in absence of peptide or when exposed to 

a control peptide. Splenocytes from both Tg mice were tested for production of IL-2 and 

IFN-γ after stimulation with NP396-404 peptide during 48h or 72h. Supernatants from 

proliferation culture assayed by quantitative cytokine ELISA analysis showed that CD8+ T 

cells from STg mice produced significantly more IFN-γ and IL-2 than NP-specific CD8+ T 

cells from the DTg mice after 48h. However, specific NP- CD8+ T cells of both Tg mice 

produced equivalent amounts of IFN-γ and IL-2 after 72 of culture (fig 3C). This result 

indicates that autoreactive T cells from STg and DTg were able to acquire a full cytotoxic 

effector capacity.

To compare the functional cytotoxic status of these cells, we evaluated the degranulation of 

NP-specific CD8+ T cells from STg and DTg mice. Tg CD8+ T cells were evaluated directly 

ex vivo for surface expression of CD107a (LAMP-1), a surrogate marker for recent cytolytic 

activity. As around 4% of splenic NP-specific CD8+ T cells were found in DTg mice and 

similar number of splenocytes express CD107a suggest that all or most of them showed a 

cytotoxic activity. However, one third of those from STg mice were positive for CD107a 

marker (15% of total CD8+ T cells) (fig. 3D). These data indicate that CTLs isolated from 

DTg mice undergone full activation and suggest that NP-specific CD8+ T cells in DTg mice 

had been exposed to their antigen and were not naïve.
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3.4. Self-specific CD8+ and CD4+ T cells accumulate in the liver

The percentages of CD8 T cells in liver (average four mice for all groups) are 26.7 ± 2.5 % 

in DTg mice and 32.1 ± 1% in TCR STg mice compared with 12.7 ± 2.1% in TTTR-NP (fig 

4A). Furthermore, the ratio of total number of CD8/CD4 single positive cells was 1:1 in DTg 

mice or TTR-NP mice compared to 4:1 in TCR STg mice. Moreover, the frequency of NP-

specific CD8+T-cells in liver of naïve TCR STg mice was similar to those found in spleen 

(32% vs 37%, fig 4A). In contrast, NP-specific CD8+T-cells (gated on CD8+ population) in 

liver of DTg mice was significantly higher than in lymphoid peripheral organs and blood 

and resulted in an increase of approximate four- to five-fold (15% vs 3%). Thus, these data 

indicate that the accumulation of autoaggressive CD8+ T-cells in the liver of DTg mice is 

specific to the hepatic neo-Ag expression. The observation that the proportion and the 

number of CD4+ T cells in double Tg mice were higher than in STg TCR or TTR-NP mice 

led to the hypothesis that these cells may have developed toward a regulatory phenotype. 

However, the proportion of intrahepatic Foxp3+ CD25+CD4+ Tregs from DTg TCR/TTR-

NP was similar to those from TTR-NP control mice (fig 4C). These data suggest that Tregs 

are not modulated in the liver of DTg mice and the accumulation of self-reactive CD8+ T 

cells in liver appears to be related to conventional CD4+ T cells that could provide help to 

promote this specific CD8+ T cells activation.

3.5. Liver-specific CD8+ T cells bear the phenotypic signature of activated/memory T cells

Increased percentage of intra-liver autoreactive T cells in DTg mice compared to peripheral 

organ suggested possible priming in vivo by resident APC, including hepatocytes. NP-

specific CD8+ T cells do not become anergic, because they display numerous phenotypic 

markers and functional traits that are found in Ag-driven activated CD8+ T cells. CD69 and 

CD25 expression, considered to be a marker of T cell activation, was up-regulated in CD8+ 

T cells from both spleen and liver of DTg mice upon in vitro stimulation (data not shown). 

In contrast, on unstimulated intrahepatic CD8+ T cells, only CD69 was increased when 

compared to those from STg mice (9,5% vs. 2,8%). Increased expression of CD69 seemed 

to result from stimulation in the liver itself because its expression in spleen was identical 

from both Tg mice (7.8% in DTg vs. 5.4% in STg) (fig 5A). Moreover, these unstimulated 

intrahepatic CD8+ T cells from Dtg mice exhibit strong up-regulation of effector/memory 

CD44 or CD122 markers compared to splenocytes (fig 5B). Furthermore, NP-specific CD8+ 

T cells from liver proliferate vigorously to NP396-404 peptide and produce IFN-γ and IL-2 

upon antigenic stimulation in vitro (fig 5C).

3.6. Liver inflammation and autoimmunity signs

Autoagressive T cells activation in vivo could result in the development of an inflammatory 

process that would lead to the destruction of hepatocyte expressing LCMV-NP. Such 

specific injury could be mediated by the potential pathogenicity of these effector NP-

specific CD8+ T cells as shown by histological analysis (fig 6A and B) and increased serum 

transaminase (ALT) levels, in both males and females (fig 6C). DTg mice developed liver 

inflammation and the early phase of liver infiltration was first found in 3 weeks old mice 

(fig 6C). Spontaneous inflammation in the DTg mice was detected in each generation (F2-

F10) and was specific because we did not observe any sign of liver inflammation (ALT ≈ 
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20-30 U/L) in single Tg mice (TCR or TTR-NP). Moreover, the histologic analysis in DTg 

mice revealed an intralobular inflammation persistent at least until 12 weeks old mice of 

both sexes. Moreover, anti-NP auto-Abs were found in the serum of both male and female 

DTg mice (fig 6D). These results suggest that a T-cell mediated liver inflammation occurred 

together with a humoral response that would be secondary to hepatocytes damage.

4. Discussion

Central T-cell tolerance contributes significantly to the prevention of autoimmunity, whereas 

peripheral tolerance controls self-reactive T cells that escape thymic negative selection to 

limit their activation and the induction of immune pathology [30]. Thus, these potentially 

autoreactive T cells that escape negative peripheral tolerance and form the peripheral self-

reactive repertoire could be resistant to anergy, ignorance and T cells suppressive 

mechanisms and provoke autoimmunity against some organs vulnerable to autoimmune 

attacks, including pancreas and central nervous system [31, 32]. In contrast, liver appears to 

be better protected from allogenic immune response or autoimmunity, because transplanted 

livers are less rejected than other solid organs and autoimmune liver diseases are rare [33]. 

However, specific autoimmunity against hepatocytes can occur in the form of an 

autoimmune hepatitis. Despite some advances in the understanding of this disease both its 

etiology as well as most of its pathogenic mechanisms are unknown.

Generation of Tg mouse models has provided crucial information for better understanding 

mechanisms involved in peripheral tolerance breakdown by employing neo-self antigen- and 

TCR-double transgenic mice [34]. However, the development of tolerance to antigens 

expressed only in the liver has been poorly understood. In this study, we developed a novel 

line of Tg mice expressing dual transgenes for both LCMV-NP neoself-antigen expressed 

only in the liver, and the NP-specific CD8+ T cells. This model allowed us to investigate the 

functional outcomes of potentially autoreactive CD8+ T cells in mice. CD8+ T cells are 

more abundant in liver of patients with inflammatory liver diseases [35] and are effector 

cells responsible for the pathogenesis of numerous animal models of autoimmune diseases 

[8].

In our double Tg model (called TNP5/TTR-NP), the NP346-404-specific CD8+ T cells 

mediate a limited intralobular liver inflammation. Despite the fact that peripheral tolerance 

eliminates 90% of these highly pathogenic T cells from the repertoire, about 10% of 

potential autoreactive CD8+ T cells escape peripheral clonal deletion. Low proportion of 

neoself-Ag-specific CD8+ T cells (4–5% of total CD8+ T cells) express a Tg TCR composed 

of Vα8 and Vβ12 specfic to LCMV-NP and showed effector function in spleen and LNs of 

double Tg mice. The proportion of potential autoreactive CD8+ T cells in liver increase to 3- 

to 4-fold and keep the capacity to proliferate vigorously to NP396-404 peptide in vitro and 

to secrete IL-2 and IFN-γ cytokines. These results indicate that the NP-specific CD8+ T cells 

escaping from deletion gained effector functions mainly in the liver, after encountering the 

target self-Ag. Furthermore, the accumulation of functional autoagressive NP-specific CD8+ 

T cells in the liver raised the possibility that peripheral clonal deletion observed might be 

mediated by mechanisms relegated to the target organ in addition to a potential role of 

peripheral lymphoid tissues.
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The proportion of auto-reactive CD8+ T cells in our model could be sufficient to initiate the 

autoimmune cascade. Thus, there is no evidence for thymic deletion of autoreactive CD8+ T 

cells in DTg mice, even when the proportion of total SP CD8+ cells was reduced to 7% that 

is higher than TTR-NP (1.5%) or normal age-matched littermates B6 mice (data not shown). 

Furthermore, the frequency of Tg CD8+ T cells observed in liver of DTg is physiologically 

relevant in contrast to other models expressing more than 90% of the Tg CD8+ population in 

thymus and 40–60% in periphery or liver [17, 18]. In addition, potentially autoreactive 

CD8+ T cells were specifically retained in the liver of DTg mice, as reflected by the higher 

proportion of NP-specific CD8+ T cells in the total CD8+ T cells in the liver (15%) 

compared with the spleen, LN or peripheral blood (3–5%) of DTg mice. In contrast, the 

proportion of these NP-specific CD8+T cells in the total CD8+ T cell population was similar 

in peripheral lymphoid organs, thymus and liver (around 30%) of STg mice. Thus, the 

presence of very few NP-specific CD8+ T cells in the blood of DTg mice, indicates that 

reactive CD8+ T cells were retained in the liver and do not recirculate between the liver and 

lymphoid tissues. These observations are similar to those reported from Tg models using 

adoptive transfer of HAg-specific self-reactive CD8+ T cells [5].

Mild liver inflammation in the liver lobule that we observed caused hepatocyte injury, as 

assessed by measuring serum ALT levels. The development of spontaneous inflammation in 

both sexes excludes any sex effect on the CD8+ TCR Tg cells in DTg mice. In addition, the 

priming of pathogenic Tg CD8+ T-cells could be driven by professional APCs within the 

liver and/or by direct recognition of Ag endogenously processed and presented by 

hepatocytes. Intrahepatic NP-Tg CD8+ T cells displayed elevated expression of CD69 

marker related to activated phenotype in vivo and have the capacity to acquire effector 

function in vitro. Activation in the liver was Ag specific, CD69 up-regulation was detected 

in NP-specific CD8+ T cells (17% of CD8+ T cells),but not in naïve CD8+ T cells from the 

spleen or the liver of STg mice. Increased CD44 and CD122 expression on CD8+ T cells 

was more prevalent in liver than spleen from DTg, which is an indication that these Tg 

CD8+ T cells have previously encountered the Ag, and have been activated through their 

TCR. Thus, these NP-specific CD8+ T cells isolated from liver of DTg mice expressed 

noticeably increased levels of CD69 and CD44, which is consistent with an effector 

memory/ activated phenotype [36]. Thus, hepatocytes are capable of activating naïve CD8+ 

T cells, but imprint a distinct program of differentiation leading to unsustained expression of 

CD25 as described for adoptively transferred self reactive CD8+ T cells [37]. Altogether, our 

data strongly suggest that the liver is a site of primary activation for NP-specific CD8+ T 

cells in DTg mice, and that such mice did not show ignorance of the target Ags or anergic 

phenotype [20, 21, 38]. Therefore, retention and activation of NP-specific CD8+ T cells in 

the liver provide evidence that hepatocytes are able to activate CD8+ T cells in vivo.

Biochemical (increased serum ALT levels) and histological (lobular inflammatory 

infiltrates) parameters observed in both sexes were likely caused by direct cytolytic effects 

against hepatocytes of specific autoreactive CD8+ T cells. Hepatocytes death leads to release 

of LCMV-NP autoantigen, and consequently to an induction of B cell autoantibody 

production. Altogether, these findings indicate that NP-specifc Tg CD8+ T cells are essential 

contributors to the earliest phases of liver inflammation leading to hepatocytes destruction.
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Previous evidence suggests that autoantibodies in AIH are not pathogenic, and their titers 

may not correlate with the disease process after its initiation. Autoantibody production is 

likely secondary to pathogenic T cell responses [39, 40]. These observations of others are 

now supported experimentally by our results showing that the presence of NP-specific 

autoantibodies was secondary to hepatocytes injury by cytotoxic CD8+ T cells and cytokines 

production.

Given the importance of the helper function of CD4+ T cells in autoantibody production and 

CD8+ T cells cytotoxicity, the intrahepatic CD4+ T cells might play an integral role in the 

inflammatory process observed in this model. The only obvious difference observed 

regarding cell composition in DTg mice and STg control animals (TCR Tg or NP Tg mice) 

was elevated CD4+ T cell proportion in liver from DTg mice. Interestingly, these results 

indicate that the CD4+ T cell attraction was specific to activation status of auto-reactive 

CD8+ T cells in the liver and not due to differences in the frequencies of NP-specific CD8+ 

T cells or total CD8+ T cells.

In contrast to the results obtained for CD8+ T cell-mediated liver inflammation showing that 

more of 40% of intrahepatic CD4+ T cells are Tregs [22], the increased population of intra-

liver CD4+ T cells in our model is not due to Foxp3+ CD25+ CD4+ Tregs, suggesting that 

intra-liver conventional CD4+ T cells in TNP5/TTR-NP could play a crucial role for NP-

specific CD8+ T-cell responses and autoantibody production. Thus, these results do not 

support other findings, suggesting that accumulation of activated CD8+ T cells in the liver 

leads to a transient increase of intra-hepatic Tregs for the control of liver injury [22].

Several facts may account for the discrepancy in results between our DTg model and those 

used by others: A) Tg constructs used to generate hepatic neo-self Ag differ in promoter and 

nature of expressed Ags; B) the expression level of self Ag including the amount of the 

MHC class I-associated peptides presented by hepatocytes; C) the avidity and/or affinity of 

TCR; D) the number of potentially autoreactive Tg CD8+ T cells, that may affect the fate of 

T cell responses. Indeed, in a DTg mouse model expressing the main epitope of the LCMV-

Glycoprotein (GP33) under control of the albumin promoter in the liver, but also in the 

thymus, and the GP-specific CD8+ TCR (P14), the thymic clonal deletion of more than 90% 

of GP33-specific CD8+ T cells and the transient form of hepatitis observed after transfer of 

GP33-specific CTL and LCMV infection indicate that the mechanisms leading to the 

abrogation of tolerance are diverse amongst the various mouse models [21].

Consequently, more fundamental questions, such as which population of T cells plays a role 

in triggering liver inflammation, remain unresolved. Our model described in this study will 

provide a valuable tool trying to clarify such unsolved pathophysiological mechanisms of T 

cell–mediated liver diseases. In view of our results, we propose that the presence of self-

reactive CD8+ T cells is not sufficient to cause severe or fulminate liver disease because 

some additional cellular or molecular mechanisms are crucial to autoimmune disease 

progression. Thus, an inflammatory insult is required and CD8+ T cells play a critical role in 

initiation of liver injury but not in the establishment of severe disease. This suggestion is in 

line with our observation that lymphoid infiltrates are detectable in the liver of 3 weeks old 
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DTg mice; in adult mice the inflammation reaches the steady state and does not progress to 

severe inflammation.

5. Conclusions

The accumulation of potential auto-reactive CD8+ T cells and conventional CD4+ T cells in 

the liver are not sufficient to explain the development of a severe autoimmune hepatitis and 

there are probably multiple mechanisms that can contribute to the onset of disease [41]. 

Indeed, the difference in data derived from different DTg models may reflect this 

complexity and the identification of key mechanism in the development of a chronic liver 

inflammatory process is likely to lead to new therapeutic interventions.
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• We generated a new double transgenic model of autoimmune hepatitis

• Transgenic mice show an incomplete deletion of autoreactive CD8+ T cells

• Remaining autoreactive CD8+ T cells accumulate in the liver

• Autoreactive CD8+ T cells acquire an effector phenotype

• Mice sera show elevated transaminases (ALT) level, auto-antibodies and 

inflammation

Chabot et al. Page 14

J Autoimmun. Author manuscript; available in PMC 2015 June 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Representative T lymphocyte populations in TNP5 TCR-transgenic mice. (A) Thymocytes 

from 6–12 weeks-old TNP5 TCR-Tg mice were stained with fluorescence-labeled 

antibodies specific for CD4, CD8, and MHC class I tetramer Db-NP396-404 (NP-Tet). 

Expression of CD4 and CD8 on total thymocytes and of Vα8-Vβ12 Tg TCR on T cells were 

gated on double positive and single positive thymocytes. Numbers indicate the percentage of 

live cells or the percentage of NP-Tet positive cells in CD8 subset. (B) Peripheral 

lymphocyte profiles from spleen, lymph nodes and blood were determined by flow 

cytometry using anti-CD4 and anti-CD8 (top). Expression of TCR-α /β transgenes specific 

for NP396-406 peptide was analyzed by tetramer. The percentage of positive cells gated on 

CD8+ T cells was determined (bottom).
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Figure 2. 
Central and peripheral tolerance in TNP5\TTR-NP double Tg mice. (A) Typical NP-Tet 

positive thymocytes and peripheral lymphocytes populations from double Tg mice, gated on 

CD8+ T cells. (B) The histogram represents the NP-Tet positive CD8+ TCR Tg cells from 

total T cells in single (TNP5) and double (TNP5/TTR) Tg mice (mean ± SD of 5 

independent experiments, n= 4–7 mice/group) *p<0.05
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Figure 3. 
Functional capacity of Tg TCR CD8+ T lymphocytes. (A) The cell division index (CDI) was 

assessed for the proliferative capacity of NP-specific Tg CD8+ T cells after 2 or 3 days of 

culture in both STg and DTg mice. The CDI was calculated by substracting the percentage 

of CFSElow in the CD8+ subset (%CFSElow /CD8+) found in unstimulated cultures from 

%CFSElow /CD8+ found in stimulated cultures (mean ± SD of 5 independent experiments, 

n=5–7 mice per group). *p<0.05; **p<0.001. (B) Representative FACS analysis of 

NP396-404-stimulated splenocytes and unactivated (gray filled) after 3 days of culture. 

Equivalent numbers of naive spleen cells from either TNP5 or TNP5/TTR-NP mice were 

assessed for proliferation in response to NP396-404 peptide. Numbers in the diagrams 

display the percentages of proliferating NP-specific CD8+ T-cells gated on CD8+ T cells 

subset. The background proliferation (M1) for both mice was 2.5–4 % (data not shown). (C) 

Supernatants of NP396-404 peptide-stimulated splenocytes were analyzed for IFN-γ and 

IL-2 production in both STg and DTg mice. Non-Tg mice were used as negative controls 

(data not shown). (Mean ± SD of 3 independent experiments, n=5–6 mice per group). 

**p<0.001. (D) To assess the cytotoxic function, Tg splenocytes stimulated with NP396-404 

peptide or without (NS) after 4h of culture were used in exocytosis assays in which CD107a 

(LAMP-1) detection reflects the release of granzymes by CTL to kill specific targets. The 

representative flow cytometry showed the proportion of CD107a+ cells within the CD8+ T 

lymphocyte population from TNP5 and TNP5/TTR-NP mice.
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Figure 4. 
Autoreactive CD8+ T lymphocytes escape from clonal deletion and accumulate in the liver 

of TNP5/TTR-NP mice. (A) Intrahepatic lymphocytes from TNP5, TNP5/TTR-NP and 

control TTR-NP mice were isolated, and the percentage of CD4+ T cells, CD8+ T cells, NP 

specific CD8+ tetramer-bound T cells was determined by flow cytometry (mean ± SD of 2 

independent experiments, n=3–4 mice per group) *p<0.05 and **p<0.001. (B) Total number 

of intrahepatic T cells in indicated mice was determined by cell counting. The total cell 

numbers per liver are presented as means ± SD from 3–4 livers for each group. *p<0.05. (C) 

Gated intrahepatic CD4+ T cells from DTg TNP5/TTR-NP and control mice (TTR-NP) were 

analyzed for CD25 and intracellular Foxp3 expression (left). The frequency of CD4+ T cells 

that are FoxP3+ and CD25+ in liver of DTg TNP5/TTR-NP mice was not significantly 

different compared with that of STg TTR-NP (right, p=.330) (mean ± SD representative of 2 

independent experiments, n=3–4 mice per group).
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Figure 5. 
Proliferation, activation and acquisition of effector function by liver infiltrating NP-specific 

CD8+ T cells. (A) Representative results of unstimulated CD8+ T cells from liver or spleen 

of both Tg mice, analyzed for CD69 and CD25 as early activation markers. (B) Expression 

of CD8+ T cell effector memory-related surface markers is shown in DTg mice gated on 

CD8+ T lymphocyte population from indicated organs. Numbers on histograms indicate 

percentage of CD8+ T cells upregulating a given marker. (C) Intraliver lymphocytes isolated 

from DTg mice were cocultured with syngeneic splenocytes from wild type mice and 

NP396-404 peptide for 3 days. Proliferation capacity was analyzed for NP-specific CD8+ T-

cells gated on CD8+ T cells. Cells without stimulation or stimulated with 20 ng/mL PMA or 

1 mg/mL conA served as a negative and a positive control, respectively (top). Supernatants 

from these proliferation experiments were analyzed by ELISA to assess secretion of IFN-γ 

and IL-2 cytokines as effector markers. (bottom) (mean ± SD of 2 independent experiments, 

n=4–5 mice per group). *p<0.05 and **p<0.001.
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Figure 6. 
Capacity of Tg TCR CD8+ T cells to provoke liver-specific inflammatory process. (A) 

Histological examination of the liver from double Tg mice (TNP5/TTR-NP). Liver tissue 

section from single Tg TNP5 mice did not show any inflammatory cells (data not shown). In 

livers of double Tg mice, portal tract and intralobular lymphocytic infiltration were observed 

in both sexes. Magnification of hematoxylin–eosin microphotographs 400×. (B) Hepatocytes 

apoptosis (brown coloured nuclei) was only observed in double Tg mice (TNP5/TTR-NP) 

groups. The TUNEL-positive cells are shown by arrows. Magnification of TUNEL 

microphotographs 400×. (C) Serum ALT levels were determined at indicated age. Data 

represent mean values ±SD (n=5–6 mice per age group). Dotted line represents normal 

values in single Tg TNP5 mice. (D) ELISA for anti-NP autoantibodies. Serum anti-NP Abs 

were detected at 6 and 12 weeks old and similar levels were found in both sex. Values are 

expressed as mean ± SD (n=7–8 mice per group).
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