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ABSTRACT 
 

 
Invariant NKT (iNKT) cells are a population of innate T cells that acquire 

effector/memory phenotype, and functional capacity, during their development 

in the thymus. Such cells are composed of several subsets. In human, three 

populations have been identified based on the expression of CD4 and CD8: a 

CD4+, a CD4-CD8- double negative (DN), and a CD8+ population. In contrast, 

most of NKT cells in mice exhibit CD4+ or DN phenotype and it is generally 

accepted that CD8+ iNKT cells are not easily identified in wild type mice. In 

the present study, it was investigated the efficiency by which CD8+ NKT cells 

were generated in CIITA-transgenic (CIITAtg) C57BL/6 mice, which allows 

development of PLZF+ innate CD4+ T cells producing IL-4. Characteristically, 

the CD8+ iNKT cells identified in CIITAtg mice expressed the transcription 

factor Eomesodermin (Eomes). Such cells differed functionally from CD4+ and 

DN populations but were similar to their human counterparts in that they 

produced predominantly IFN- (but not IL-4 or IL-17) upon TCR stimulation.  

During intrathymic development, generation of CD8+ iNKT cells was 

dependent on IL-4.  As PLZF+ innate T cells of CIITAtg mice trigger 

expression (via IL-4 signaling) of Eomes, and acquisition of the 

effector/memory phenotype and function, in Eomes+ innate CD8+ T cells, it 

may be that a similar mechanism is in play during development of CD8+ iNKT 

cells. 
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In extra-thymic organs including the liver, spleen, and bone marrow of 

CIITAtg mice, few CD8+ iNKT cell subsets were detected. Together, the data 

suggest that the CIITAtg mouse could be a useful mouse model to study the 

development and function of CD8+ iNKT cell populations in human. 

 

 

Key words: innate T cells, natural killer T cells, PLZF, Eomes, IL-4, IFN-

, T-T interaction. 
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INTRODUCTION 

 

Innate T cells are a unique population of T cells that exhibit several common 

properties. Such cells develop activated/memory T cell phenotypes in the 

thymus and exhibit immediate effector functions [1]. The initially identified 

innate T cells, including natural killer T (NKT) cells, H2-M3-sepcific T cells 

and mucosal invariant T (MAIT) cells, express only non-classical MHC class 

Ib molecules combined with semi-variant T cell receptors (TCRs) [2]. However, 

other types of innate T cells expressing MHC class Ia or II molecules have also 

been identified in the thymus. Such cells include PLZF+ T-T CD4+ T cells and 

innate CD8+ T cells expressing eomesoderm and exhibiting diverse TCR V 

usage [3, 4]. PLZF+ T-T CD4+ T cells have been identified in both CIITA-

transgenic (CIITAtg) mice and humans, in whom MHC class II expression in 

thymocytes facilitates generation of T-T CD4+ T cells selected by MHC class 

II-self peptide complexes presented by other thymocytes [5]. PLZF+ T-T CD4+ 

T cells share several features with iNKT cells. Both cell types express the 

transcription factor PLZF (promyelocytic leukaemia zinc finger) and develop 

via SLAM-SAP dependent thymocyte-thymocyte interaction. Functionally, 

such cells simultaneously produce both IFN- and IL-4 upon TCR stimulation 

[1, 6-8]. 

Natural killer T cells (NKT cells) were initially identified as a subset of T 

cells that co-express an αβ TCR and natural killer (NK) cell markers including 
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NK1.1 (Nkrp1c or CD161c) [9]. However, when it was realized that NKT cells 

recognize antigen presented by non-classical major histocompatibility complex 

(MHC)–like molecule CD1d [10], it became generally accepted that NKT cells 

are CD1d-restricted T cells [11].  

Two broad classes of NKT cells are known; these are termed types I and II 

[11]. Type I NKT cells, also termed invariant NKT (iNKT) cells, are defined  

by expression of an invariant T cell antigen receptor (TCR) α-chain (Vα24-Jα18 

in humans; Vα14-Jα18 in mice); type II NKT cells include all other CD1d-

dependent T cells that express more diverse TCR Vα chains than do iNKT cells 

[11]. Characteristically, iNKT cells recognize the glycolipid antigen α-

galactosylceramide (αGalCer), and αGalCer-loaded CD1d tetramers (CD1d-

αGalCer) are thus commonly used to identify iNKT cells [12].  

Development of immature iNKT cells can be divided into four stages by 

reference to CD24, CD44 and NK1.1 expression [13]. CD24highCD44lowNK1.1- 

stage 0 cells express intermediate levels of the CD4 and CD8 co-receptors. 

CD24lowCD44lowNK1.1- and CD24lowCD44highNK1.1- (stage 1 and 2) cells are 

in immature stage and fulfill their terminal maturation in the periphery. 

CD24lowCD44highNK1.1+ stage 3 cells are the immediate precursors of the 

mature NK1.1+ iNKT cells [13]. The terminal maturation of iNKT cells features 

upregulation of the Ly49 receptors, CD122, CD5 and CD69 [14, 15]. 

Several transcriptional factors, including PLZF and T-bet control the 

development of iNKT cells [16]. First, PLZF (promyelocytic leukemia zinc 

finger, Zbtb16) is critical in terms of the functional maturation of iNKT cells. 
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Mice lacking expression of PLZF exhibit a 90% reduction in iNKT cell 

members [17]. T-bet may act as a transcriptional mediator releasing the Th1 

cytokine in conventional T cells. Also, T-bet is tightly associated with 

maturation of both NK and iNKT cells [18]. Mice deficient in T-bet have been 

used to define the roles played by cell surface markers in NK differentiation 

[19]. Other transcriptional factors influence commitment to the iNKT cell and 

conventional T cell lineages. Th-POK is essential for development of the CD4 

lineage and production of Th2 cytokines [20]. Runx3 re-initiates CD8 co-

receptor during differentiation of CD4+CD8- thymocytes into conventional 

CD4-CD8+ T cells [20]. Eomesodermin (Eomes) is expressed in both innate and 

activated CD8+ T cells, and NK cells [21]. 

NKT cells can be divided into several subsets. Phenotypically, CD4+, CD4-

CD8- double negative (DN), and CD8+ populations have been identified in 

human [11, 13, 22]. Most mouse NKT cells are of the CD4+ or DN phenotypes 

when in the thymus, and it was considered, in the past, that CD8+ iNKT cells 

did not exist in mouse [23, 24]. However, CD8+ iNKT cells have been identified 

in TCR V14-transgenic mice with large numbers of iNKT cells, and the 

presence of (very few) such cells has also been confirmed in wild-type 

C57BL/6 mice, although there were very few CD8+ NKT cells in wild type 

mice [25]. CD8+ NK1.1+ T cells are present in liver and spleen. However, such 

cells are CD1d- and thymus-independent, exhibit heterogeneous TCR Vβ usage,  

and do not express the invariant Vα14 TCR [26, 27].  

In functional terms, rapid and robust secretion of Th1 and Th2 cytokines in 
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response to lipid antigen is a unique property of iNKT cells [14]. It is generally 

accepted that NK1.1- NKT cells produce IL-4, and NK1.1+ NKT cells release 

IFN-γ [14]. Recently, three subsets of iNKT cells (NKT1, NKT2, and NKT17) 

have been defined; the subsets express different transcriptional factors and 

produce distinct cytokines [28].  

Herein, we show that thymic CD8+ iNKT cells do in fact exist in CIITAtg 

C57BL6 (B6) mice. We next explore whether CD8+ iNKT cells of such mice 

are functionally equivalent to their human counterparts. Finally, as CIITAtg 

mice have larger numbers of IL-4 producing PLZF+ innate T cells than do wild-

type B6 mice, we explore whether IL-4 might influence on the generation of 

CD8+ iNKT cells in the thymus.  
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MATERIALS AND METHODS 

 

1. Mice 

C57BL/6 mice mice were purchased from OREINET BIO INC. (Seongnam, 

Korea). CD1d-/- mice and IL-4-/- mice were obtained from The Jackson 

Laboratory (Bar Harbor, ME, USA). The plck-CIITAtg and plck-CIITAtgpIV-/- 

mouse strains were previously created in our laboratory [5]. All mice were bred 

and maintained under specific pathogen-free conditions at the Bio Medical 

Center for Animal Resource Development, Seoul National University College 

of Medicine, Korea. All animal experiments were approved by the Institutional 

Animal Care and Use Committee of the Institute of Laboratory Animal 

Resources, Seoul National University, Korea. 

 

2. Cell isolation and NKT cell enrichment 

Thymocytes were depleted of CD24high cells with the aid of anti-CD24-biotin 

antibodies binding to anti-biotin-microbeads (Miltenyi Biotec, Auburn, CA, 

USA) following the manufacturer’s instructions. Liver samples were 

homogenized and mononuclear cells separated via density gradient 

centrifugation on PerColl (GE Healthcare Korea, Seoul, Korea). Splenocytes 

were depleted of red blood cells by incubation in ACK lysis buffer, and 

resuspended in complete media (RPMI-1640 with 10% [v/v] fetal bovine serum 

(FBS), 1% [w/v] antibiotics and 0.1% [v/v] β-mercaptoethanol). Bone marrow 
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cells were flushed from the femora and tibiae of mice, depleted of red blood 

cells, and resuspended in complete medium. 

 

3. Antibodies and flow cytometric analysis. 

The following fluorochrome-or biotin-labeled monoclonal antibodies were 

purchased from BD Bioscience, eBioscience and BioLegend (San Diego, CA, 

USA) (all anti-mouse): CD4 (RM4.5), CD8 (53-6.7), I-Ab (AF6-120.1), CD44 

(IM7), NK1.1 (PK136), TCRβ (H57-597), CD24 (M1/69), CD122 (TM-b1) 

and CD124 (mIL4R-M1). Allophycocyanin-conjugated CD1d-αGalCer and the 

unloaded CD1d tetramers were kind gifts from the National Institutes of Health 

(Bethesda, MD, USA). Cells isolated from thymus, spleen, or liver tissues were 

resuspended in flow cytometry buffer (phosphate buffered saline [PBS] with 

0.2% [v/v] FBS and 0.1% [w/v] sodium azide). After staining with 

fluorochrome-conjugated antibodies for 30 min at 4°C, cells were analyzed on 

an LSR II (Becton Dickinson, Mountain View, CA, USA) and the data 

processed with the aid of the FlowJo software (TreeStar, Ashland, OR, USA). 

 

4. Intracellular staining. 

Prior to intracellular flow cytometry detecting transcription factors, thymocytes 

and splenocytes were mixed with the fixation and permeabilization buffers 

from the Foxp3 Staining Buffer Set (eBioscience, San Diego, CA, USA). Anti-

mouse PLZF (9E12), -Eomes (Dan11mag) and -T-bet (eBio4B10) antibodies 

were purchased from BD Bioscience (San Diego, CA, USA). 
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5. BM chimeras. 

Recipient CIITAtgpIV-/- mice were exposed to 900 rad of total body irradiation 

delivered by a [137]Cs source. Radiation was divided into two doses separated 

by 4 h, and the mice were rested for 24 h before receiving bone marrow (BM) 

cells. Total BM cells were prepared from the femora and tibiae of donor mice 

(CD45.1/CD45.2 C57BL/6 and CD45.2/CD45.2 CIITAtg). After lysis of red 

blood cells, mature T cells were depleted using a cocktail of anti-CD4 and anti-

CD8 microbeads, followed by magnetic sorting (MACS; Miltenyi Biotec). 

Each recipient mouse received 3 × 106 T-cell–depleted BM cells in a volume 

of 300 µl PBS, via lateral tail vein injection. The mice were analyzed 8 weeks 

later. 

 

6. Sorting and Activation of iNKT Cells 

CD1d-αGalCer+ TCRβ+ iNKT cells were sorted on a FACS Aria (BD 

Bioscience); the purities of sorted NKT cells were >95%. For cytokine staining, 

cells were stimulated with 50 ng/ml phorbol myristate acetage (PMA) and 1.5 

μM ionomycin (Sigma-Aldrich) for 4h; 10 μg/ml brefeldin A (Sigma-Aldrich, 

St Louis, MO, USA) was added during the last 3h of stimulation. Stimulated 

cells were surface-stained with anti-CD4 and -CD8 antibodies. The cells were 

next fixed and permeabilized using the Cytofix Buffer Set (BD Bioscience), 

followed by staining with anti–IL-4 (11B11), IFN-γ (XMG1.2 or 45.15), IL-

17A (TC11-18H10), and TNF-α (MP6-XT22) antibodies. 
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8. Statistical analyses 

All data were analyzed using the Prism (GraphPad Software, Inc., La Jolla, CA, 

USA). Three-to-seven mice per group were evaluated in all experiments. The 

significance of each between-group difference, presented as a bar graph, was 

determined via t-testing.  
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RESULTS 

 

CIITA-transgenic B6 mice had a higher number of CD8+ iNKT cells than 

B6 mice.  

In CIITAtg mice, T-T CD4+ T cells are positively selected by MHC class 

II/self-peptide complexes presented by thymocytes [3]. A PLZF+ innate subset 

of these cells induces the generation of innate CD8+ T cells [4]. This raises the 

question of whether T-T CD4+ T cells might influence the development of other 

innate T cells, such as NKT cells. To identify minor subsets of iNKT cells in 

the thymus, CD24hi immature thymocytes were depleted via magnetic sorting, 

and CD24low thymocytes were stained with CD1d-αGalCer tetramer and anti-

TCR Vβ antibody. The unloaded CD1d tetramer served as a negative control. 

The percentages of CD1d-αGalCer+TCRβint T cells were lower in CD24low 

population of CIITAtg and CIITAtgpIV-/-(T-T) mice than in that of C57BL/6 

mice (Fig. 1A). Such populations could barely be detected in the thymi of 

CIITAtgCD1d-/- mice, confirming that the cells are iNKT cells. Next, the iNKT 

cell subsets were analyzed by reference to their CD4 and CD8 expression 

patterns. Higher percentages of iNKT cells of CIITAtg and CIITAtgpIV-/- mice 

exhibited a CD4-CD8+ phenotype than did such cells of wild-type B6 mice (Fig. 

1B). Especially, the percentage of CD8+ iNKT cells correlated with that of 

PLZF+ CD4+ T cells. Compared with CIITAtg mice, CIITAtgpIV-/- mice had 

higher percentages of PLZF+ CD4+ T cells and CD8+ iNKT cells, suggesting 
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that PLZF+ innate T cells affected the generation of CD8+ iNKT cells.  

In CIITAtg and CIITAtgpIV-/- mice, most thymocytes express the CIITA 

gene. This raised a further possibility. Might CIITA expression by thymocytes 

cause iNKT cells to express CD8 molecules via an unknown intrinsic 

mechanism? However, this possibility was excluded by exploring mixed bone 

marrow chimera. Adoptive transfer of mixed bone cells from CIITAtg and wild-

type B6 mice into irradiated T-T mice created an environment that allowing the 

generation of PLZF+ CD4+ T cells via MHC class II-dependent T-T interaction. 

In the thymi of these chimeric mice, similar percentages of CIITAtg and wild-

type B6 bone marrow-derived iNKT cells expressed CD8 molecules on their 

surface (Fig. 2). 

 

  



１１ 

 

 

Figure 1. Efficient generation of CD8+ iNKT cells in CIITAtg mice that 

have PLZF+ innate CD4+ T cells. (A) Flow cytometric analysis of CD24lo 

thymocytes form wild-type C57BL/6, CIITAtg, CIITAtgpIV-/- (T-T) and CD1d-

/- mice, assessing iNKT cell population. CD1d-αGalCer+TCRβint iNKT cells 

were detected using CD1d-αGalCer tetramer. An unloaded CD1d tetramer and 

CD1d-/- mice were used as negative controls. Representative (left) and 

cumulative data (right) from five-to-eight mice are shown. Numbers indicate 

the percentages of CD1d-αGalCer+TCRβint iNKT cells in the populations. Each 

symbol in graphs represents data from an individual mouse; small horizontal 
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lines indicate means  SEM. *** p < 0.001. (B) Flow cytometric analysis of 

iNKT cell subsets and PLZF+ CD4+ cell populations in C57BL/6, CIITAtg and 

T-T mice. Representative (left) and cumulative data (right) from five-to-eight 

mice are shown. Numbers in quadrants indicate the percentages of cells in each 

quadrant. Each symbol in graphs represents data from an individual mouse; 

small horizontal lines indicate means  SEM. *p < 0.05, *** p < 0.001.   
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Figure 2. CIITA does not induce the generation of CD8+ iNKT cells via 

intrinsic mechanism. T cell-depleted CD45.2+ C57BL/6 bone marrow (BM) 

cells were mixed with CD45.1+CD45.2+ CIITAtg BM cells in a 1:1 ratio and 

transferred into lethally irradiated CIITAtgpIV-/- hosts. Thymocytes were 

prepared from the mixed BM chimeras after 8 weeks after transplantation. 

Thymocytes from CIITAtg are shown in middle upper panel and those from 

C57BL/7 are documented in middle bottom panel. Representative data (left) 

and cumulative data (right) from three chimeric mice are shown. Numbers in 

quadrants indicate the percentages of cells in each quadarant. Each symbol in 

graphs represents data from an individual mouse; small horizontal lines indicate 

means  SEM. 
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CD8+ iNKT cells exhibited Eomes+ innate CD8+ T cell-like phenotype 

Intrathymic development of iNKT cells typically follows a sequence: 

CD44lowNK1.1- naïve (stage 1) to CD44highNK1.1- effector (stage 2) to 

terminally differentiated CD44highNK1.1+ (stage 3) [17, 29, 30]. Thus, it was 

investigated whether the various subsets of iNKT cells were at different 

developmental stages. During development of iNKT cell, CD4+ subsets at all 

three stages were identified, and CD44highNK1.1+ stage 3 population was 

predominant in DN subsets (Fig. 3A, left and middle panels). In contrast, most 

CD8+ iNKT cells were of phenotypic stage 1 or 2 (Fig. 3A, right panel). 

Generation and development of iNKT cells are controlled by several 

transcription factors [15]. In the present study, the expression of PLZF, T-bet 

and Eomes was assessed during the developmental stage of each iNKT cell 

subsets. Consistent with the previous reports [30], DN and CD4+ iNKT cells of 

stage 1 abundantly expressed PLZF, which directs the innate-like effector 

differentiation of iNKT cells [17]. PLZF was downregulated in the more mature 

populations at stages 2 and 3 (Fig. 3B, left panel). T-bet is a T-box transcription 

factor that is essential for the transition from stage 2 to 3 [19, 29]. T-bet 

expression commenced at stage 2 of DN and CD4+ iNKT cells and was 

upregulated at stage 3 (Fig. 3B, middle panel). However, neither PLZF nor T-

bet was expressed in CD8+ iNKT cells. In contrast, Eomes, which is expressed 

in innate CD8+ T cells, was expressed only in CD8+ iNKT cells (Fig. 3B, right 
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panel). In the context of transcription factor expression, CD8+ iNKT cells 

resemble Eomes+ innate CD8+ T cells. 

Eomes+ innate T cells rapidly produce INF- in response to TCR 

stimulation [4, 31, 32]. This was also true of CD8+ iNKT cells. DN and CD4+ 

iNKT cells included populations producing IFN- (Th1-like), IL-4 (Th2-like), 

or IL-17 (Th17-like); TNF- was also produced (Fig. 4, left and middle panels). 

In contrast, CD8+ iNKT cells secreted only IFN- and TNF- (Fig. 4, right 

panel). Together, these various features indicate that CD8+ iNKT cells are very 

similar to Eomes+ CD8+ T cells in both phenotypic and functional aspects. 

However, as is true of the DN and CD4+ subsets, CD8+ iNKT cells are restricted 

in their usage of TCR V genes to V8, V7 and V2 (Fig. 5), whereas TCR 

usage of Eomes+ CD8+ T cells is known to be as diverse as that of conventional 

CD8+ T cells [4].  
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Figure 3. Developmental Stage and Expression profile of lineage-

determining transcitpion factors in iNKT cells subsets. (A) Flow cytometry 

of iNKT cells subsets assessing their development status. Single-cell 

suspensions of CD24low cells from CIITAtg mice were stained with CD1d-

αGalCer tetramer and antibodies against TCRβ, CD4, CD8, CD44 and NK1.1; 

and the developmental stages of iNKT cells were categorized as stage 1 

(CD44loNK1.1-) , stage 2 (CD44hiNK1.1-), and stage 3 (CD44hiNK1.1+). The 

numbers indicate the percentages of each subset among iNKT cells. 
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Representative data from four independent experiments are shown. Numbers in 

quadrants indicate the percentage of cells in each quadrant. (B) Intracellular 

staining of PLZF, T-bet, and Eomes in intrathymic CD1d-

GalCer+TCRβintCD24low iNKT cells from CIITAtg mice. The expression 

pattern of each transcription factor was assessed during development. Dotted 

line, stage 1 cells; dashed lines, stage 2 cells; thick lines, stage 3 cells. The 

experiment was performed three times and representative data are shown. 
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Figure 4. Unique cytokine secretion profile of CD8+ iNKT cell subset.  

Intracellular cytokine staining of each iNKT cell subset in the thymus of 

CIITAtg mice. CD1d-αGalCer+TCRβ+ iNKT cells were sorted via flow 

cytometry and stimulated with PMA and Ionomycin for 4 hours; Brefeldin A 

was added for the final 3 h. Double Negative (DN) (left), CD4+ (middle) and 

CD8+ (right) iNKT cells were shown. Numbers in quadrants indicate the 

percentage of cells in those quadrants.   
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Figure 5. Restricted TCR V usage of CD8+ iNKT cells. The TCR Vβ usage 

of Double Negative (DN), CD4+ and CD8+ iNKT cells from CIITAtg 

mice were compared to that of conventional CD8 single positive 

thymocytes. The data shown are representative of those from four mice. 
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Development of CD8+ iNKT cells requires IL-4 

In CIITAtg mice, PLZF+ innate T cells drive Eomes+ innate CD8 T cell 

development via IL-4 production [4, 7, 31]. To explore whether a similar 

mechanism drove the expression of the CD8 co-receptor in iNKT cells, subsets 

of such cells in the thymi of CIITAtgIL-4-/- mice were compared with those of 

CIITAtg mice. As expected, the numbers of CD8+ iNKT cells in CIITAtgIL-4-/- 

mice were as low as those of wild-type B6 mice (Fig. 6A), suggesting that IL-

4 induced generation of the CD8+ iNKT cell subset. This was further supported 

by analysis of IL-4R expression. Compared with DN and CD4+ iNKT cells, 

IL-4R expression was upregulated in CD8+ subset (Fig. 6B). As IL-4R 

expression is positively regulated by IL-4 signal [33], this finding reflects the 

fact that CD8+ iNKT cells exhibit enhanced IL-4 signaling.  
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Figure 6. IL-4-dependent expression of CD8 co-receptor in iNKT cells. (A) 

Flow cytometry of iNKT cell subsets from the thymi of wild-type C57BL/6, 

CIITAtg, and CIITAtgIL-4-/- mice. Single-cell suspensions of CD24low 

thymocytes were analyzed to assess CD4 and CD8 expression in CD1d-

αGalCer +TCRβint populations. (B) Comparison of IL-4 receptor expression 

in each iNKT subset from CIITAtg mice. Representative data (left) and 

cumulative data (right) from three mice are shown. Each dot represents data 

from an individual mouse; the bars are means  SEM. *, p < 0.05. 
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Paucity of CD8+ iNKT cells in extra-thymic organs 

It is well-known that peripheral iNKT cell subsets differ from their thymic 

counterparts [26]. To investigate the phenotypical differences among iNKT cell 

subsets in thymus and extra-thymic organs, iNKT cells from liver, spleen, and 

bone marrow were analyzed (Fig.7A). Unexpectedly, there were few CD8+ 

iNKT cells in extra-thymic organs of both wild type and CIITAtg mice.  
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Figure 7. Paucity of CD8+ iNKT cells in periphery. CD1d-GalCer+TCRβint 

iNKT cells from liver, spleen and bone marrow of wild type C57BL/6 and 

CIITAtg mice were analyzed by flow cytometry (upper panel). The CD4 and 

CD8 expression level of iNKT cells was shown in bottom panel. Data shown 

are representative of those from three-to-five mice. 
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DISCUSSION 

  

In addition to the TCR, iNKT cells can express co-receptors of the T cell 

lineage including CD4 and CD8, and iNKT cells thus feature CD4+, CD8+, and 

DN populations [11, 13, 22]. Mouse iNKT cells have been suggested to not 

express CD8, and one study reported very small number of CD8+ iNKT cells in 

B6 mice [25]. In human, CD4+, CD8+, and DN populations are well-known to 

exist [22]. In non-human primates, most iNKT cells are CD8+ iNKT cells [34]. 

However, the factors controlling differentiation of these subsets have been but 

poorly documented. In the present study, it was found that a CD8+ iNKT cell 

population was clearly identifiable in the thymi of CIITAtg B6 mice, and that a 

higher percentage of intrathymic iNKT cells from such mice were of the CD8+ 

phenotype, compared to wild-type B6 mice. Thus, CIITAtg mice, being an 

animal counterpart of the human, may be useful to study CD8+ iNKT cell 

populations. 

One notable difference between wild type B6 and CIITAtg mice is that the 

thymus of the latter animals is an IL-4-rich environment. In CIITAtg mice, 

PLZF+ innate CD4+ T cells are generated via MHC class II-dependent 

thymocyte-thymocyte interaction, and, therefore, CIITAtg mice have substantial 

numbers of PLZF+ innate cells producing IL-4. Wild-type B6 mice have very 

small numbers of such cells [3]. PLZF+ innate T cells can produce IL-4, which 

in turn induces the differentiation of Eomes+ innate CD8+ T cells [4, 35]. A 
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similar mechanism might drive the development of CD8+ iNKT cells. In an IL-

4 deficient background, the percentage of CD8+ iNKT cells in CIITAtg mice 

restored to the wild-type level. Moreover, CD8+ iNKT cells were 

phenotypically and functionally similar to Eomes+ innate CD8+ T cells. As is 

true of such cells, CD8+ iNKT cells also exhibited high-level expression of 

Eomes, but not T-bet. These cells also expressed higher levels of IL-4R, and 

produced predominantly IFN-, thus not IL-4 or IL-7, compared with CD4+ or 

DN populations. All these data are highly suggestive: PLZF+ innate T cells may 

induce generation of both Eomes+ innate CD8+ T cells and CD8+ iNKT cells. 

During conventional T cell development, lineage commitment is 

dependent on both TCR and common  chain (c ) cytokine signals; IL-7 

signaling increases CD8 expression whereas TCR signaling decreases CD8 

expression by impairing c cytokine signals [6, 8]. This basic concept is 

attractive in efforts to explain events in iNKT cells, in which IL-4 rather than 

IL-7 seems to upregulate CD8 expression. This reciprocal regulation hypothesis 

may explain why it is difficult to detect CD8+ iNKT cells in mice and why such 

cells form a minor population even in humans. As iNKT cells are positively 

selected by self-agonists or via relatively high-avidity interactions [24, 36], 

strong TCR signaling would suppress CD8 expression in almost all mouse 

iNKT cells. In human, who have both PLZF+ innate CD4+ T cells and iNKT 

cells [3], IL-4 produced by PLZF+ innate T cells appears to drive CD8 

expression in minor subset of iNKT cells that can receive even weak TCR 
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signals. 

Human CD8+ iNKT cells share important features with V24+ NKT cells, 

but, in contrast to CD4+ and DN iNKT cells, CD8+ iNKT cells do not produce 

IL-4. This is also true of mice. In the present study, both mouse CD4+ and DN 

iNKT cells included IFN-, IL-4, IL-17, or TNF- producing population, but 

that CD8+ iNKT cells preferentially produced IFN-. Recently, three functional 

subsets of mouse iNKT cells have been defined: NKT1, NKT2 and NKT17 [28]. 

Using this classification, NKT1 cell producing IFN- abundantly expressed T-

bet. On the contrary, T-bet was not expressed in CD8+ iNKT cells. Rather, such 

cells expressed Eomes, and resembled Eomes+ innate CD8+ T cells. In addition, 

generation of both types were dependent on IL-4. However, CD8+ iNKT cells 

clearly differ from Eomes+ innate CD8 T cells. A CD1d-deficiency of CIITAtg 

mice did not affect the generation of Eomes+ innate CD8+ T cells [4], but CD8+ 

iNKT cells were not detected in CIITAtg CD1d-/- mice. Moreover, unlike 

Eomes+ innate CD8 T cells, CD8+ iNKT cells preferentially use the TCR V8, 

V7, and V2. 

CD8+ iNKT cells were very rare, compared to the DN and CD4+ subsets, in 

the extra-thymic organs of CIITAtg mice. Several possibilities are able to be 

considered; trafficking to specialized tissues such intestine, conversion to DN 

or CD4+ phenotype in periphery, or early death following activation upon 

antigen encounter. Further studies are required. 
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CD8+ iNKT cells from a subset distinct from DN and CD4+ iNKT cells in 

the aspects of both development and cytokine production. However, little is 

known on the physiologic functions of such cells during the mounting of an 

immune response. One previous study found that CD8+ NKT cell numbers 

were significantly reduced, and that the cells were functionally impaired, in 

patients with Epstein-Barr virus-associated Hodgkin’s lymphoma or 

nasopharyngeal carcinoma, compared to healthy EBV carriers, and Epstein-

Barr virus challenge efficiently promoted the generation of IFN--biased CD8+ 

NKT cells in humanized mice repopulated with human hematopoietic cells 

[37]. As Eomes+ innate CD8+ T cells play crucial roles in the control of chronic 

viral infections (unpublished data), and as CD8+ iNKT cells are functionally 

similar to such cells, CD8+ iNKT cells may contribute to antiviral immunity. 

In this report, CIITA-transgenic mice possess CD8+ iNKT cells that express 

Eomes. This population is functionally similar to human CD8+ iNKT cells. 

Both human and mouse CD8+ iNKT cells preferentially produce IFN-, thus 

not IL-4. Notably, generation of CD8+ iNKT cells in mouse thymus requires 

IL-4, presumably produced by PLZF+ innate T cells. As PLZF+ innate T cells 

trigger generation of Eomes+ innate cells via IL-4 production [4, 31, 32], the 

present results show that PLZF+ innate T cells play pleiotropic roles in the 

generation of other types of innate T cells. 
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국문 초록 

 

NKT 세포는 내재성 T 세포 중 하나로서 흉선에서 발달과정을 거

치면서 효과기 세포 (effector cells) 나 기억세포 (memory cells) 의 특징

을 갖게 된다. 이 세포들은 다양한 기준으로 규정지을 수 있는데, CD4

와 CD8 의 발현으로도 이를 분류할 수가 있다. 사람의 NKT 세포에는 

CD4-CD8-, CD4+ 그리고 CD8+ 세포가 있다. 이와는 다르게 마우스 

NKT 세포의 경우 CD4-CD8- 와 CD4+ 세포가 주로 있다고 알려져 있

고, CD8+ 세포는 존재하는 것이 알려져 있지만 그 기능이나 발달과

정에 대해 자세히 밝혀지진 않았다. 이번 연구에서는 흉선세포에 

MHCII 를 발현하고 있는 C57BL/6 배경의 CIITA 재조합마우스를 사

용해 T-T 상호작용을 통한 CD4+ T 세포가 CD8+ NKT 세포의 형성에 

효과적인 것을 알아냈다. 특징적으로 이런 CD8+ NKT 세포는 전사인

자인 Eomesodermin 을 발현하고 있었다. 또한 이 세포는 마우스의 

CD4-CD8- 와 CD4+ NKT 세포와는 다르고 사람의 CD8+ NKT 세포와는 

유사하게, TCR 자극시 IFN-를 분비하는 반면 IL-4 와 IL-17 는 분비

하지 못하는 것으로 밝혀졌다. CD8+ NKT 세포의 형성과정을 살펴보

면 IL-4 에 의존적으로 생성이 되는 것을 IL-4 유전자가 결여된 녹아

웃 마우스를 통해 밝혀냈다. 따라서 IL-4 의존적인 발달과정과 빠른 

효과 반응을 나타내는 특징을 보자면 Eomesodermin+ 내재성 CD8+ T 
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세포와 CD8+ NKT 세포가 유사한 것을 알 수 있다. 하지만 CD1d 유

전자가 결여된 녹아웃 마우스에서 Eomesodermin+ 내재성 CD8+ T 세

포는 생성되지만 CD8+ NKT 세포는 생성되지 않았고, CD8+ NKT 세

포의 경우 다른 NKT 세포와 유사하게 한정적인 T 세포 수용기 

(TCR) 를 사용한다는 결과를 통해 두 세포는 서로 다른 T 세포 분

류에 속한다고 결론지을 수 있다. 

즉 CIITA 재조합마우스에서 PLZF+ 내재성 T 세포가 IL-4 를 통

해 Eomesodermin 의 발현을 유도하고 Eomesodermin 을 갖는 CD8+ 내

재성 T 세포의 성격을 결정짓는데 중요한 것처럼, 비슷한 발달과정으

로 CD8+ NKT 세포가 형성되고 그 특징이 결정된다고 알 수 있다. 

따라서 이번 연구는 사람의 CD8+ iNKT 세포의 생성과 발달에 대해 

유추해 볼 수 있다는 점에서 의미가 있다. 
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