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Abstract

Alpha fetoprotein (AFP) is produced by over 50% of hepatocellular carcinomas (HCC). Uptake of 

tumor-derived AFP (tAFP) can impair activity of human dendritic cells (DC). The expression 

pattern of the lipid antigen presenting genes from the CD1 family is reduced in AFP-treated 

monocyte-derived DC. Surface CD1 family proteins, particularly CD1d, were reduced in AFP-

exposed DC (by both normal cord blood-derived AFP (nAFP) and tAFP). NKT cells recognize 

lipid antigens presented by CD1d molecules. They play an important role in connecting the innate 

and adaptive immune systems, and in anti-tumor immunity. We hypothesized that AFP might 

impair the ability of DC to stimulate natural killer T (NKT) cells. No significant impact of AFP 

was observed on NKT cell stimulation. By examining secreted cytokines, we observed non-

significant AFP-induced changes in several secreted proteins. These data indicate that AFP 

downregulates CD1 molecules on DC, but the impact on NKT cell activations is minimal.
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1.0 INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common global cancers, particularly in 

Asia. Over 782,000 people are newly diagnosed with HCC worldwide, and over 745,000 

deaths are caused by HCC annually [1]. Alpha fetoprotein (AFP) is a protein normally 

expressed in the fetus which plays an important role in embryonic development. When 

found circulating at high levels in human blood, it is often related to tumor growth. Over 

50% of HCC patients have elevated AFP in their serum, which has been used as a biomarker. 

High serum AFP level is correlated with increased tumor burden, large tumor volume and 

poor clinical outcomes [2].

We have observed that uptake of AFP causes morphologic change in monocyte-derived DC 

(DC) and impairs their differentiation [3]. The effects of tumor-derived AFP (tAFP) are 

more potent than those of cord blood-derived “normal” AFP (nAFP). The surface level of 

the monocyte and immature DC marker CD14 was higher in nAFP and tAFP treated DC 

compared to those treated with the control albuminoid family member protein ovalbumin 

(OVA). Human lymphocyte class I antigens (HLA-ABC), mannose receptor (CD206), the 

costimulatory molecule CD80 and maturation marker CD83 were all down-regulated in 

nAFP and tAFP treated DC. DC maturation with IFNγ+LPS failed to overcome the AFP-

induced effects, particularly on HLA-ABC, CD80 and CD83 [3]. DC exposed to AFP also 

had greatly reduced cytoplasm and significantly reduced metabolic activity (Santos, 2018, 

submitted). DC derived from monocytes cultured in the presence of AFP (both tAFP and 

nAFP) stimulated T cells with a lower level of proliferation, in both a mixed lymphocyte 

reaction (MLR), and in an influenza-specific T cell recall response assay [3]. More recently, 

we found that AFP can impact the ability of human dendritic cells (DC) to stimulate NK 

cells [4], resulting in altered cytokine production and decreased NK cell viability.

Natural killer T cells (NKT cells) are a lineage of T cells that have characteristics of both 

conventional T cells and natural killer (NK) cells. They play an important role in immune 

surveillance of cancer, and may be important effector cells for cancer immunotherapy [5]. 

Although the frequency of NKT cells is low in the peripheral blood in humans, they are 

found to be enriched in adipose tissue and human liver [6]. Instead of recognizing peptide 

antigens presented by MHC class I or II molecules, invariant NKT cells, in particular, 

recognize lipid antigens (mainly glycolipids) presented by CD1d molecules on antigen 

presenting cells (APC) [7]. Given the immune tolerant environment in the liver and the 

immune modulating effects of AFP, here we examined the impact of nAFP and tAFP on the 

CD1 family of molecules on DC and tested the downstream effects on DC modulation of 

NKT cell function in vitro.

2.0. MATERIALS AND METHODS

2.1. Generation of human dendritic cells from monocytes

Peripheral blood mononuclear cells (PBMC) were isolated from human healthy donor blood 

using Ficoll-Paque Plus (GE Healthcare Life Sciences, Piscataway, NJ, USA). CD14+ 

monocytes were separated from PBMC with CD14 magnetic body cell (CD14-MACS) 

selection (Miltenyi Biotec, Auburn, CA, USA). The monocytes were then cultured in AIM-
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V Medium Albu-Max (Life Technologies, Carlsbad, CA, USA) supplemented with 2% 

human AB serum (Sigma-Aldrich, Saint Louise, MO, USA), 500U/mL IL-4 (Gemini, West 

Sacramento, CA, USA) and 800U/mL GM-CSF (Gemini, West Sacramento, CA, USA) for 5 

days to derive myeloid DC. OVA, nAFP or tAFP treated DC were derived by adding purified 

OVA (Fisher Scientific, Suwanee, GA, USA), human cord serum AFP (purity > 95% by 

SDS-PAGE; Cell Sciences, Newburyport, MA, USA), and HCC cell line culture-derived 

AFP (purity > 95% by SDS-PAGE; Bio-Rad, Hercules, CA, USA) at 10 μg/ml. DC were 

harvested with cold PBS on day 5, and kept in normal DC medium, AIM-V Medium Albu-

Max supplemented with 2% human AB serum, 500U/mL IL-4 and 800U/mL GM-CSF for 

another 24h without the proteins. To mature the DC, 1000U/mL IFN-γ and 250ng/mL 

lipopolysaccharide (LPS) were added to the culture and cultured for 24h.

2.2 DC and NKT co-cultures

T cells were isolated from CD14-depleted PBMC using CD3 magnetic bead (CD3-MACS) 

selection (Miltenyi Biotec, Auburn, CA, USA) and cryopreserved at −80 °C for 5 days. On 

day 5, NKT activating antigens α-GalCer or C24:1 Glucosyl(ß) Ceramide (d18:1/24:1(15Z))

(β-GlcCer) (Avanti Polar Lipids, Alabaster, AL, USA) were added to the DC culture 

overnight. On day 6, DC were harvested with TrypLE Select (Life Technologies, Carlsbad, 

CA, USA), and were co-cultured with thawed autologous T cells at a 1:5 ratio in AIM-V/5% 

human AB serum/1% penicillin/streptomycin/ 1% L-glutamine. T cells stimulated with 

50ng/ml phorbol 12-myristate 13-acetate (PMA) and 2 μM ionomycin were used as a 

positive control. On day7, 10μg/ml of brefeldin (Sigma-Aldrich, Saint Louis, MO, USA) 

was added into the culture to block cytokine secretion. Five hours later, cells were collected 

with cold PBS and analyzed with BD LSR Fortessa flow cytometer (Becton Dickinson, 

Franklin Lakes, NJ).

2.3 DC and NKT analysis

On day 5, DC were harvested with TrypLE Select. Cells were stained with antibodies (CD1a 

- FITC, HI149; CD1b - APC, SN13 K5-B8; CD1c - PE-Cy7, L161; CD1d - APC, 1B1 - 

eBioscience) according to manufacturer’s instructions, and staining was performed in FACS 

buffer (0.2% BSA and 0.02% NaN3 in PBS). Samples were analyzed using a BD Accuri C6 

flow cytometer (Becton Dickinson, Franklin Lakes, NJ).

After surface staining, cells were fixed with IC fixation buffer (eBioscience, San Diego, CA, 

USA), permeabilized (0.1% Saponin in FACS buffer) and stained for intracellular CD1d 

molecules with CD1d-PE mAb. Peroxisome proliferator-activated receptor gamma 

coactivator 1-alpha (PGC-1α), was used as a positive control for permeabilization, while co-

stimulatory molecule CD86 was used as a control for surface molecules. PGC-1α was 

stained with polyclonal rabbit anti-human antibody at 1:100 dilution (Santa Cruz 

Biotechnology, Santa Cruz, CA, USA), and anti-rabbit Fab conjugated with Alexa 488 (Cell 

Signaling Technology, Danvers, MA, USA) as a secondary antibody, used at 1:500 dilution. 

5% human AB serum in permeablization buffer was used to block unspecific bindings of the 

antibody.
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NKT cells were identified by staining with human CD1d tetramers conjugated with PE, 

provided by National Institutes of Health Tetramer Core Facility (Atlanta, GA, USA) with 

1:1000 dilution. CD1d tetramers loaded with PBS-57. Unloaded CD1d tetramers were used 

as a negative control for unspecific binding. In some cases, NKT cells were also stained with 

APC anti-human TCR Vα24-Jα18 (iNKT cell) antibody (Biolegend, San Diego, CA, USA). 

Antibodies used for NKT cells staining were: CD3 - FITC, UCHT1; CD4 - PerCP- Cy5.5, 

RPA-T4; CD8 - APC-Cy7, RPA-T8; CD25 - Brilliant Violet 421, M-A251; CD56 - Brilliant 

Violet 510, NCAM16.2; CD69 - Brilliant Violet 786, FN50; IL-4 - AP C, 8D4– 8; IFNγ - 

PE-Cy7, B27 (BD Biosciences). Flow cytometry data were analyzed with FlowJo. Gating 

was based on control beads (BD CompBeads) stained with the same antibodies, and all 

samples were gated identically, based on automated gating by FlowJo, to avoid changing the 

analysis parameters between weakly positive samples and strongly positive controls.

Cell-free supernatants were collected and analyzed with ProcartaPlex Mix&Match Human 

12-plex Luminex kit eotaxin, GM-CSF, IFN-γ, IL-10, IL-13, IL-17A, IL-2, IL-4, MIP-1α, 

MIP-1β, RANTES and TNF-α). (Invitrogen, Vienna, Austria). according to manufacturer’s 

instructions in the UPMC Hillman Cancer Center Immunologic Monitoring Laboratory 

using a Bio-Plex Luminex 200 System (BioRad, Hercules, CA, USA). The data was 

analyzed using Bio-Plex Manager 6.0 Software (BioRad, Hercules, CA, USA).

3.0 RESULTS

3.1 Surface CD1d family proteins are reduced in AFP treated DC

Based on analysis of our RNA microarray data for OVA, nAFP and tAFP cultured DC [3], 

we observed significantly reduced mRNA expression of the CD1 family of antigen 

presentation molecules with AFP exposure. To confirm these findings, we performed flow 

cytometric analysis to determine surface expression of CD1d molecule proteins in DC 

exposed to OVA, nAFP and tAFP. We observed significant reductions in protein levels of 

CD1 molecules (CD1a, CD1b, CD1c and CD1d) in both nAFP and tAFP treated DC 

compared to control OVA treated DC (Figure 1A).

3.2 Down-regulation of CD1 molecules was not caused by internalization

AFP uptake could cause internalization of CD1d, leading to a decrease of surface protein 

level, while keeping total protein amounts constant. To investigate this, we permeabilized 

DC treated with OVA, nAFP or tAFP and performed intracellular staining to compare with 

surface staining. Data showed that there was detectable intracellular CD1d, but the overall 

protein level of CD1d in AFP treated DC remained significantly lower than that in OVA 

treated DC (Figure 1B). This indicates that this down-regulation of CD1d molecules was 

global, and not a translocation of surface CD1d to the cytoplasm.

3.3 AFP washout and impact of DC maturation

To determine whether removal of the AFP proteins after exposure would allow CD1 

molecules to return to unexposed values, DC were exposed to OVA, nAFP or tAFP for 5 

days, then washed and recultured in medium alone for 1 day. Protein washout did not result 

in an increase of CD1 molecules to unexposed levels (Figure 1C). To determine whether DC 
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maturation with LPS+IFN-γ, which is known to increase MHC class I and II molecule and 

costimulatory molecule expression on DC (and which we used previously [3]), would 

reverse the AFP effects on CD1 family molecules, exposed DC were matured for 24 hours. 

Figure 1D shows that DC maturation did not reverse the AFP-induced reduction in 

expression, despite resulting in expected increases in other stimulatory molecules (CD80, 

CD83, HLA-ABC [3]).

3.4 Detection of NKT cells in PBMC of healthy donors

CD1d plays a critical role in lipid antigen presentation to NKT lymphocytes [7], and CD1d 

tetramers loaded with a CD1d ligand are commonly used to detect these cells [8]. Invariant 

NKT cells also express a distinct T cell receptor (Vα24-Jα18 α-chain co-expressed with 

Vβ11 TCR β-chain) [7] and monoclonal antibodies against Vα24-Jα18 α-chain can also be 

used to detect iNKT cells [9]. We used both methods to detect circulating NKT cell 

frequencies in the PBMC of 16 healthy donors. We observed a broad range of NKT cell 

frequencies among donors, from 0.00% (undetectable) to 0.3% of PBMC (Table 1). Both 

methods showed similar efficiency in NKT cell detection (Figure 2A), and the results 

obtained by these two methods were consistent (Figure 2B). Donors with higher frequencies 

of NKT cells were used for co-culture experiments.

3.5 Activation of NKT cells using AFP-exposed DC pulsed with α-GalCer or β-GlcCer

To test the impact on NKT cell activation using the potently stimulatory CD1d ligand α-

GalCer, DC were co-cultured with CD3+ T cells for 24 hours. T cells were examined for 

intracellular IFN-γ and IL-4 production in addition to expression of CD25 and CD69 

activation markers by NKT cells (identified by staining with CD1d tetramers). To stimulate 

NKT cells, DC were pulsed with α-GalCer at 100ng/ml overnight prior to co-culture. 

Different DC:T cell ratios were tested (Figure 3 and data not shown) and PMA+ ionomycin 

was used as a strong positive control. Cytokine production was observed in all the tested 

DC:NKT cell ratios (Figure 3A) and a ratio of 1:5 was used for subsequent experiments.

To confirm the NKT stimulatory activity of the NKT cell ligands α-GalCer and β-GlcCer, 

IFN-γ and IL-4 production in addition to expression of CD25 and CD69 were examined. 

Production of IFN-γ and IL-4 (Figure 3B) and up-regulation of CD25 and CD69 (Figure 

3C) were observed indicating the activation of NKT cells by both ligand. As expected, α-

GalCer pulsed DC induced more cytokine production and higher expression of CD25 and 

CD69 than β-GlcCer pulsed DC, confirming studies that show α-GalCer as the stronger 

CD1d ligand (Figure 3B).

3.6 Effect of OVA, nAFP or tAFP treated DC on activation of NKT cells

To test the NKT cell stimulatory ability of OVA, nAFP and tAFP treated DC, CD3+ cells 

were co-cultured with α-GalCer pulsed OVA-DC, nAFP-DC and tAFP-DC, and NKT cells 

were examined. Activation (CD25 and CD69) and cytokine production (IL-4 and IFN-γ) 

was tested, while T cells co-cultured with DC without α-GalCer ligand were used as a 

negative control, to exclude the possible indirect activation of NKT cells by DC (Figure 3D). 

No significant differences were observed in cytokine production or expression of activation 

markers in NKT cells stimulated with OVA, nAFP or tAFP-treated DC (Figure 4A-D). We 
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hypothesized that α-GalCer might lead to potent activation of NKT cells regardless of the 

reduction in antigen presentation via CD1d. We titrated the concentration of α-GalCer down 

(1ng/mL, 5 ng/mL, 10 ng/mL, 20 ng/mL and 100 ng/mL) and observed induction of IFN-γ 
and IL-4 production even at the minimum concentration of 10 ng/mL (not shown).

3.7 Activation of NKT cells by OVA, nAFP or tAFP treated DC with β-GlcCer

We then tested NKT cell activation using DC pulsed with β-GlcCer to detect any defects in 

antigen presentation caused by reduced CD1d expressed [10]. Stimulation of NKT cells by 

β-GlcCer pulsed DC was weaker than that by α-GalCer (Figure 5) as expected. There was 

still no significant difference observed in NKT activation among OVA, nAFP and tAFP 

treated DC, as measured by intracellular staining for IL-4 and IFN-γ and analysis of CD25 

and CD69 expression (Figure 5A-D).

3.8 Cytokine and chemokine production of NKT cells stimulated with AFP treated DC

Upon activation, NKT cells can produce a variety of cytokines and chemokines, including 

GM-CSF, IFN-γ, IL-4, IL-2, IL-10, IL-13, IL-17, TNF-α, RANTES (CCL5), Exotaxin 

(CCL11), MIP-1α (CCL3), and MIP-1β (CCL4) [11, 12]. To further study the possibility of 

changes in NKT cell activation after stimulation with AFP exposed DC, supernatants from 

DC-T co-culture were collected on day 7. The concentration of cytokines present in the 

supernatant were measured by Luminex. No statistically significant differences were 

observed between the different DC groups with either α-GalCer (Figure 6) or β-GLcCer 

(Figure 7) as the stimulus. There was overall less cytokine production using DC pulsed with 

β-GLcCer compared to DC pulsed with α-GalCer. There were differences detected that did 

not reach statistical significance: AFP (both nAFP and tAFP) increased the production of the 

inflammatory cytokine IL-17A and suppressive cytokine IL-10, while the production of the 

type 1 cytokine IFN-γ was reduced (Figure 6).

4.0 DISCUSSION

Based on RNA microarray data for OVA, nAFP and tAFP treated DC, we examined the 

functional consequences of strongly reduced expression of CD1 family molecules, 

particularly CD1d, which plays a critical role in antigen presentation to NKT cells. We 

confirmed with flow cytometry that exposure to AFP (both nAFP and tAFP) led to down-

regulation of CD1 family molecules, and that the down-regulation is not normalized by 

either washing out the AFP protein or by delivering a strong maturation signal (IFN-γ + 

LPS) to the DC. We further confirmed that the decrease of surface CD1d is not due to 

transient internalization. Considering its function in antigen presentation by DC to NKT 

cells, we hypothesized that this down-regulation of CD1d might have an effect on NKT cell 

antigen presentation and activity, however, no significant difference in NKT activation was 

observed. Supernatants from the DC-T cell co-culture were analyzed for cytokine 

production. The concentration of 12 different cytokines were measured and minor 

differences in IL-17, IL-10 and IFN-γ were detected.

A difficulty in studying primary human NKT cells is the rarity of these cells in the 

circulation. Only 5 of 15 screened healthy donors had circulating NKT cells (ranging from 
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0.08% of T cells to 0.3% of T cells) capable of direct ex vivo testing. Furthermore, it has 

been shown that the activity of NKT cells also varies substantially between donors [13].

It is also possible that the reduction in CD1d expression (a 50%−75% reduction in MFI) in 

DC was not sufficient to cause impaired NKT cell activation. It has been reported in mice 

that CD1d expression levels did not affect the development of NKT cells. Both CD1d+/− 

mice (where the level of CD1d is 50% that of wild type) and a CD1d-transgenic line where 

CD1d expression was driven by its own promoter at levels twice above wild-type exhibited 

normal NKT cell frequencies in mice [14]. Furthermore, it was reported that plasma 

membrane lipid rafts also play an important part in antigen presentation by CD1d to NKT 

cells [15, 16]. With confocal microscopy, stimulated emission depletion (STED) microscopy 

and other super-power-imaging technologies, the link between the spatial organization of 

CD1d molecules on the cell membrane of APCs and the activation profile of NKT cells was 

shown [17]. Further studies show that the CD1d molecules form nanoclusters, and that the 

density and area of the clusters were fine-tuned by APC via actin cytoskeleton [18]. The 

actin cytoskeleton restricts the lateral diffusion of transmembrane CD1d by creating 

temporal physical barriers close to the cell membrane, locally confining membrane 

receptors, increasing their local concentration and promoting clustering but also preventing 

long-range hCD1d nanoclustering by lowering the encountering probability of distant 

diffusing hCD1d nanoclusters. Disruption of actin could lead to formation of larger clusters 

and more effectively activates NKT cells. AFP-treated DC also had their actin skeleton 

disrupted when compared to OVA DC [3]. Hence the possible disruption of actin in AFP 

treated cells might compensate for the impaired NKT stimulation caused by CD1d down-

regulation.

We observed that AFP treated DC have a detectable baseline NKT stimulatory activity 

without exogenous antigen pulsing, and that this baseline activity is stronger than that of 

OVA-DC (3 of 5 donors had higher level of NKT stimulation by AFP treated unpulsed DC). 

Previous studies from our groups showed that some of the immune suppressive effects by 

AFP were caused by a low molecular mass (LMM) binding partner [3]. It is conceivable that 

the LMM binding partner of AFP could also be a lipidic antigen for NKT cells. AFP 

treatment to DC might result in the binding of the LMM partner by CD1d molecules, thus 

leading to excess activation of NKT cells. It was reported that lysophosphatidic acid (LPA) 

could cause the down-regulation of CD1 family molecules on DC [19], and 

lysophosphatidylcholine (LPC) was reported to bind to CD1d molecules and stimulate NKT 

cells [20]. LPC can be converted into LPA by autotaxin, a lysophospholipase D. These 

possibilities are under current investigation.

4.1 Conclusions

AFP significantly and irreversibly reduces CD1a, b, c and d expression by human monocyte-

derived DC. The reduced level of expression did not significantly impact NKT cell 

activation or expression of IFNγ and IL-4 by NKT cells.
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Abbreviations

NK natural killer

APC antigen presenting cells

HCC hepatocellular carcinoma

AFP alpha-fetoprotein

nAFP normal AFP

tAFP tumor AFP

DC dendritic cell

IL interleukin

TNF-α tumor necrosis factor-alpha

IFN interferon

α-GalCer α -galactocylceramide

MHC major histocompatibility complex

iNKT invariant natural killer T cells

PBMC peripheral blood mononuclear cells

TLR Toll-like receptor

TCR T cell receptor

GM-CSF granulocyte-macrophage colony stimulatory factor

ELISpot enzyme-linked immunospot
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Highlights

• AFP reduces CD1a, b, c and d molecules on DC

• CD1 molecule reductions cannot be reversed by AFP removal or DC 

maturation

• NKT cell function was not impaired by AFP-exposed DC
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Figure 1. 
A. DC surface staining for CD1 family molecules. CD14+ monocytes were cultured with 

OVA, nAFP or tAFP and GM-CSF and IL-4 to derive DC. (A)-(D), The MFI of surface 

CD1a, b, c, and d. on DC at day 5 is shown. * indicates p< 0.05, ** indicates p<0.01 of AFP 

groups compared to OVA control. B. Intracellular staining for CD1d. Left, surface staining 

only; right, surface and intracellular staining. Black, OVA treated DC; Green, nAFP treated 

DC; Red, tAFP treated DC. Shown is one representative histogram from one of three donors. 

C. Surface staining for CD1 family molecules of DC after washout of AFP/OVA. Flow 

cytometric analysis was performed to determine levels of CD1a, CD1b, CD1c and CD1d 

molecules. * indicates p< 0.05, ** indicates p<0.01, ***indicates p<0.001. D. Surface 

staining for CD1a, CD1b, CD1c and CD1d on DC matured with LPS+IFNγ. * indicates p< 

0.05, ** indicates p<0.01, ***indicates p<0.001
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Figure 2. 
Detecting NKT cells in healthy donor PBMC with Vα24-Jα18 monoclonal antibodies and 

CD1d tetramers. A. Mouse anti human IgG1 antibody and unloaded CD1d tetramers were 

used as negative controls for non-specific binding. Left panel, Vα24-Jα18 antibody (top) 

and CD1d tetramers (bottom) loaded with PBS-57; right panel, mouse anti human IgG1 

controls (top) and unloaded CD1d tetramers (bottom). Representative results from one donor 

is shown. B. NKT cell frequency in healthy donor PBMC is compared (n = 16 donors).
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Figure 3. 
A. DC (pulsed with α-GalCer)-T co-culture ratio titration. The DC:T ratios tested were 1:1, 

1:2, 1:4, 1:5 and 1: 10. At all ratios, cytokine production, (IFN-γ production) was observed 

in CD1d tetramer+ NKT cells. B. Cytokine production in NKT cells stimulated with α-

GalCer or β-GlcCer. CD3+ T cells were co-cultured with DC pulsed with or without α-

GalCer or β-GlcCer at 1: 5 ratios. α-GalCer induced 3–4 times more IFN-γ than β-GlcCer, 

while NKT cells co-cultured with unpulsed DC were used as a control for baseline stimulus. 

C. Up-regulation of CD25 and CD69 on NKT cells stimulated with α-GalCer or β-GlcCer. 

CD3+ cells were co-cultured with DC pulsed with or without α-GalCer or β- GlcCer at 1:5 

ratio. NKT cells co-cultured with α-GalCer pulsed DC strongly upregulated CD25 and 

CD69, β-GlcCer had a weaker effect. D. Cytokine production of α-GalCer activated NKT 

cells. α-GalCer presented by DC treated with either OVA, nAFP or tAFP stimulated NKT 

cells and induced IL-4 and IFN-γ. OVA, nAFP and tAFP treated DC was pulsed with or 

without α-GalCer overnight before the co-culture. Representative result from one of five 

healthy donors are shown.
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Figure 4. 
NKT stimulatory activity of OVA, nAFP, or tAFP treated DC. Different DC groups were 

tested for cytokine production and expression of activation markers. A. Frequency change of 

IFN-γ producing NKT cells after stimulation compared to unstimulated (i.e. frequency of 

IFN-γ + NKT cells stimulated with PMA and ionomycin or co-cultured with α-GalCer 

pulsed DC minus frequency of IFN-γ+ unstimulated NKT cells or NKT cells co-cultured 

with DC without α-GalCer). B. Frequency change of IL-4 producing NKT cells after 

stimulation compared to unstimulated. Any negative values are presented as zero. C. Fold 

change of CD25 MFI of NKT cells after stimulation compared to unstimulated (i.e. CD25 

MFI of NKT cells stimulated with PMA and ionomycin or cocultured with α-GalCer pulsed 

DC divided by CD25 MFI of unstimulated NKT cells or NKT cells co-cultured with DC 

without α-GalCer). D. Fold change of CD69 MFI of NKT cells after stimulation compared 

to unstimulated.
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Figure 5. 
NKT stimulatory activity of OVA, nAFP, or tAFP treated DC pulsed with β-GlcCer. No 

significant difference was observed in NKT stimulation among different DC groups, 

regarding cytokine production. A. Frequency change of IFN- γ producing NKT cells after 

stimulation compared to unstimulated ones (i.e. frequency of IFN- γ+ NKT cells stimulated 

with PMA and ionomycin or co-cultured with β-GlcCer pulsed DC minus frequency of IFN- 

γ+ unstimulated NKT cells or NKT cells co-cultured with DC without β- GlcCer). B. 
Frequency change of IFN- γ producing NKT cells after stimulation compared to 

unstimulated ones. Any negative values are presented as zero. C. Fold change of CD25 MFI 

of NKT cells after stimulation compared to unstimulated. D. Fold change of CD69 MFI of 

NKT cells after stimulation compared to unstimulated ones.
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Figure 6. 
Cytokine production of co-cultured NKT cells (α-GalCer stimulated) Supernatants were 

collected from the DC-T co-culture on day 7 and analyzed using Luminex. There was no 

statistically significant difference between cytokine concentration of supernatants collected 

from total CD3+ T cells co-cultured with DC treated with OVA, nAFP or tAFP. A-H. 
Summary graphs of cytokine concentration in healthy donor DC-T cell coculture 

supernatants (n=5).
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Figure 7. 
Cytokine productions of co-cultured NKT cells (β-GlcCer stimulated). Supernatants were 

collected from the DC-T co-culture (n=3) and were analyzed using Luminex. There was no 

statistically significant difference between cytokine concentration with DC treated with 

OVA, nAFP or tAFP. A-D. Summary graphs of IL-4, IL-10, MIP-1 α and MIP-1β.
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Table 1.

NKT cell frequency in healthy donor PBMC as measured by Vα24 antibodies and CD1d tetramers

Healthy donor Vα24-Jα18+% CD1d Tetramer+%

1 0.011 0.005

2 0.023 0.018

3 0.034 0.031

4 0.250 0.283

5 0.066 0.073

6 0.004 0.002

7 0.039 0.058

8 0.049 0.049

9 0.089 0.109

10 0.055 0.060

11 0.002 0.002

12 0.054 0.046

13 0.035 0.035

14 0.045 0.058

15 0.002 0.002

16 0.031 0.037
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