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Abstract
Although human and bovine γδ T cells were shown to express MHC class II antigen and function as
APCs, attempts to determine if mouse γδ T cells have similar functions remained unsuccessful. We
now show that γδ T cells derived from immunized mice also can be induced to express MHC class
II and co-stimulatory molecules after activation in vitro, and are capable of antigen presentation.
Using highly purified γδ T cells, we found that, unlike human γδ T cells, the expression of MHC
class II molecules by mouse γδ T cells is limited to newly activated cells. Highest levels of MHC
class II expression were seen on activated γδ T cells that had lost most surface-expressed γδ TCR
while exhibiting increased levels of intracellular γδ TCR. In the absence of further stimulation, MHC
class II expression gradually declined with the γδ T cells regaining their surface TCR. We also show
that cytokine-activated γδ T cells can also express MHC class II antigen and exercise antigen-
presenting activity.
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1. Introduction
Mammalian hosts employ two interconnected systems − innate and adaptive immunity − to
protect themselves from infection while minimizing immunopathology (Medzhitov and
Janeway, 1997b; Peng et al., 2005; Trinchieri, 1995). The innate immune system senses
infection through pattern-recognition receptors, which recognize conserved molecular features
of pathogens that are unique to microbial life forms (Peng et al., 2005). According to current
concepts, an effective immune response requires coordinated interaction between innate and
adaptive immunity (Peng et al., 2005; Trinchieri, 1995). It is believed that the prompt innate
immune response not only fills the gap of immunologic defense before full-effective adaptive
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responses become available, but also regulates the intensity and the pattern of adaptive response
(Rajan et al., 2000; Tsuchiya et al., 2003; Kadowaki et al., 2000; Fernandez et al., 1999).

Early studies have shown that γδ T cells are an important cellular element invading inflamed
organs (Ponomarev and Dittel, 2005; Skelsey et al., 2001) during the early phase of viral
infection (Carding et al., 1990; Mukasa et al., 1997) and the inflammation involved in
autoimmune diseases of CNS (encephalomyelitis) (Selmaj et al., 1991; Shimonkevitz et al.,
1993) and intestines (colitis) (Fukushima et al., 1991; Tsuchiya et al., 2003). Studies have also
shown that γδ T cells can either promote (Spahn et al., 1999; Shimonkevitz et al., 1993;
Freedman et al., 1991; Hohlfeld et al., 1991) or inhibit (Tsuchiya et al., 2003) the development
of autoimmune disease. It remains undetermined whether pathogenic γδ T cells are a distinct
subset and differ from the γδ T cell subsets that regulate the immune response or whether the
functional diversity is associated with the activation status of the γδ T cells.

Previous studies have shown that both human (Brandes et al., 2005) and bovine (Collins et al.,
1998) γδ T cells are able to express MHC class II molecules and act as antigen-presenting cells.
So far, attempts to demonstrate that mouse γδ T cells have similar functions were unsuccessful.
However, we now show that the general observation that γδ T cells are capable of expressing
MHC class II molecules and of presenting antigen to T cells expressing the αβ TCR can be
extended to mice as well. The use of highly purified γδ T cells allowed us to demonstrate that
high levels of MHC class II antigens and co-stimulatory molecules are expressed on recently
activated mouse γδ Tcells when these cells downregulate their surface TCR, thus transiently
loosing their phenotypical identity. Our results suggest, that the failure of demonstrating an
ability of mouse γδ T cells to express MHC class II and to present antigen in the previous
studies was probably due to the circumstance that human γδ T cells retain their surface TCR
while expressing MHC class II molecules, whereas mouse γδ T cells express MHC class II
molecules at high levels only shortly after having been activated, when their surface-expressed
TCR is downregulated.

2. Methods
2.1. Animals and reagents

Female C57BL/6 (B6) mice (12- to 14-weeks-old) were purchased from Jackson Laboratory
(Bar Harbor, ME), and were housed and maintained in the animal facilities of the University
of Louisville. Recombinant mouse cytokines, including IL-1β, IL-2, IL-6, IL-7, IL-21, IL-23,
and TGF-β, were purchased from R & D. (Minneapolis, MN). FITC-conjugated anti-αβ TCR,
anti-γδ TCR (GL3) (Goodman and Lefrancois, 1989), anti-mouse MHC class II antibodies,
anti-mouse CD40, and anti-mouse CD80, anti-mouse CD69 and anti-mouse CD62L antibodies
were purchased from Biolegend (San Diego, CA). Beads-conjugated anti-FITC antibodies
were purchased from Miltenyi Biotec (Aubum, CA, USA). IRBP1-20
(GPTHLFQPSLVLDMAKVLLD) is an uveitogenic peptide (Avichezer et al., 2000) and
MOG35-55 (MEVG-WYRSPFSRVVHLYRNGK) is an encephalitogenic peptide in H-2b

(C57BL/6) mice (Sun et al., 2003). Incomplete (IFA) or complete Freund's adjuvant (CFA)
was obtained from Sigma (St. Louis, MO). Mouse TLR1-9 agonist kit was obtained from
Invivogen (cat#: TLRL-kit 1m, San Diego, California), which includes TLR1/2 agonist
Pam3CSK4, TLR2 agonist HKLM (Heat-killed Listeria monocytogenes), TLR3 agonist Poly
(I:C), TLR4 agonist LPS-EK (E. coli K12), TLR5 agonist ST-FLA (Flagellin form S.
typhimurium), TLR6/2 agonist FSL1 (a synthetic lipoprotein representing N-terminal part of
the 44-kD lipoprotein LP44 of Mycoplasma salivarium), TLR7 agonist ssRNA40, and TLR8
agonist ODN1826.
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2.2. Enrichment of γδ T cells from IRBP-immunized C57BL/6 mice
Purified γδ T cells were prepared from the spleen and draining lymph nodes of immunized B6
mice using FITC-conjugated anti-mouse γδTCR. C57BL/6 (B6) mice were immunized
subcutaneously with 200 μl of emulsion containing 200 μg of IRBP1-20 in CFA, distributed
over six spots at the tail base and on the flank. At day 13 post-immunization (p.i.), T cells were
isolated from lymph node cells and spleen cells by passage through a nylon wool column, then
1×107 cells in 2 ml of RPMI medium in a 6-well plate (Costar) were stimulated for 48 h with
10 μg/ml of IRBP1-20 in the presence of 1×107 irradiated syngeneic spleen cells (APCs) in
the presence of IL-23 (10 ng/ml), then activated T cell blasts were separated by Ficoll gradient
centrifugation and cultured for another 72 h in the same medium used for stimulation minus
the peptide.

γδ T cells were purified from the in vivo IRBP1-20-primed splenic Tcells 5 days after the latter
cells were stimulated in vitro with immunizing antigen. To separate γδ Tcells, the Tcells were
first stained with FITC-conjugated anti-γδ TCR antibodies, followed by anti-FITC-microBeads
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) (Peng et al., 2006). The lymph node
and spleen cells were first incubated for 30 min at 4 °C with FITC-conjugated anti-mouse γδ
TCR, then for 15 min at 4 °C with anti-FITC Microbeads. The cells were then separated into
bound and non-bound fractions on an autoMACSTM separator column (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany), and washed with 15 ml of medium according to the
manufacturer's protocol. The flow-through fractions containing γδ T cells or αβ T-enriched
cells were collected. The purity of the isolated cell fraction was determined by flow cytometric
analysis using FITC-conjugated anti-TCR antibodies and PE-conjugated Abs directed against
γδ or αβ T cells (BD Bioscience, La Jolla, CA). Data collection and analysis were performed
on a FACScalibur flow cytometer using CellQuest software (95% purified for γδ T cells). For
further purification of γδ T cells, the residual αβ+ T cells were depleted using PE-conjugated
anti-αβTCR antibody with anti-PE microbeads.

2.3. Immunofluorescence flow cytometry
Aliquots of 2×105 cells were double-stained with combinations of FITC- or PE-conjugated
monoclonal antibodies against mouse αβTCR, pan-γδ TCR (GL3). Data collection and analysis
were performed on a FACScaliber flow cytometer using CellQuest software.

2.4. Intracellular cytokine flow cytometry
Unfractionated or purified γδ T cells or αβ T IRBP1-20-specific T cells were stimulated in
vitro with 50 ng/ml of PMA, 1 μg/ml of ionomycin, and 1 μg/ml of brefeldin A (Sigma, St.
Louis, MO) for 4 h, then were washed, fixed, permeabilized overnight with Cytofix/Cytoperm
buffer (eBioscience, San Diego, CA), and intracellularly stained with antibodies against mouse
αβ-and γδ TCR and analyzed on a FACScalibur flow cytometer.

2.5. IRBP- and MOG-specific T cells
IRBP- (Shao et al., 2005) and MOG-specific (Sun et al., 2001) T cells were prepared as we
previously described. Briefly, T cells from IRBP1-20- or MOG35-55-immunized B6 mice
were isolated 13 days post-immunization (p.i.) from lymph node cells or spleen cells by passage
through a nylon wool column, then 1×107 cells in 2 ml of RPMI medium in a 6-well plate
(Costar) were stimulated with 20 μg/ml of IRBP1-20 in the presence of 1×107 irradiated
syngeneic spleen cells as antigen-presenting cells (APCs). After 2 days, the activated
lymphoblasts were isolated by gradient centrifugation on Lymphoprep (Robbins Scientific,
Mountain View, CA) and cultured in RPMI 1640 medium supplemented with 15% IL-2-
containing medium.
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2.6. Proliferation assay
IRBP1-20- or MOG35-55-specific T cells were seeded at 4×105 cells/well in 96-well plates,
then cultured at 37 °C for 48 h in a total volume of 200 μl medium with graded concentrations
of related peptides in the presence of irradiated (2000 Rad) syngeneic spleen APCs (2 × 105),
and [3H] thymidine incorporation during the last 8 h was assessed using a microplate
scintillation counter (Packard). The proliferative response was expressed as the mean cpm
±standard deviation (SD) of triplicate determinations.

2.7. ELISA
IL-17 and IFN-γ were measured using commercially available ELISA kits (R&D Systems,
Minneapolis, MN).

2.8. Statistical analysis
The data are expressed as the mean±SD of the results for at least three separate experiments.

3. Results
3.1. Preparation of highly purified γδ T cells from IRBP-immunized C57BL/6 mice

Total splenic T cells were enriched from naïve mice and from mice immunized with an
uveitogenic peptide (IRBP1-20) for induction of EAU, by passing through nylon wool. As
shown in Fig. 1A, the relative frequency of γδ T cells increased approximately 5-fold in the
immunized mice. Subsequently, when the enriched splenic T cells of IRBP1-20-immunized
B6 mice were cultured in medium supplemented with various cytokines for 3–5 days, the γδ
T cells expanded more prominently in those cultures supplemented with cytokines IL-1, IL-7,
and IL-23, but not with the other cytokines tested (Fig. 1B). The in vitro expanded γδ T cells
could be purified using magnetic bead-sorting after staining with an FITC-labeled antibody
specific for mouse pan-δ TCR segment (GL3) followed by anti-FITC antibodies (see Methods).
As shown in Fig. 1C, γδ T cells enriched by this one-step procedure were approximately 95%
pure. They were further enriched to 99% purity in a second step of depleting contaminating
αβ T cells.

3.2. Mouse γδ T cells expressed MHC class II antigen and down-regulated their surface-
expressed TCR after in vitro activation

To determine whether mouse γδ T cells could express MHC class II antigen and function as
APCs, highly purified (>98% purity) γδ T cells were exposed to a mitogenic dose of anti-CD3
plus anti-CD28 antibodies (10 μg/ml) in the absence of exogenous APC on 24-well plates. As
shown in Fig. 2A, 72 h after exposure to anti-CD3, a majority of the cells expressed
downregulated TCR (middle panel) and they partially regained the γδ TCR 6 days after CD3
stimulation (lower panel). Prior to in vitro stimulation, most, if not all, of the cells expressed
γδ TCR, and approximately 40% of the cells expressed CD80.

The fact, that over 98% of the responder cells in culture are purified γδ T cells, and a majority
of the cultured cells regained TCR 6 days after CD3 stimulation suggested the interpretation
that the MHC class II-expressing cells shortly after in vitro activation were indeed γδ T cells
rather than expanded cells of unknown origin. This was confirmed by intracellular staining for
the γδ TCR of the newly activated γδ T cells. As shown in Fig. 2B, activated γδ T cells do not
express detectable amount of surface TCR, which however, can be detected in the same T cells
(lower panel) when we use intracellular staining (after fixation). Since these cells do not express
surface TCR and the TCR can only be detected only after fixation, we conclude that the
expression of TCR by the activated γδ T cell is limited in the intracellular compartment.
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Results shown in Fig. 2A demonstrated that over 50% of the total cells examined 24 h after in
vitro stimulation with anti-CD3 antibody expressed MHC class II molecules. FACS analysis
after staining for co-stimulatory molecules further showed that activated γδ T cells also
expressed increased levels of CD80 and CD40 molecules.

3.3. The class II antigen-expressing γδ T cells are effective APCs
To determine if the activated γδ T cells can function as APC, we stimulated highly purified
γδ T cells with a combination of anti-CD3 and anti-CD28 antibodies for 48 h. The activated
Tcell blasts were separated from the dead cells by Ficoll gradient centrifugation, FACS
analyzed, and then treated with Mitomycin C (100 μg/ml, 37 °C, 60 min). Graded numbers of
thus treated γδ T cells were then mixed with antigen-specific responder αβ T cells in the
presence of specific antigens. Fig. 3 shows a comparison of the Tcell-stimulatory effect of
activated γδ T cells and professional APC (irradiated spleen cells). In this experiment, 96-well
plates were pre-seeded with 1×105/well MMC-treated γδ Tcells with IRBP1-20 (10 μg/ml).
For each well, 5×104 responder T cells were added. As shown, the γδ T cells are potent APCs
in the stimulation of IRBP-specific T cell activation.

To further determine whether γδ T cells isolated from mice with EAU can interact with disease-
related or irrelevant autoreactive T cells, we have also tested the AP function of γδ T cells on
the activation of T cells specific for a non-related encephalitogenic peptide (MOG35-55). As
shown in Fig. 3, the γδ T cells isolated from mice with induced EAU were capable of presenting
antigen for MOG-specific T cells as well, and they were almost as effective as splenic APC in
stimulating the syngeneic antigen-specific T cells.

3.4. Activation of γδ Tcells by TLR ligands and proinflammatory cytokines
To determine whether immunizing antigen or microbial protein in CFA and/or pertussis toxin
(PTX) caused γδ T cell activation in immunized mice, groups of B6 mice were immunized
with antigen in IFA or CFA with or without PTX. The results in Fig. 4A show that antigen
plus CFA or antigen plus IFA and PTX induced an increase in γδ T cells; and, a combination
of antigen in CFA plus PTX induced a greater number of γδ T cells. Since mice immunized
with antigen in IFA alone did not show the increase in the number of γδ T cells when compared
to untreated mice, we conclude that the uveitogen (IRBP1-20) itself does not stimulate γδ T
cell activation and expansion in vivo; rather, γδ T cell activation in such cases, is driven by
exposure to either microbial antigen in the CFA and PTX or by proinflammatory cytokines
induced in these mice. To test the latter hypothesis, purified γδ T cells were exposed to the
cytokines (IL-1, IL-7, and IL-23) that had been found to have a stimulatory effect on γδ T cells
(Fig. 2). As demonstrated in Fig. 4B, exposure to IL-1, IL-7 and IL-23 induced γδ T cells to
produce IL-17, and combination of the three cytokine had a synergistic stimulatory effect on
the γδ T cells. Fig. 4C showed that both the combined cytokines and pooled ligands for TLR
2, 3, 4, and 9 at final concentration of 10 ng/ml, induced increased expression of CD69 and
decreased expression of CD62L. However, as shown in Fig. 4D, only the combined cytokines
or the cytokines plus the TLR ligands but not the TLR ligands alone, induced IL-17 production
in the γδ T cells.

Finally, we have also tested whether the cytokine-activated γδ T cells gained antigen-presenting
activity. To do so, purified γδ T cells were exposed to a combination of cytokines for 24 h.
After a treatment with mitomycin C, they were tested for AP function by inducing IFN-γ
production of IRBP-specific Tcell. Fig. 4E shows that after an exposure to cytokines, γδ T cells
gained an ability of stimulating IRBP-specific T cells to produce IFN-γ.
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4. Discussion
Innate immunity plays an essential role in host defense by eliciting rapid inflammatory
reactions and orchestrating adaptive immune responses to microbial infection (Mak and
Ferrick, 1998; Medzhitov and Janeway, 1997a; Born et al., 1999). Like cells of the macrophage/
dendritic lineage and NK/NKT cells, T cells expressing the γδ TCR are critical components of
the innate immune system. Previous studies have shown that the γδ T cells play a major role
linking innate and adaptive immunity (Mak and Ferrick, 1998). Studies have shown that γδ T
cells are the early infiltrating cells of inflammation caused by infection (Ladel et al., 1995;
Mukasa et al., 1997; Andrew and Carding, 2005; Carding and Egan, 2000) and autoimmune
diseases (Fukushima et al., 1991; Hohlfeld et al., 1991; Mukasa et al., 1997; Peterman et al.,
1993; Spahn et al., 1999). The severity of myelin oligodendrocyte glycoprotein peptide 33–
35-induced EAE in mice with a disrupted TCR δ chain gene was significantly decreased (Spahn
et al., 1999). In addition, γδ T cells have both effector and immunoregulatory functions (Born
et al., 2006; Haas et al., 1993; Mak and Ferrick, 1998). Depletion of γδ T cells from LNC
resulted in diminished severity of EAE in recipient mice, both clinically and
histopathologically (Odyniec et al., 2004; Tagawa et al., 2004).

Unlike T cells expressing the αβ TCR, γδ T cells represent a minor subset of human peripheral
T cells (1%–10%). These cells have limited diversity of TCR, and they recognize antigen in
MHC-restricted or unrestricted fashion (Born et al., 2006; Haas et al., 1993; Mak and Ferrick,
1998). The patho-physiologic function of γδ T cells remains elusive, though evidence has been
accumulated indicating that γδ T cells play a role in the “first line of defense” against a broad
spectrum of invasive microorganisms such as mycobacteria (D'Souza et al., 1997; Janis et al.,
1989; Kabelitz et al., 1990; Lockhart et al., 2006; O'Brien et al., 1989). In early inflammation,
γδ T cells are the major infiltrating cells of the inflamed organs involved in viral infection, and
in autoimmunity of unknown etiology.

It was hypothesized that augmented recruitment and enhanced function of APCs is one of the
key steps linking innate to adaptive immunity (Brandes et al., 2005; Collins et al., 1998; Moser
and Brandes, 2006). Previous studies have shown that human (Brandes et al., 2005) and bovine
(Collins et al., 1998 ) γδ T cells are capable of expressing MHC class II molecules, and act as
APCs. Earlier attempts to verify that the mouse cell counterparts have similar functions were
not successful. We observed that a number of surface markers of T cells are downregulated in
newly activated mouse T cells (data not shown). This drove us to determine whether activated
γδ T cells downregulate their surface TCR, and therefore might have escaped detection in
certain studies. To do so, we prepared highly (>98%) purified γδ T cells. Remarkably, after
stimulation with the antibody specific for mouse CD3, a majority of the γδ T cells expressed
MHC class II antigens and increased levels of co-stimulatory molecules such as CD40 and
CD80. When tested as APC, these cells greatly stimulated syngenic antigen-specific αβ T cells
in the presence of relevant antigens. Our results demonstrate, for the first time, that mouse
γδ T cells are capable to express MHC class II antigens and co-stimulatory molecules, and
function as APCs. Our study additionally shows that γδ T cells expand rapidly if cultured in
medium containing cytokines such as IL-1, IL-7, and IL-23. Given that these cytokines are
produced by innate immune cells such as macrophage and dendritic cells, it is likely that
exposure to viral and bacterial products, which induced production of these cytokines,
subsequently leads to activation of γδ T cells, which are then enabled to activate the antigen-
specific adaptive immune response.

It is interesting to note that an increased number of γδ T cells was recruited into lymphoid
organs such as the spleen, after immunization with antigens and CFA, which contains microbial
products of mycobacteria. In addition, when cultured in growth factor-containing medium, the
γδ T cells expanded more vigorously to cytokines such as IL-1 and IL-23, both of which are
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predominantly the products of innate immune cells such as macrophages and dendritic cells.
Given that γδ T cells are early infiltrating cells of the inflamed organ, it is likely that during
early phases of infections, cells of the macrophage lineage produce cytokines such as IL-1 and
IL-23, which, in turn, cause recruitment, expansion, and activation of γδ Tcells. Conceivably,
activated γδ T cells producing inflammatory cytokines further promote the subsequent,
adaptive immune responses. Given that APCs play a major role in the subsequent adaptive
immune response, investigators believe that recruitment and maturation of dendritic cells are
essential. However, since γδ T cells are the early inflammatory cells, it is likely that such cells
may play important role in the early immune response as well, not only by acting as effecter
and regulatory cells, by also as APCs.

The γδ T cells of this study were isolated from C57BL/6 mice immunized with an uveitogenic
antigen IRBP1-20, rather than from naïve mice, due to that the study is part of our research
project investigating the role γδ T cells in activation of IL-17+ uveitogenic T cells. Our studies
demonstrated that γδ T cells play a major role in the activation of the IL-17+ uveitogenic T
cells (data not shown and paper in preparation). We have observed that while the number of
γδ T cells in naïve mouse is very low, it is greatly increased in the immunized mice and further
expanded after in vitro culture. It is likely that the same cell isolated from naïve mice or from
mice immunized with different antigens might express distinct structural and functional
phenotypes. Our future study should determine whether specific immunization procedures
promote the differentiation, expansion, and activation of the γδ T cell subset(s) with unique
immunologic functions.

We have observed that the freshly isolated γδ T cells from immunized mice are partially
activated in vivo and express elevated amount of CD69 molecules. Although the separation
procedure using magnetic beads and antibodies specific for γδ TCR likely might cause the
observed cell activation, we considered it unlikely, because similarly separated αβ T cells do
not express such activation molecules (data not shown). Since mice immunized with antigen
and IFA did not significantly promote the expansion of γδ T cells in vivo whereas mice
immunized with antigen and CFA expressed elevated numbers of γδ Tcells, we considered the
possibility that microbial protein in the CFA might play a role in promoting the γδ Tcell
activation in vivo. To support such a hypothesis, we exposed γδ T cells to TLR ligands and
cytokines in vitro. Our results showed that although individual TLR ligands only weekly
stimulated the γδ T cell activation, pooled together, these molecules have a stronger effect
stimulating γδ T cell activation. However, in vitro studies showed that a combination of IL-1,
IL-7 and IL-23, but not other cytokines tested, has a greater effect on γδ T cell activation and
expansion. Given that induction of autoimmune diseases by immunization of genetically
disease-prone animals with antigen requires the CFA and/or PTX, it seems likely that the
microbial antigens in such reagents trigger the innate cell elements such as γδ T cells.
Subsequently induced cytokines then might further promote the activation of γδ T cells, and
their potential to drive a stronger and faster development of the adaptive αβ T cell response.

Abbreviations
EAU  

experimental autoimmune uveitis

IRBP  
interphotoreceptor retinoid-binding protein

APC  
antigen-presenting cell

MHC  
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major histocompatibility complex
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Fig. 1.
Preparation of purified γδ T cells. A). B6 mice induced for EAU expressed increased numbers
of γδ T cells. T cells of naïve and IRBP-immunized B6 mice were enriched by passing through
nylon wool and were stained with antibodies specific for mouse αβ TCR and γδ TCR. In
addition, T cells from immunized mice were reassessed from expression of αβ- and γδ TCR
after an in vitro stimulation with immunizing peptide in the presence of for 48 h. B) IL-1, IL-7
and IL-23 have greater effect promoting γδ T cell expansion in vitro. The numbers of γδ T cells
in unfractionated splenic T cells from immunized B6 mice were assessed after 3 days of in
vitro culture in medium containing the indicated inflammatory cytokines (10 ng/ml final
concentration). The results showed that IL-1, IL-7, or IL23 stimulated γδ T cell expansion and
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had a synergistic effect when added together, whereas other cytokines had no effect. The results
shown are the mean cpm values and are representative of those for 5 separate experiments,
each involving pooled T cells from 8–10 IRBP1-20-immunized B6 mice; the SD was always
less than 15%. C) Enrichment of γδ T cells using magnetic beads. One-step positive selection
using GL3 antibody results in a cell population containing up to 95% γδ T cells (left panel).
Further depletion of αβ T cells by removing T cells expressing the αβ TCR results in 99% γδ
T cells (right panel).

Cheng et al. Page 12

J Neuroimmunol. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Mouse γδ T cells show downregulation of TCR and upregulation of MHC class II antigens and
co-stimulatory (CD40) molecules after in vitro stimulation with anti-CD3 and anti-CD28
antibodies. A). γδ T cells were enriched from IRBP-specific T cells derived from IRBP1-20-
immunized B6 mice at day 13 post-immunization using magnetic separation, then were
exposed to anti-CD3 and anti-CD28 antibodies pre-coated on 24-well plates, in the absence of
exogenous APC. After 3 or 6 days of stimulation, the cells were assessed for surface TCR and
co-stimulatory molecule expression. B) Demonstration of intracellular γδ TCR on activated
γδ T cells that lost surface TCR. Resting γδ T cells express surface TCR, activated γδ T cells
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express TCR by intracellular staining but not surface staining. Results shown are from one
representative experiment which was repeated 4 times.
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Fig. 3.
Antigen-presenting function of activated γδ T cells. γδ T cells were cultured in 24-well plate
with or without an exposure to anti-CD3 and anti-CD28 antibodies for 24 h. They were
inactivated by mitomycin C treatment, and seeded to 96-well plate (1×105/well). Then,
5×104 IRBP-specific and MOG-specific T cells were added to each culture. Proliferation was
measured by adding 3H-thymidine. The proliferative response is expressed as the mean cpm
±SD for triplicate wells. The results shown are the mean cpm values and are representative of
those for 4 separate experiments; the SD was always less than 15%.
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Fig. 4.
γδ T cell-stimulatory effect of cytokine and TLR ligands. Expansion of γδ T cell in immunized
mice is driven by molecules in CFA (mycobacteria) and pertussis toxin, but not by the
uveitogenic antigen (IRBP1-20). B6 mice were immunized with the uveitogenic peptide
(IRBP1-20) in IFA or CFA with or without PTX treatment. Mice treated with peptide and IFA
did not have an appreciable increase in the number of γδ T cells, whereas mice treated with
either or both CFA and PTX showed increased numbers of γδ T cell. The results shown are
representative of those for 3 separate experiments. B). IL-17 production by γδ T cells. γδ T
cells were purified from IRBP1-20 immunized B6 mice. 3×105/well cells in 96-well plate were
exposed to the indicated cytokines for 48 h, and IL-17 levels in the cell supernatants were
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assessed by ELISA. C) Purified γδ T cells expressed higher levels of CD69 and lower levels
of CD62L after exposure to IL-1, IL-7, and IL-23 or/and ligands for TLR 2,3,4 and 9 at final
concentration of 10 ng/ml. Expression of CD69 and CD62L by purified γδ T cells before and
after an exposure to cytokines and TLR ligands was determined. D). Antigen-presenting
activity of γδ T cell activated by cytokines and TLR ligands. Purified γδ T cells were exposed
to cytokines or TLR ligands for 24 h. They were killed by mitomycin C treatment, and seeded
to 96-well plate (1×105/well). Then, 5×104 IRBP-specific T cells were added to each culture
in the presence or absence of antigen. IFN-γ levels in the stimulated cell supernatants were
assessed 48 h after the co-culture by ELISA (E).
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