Letter to the Editor

CD39: A new surface marker of mouse
regulatory v6 T cells

To the Editor:

vd T cells have many characteristic features and functions.
Activated v T cells release cytokines, such as IFN-+y, IL-10, and

IL-17." A subset of vd T cells that express CD27 produce IFN-vy,
whereas IL-17 production is restricted to CD27~ v3 T cells.” In
addition, a CD25% CD122~ 8 T subset produces IL-17.> How-
ever, a subset of yd T cells can suppress T-cell and dendritic
cell (DC) functions.* Consistently, adoptively transferred yd T
cells regulated graft-versus-host reactivity in mice.’ Therefore,
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FIG 1. The expression and suppressive activity of CD39" 3 T cells. A, The expression of CD39, CD27, CD122,
CD25, and programmed death-1 (PD-1) on Thy1.2* v8TCR™ 8 T cells from axillary and inguinal lymph no-
des. B, The expression of Foxp3 on CD39" 43 T cells. C, The proliferative activity with CD39~, CD39* v8 T
cells, or Treg cells. D, The proliferative activity in the absence of DCs. E, The mRNA level of IL-10 and
IFN-y of CD39%, CD39™ v3 T, and Treg cells. F, The proliferative activity with CD39"v3 T cells from wild-
type or IL-10 knockout (IL10~/~) mice. All data are presented as the mean + SD (n = 5) and are representative
of 3 experiments. *P < .05 (Wilcoxon signed-rank test) versus corresponding groups.
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FIG 2. The expression and suppressive activity of in vitro-induced CD39" v3 T cells. A, The expression of
CD39 on 3 T cells before (left panel) and after (right panel) in vitro stimulation. B, The expression of
CD4, CD8, CD27, CD122, Foxp3, and CD25 on CD39"v3 T cells. C, The proliferative activity with in vitro-in-
duced CD39" v5 T cells. D, The time course of the contact hypersensitivity reaction with adoptive cell trans-
fer of CD4™" or CD39" v8 T cells. All data are presented as the mean + SD (n = 5) and are representative of 3
experiments. *P < .05 (Wilcoxon signed-rank test) versus corresponding groups.

the concept of regulatory yd T cells exists; however, it has been
difficult to evaluate the roles of regulatory yd T cells because a
marker of regulatory yd T cells remains unclarified.

In this study, we sought to identify a marker of these regulatory
v8 T cells. Regulatory T (Treg) cells are well established as
immunosuppressants. They express several markers, including
CD25, forkhead box P3 (Foxp3), cytotoxic T-lymphocyte antigen
4 (CTLA-4), and CD39.° We first analyzed the expression of these
markers on yd T cells in axillary and inguinal lymph nodes with
mouse by using the FACSFortessa flow cytometric system (BD
Bioscience, San Diego, Calif). We found that Thyl.2* 8
TCR™ v3 T cells had a population of CD39™ (all antibodies for
flow cytometry from eBioscience, San Diego, Calif) (Fig 1, A).

CD39 is known for ectoenzyme that removes the nucleotide by
hydrolytic cleavage and exhibits immunomodulatory influences
on its proximal environment.® We next analyzed other markers
of & T cells and identified that CD39" 8 T cells expressed
CD25 but not CD27 or CD122 (Fig 1, A). In addition, CD39*
v8 T cells did not express programmed death-1 (Fig 1, A),
Foxp3 (Fig 1, B), or CTLA-4 (data not shown). Because vy T cells
did not express Foxp3 or CTLA-4, we focused on the CD25™ and
CD39" 3 T-cell subset for further study.

Next, we examined by using a T-cell proliferation assay
whether CD25™ and CD39" 8 T cells have an immunosuppres-
sive activity like Treg cells. CD4" CD25™ T cells and DCs were
sorted from splenocytes by using auto-MACS (Miltenyi Biotech,
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Bergisch Gladbach, Germany). CD39" and CD39~ v3 T cells
were sorted from axillary and inguinal lymph nodes by using a
FACSAria |l cell sorter (BD Bioscience). Then, CD4" CD25~
T cells (5 X 10* cells/well) were cultured with DCs (2 X 10*
cells/well) with or without CD39™ v8 T cells (5, 2.5, 1 X 10*
cells/well), CD39 & T cells (5, 2.5, 1 X 10* cells/well), or
Treg cells (1 X 10* cells/well) in a 96-well plate. For the last
24 hours of incubation, the cells were pulsed with 0.5 wCi 3H—thy-
midine to measure cell proliferation. In contrast to CD39™ v& T
cells, CD39" v8 T cells suppressed T-cell proliferation in a
dose-dependent manner (Fig 1, C). Because CD39 "~ v3 T cells in-
cluded a CD25" 8 T-cell subset (Fig 1, A), we considered that
CD39 is a candidate of a surface marker of regulatory yd T cells.
Intriguingly, CD39" 8 T cells did not suppress T-cell prolifera-
tion in the absence of DCs using a plate coated with 1 wg/mL of
anti-CD3 antibody, although Treg cells suppressed T-cell prolifer-
ation even in the absence of DCs (Fig 1, D). These results suggest
that the suppressive activity of CD39" 8 T cells depend on the
presence of DCs.

To identify what mediates the suppressive activity, we per-
formed quantitative RT-PCR analysis. Total RNA from cells was
isolated with an RNeasy Mini Kit (QIAGEN, Hilden, Germany).
Quantitative RT-PCR with a LightCycler real-time PCR appara-
tus was performed by using SYBR Green I (Roche, Basel,
Switzerland). The results were normalized to the glyceraldehyde-
3-phosphate dehydrogenase mRNA level. Because v& T cells
produce IL-10, which acts as an immunosuppressive,'”’ we eval-
uated the IL-10 mRNA levels. The mRNA levels of IL-10 in
CD39" v3 T cells were significantly higher than in CD39~ 8
T cells (Fig 1, E). However, the mRNA levels of IFN-y in
CD39" 8 T cells were significantly lower than in CD39~ y8 T
cells. To address whether IL-10 in CD39" 8 T cells is the
main suppressive cytokine of regulatory yd T cells, we examined
a T-cell proliferation assay using IL-10 knockout mice (kindly
provided by Dr K. Suto, Tokyo Medical University). Because
CD39" 8 T cells sorted from IL-10 knockout mice did not
suppress T-cell proliferation (Fig 1, F), we concluded that
IL-10 was the pivotal suppressive cytokine of CD39™ 8 T cells.

In addition, we successfully induced CD39" 8 T cells from
CD39™ 8 T cells under a condition of anti-CD3 stimulation
and IL-2 for 10 days, which confirmed that almost all yd T cells
expressed CD39 (Fig 2, A). We next analyzed the surface marker
of in vitro—induced CD39" 8 T cells. CD39" 8 T cells ex-
pressed CD27 and CD122 but did not express CD4, CDS, or
Foxp3 (Fig 2, B). Therefore, naive CD39" vd T cells and
invitro—induced CD39" v3 T cells showed a different expression
of the same markers. Then, we addressed whether in vitro—in-
duced CD39" v3 T cells have a suppressive activity by using
the proliferation assay. As naive CD39" 8 T cells have a sup-
pressive activity, as demonstrated in Fig 1, C, in vitro—induced
CD39" 8 T cells have a strong suppressive activity in vitro
(Fig 2, C). Finally, we examined an in vivo immunosuppression
assay by using a contact hypersensitivity reaction model, which
is a prototype of skin allergic reaction.® We sensitized mice
with 25 pL of 0.5% dinitrofluorobenzene (Nacalai Tesque,
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Kyoto, Japan) in acetone/olive oil (4:1) on shaved abdominal
skin. Five days later, a total of 4 X 103 cells of isolated CD4™
T cells or the in vitro-induced CD39™ 8 T cells in 20 pL PBS
were subcutaneously injected into the ventral surface of each
ear. Ear thickness was measured before and at the indicated
time points after elicitation with 20 L of 0.3% dinitrofluoroben-
zene. Consistent with the in vitro findings, the injection of
in vitro—induced CD39" 8 T cells significantly suppressed ear
swelling, whereas the injection of CD4™" T cells rather promoted
ear swelling (Fig 2, D).

In conclusion, we have identified a candidate of a new surface
marker of mouse regulatory yd T cells, which have immunosup-
pressive activity possibly via IL-10. In addition, we demonstrated
that CD39" 8 T cells were induced from CD39~ & T cells
in vitro and have a strong suppressive activity both in vitro and
invivo. From a clinical perspective, our results may prove relevant
to adoptive immunotherapy of regulatory vy& T cells to allergic
skin reactions.
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