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Key Points

• A major part of CD81 memory
T cells expresses CD40L,
the key molecule for
T-cell–dependent help.

• CD40L-expressing CD81

T cells resemble functional
CD41 helper T cells.

CD81 T cells play an essential role in immunity against intracellular pathogens, with

cytotoxicity being considered their major effector mechanism. However, we here demon-

strate that a major part of central and effector memory CD81 T cells expresses CD40L, one

key molecule for CD41 T-cell–mediated help. CD40L1 CD81 T cells are detectable among

human antigen-specific immune responses, including pathogens such as influenza and

yellow fever virus. CD40L1CD81 T cells display potent helper functions in vitro and in vivo,

such as activation of antigen-presenting cells, and exhibit a cytokine expression signature

similar to CD41 T cells and unrelated to cytotoxic CD81 T cells. The broad occurrence of

CD40L1 CD81 T cells in cellular immunity implicates that helper functions are not only

executed bymajor histocompatibility complex (MHC) class II–restricted CD41 helper T cells

but are also a common feature of MHC class I–restricted CD81 T cell responses. Due to their versatile functional capacities, human

CD40L1 CD81 T cells are promising candidate cells for immune therapies, particularly when CD41 T-cell help or pathogen-associated

molecular pattern signals are limited. (Blood. 2013;122(3):405-412)

Introduction

Immune responses can be subdivided into cellular and humoral
components, with CD41 helper T cells being essential for both arms
of immunity and CD81 cytotoxic T cells mounting cellular immunity
against intracellular pathogens and malignant cells. During thymic
selection, CD41 andCD81T cells are restricted to recognize antigens
presented via major histocompatibility complex class II (MHC-II) or
class I (MHC-I), respectively. According to the prevailing concept of
T-cell immunity, the primary function of CD41 T cells is to activate
antigen-presenting cells (APCs) presenting exogenous antigens
via MHC-II, whereas CD81 T cells act as cytotoxic cells after
recognition of antigens via MHC-I. However, in recent years, it
emerged that these central processes of adaptive immune responses
are much more flexible and diverse than previously thought. CD41

T cells have been described that have acquired cytotoxic function,1

and protective CD81 T-cell–mediated immunity is not only based
on cytotoxicity but also depends on the secretion of cytokines,
including interferon g (IFN-g), interleukin (IL)-2, or tumor necrosis
factor a (TNF-a).2 The mechanisms of how T-cell fates are modified
may involve instruction by distinct subsets of APCs that are able to
crosspresent exogenous antigens on MHC-I and/or present endoge-
nous antigens on MHC-II.3,4 A key signaling event in adaptive
immune responses is the transient expression of the costimulatory
molecule CD40L on activated CD41 T cells.5 The expression of

CD40L by activated CD41 T cells is known to be critical for
licensing dendritic cells (DCs) to prime antigen-specific cytotoxic
CD81T-cell responses.6-8 CD41T cells are thought to express the vast
bulk of CD40L.9 However, CD81 T cells can be induced to express
CD40L in vitro,10-12 and recent in vivo studies comparing wild-type
(WT) with CD402/2 mice depleted of CD41 T cells provided
functional evidence that CD81 T cells are also competent to express
this key helper T-cell molecule.13 However, a direct identification and
characterization of CD81 T cells with helper functions has not yet
been attempted. Such CD81 T cells could be essential for certain
immune responses to achieve autonomy from classical CD41 T-cell
help, particularly in situations when MHC-II antigen-presentation
and/or pathogen-associated molecular patterns are limited.

The study presented here identifies and characterizes CD81 T cells
with helper functions directly according to CD40L expression. These
cells are present in various immune responses and form a major subset
of CD81 memory/effector T cells, including different subsets such as
Th1- and Th2-type cells. CD40L1 CD81 T cells comprise on average
25% of human memory CD81 T cells and are characterized by a
cytokine expression signature resembling conventional CD41 helper
T cells rather than CD81 cytotoxic T cells. Furthermore CD40L-
expressing CD81 T cells exert helper functions in vitro and in vivo
and represent a new substantial source of CD40L.
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Materials and methods

Human cell preparation

This study was conducted in accordance with the Declaration of Helsinki.
Human bloodwas obtained from healthy volunteers, including individuals who
received the attenuated YFV-17D vaccination (Stamaril; Sanofi Pasteur) after
providing informed consent. Peripheral blood mononuclear cells (PBMCs)
were separated from heparinized whole blood using Ficoll-Hypaque (PAA)
gradient and were cultured in RPMI 1640 medium (Gibco) supplemented with
100 U/mL penicillin, 0.1 mg/mL streptomycin, 0.3 mg/mL glutamine, and
10% inactivated human AB serum (PAA). All experiments followed protocols
approved by the local authorities.

Mice and cell preparation

C57BL/6J mice were purchased from Charles River Laboratories. The
following mice were obtained from The Jackson Laboratory and bred and
housed under specific pathogen-free conditions at the institution’s animal
facility (Charité) (stock number in parentheses): CD40L2/2 (002428), OT-
1xThy1.1 (003831), and OT-1xThy1.1xCD40L2/2.

Mice were challenged at 6 to 12 weeks of age and sacrificed at indicated
time points. Single-cell suspensions were obtained from spleens or lymph
nodes (LN) andwere cultured in RPMImedium supplementedwith 100U/mL
penicillin, 0.1 mg/mL streptomycin, 0.3 mg/mL glutamine, 10% inactivated
FCS (PAA), and 50 mM b-mercaptoethanol (Gibco). All animal experiments
were performed in accordance with German law and with permission from the
local authorities.

Antibodies

The following antibodies (clones) conjugated to fluorescein isothiocyanate,
phycoerythrin (PE), PerCP, APC, APC-Cy7, PE-Cy7, Alexa 488, eFlour 605,
or PacBlue were purchased from the listed companies. BD: ahCD3 (SK7),
ahCD4 (SK3), ahCD8 (SK1), ahCD69 (FN50), ahIL-2 (MQ1-17H12),
ahIL-4 (MP4-25D2), ahIFN-g (B27), ahCD28 (CD28.2), ahCD62L
(Dreg56), ahCCR4 (1G1), ahCLA (HECA-452), ahCCR5 (2D7/CCR5),
ahCXCR3 (1C6/CXCR3), ahIntegrinB7 (FIB504), ahTNF-a (Mab11),
ahMIP-1b (D21-1351),ahCD83 (HB15e),ahCD107a (H4A3),ahGranzymeB
(GB11), ahCD40L (TRAP1), amCD4 (RM4-5), amCD8 (53-6.7); R&D:
ahCCR7 (150503); Immunotech: aCD127 (R34.34); self-conjugated: ahCD27
(2E4), ahCD3 (UCHT-1), ahCD8 (GN11/134.7), ahCD4 (TT1), ahCD19
(BU12); Miltenyi Biotec: ahCD40L (5c8), amCD40 (FGK 45.5), amCD11c
(N418), ahCRTh2 (BM16); eBioscience: ahCD4 (OKT04), ahIL17 (eBio64-
Dec17), ahIFN-g (4S.B3), amCD4 (GK1.5), amIFN-g (XMG1.2), amCD62L
(MEL-14); Biolegend: ahCD40L (24-31), ahCD57 (HCD57), ahIFN-g (B27),
ahPerforin (dG9), amCD3 (145-2C11), amCD8 (53-6.7), amCD44 (IM7),
amCD11b (M1/70), amMHC-II (M5/114.15.2), amCD80 (16-10A1),
amCD45.1 (A20). All conjugates were titrated to determine their optimal
dilution. To avoid Fc-receptor binding, human cells were stained in the
presence of 1 mg/mL Beriglobin (Sanofi-Aventis) and murine cells with
2 mg/mL amFcg-receptor (2.4G2).

Flow cytometry, cell sorting, and stimulation

Enrichment of human or mouse T cells was performed using the appropriate
microbeads (Miltenyi Biotec). The purity was checked routinely using
fluorescence-activated cell sorting (FACS) and was >95%. For isolation of
specific populations, CD81 T cells were stained for 10 minutes for differ-
entiation markers and were subsequently sorted with an FACS Aria (BD).
For the sorting and analysis of live cells, 400 nM DAPI (Molecular Probes)
was added. Sorted cells (2 3 105 to 2 3 106 cells per mL) were stimulated
polyclonally at 37°C for 6 hours with 10 ng/mL PMA and 1 mg/mL phorbol
ester/ionomycin (P/I) (Sigma-Aldrich) in the presence of 1 mg/mL aCD40
(G28.5) for the assessment of extracellular CD40L expression or with 2mg/mL
brefeldin A (Sigma-Aldrich) for intracellular staining.14 For the analysis of
human antigen-specific T cells, 53 106 PBMCswere stimulated for 6 hours at
37°C with 1 mg peptide per mL with the following peptide pools or single

peptides: EBV-LMP1, EBV-LMP2, CMV-PP65, CMV-IE1, Flu-MP, Flu-NP,
and YFV-NS4B214–222.

15 Intracellular cytokine and CD40L staining
was performed for 30 minutes at 4°C after fixation and permeabilization with
FACS-Lysing and FACS-Perm2 Solution (BD) according to the manufac-
turer’s protocol. The cells were subsequently analyzed using an LSRII. For
CD107a staining, aCD107a–Alexa 488 was added during stimulation.
FACS data were analyzed with FlowJo (Tree Star).

In vitro APC cocultures and stability

For the APC cocultures, the CD81 and CD41 T-cell subsets were sorted with
magnetic-activated cell sorting (MACS) and FACS and were stimulated with
P/I before the cells were sorted for CD40L expression. The sorted fractions
were irradiated with 30 Gy and 105 T cells were cocultured at 37°C in 96-well
plates (Greiner) with 23 104 carboxyfluorescein diacetate succinimidyl ester
(CFSE)-labeled B cells. B cells were purified using ahCD19-Microbeads
(Miltenyi Biotec) and labeled using 5 mM CFDA (Invitrogen). On day 8, the
supernatant was collected for immunoglobulin M and immunoglobulin G
enzyme-linked immunosorbent assay (ELISA) and the CFSE dilution of
CD32CD191 cells was analyzed by FACS. The ELISAs were performed as
described previously.16

Similarly, the sorted T-cell subsets were cocultured at a ratio of 5:1 for
36 hours at 37°C with immature (CD832) monocyte-derived DCs (moDCs).
ThemoDCswere generated as previously described.17Maturation wasmeasured
according to CD83 expression by moDCs. Both cocultures were performed with
and without 10 mg/mL of blocking ahCD40L (5c8). Additionally, DCs were
cultured with 10 mg/mL ahCD40. The supernatant concentrations of
cytokines were measured on an LSRII with a bead array (eBioscience).

To test the capability to re-express CD40L, CD31/CD81/CD42/CD45RA2

memory T cells were sorted using MACS and FACS and were stimulated with
P/I before the cells were sorted for CD40L expression. The sorted T cells were
labeled using 5 mM CFDA and cultured with and without rhIL-2 and rhIL-12
(both 10 ng/mL;Miltenyi Biotec). On day 7, the cells were restimulated with P/I
and stained for surface CD40L.

Microarray analysis

Isolated RNA was subjected to quality control with an Agilent 2100 bio-
analyzer and quantification with a NanoDrop ND-1000 spectrophotom-
eter as previously described.18 Complementary DNA was hybridized to
Affymetrix HG U133 Plus2.0 GeneChips.

Gene array analysis was performed using R.19 CEL files were normalized
utilizing the robust multiarray average algorithm and then implemented in
Bioconductor.20 The expression of cytokines was extracted from the nor-
malized data and without further filtering was subjected to hierarchical
clustering using the Manhattan distance and Average linkage functions. The
microarray data have been deposited in the Gene Expression Omnibus with
the accession number GSE44126 (http://www.ncbi.nlm.nih.gov/geo/query/
acc.cgi?token5xdqtxqkukgugots&acc5GSE4412).

In vivo DC activation

CD40L2/2mice were injected with 106 CD81 T cells from OT-1xThy1.1 or
OT-1xThy1.1xCD40L2/2 enriched by MACS. The next day, mice were
immunized with 100 mg ovalbumin (OVA)-peptide SIINFEKL subcutane-
ously (R. Volkmer, Charité). One group without T-cell transfer received 500mg
amCD40 (FGK45). The serum and draining LN (lnn. subiliaci) were
harvested 36 hours later. Serum IL-12 concentrations were determined
with an ELISA (Invitrogen). Cell suspensions of the draining LN were
measured on an LSRII.

Statistics

The nonparametric 2-tailed Mann-Whitney test, 2-tailed Wilcoxon signed-
rank test, Friedman test, and Dunn’s post hoc test were used for direct
comparisons. For multiple group analysis, analysis of variance with the
Bonferroni multiple comparison posttest was selected (GraphPad Prism 5.02).
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Results

Human CD40L1 CD81 T cells represent memory cells

At first, we analyzed whether distinct subsets of human CD81

T cells characterized by differential expression of CD45RA and
CCR7 express CD40L after polyclonal stimulation.21-23 On aver-
age, 25% of both central memory (CCR71 CD45RA2) and effector
memory (CCR72 CD45RA2) CD81 T cells expressed CD40L
(Figure 1A-B) and central memory cells expressed higher levels
of CD40L than effector memory CD81 T cells comparable to the
expression levels of CD41 T helper cells (supplemental Figure 1).
Effector (CCR72 CD45RA1) CD81 T cells did not express
CD40L, and about 10% of naı̈ve (CCR71 CD45RA1) CD81

T cells expressed CD40L. Most CD40L1 CD81 T cells represented
memory T cells (CD271 and CD281 CD572) and coexpressed the
IL-7 receptor (CD127) (Figure 1C), a characteristic of long-living
memory T cells.24 To elucidate the migratory potential of CD81

T cells capable of expressing CD40L, we analyzed various cell-
surface molecules involved in lymphocyte homing and recircula-
tion. Memory CD81 T cells expressing CCR4, CLA, CRTh2,
or CD62L were significantly enriched in CD40L-expressing cells,
suggesting secondary lymphoid organ and skin migratory potential.
Few CD40L1 CD81 T cells expressed CCR5, CXCR3, or integrin
b7 (supplemental Figure 2), indicating a reduced inflammatory or
gut-homing capability of CD40L1 CD81 T cells. We further
evaluated whether CD40L expression by human memory CD81

T cells is a stable functional feature. Approximately 95% of
purified CD40L1 CD81 memory T cells re-expressed CD40L after
1 week of culturing and restimulation, while CD40L2 CD81

memory T cells barely acquired CD40L expression during in vitro

culture (Figure 1D). Even upon adding IL-12 and IL-2, cytokines
known to promote CD81 T-cell differentiation, CD40L1 cells kept
their capability to re-express CD40L, suggesting that in vivo–
primed CD40L1 CD81 T cells constitute a stable phenotype of
CD81 memory T cells.

We then investigated whether common human CD81 T cell
responses, such as those specific for influenza (flu), cytomegalovirus
(CMV), and Epstein-Barr virus (EBV), comprise CD40L-expressing
cells. Pathogen-specific IFN-g1 CD81 T cells of CMV-, EBV-, and
Flu-reactive donors included 6%, 14%, and 12% of CD40L1 cells,
respectively (Figure 2A-B). Additionally, we analyzed in parallel the
CD40L expression of virus-specific CD41 T cells, although due
to the amount of different proteins expressed by pathogens (eg,
CMV5 160 proteins,25 EBV5 89 proteins26) and the big variation
of epitope usage in different HLA types, it is difficult to compare
CD40L expression frequencies on antigen-activated CD41 and
CD81 T cells (supplemental Figure 3). In selected donors de-
monstrating both CD40L1 CD41 and CD81 T cells, we could
show that CD81 T cells express on average less CD40L than CD41

T cells.
Furthermore, CD81 T-cell responses elicited during yellow fever

virus (YFV) vaccination were analyzed in order to monitor a primary
human immune response leading to almost lifelong immunity.27 In all
donors, CD40L expression was detectable in up to 20% of YFV-
specific IFN-g1 CD81 T cells independent of the time point after
vaccination (Figure 2C-D).

CD40L1 CD81 T cells share functional features of CD41 T

helper cells

In order to evaluate functional features of CD40L-expressing CD81

T cells, we next determined whether human CD40L1 CD81 T cells

Figure 1. Phenotype of human CD40L1 CD81 T cells. (A) The left dot-plot shows representative gates for ex vivo–sorted CD31 CD81 CD42 T-cell subsets based on CCR7

and CD45RA expression (CCR71 CD45RA1 naive, CCR71 CD45RA2 central memory, CCR7- CD45RA2 effector memory, or CCR72 CD45RA1 effector cells). The isolated

cells were stimulated with P/I in the presence of aCD40 antibodies and were subsequently assessed for CD40L expression among activated CD691 cells. (B) The frequencies

of CD40L1 CD81 T-cell subsets are shown as the median6 standard error of the mean (SEM) (n 5 13); the Friedman test and Dunn’s post hoc test were used (***P , .001).

(C) P/I-stimulated CD81 T cells were analyzed for their capacity to coexpress CD40L with CD27, CD28, CD127, or CD57. (D) Ex vivo–sorted human memory CD81CD45RA2

T cells were stimulated with P/I and subsequently separated into CD40L1 and CD40L2 fractions. Proliferation after 7 days in vitro culture with and without IL-2 and IL-12 was

assessed by CFSE dilution and capability to re-express CD40L after 6-hour P/I stimulation. (C-D) One representative experiment out of 3 to 5 is shown.
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Figure 2. CD40L1 CD81 T cells in human antigen–specific responses. (A) Human PBMCs from healthy donors were stimulated with peptide pools from different virus

antigens. The dot-plots show representative intracellular cytokine and CD40L staining of CD31 CD81 CD42–gated lymphocytes. (B) The frequencies of CD40L1 and IFN-g1

virus-specific CD81 T cells and the corresponding ratio of CD40L1 cells among virus-specific IFN-g1 CD81 T cells are summarized for CMV (n 5 16), EBV (n 5 17), and flu

(n 5 26) (mean 6 SEM). (C) At different time points after YFV vaccination, PBMCs from healthy donors were stimulated with the immunodominant peptide YFV-NS4B. The

dot-plots show the intracellular IFN-g and CD40L staining of CD31 CD81 CD42–gated lymphocytes from 1 representative donor (n 5 6).
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induce DC maturation and B-cell activation similar to CD41 helper
T cells. Activated human CD40L1 CD81 T cells induced matu-
ration of moDCs, as defined by the induction of CD83 expression,17

and the secretion of cytokines such as IL-12 in a CD40L-dependent
manner (Figure 3A-B and supplemental Figure 4). Activated
CD40L2 CD81 memory T cells largely failed to induce DC
maturation. In a similar approach, CD40L1 but not CD40L2 CD81

memory T cells also activated proliferation and antibody secretion
of B cells (Figure 3C).

To test whether CD40L1CD81T cells can induce APC activation
as well in vivo, we measured IL-12 blood serum concentration and
activation status of draining LN DCs in OVA-peptide immunized
CD40L2/2mice that had received eitherWTOT-1 or CD40L2/2OT-
1 CD81 T cells before (Figure 3D-E). Thus, CD40L expression by
other cell types is excluded. Significantly elevated IL-12 serum

levels and upregulation of CD80 and CD40 on CD11c1 DCs from
draining LN were detectable only in recipient mice transferred with
CD40L-competent WT OT-1 CD81 T cells, confirming that
CD40L1 CD81 T cells can exert potent helper functions also
in vivo.

Another key functional feature of memory CD41 helper T cells in
addition to CD40L expression is the secretion of distinct cytokines
depending on their polarization.28 In order to assess cytokine secretion
potentials in detail, cytokine expression profiles of activated human
CD40L1 and CD40L2 memory CD81 and CD40L1 CD41 memory
T cells were compared using microarray technology. Unsupervised
clustering analysis revealed that the cytokine expression profile of
CD40L1 CD81 T cells is more closely related to the profile of
CD40L1 CD41 T cells than to the profile of CD40L2 CD81 T cells
(Figure 4A and supplemental Figure 5). Based on these results, we

Figure 3. CD40L1 CD81 T cells functionally resemble CD41 T helper cells. (A) CD81 and CD41 T cells were stimulated with P/I and CD40L1 and CD40L2 cells were

separated. Next, the T-cell subsets were cocultured for 24 hours with immature moDCs in the presence (red) or absence (black) of blocking aCD40L antibodies. Gray filled lines

represent CD83 expression on DCs without T cells. The median6 SEM of the CD83 expression is written beneath the histograms in matching colors. (B) Supernatants of experiments

described in panel A were collected to determine cytokine concentrations. MoDC controls without T cells were also cultured in the presence of aCD40 antibody or aCD40L antibody

(gray or white bars, respectively). (C) As in panel A, the same sorted T-cell populations were cocultured with B cells in the presence (red) or absence (black) of blocking aCD40L

antibodies. The proliferation of cocultured B cells was assessed after 8 days based on CFSE dilution, and the supernatant from the same cocultures was analyzed by ELISA for

secretion of immunoglobulin M and immunoglobulin G. The percentages represent the frequencies of proliferated CFSElow B cells. (D-E) CD40L2/2 mice received 106 OT-1 and

OT-1xCD40L2/2CD81 T cells (intravenously) and were challenged 1 day later with OVA-peptide (SIINFEKL) (subcutaneously). (D) The level of IL-12 in the blood serum was quantified

by ELISA 36 hours postimmunization, and (E) the mean fluorescence intensity (MFI) of CD40 and CD80 from draining LN CD11c1MHC-II1 cells was determined. (D-E) For statistical

analysis, analysis of variance with the Bonferroni multiple comparison posttest was used (*P, .05; **P, .01; ***P, .001). (A-E) One representative experiment out of 2 or 3 is shown.
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performed direct cytometric analysis of CD40L and helper T cell
cytokines in ex vivo activated human CD81 T cells. Compared with
CD40L2 cells, CD40L1 CD81 T cells were highly enriched in IL-21

and IL-41 cells, expressed comparable levels of TNF-a or IL-17, and
expressed low levels of IFN-g (Figure 4B), suggesting that differentially
polarized CD81 T-cell subsets with helper functions exist, similar to
CD41T cells. Frequencies of polyfunctional T cells,29 characterized by
>3 parameters such as IL-2, IFN-g, TNF-a, MIP1b, and CD107a
expression, were similar between CD40L1 and CD40L2CD81T cells
(supplemental Figure 6). Notably, CD40L1 polyfunctional CD81

Tcells predominantly expressed IL-2,whereasCD107awas exclusively
detected among CD40L2 polyfunctional CD81 T cells. In agreement
with these results, the cytotoxic effector molecules granzyme B and
perforin were predominantly expressed by CD40L2 CD81 T cells
following polyclonal stimulation (Figure 4C). In summary, CD40L1

CD81 T cells account for a substantial, distinct subset of memory
T cells in the peripheral human T-cell pool characterized by a functional
potential closely related to CD41 helper T cells.

Discussion

We here demonstrate that CD40L expression and other es-
tablished helper T-cell characteristics are a feature of not only

MHC-II–restricted CD41 helper T cells but also of a novel and
prominent subset of MHC-I–restricted CD81 T cells. Assessment of
CD40L ex vivo after stimulation has so far been hampered by the fact
that CD40L is downregulated and degraded rapidly after interaction
with CD40.30 Expression of CD40L was therefore difficult to detect,
or its actual expression level may have been underestimated due to
these limitations. Employing methods, previously established by
us,14,31 we here show directly that CD40L expression is a feature of
a distinct prominent subset of memory CD81 T cells functionally
resembling CD41 helper T cells.

Putative helper properties of CD81 T cells were first postulated
in the early 2000s.32-34 Later, it was reported that lack of CD40L by
CD81 T cells leads to diminished T-cell responses in the absence
of CD41 helper T cells.35 Based on studies using blocking
aCD40L antibody, CD81 T cells have been suspected previously
to express also the key helper T-cell molecule CD40L.36 Our data
directly reveal that CD40L is expressed by a major CD81 T-cell
subset. CD40L1 CD81 T cells display cytokine expression profiles
similar to CD41 helper T cells and induce maturation of APCs as
well as IL-12 production in vitro and in vivo. The T-cell–induced
serum IL-12 levels seem to be low but are after T-cell–dependent
DC activation, where lower IL-12 levels can be expected com-
pared with systemic administration of Toll-like receptor ligands
like lipopolysaccharide. According to their helper T-cell–like

Figure 4. Human CD40L1 CD81 T cells express

helper cytokines but not cytolytic molecules. (A)

CD81 and CD41CD45RA2 memory T-cell subsets

were sorted after 6-hour P/I stimulation and messenger

RNA expression of cytokine genes was analyzed with

microarrays. (B) CD81 T cells were stimulated with P/I

and were analyzed for CD40L expression and coex-

pression of cytokines using an intracellular cytokine

assay. (C) CD81 T cells were stimulated and analyzed

for CD40L and degranulation (CD107a1) as well as for

coexpression of perforin and granzyme B. (B-C) One

representative experiment out of 5 is shown.
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functions, CD40L1 CD81 T cells can be classified as CD81 helper
T cells.

The fact that rapid CD40L expression is a feature of resting
memory CD81 T cells supports the notion that CD40L1 CD81

T cells may exert their helper functions not only in the initial effector
phase of an immune response but also during a secondary challenge.
One prominent function of CD40L during a secondary pathogen
encounter could be to protect APC from cytotoxic T lymphocyte
(CTL)-mediated elimination. While so far this function had been
attributed mainly to CD41 T cells,37 it has recently been suggested
also for CD81 memory T cells,38 particularly in interaction with
crosspresenting DCs.

Analysis of the cytokine expression profiles of CD40L1 and
CD40L2 CD81 T-cell subsets revealed that most Tc2 cells, defined
by expression of IL-4, IL-5, or IL-13, as well as CD81 T cells
expressing other CD41 helper T-cell–associated cytokines such as
IL-9, IL-17, or IL-22, are components of the CD40L-expressing
CD81 T-cell population, suggesting the existence of diverse CD40L-
expressing CD81 T-cell subsets in analogy to CD41 helper T-cell
subsets. While mostly IFN-g–producing CD40L1 CD81 T cells
were detected in human-virus–specific immune responses, the majo-
rity of human IL-21 CD40L1 CD81 T cells did not produce IFN-g.
This discrepancy could indicate that IL-21 CD40L1 CD81 T cells
have different pathogen specificities or are primed under different
conditions than IFN-g–producing CD40L1 CD81 T cells. Frequen-
cies of CD40L expression among CMV-specific CD81 T cells were
lower than among EBV- and flu-specific CD81 T cells, probably due
to the special characteristics of CMV that drive antigen-specific
CD81T cells to a terminally differentiated effector phenotype.39 This
could support a notion that CD40L1 CD81 T cells are decreased in
chronic infection. In contrast, in the course of vaccination with YFV,
which resembles an acute primary virus infection, CD40L expression
by antigen-specific CD81 T cells was detected in all vaccinated
individuals at all analyzed time points.

In addition to a putative role in protecting APCs from lysis by
effector CTLs, CD81T cells with helper properties could be essential
to achieve certain autonomy from CD41 T-cell help during the
activation of cellular immunity. The prevailing concept comprises
a sequential 3-cell interaction including specific CD41 and CD81

T cells and DCs, leaving open the question of how specific CD81

T cells always encounter a DC after it has been licensed by specific
CD41 T cells.40 A 2-cell interaction would more adequately explain
the rapid activation and expansion of T cells, particularly during

a second pathogen encounter. The ubiquitous presence of CD81

T cells capable of expressing CD40L may provide an answer.
In summary, the feasibility to directly assess CD81 T cells with

helper properties based on CD40L expression will permit the further
analysis of their functions in intercellular activation and communi-
cation during immune reactions. Furthermore, due to their unique
ability to conduct help in a MHC-I–restricted manner, CD40L1

CD81 T cells represent a very attractive T-cell population for cellu-
lar therapies aimed against infection and malignant diseases.
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