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Human Langerhans cells (LCs) are highly efficient at priming cytolytic
CD8™" T cells compared with dermal CD14* dendritic cells (DCs). Here
we show that dermal CD14" DCs instead prime a fraction of naive
CD8* T cells into cells sharing the properties of type 2 cytokine-
secreting CD8* T cells (TC2). Differential expression of the CDS8-
antagonist receptors on dermal CD14% DCs, the Ig-like transcript
(ILT) inhibitory receptors, explains the difference between the two
types of DCs. Inhibition of CD8 function on LCs inhibited cytotoxic
T lymphocytes (CTLs) and enhanced TC2 generation. In addition,
blocking ILT2 or ILT4 on dermal CD14* DCs enhanced the generation
of CTLs and inhibited TC2 cytokine production. Lastly, addition of
soluble ILT2 and ILT4 receptors inhibited CTL priming by LCs. Thus,
ILT receptor expression explains the polarization of CD8" T-cell
responses by LCs vs. dermal CD14* DCs.

D endritic cells (DCs) are potent antigen-presenting cells (APCs)
responsible for inducing Ag-specific immunity and tolerance
(1). Several populations of DCs take up residence in different tis-
sues and carry common as well as unique biological functions (2, 3).
The healthy human skin displays at least three DC populations—
Langerhans cells (LCs) in the epidermis and interstitial CD1a* and
CD14" DCs in the dermis (4, 5). Each of the different skin DC
subsets carries out specialized functions. CD14* DCs that reside in
the dermis are particularly efficient at controlling the differentiation
of naive B cells into plasma cells (6, 7). Epidermal LCs, conversely,
are highly efficient at priming naive CD8" T cells into potent
cytotoxic T lymphocytes (CTLs). Both DC subsets are equally ef-
ficient at inducing a secondary CD8" T-cell response (7-9).

T lymphocytes are also composed of subsets. The CD4* T-cell
subsets, Thl and Th2 (10), were the first to be characterized.
Subsequently, other subsets have been identified and include
Tregs, Th17, Tfh, and Th9 (11). CD8" T-cell subsets have also
been divided into subsets based on their cytokine production
profile (12-14). Type 1 cytokine-producing T cells (TC1) express
IFN-y and TNF-a, whereas type 2 cytokine-producing T cells
(TC2) produce IL-4, -5, and -13. Suppressor CD8" T cells pro-
duce IL-10 and TGF-p and are characterized by low expression
levels of CD8 and CD28 (15, 16). These findings are physio-
logically relevant because the balance between TC1 to TC2 and
CD8* suppressor T cell populations correlates with a patient’s
ability to overcome tumor overgrowth or viral infections.

Studies with CD8-o or CDS8-} gene-targeted mice have revealed
that CD8 plays a key role in the maturation and function of MHC
class I-restricted T lymphocytes (17, 18). Interacting with MHC in
the immunological synapse, a specialized junction between a T
lymphocyte and an APC, CD8 can enhance the affinity of T-cell
receptor (TCR)-CDS8 complexes for MHC-peptide (pMHC)
complexes by ~10-fold (19). The importance of CDS is also
demonstrated by the function of two inhibitory receptors, ILT2
and ILT4, that can inhibit the function of CD8 by competing for
MHC class I binding and generate T regulatory cells (20-23).
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The present study was designed to determine why dermal
CD14" DCs are less potent than epidermal DCs in priming ef-
fector CD8" T-cell responses. We found that ILT2 and ILT4,
which are expressed specifically on human dermal CD14* DCs,
inhibit the differentiation of naive CD8" T cells into cytotoxic
T cells and instead promote the differentiation of TC2 cells. This
finding suggests that expression of specific inhibitory receptors on
dermal CD14* DCs modulates their ability to prime and activate
naive CD8* T cells.

Results

CD14* DCs Prime CD8' TC2 Cells. To analyze Eeptide-speciﬁc CD8*
T-cell priming, LCs and interstitial CD14™ DCs (CD14* DCs)
were generated by culturing HLA-A201"CD34" hematopoietic
progenitor cells (HPCs) in the presence of GM-CSF, Flt3-L, and
TNF-a for 9 d. In vitro-cultured CD1a*CD14~ LCs (in vitro LCs)
and CD1a CD14" interstitial DCs (CD14" DCs) were sorted,
loaded with the HLA-A201-restricted melanoma peptide MART.
1 (26-35), and cultured with autologous naive CD8"* T cells for up
to 10 d. Consistent with experiments using DCs isolated from skin
(Fig. 14), MART-1-specific CD8" T cells expressed higher amounts
of surface CD8 when primed by in vitro-generated LCs, compared
with CD8" T cells primed with CD14* DCs (Fig. 1 B and C and
Fig. S1A4). In contrast, both of the in vitro-generated DC subsets
loaded with the HLA-A201-restricted Flu Matrix peptide M1
Flu-MP (1 pM) (58-66), were equally efficient at expanding
memory CD8* T cells (7). In addition, the specific memory CD8"
T cells expressed comparable levels of surface CD8 (Fig. S1B).
To analyze T-cell cytokine secretion patterns, naive CD8"
T cells were carboxyfluorescein diacetate succinimidyl ester
(CFSE)-labeled and cultured with each of the skin DC subsets
for 7 d. Flow cytometry analysis revealed that dermal CD14*
DCs, but not skin LCs, induced the generation of CFSE'® CD8*
T cells that expressed IL-13 (13% vs. 0.7%). Both LCs and
dermal CD14" DCs induced CD8" T cells to produce IFN-y
(Fig. 1D). To assess the secretion of cytokines using multiplex
assays, CFSE'™® cells were sorted and stimulated with anti-CD3
and -CD28 mAbs for 48 h. In concordance with the flow
cytometry data, CD8" T cells primed by dermal CD14* DCs
secreted IL-13, as well as other type 2-associated cytokines
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T cells were primed for 7 d by skin CD40L-activated
LCs and dermal CD14* DCs. CFSE' cells were sorted

100
IL-13

at the end of the culture and restimulated for 48 h with anti-CD3 and -CD28 mAbs. The cytokines IL-13, -5, -4,

supernatant by using Luminex.

(IL-4, -5). Both LCs and dermal CD14* DCs induced CD8* T
cells that secreted IFN-y (Fig. 1 D and E). Thus, dermal CD14™*
DCs, but not LCs, induce a fraction of naive CD8* T cells to
differentiate into TC2 cells.

Anti-CD8 mAb Inhibits Priming of Antigen-Specific CD8* T Cells. To
test the role of CDS8, we added anti-CDS8 antibody to a mixed
lymphocyte reaction (MLR) of skin LCs and naive allogeneic
T cells (Fig. S24). Addition of anti-CDS, but not a control anti-
body, resulted in ~80% inhibition of proliferation as assessed by
[*H]thymidine incorporation (78% =+ 12% reduction; n = 3; P <
0.0001). In MLRs performed with in vitro LCs and allogeneic naive
CD4" and CD8" T cells, addition of anti-CDS also inhibited the
proliferation of CD8" T cells as assessed by CFSE dilution (16.6%
vs. 56.7% CFSE'"; Fig. S2B Upper) but did not affect proliferation
of CD4* T cells (75.7% vs. 74% CFSE'"; Fig. S2B Lower).

The anti-CD8 mAb also blocked the expansion of autologous
MART-1-specific CD8" T cells by MART-1-pulsed in vitro LCs
(Fig. 24). However, the addition of anti-CD8 mAb at concentrations
as high as 2.5 pg/mL did not inhibit the proliferation of memory
alloreactive CD8" T cells induced by the in vitro LCs (Fig. S2C), or
of autologous Flu-MP-specific CD8* T cells (Fig. S2D). Together,
these data demonstrate a critical role for CD8 in DC-mediated
priming but not in the stimulation of memory CD8* T cells.

CD8™ T Cells Primed with Anti-CD8 Differentiate to TC2 Cells. Because
the anti-CD8 mAb only partly blocked CD8* T-cell proliferation,
we wondered whether the remaining proliferating cells might
show skewed differentiation. Indeed, addition of anti-CD8 mAb
during priming of CD8" T cells with allogeneic LCs yielded cells
that expressed lower levels of the effector molecules, granzymes
and perforin (Fig. 2B). To analyze cytokine secretion patterns
using multiplexed cytokine assays, CFSE-labeled naive CD8"
T cells were cocultured with in vitro LCs with or without anti-
CDS8 mAb for 7 d. CESE™ cells were sorted and stimulated with
anti-CD3 and -CD28 mAbs for 48 h. Indeed, cells primed with
anti-CD8 mAb produced higher amounts of IL-13, -5, -4, and
-10, but similar levels of IL-2 and IFN-y, compared with control
cultures (Fig. S3); CD8" T cells primed by skin LCs with anti-CD8
mADb, contained a higher frequency of IL-13-producing [Fig. 2C
Left; 5.7 (2+3.7) vs. 2.8 (1.7+1.1)] and IL-4-producing cells [Fig.
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and IFN-y were measured in the culture

2C Left; 2.2 (0.6+1.6) vs. 0.6 (0.1+0.5)] than did control cultures
(Fig. 2C Center). Culturing LCs with naive CD8" T cells in the
presence of anti-CDS yielded as many IL-13—producing and IL-4—
producing CD8* T cells as did cultures of dermal CD14" DCs with
naive CD8" T cells [Fig. 2C Right; 4.8 (1.6+3.2) and 2.8 (0.4+2.4),
respectively]. Consistent with TC2 cells (12, 24), the CD8* T cells
cultured with anti-CD8 mAb expressed higher levels of surface
CD30 and CD40L, but lower levels of CD25 (Fig. 2D), compared
with isotype controls. Furthermore, as observed by the dilution of
CFSE dye and the expression level of CD40L (Fig. 2E), CD8*
T cells cultured with dermal CD14* DCs resembled CD8" T cells
primed by LCs and anti-CD8 mAb, compared with control cul-
tures (10.9% and 12.5% vs. 3.9% and 4.4%, respectively). Col-
lectively, the data indicate that blocking CD8 on LCs converts the
priming of naive CD8" T cells from cytolytic T cells to TC2 cells.

Dermal CD14* DCs, but Not LCs, Express ILT Receptors. The results
with anti-CD8 mAbs led us to hypothesize that dermal CD14* DCs,
but not LCs, might express CD8 antagonists such as the ILT
receptors (21). ILT2 and ILT4 represent such candidates because
they bind both classical and nonclassical MHC class I and compete
with CDS8 for its binding to MHC. Microarray analysis of freshly
purified skin DCs indeed revealed that dermal CD14™ DCs, but not
LCs, express ILT2 and ILT4, as well as ILT3 and ILTS (Fig. S44).
Flow cytometric analysis of DCs that migrated out of skin con-
firmed that dermal CD14" DCs express ILT2, ILT4, and ILT5 (Fig.
34 and Fig. S4B). Immunofluorescence staining of frozen skin
sections also confirmed expression of ILT2 and ILT4 on dermal
CD14" DCs (Fig. 3 B and C). Activation of purified DC subsets
through CD40, with or without Toll-like receptor (TLR) agonists,
did not alter their ILT receptor expression (Fig. S4C). Thus, the ex-
pression of ILT2, ILT4, and ILT5 is restricted to dermal CD14* DC.

Soluble ILT4 Inhibit the Generation of Polyfunctional CD8* T Cells by
LCs. To establish that ILT2 and ILT4 might actually prevent
CD14* DCs from generating polyfunctional T cells, soluble
forms of ILT2 and ILT4 proteins (extracellular domains fused
to an Fc fragment) were generated and then added to cocultures
of in vitro LCs (that do not express ILTs) and naive CD8" T cells.
As shown in Fig. S54, naive CD8" T cells exposed to autologous
in vitro LCs differentiated into cells expressing granzymes A and B.
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Fig. 2. Blocking CD8 inhibits CD8* T cell priming and leads to the genera-
tion of TC2 cells. (A) Plots show the frequency of HLA-A201-MART-1-specific
CD8™" T cells primed for 9 d by peptide-loaded in vitro CD40L-activated LCs
and with 1 pg/mL anti-CD8 mAb or an isotype-matched control. Data are
representative of five independent experiments. (B) Naive CD8" T cells were
primed by allogeneic in vitro CD40L-activated LCs and with anti-CD8 mAb or
an isotype-matched control for 7 d. The CD8" T cells were analyzed by flow
cytometry for the expression of intracellular granzymes A and B and per-
forin. (C) Allogeneic CFSE-labeled naive CD8" T cells were primed for 7 d by
skin CD40L-activated DC subsets: LCs or dermal CD14" DCs and with anti-CD8
or an isotype-matched control. The cells were then further expanded for
48 h with a combination of plate-bound anti-CD3 mAb, a soluble anti-CD28
mADb, and IL-2. Intracellular expression of IFN-y, IL-4, and -13 was assessed by
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In contrast, addition of soluble ILT4, and to a lower extent ILT2,
yielded T cells expressing low levels of granzymes, whereas an
irrelevant Fc fusion protein had no effect (Fig. S54). Addition
of the ILT4, but not the ILT2, fusion protein, resulted in an
increased frequency of IL-4—producing CD8* T cells (Fig. S54).
Similar results were also observed when the ILT2 and ILT4 fu-
sion proteins were added to cocultures of skin LCs and naive CD8
T cells (Fig. S5 B and C). Concomitantly, the ILT4 fusion protein
induced increased production of IL-13 by the LC-primed CD8"
T cells (520 vs. 173 pg/mL; Fig. S5D) and a decrease in the fre-
quency of cells producing both TNF-a and IFN-y (27% vs. 45%)
(Fig. SSE). Thus, soluble ILT2- and ILT4-Fc inhibited the de-
velopment and generation of effector CD8* T cells induced by LCs.

Limited Amounts of ILT2 and ILT4 Receptor Expression Enable Dermal
CD14* DCs to Generate Polyfunctional CD8* T Cells. We next gen-
erated polyclonal Abs against ILT molecules to assess whether
blocking their function would enhance the generation of effector
CD8" T cells by dermal CD14* DCs. To this end, mice were
immunized with soluble ILT2 and ILT4 proteins. Dermal CD14*
DCs were cultured with naive CD8* T cells, and anti-ILT2 or
-ILT4 sera were added. Serum from mice immunized with only the
Fc portion of the ILT molecule served as a control. After 9 d, the
cultured cells were stimulated with phorbol 12-myristate 13-ace-
tate (PMA) and ionomycin for 5 h. In line with our previous study,
both skin LCs (Fig. S6A4, right column) and dermal CD14" DCs
(Fig. S64, left column) induced naive CD8" T cells to proliferate
and secrete IFN-y, whereas dermal CD14" DCs primed CD8* T
cells to produce IL-13 (Fig. S64). Blocking ILT4 during priming
of naive CD8" T cells with dermal CD14* DCs using polyclonal
Abs resulted in a reduction (7.4-1.5%) of IL-13-producing CD8*
T cells (Fig. S64). In addition, blocking ILT4 enhanced the ex-
pression of granzyme B by CESE" cells (Fig. S6B, blue histogram)
compared with cocultures performed with control serum or no
serum at all (Fig. S6B, orange or cyan histogram). Addition of
polyclonal ILT2 Abs or control serum to cocultures of dermal
CD14" DCs and naive CD8" T cells altered neither the level of
proliferation nor the production of cytokines (Fig. S64). However,
we did find that a commercially available ILT2 mAb (clone 3F1;
Fig. S6C) was able to mildly enhance the priming of polyfunctional
CD8* T cells, but this result was not statistically significant.

We next took advantage of the partial expression of ILT2 and
ILT4 on in vitro-generated CD34"-differentiated DCs. Thus, we
used cell sorting to separate dermal CD14™ DCs based on high and
low ILT receptor expression (Fig. 44). Consistent with our pre-
vious blocking experiments, low amounts of ILT expression on the
CD14" DCs allowed greater naive CD8* T-cell proliferation (20%
vs. 9.4%) and effector cytokine (IFN-y and TNF-a) production
(Fig. 4 B and C, respectively). In addition, CD8" T cells primed by
ILT" DCs produced lower amounts of IL-13 compared with ILT™
DCs-primed T cells (Fig. 4D). Interestingly, separating the cells
based on ILT4 expression alone was sufficient to drive greater CTL
response, as observed by enhanced proliferation, reduced CD40L
expression (Fig. 4E), and increased percentage of cells coexpress-
ing two (green) or three (blue) effector cytokines (Fig. 4F).

Anti-ILT4 Enhances Generation of Polyfunctional CD8* T Cells. To
further assess the biological significance of ILT4 in priming CTL
responses, we selected and tested three purified ILT4-specific mAbs

flow cytometry after additional 5-h stimulation with PMA and ionomycin in
the presence of monensin. Plots show the production of the above cytokines
by each of the CD8" T-cell cultures. (D) Similar to B, cells were analyzed for the
expression of CD30, CD40L, and CD25. (E) Skin LCs or dermal CD14* DCs were
activated with CD40L and cultured with CFSE-labeled naive CD8* T cells for
8 d. Anti-CD8 mAb or an isotype-matched control was added to the cultures
as indicated. Cells were assessed for the dilution of CFSE dye and the expres-
sion of intracellular CD40L after overnight expansion with anti-CD3 and -CD28
mAbs and additional 5-h stimulation with PMA and ionomycin in the pres-
ence of monensin. Data are representative of two independent experiments.
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Fig. 3. Expression analysis of the ILT family receptors by the skin DC subsets.
(A) Flow cytometry analysis of the ILT2 and ILT4 receptors on the surface of
LCs and dermal CD14" DCs (black histogram); gray histogram represents
isotype control. Data are representative of at least four independent
experiments. (B and C) Immunofluorescence staining of ILT2 (B) and ILT4 (C)
receptors on sections of human dermis. ILT is visualized in green, CD14 in
red, and cell nuclei in blue.

for their ability to enhance naive CD8" T-cell proliferation and ef-
fector molecule production (Fig. 5). As shown in Fig. 54, clone 20F3
was able to induce robust CD8" T-cell proliferation, compared with
clones 17ES and 8E10, which showed only moderate or no effect
compared with control mAb. Moreover CD8* T cells primed by
dermal CD14" DCs and the anti-ILT4 mAb clone 20F3 produced
substantially lower amounts of IL13 compared with control cultures
(Fig. 5B). Finally, in agreement with our other data, blocking ILT4
during primary CD8" T-cell responses promoted the expansion of
granzyme B (Fig. 5C Upper; 52.4% vs. 18% and 17.2%), as well as
IFN-y and TNF-o (Fig. 5C Lower; 32% vs. 13% vs. 8.6%) producing
cells. Together, antagonists of ILT2 and ILT4 increase the capacity of
dermal CD14* DCs to generate polyfunctional effector CD8" T cells.

Discussion

DCs are composed of several subsets endowed with distinct im-
munological functions. The molecular basis for these functional
differences remains poorly understood. The present study was
initiated to define the mechanisms conferring LCs with a stronger
potency for priming CD8" T-cell responses than CD14* DCs.
Indeed, whereas LCs effectively prime CD8"" polyfunctional
T cells, naive CD8" T cells proliferating in response to dermal
CD14* DCs display lower levels of surface CD8 and produce type
2-associated cytokines (IL-4, -5, and -13). Indeed, the homogenous
levels of CDS8 displayed by blood-isolated naive T cells suggests
that dermal CD14™ DCs can specifically induce low CD8 expression
or induce CD8 down-regulation. Our observation for the role of
dermal CD14" DCs in preferentially driving the polarization of
naive CD8" T cells into type 2-cytokine-secreting cells is further
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supported by mouse studies demonstrating a role for dermal DCs
in biasing toward Th2 responses (25, 26).

Similar to our previous study (7), we used DC subsets that
were isolated from skin as well as their in vitro counterparts that
were differentiated from CD34" HPCs. These two systems
complemented each other, because using in vitro-differentiated
permits us to study not only allogeneic, but also autologous
T-cell responses induced by the various DC subsets. By using
allogeneic responses, our study showed that limiting CD8 density
on naive T cells using an anti-CD8 mAb during coculture with
LCs inhibited T-cell proliferation and altered the quality of the
response. This process resulted in polarization toward TC2
phenotypes associated with lower frequency of granzyme- and
perforin-expressing cells, lower surface CD8 and CD25, and high
CD30 and CD40L expression (12, 24, 27).

These experiments suggest that dermal CD14" DCs might
express a cell-intrinsic receptor that interferes with CDS function.
Microarray analysis revealed that dermal CD14* DCs expressed
ILT4 and ILT2, known inhibitors of CD8 binding to MHC class I
(21, 22, 28). Indeed, structural modeling demonstrated that ILT2
or ILT4 sterically interfere with CD8-a in binding to MHC class I
(Fig. S7). ILT receptors are known to impair natural killer (NK)
cell function, as well as to promote the generation of regulatory
CD8"* and CD4* T cells (29), and the mouse homolog PIR-B was
recently shown to regulate the suppressive function of myeloid-
derived suppressor cells (30). Using soluble-ILT fusion proteins
and ILT antibodies that we generated, we confirmed that ILT4
and, to a lower extent, ILT2 function to regulate the generation
of effector CD8" T cells by dermal CD14" DCs.

Although we used several different approaches to study the role
of ILT2—including using a soluble ILT2 receptor, ILT2 blocking
antibodies, and the sorting of ILT2 high- and low-expressing
DCs—our results were never as robust as with the ILT4 blocking
reagents. We also tried generating lentiviruses to selectively knock
down these receptors in the DCs, but, unfortunately, we were not
able to get significant knockdown in our cells. We are not sure why
the effect seen with the ILT?2 is less robust than with the ILT4. We
suspect that it could be due to differences between our reagents; it
also suggests that ILT2 and ILT4 may have distinct functions.

Although TLT3 can also inhibit CD8" T-cell responses and
promote the induction of suppressor CD8" T cells (31, 32), dermal
CD14" DCs expressed only low levels of ILT3 transcripts. We also
could not detect ILT3 expression either at steady state or after
microbial stimulation. Addition of soluble ILT3-Fc fusion protein
to cocultures of LCs and naive CD8" T cells did not result in any
significant effects on effector CD8" T cell priming.

In contrast, ILTS was detected at high levels on the surface of
purified CD14* DCs and in situ in skin sections. Its role in dermal
CD14" DCs remains to be established. Other inhibitory receptors—
such as the nonclassical MHC, HLA-G, that acts in conjunction
with ILT4—can promote the generation of IL-10-producing sup-
pressor CD8'™ T cells (33). Only primary, but not recall, responses
against viral or allogeneic antigens, however, were sensitive to the
inhibitory effect of anti-CDS8. Differences in the interaction of Lck
with CD8 within naive and memory CD8* T cells could explain this
finding (34); indeed, whereas Lck associates with CDS at low stoi-
chiometry in naive cells, the level of association is much higher in
memory and effector cells. Alternatively, it has been proposed that
CDS8 molecules interact with pMHC in two distinct orientations,
potentially explaining why memory cells, as opposed to naive cells,
were insensitive to anti-CD8 blockage (35). Several studies indicate
a unique role for CDS8 in fine-tuning the activation threshold of T
cells (36, 37) and in compensating for lower numbers of antigen-
specific pMHC complexes (38). Our study supports the importance
of CD8 accessibility during primary responses of naive CD8" T cells.

The biological role of TC2 cells remains mostly unknown, al-
though they might have a regulatory function (14). Patient studies
show an expansion of TC2 populations in various disease conditions
including cancer (39-41) and chronic viral infections (27, 42). In
all of these cases, TC2 accumulation was associated with disease
pathogenesis. In addition, CD40L-producing as well as IL-4—
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Fig. 4. ILT2 and ILT4 receptor density con-
trols the generation of effector CD8" T cells
by CD14* DGs. (A) CD34*-differentiated DCs
were labeled with CD1a (LCs) and CD14
(CD14* DCs) (Left), and each subset was an-
alyzed for ILT2 or ILT4 expression by flow
cytometry (Right). (B) In vitro CD14* DCs
expressing low or high amounts of ILT
receptors (ILT" or ILT") were activated with
CD40L and cultured with allogeneic CFSE-
labeled naive CD8" T cells for 10 d. Histo-
gram shows the fraction of cells that diluted
CFSE dye at the end of the coculture. (C) As
in B, primed CD8" T cells were expanded
with anti-CD3 and -CD28 mAbs and IL-2 for
48 h and assessed following 5 h of reac-
tivation with PMA and ionomycin for the
intracellular expression of IFN-y and TNF-a
by flow cytometry. In vitro LCs were used as
a control. (D) CD8" T cells primed by ILT" or
ILT in vitro CD14* DCs were sorted as
CFSE'°CD11¢"CD4™ cells, plated at 1.5 x 10°
cells per mL, and activated for 48 h with
anti-CD3 and -CD28 mAbs. IL-13 was mea-
sured in the culture supernatant by using
Luminex. Graph shows mean + SEM (n = 2).
(E, Left) Plot shows gating strategy for sep-
arating ILT4"°- or ILT4"-expressing CD14*
DCs. (Right) CD40-activated ILT4'- or ILT4"
CD14* DCs were cultured with CFSE-labeled
naive CD8" T cells for 8 d. Primed cells were
expanded with anti-CD3 and -CD28 mAbs
and IL-2 and analyzed for the dilution of
CFSE dye and intracellular expression of
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producing CD8" T cells have a B-cell-helper function (27, 43,
44), which also might be consistent with a role for CD14* DCs in
controlling humoral responses (6, 7). Blocking CD8 may have
potential for clinical applications, such as controlling the pathogenic
effect of allogeneic CD8* T cells in allograft rejection. This
approach, as our study suggests, could still allow for productive
recall responses, as contrast to general immunosuppressive thera-

pies that increase susceptibility to viral infections.

In summary, we demonstrated that CD8 modulation during a
primary response is a mechanism to regulate the balance between
type 1 effector and type 2 responses. Our data suggest that by
expressing the inhibitory receptors, ILT2 and ILT4, dermal CD14*
DCs block efficient CTL differentiation and, instead, enhance the
generation of TC2 cells. Viruses such as CMV that express class-
I-like proteins (45) might use this escape mechanism to inhibit

induction of viral-specific CD8* T cells and thus promote TC2
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Fig. 5. Anti-ILT4 enhances the generation of polyfunctional CD8* T cells. (A) Dermal CD14" DCs were cultured at a ratio of 1:40 with allogeneic CFSE-labeled
naive CD8* T cells and 20 pg/mL indicated anti-ILT4 mAb (clones 20F3, 17E5, and 8E10) or an isotype-matched control. After 9 d, the cells were assessed for
their proliferation based on the dilution of CFSE dye. Graph shows mean results of two independent experiments. (B) CD8" T cells primed for 11 d by dermal
CD14* DCs in the presence of indicated anti-ILT4 mAb or an isotype-matched control were sorted as CFSE'°CD11¢"CD4~ cells and cultured at 1.5 x 10° cells per
mL. IL-13 production was measured in the culture supernatant by using Luminex following 48-h stimulation with anti-CD3 and -CD28 mAbs. (C) CD8" T cells
primed for 9 d by dermal CD14* DCs in the presence of anti-ILT4 (20F3) were expanded with anti-CD3 and -CD28 mAbs and IL-2 for 48 h and assessed fol-
lowing 5 h of reactivation with PMA and ionomycin for the intracellular expression of IFN-y, TNF-o, and granzyme B by flow cytometry.
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cell responses that have only a limited ability to clear the infected
or malignant cells. Similarly, tumors might up-regulate surface
ILT2 or ILT4 to attenuate the production of CTLs. Importantly,
strategies to block ILT expression on DCs may be useful to aug-
ment DC function to enhance immune responses to chronic viral
infections and cancer. Alternatively, mobilizing dermal CD14* DCs
may be a useful approach to attenuate effector responses to
combat transplant rejection and chronic inflammatory diseases.

Materials and Methods

DC Subsets. CD34"-differentiated DCs were generated in vitro from CD34*
HPCs. Epidermal LCs (skin LCs) and dermal CD14* DCs were purified from normal
human skin specimens as described (7). All protocols were reviewed and ap-
proved by the Baylor Research Institute or Washington University Institutional
Review Board.

Monoclonal Antibodies. Anti-ILT2 HP-F1, anti-ILT3 ZM3.8, anti-ILT4 42D1
(Immunotech), and ILT5 MKT5.7H5.1 (eBiosciences) were used to evaluate
expression on DCs by flow cytometry. Anti-ILT2 (BioLegend) and anti-ILT4
[Baylor Institute for Inmunology Research (BIIR) 9B11] were used to evaluate
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expression on human skin sections by using immunofluorescence. Anti-ILT4
mAbs (BIIR 20F3, 17E5, and 8E10) were used in functional assays.

See S/ Materials and Methods for information on ILT staining, DC/T-cell
cocultures, cloning of ILT-Fc molecules, the generation of ILT-specific
mAbs, polyclonal anti-ILT serum binding ELISA, and ILT-CD8-MHC class |
structure analysis.
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