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Abstract
Whether a freshly isolated immune cell can be equipped with both natural killing and antigen-
presenting cell (APC) function has recently become controversial in mice. We sought to probe the
existence of a candidate human cell with these properties by searching for cells in healthy subjects
that co-express APC surface molecules and NK cell receptors. We have found that
CD3−CD14−CD19− mononuclear cells of human blood, spleen, liver, and lymph nodes contain 2
distinct populations of cells that co-express HLA-DR (DR) and CD56. Circulating CD56+ cells
expressing high levels of DR were phenotypically and functionally similar to conventional CD56−
dendritic cells (DC). Furthermore, we demonstrate here that a separate cohort of CD56+ cells that
express low levels of DR are NK cells that possess dual function as potent killers endowed with weak
APC function.
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INTRODUCTION
The interplay between innate and adaptive immunity is complex and continually unfolding.
NK cells and DC have distinct but complementary roles in regulating the outcome of immune
responses. While originally identified as initiators of the adaptive immune response, DC are
now also considered crucial mediators of innate immunity with particular influence upon NK
cell activation. Reciprocally, NK cells shape the adaptive response by modulating DC [1–3].

Another link between the innate and adaptive immune system has been suggested by reports
of a class of murine leukocytes possessing both lytic and APC ability. These interferon-
producing killer dendritic cells (IKDC, DX5+CD11cintB220+) [4,5] and natural killer dendritic
cells (NKDC, NK1.1+CD11cintCD3−) [6] have recently been shown to be an activated subset
of NK cells [7–9] and their APC capability has been challenged [8]. However, isolation
techniques and results of functional APC assays are variable among different laboratories and
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the issue is further complicated by strain differences in mice. Although a CD11chighDX5+ DC
has been identified as a possible APC contaminant of IKDC from Balb/c mice [8], a distinct
APC contaminant of NK1.1+CD11c+ preparations in C57BL/6 mice remains elusive.

Nevertheless, circulating human myeloid and plasmacytoid DC lyse tumor targets after type I
or II interferon stimulation [10,11], toll-like receptor 7/8 ligation [12], and Influenza or HIV
infection [13,14]. In addition, unstimulated human peripheral blood DC may lyse select
squamous cell tumor targets [15]. Conversely, it is known that following prolonged in vitro
activation, human NK cells gain the ability to present antigen to CD4 T cells [16,17]. However,
whether a subset of freshly isolated, steady state human NK cells can possess both natural
killing and APC function is uncertain.

MATERIALS AND METHODS
Cell purification and flow cytometry

PBMC were obtained from leukocyte concentrates of healthy donors (New York Blood Center)
by density gradient centrifugation over Ficoll-Paque Plus (GE Healthcare). DC and NK cell
subsets were enriched by depletion of T cells and B cells using anti-CD3 and anti-CD20
magnetic beads (Miltenyi), purified with a MoFlo cell sorter (DakoCytomation), and used
immediately in functional assays. Post-sort purities were routinely 97% or greater. To
determine morphology, sort-purified cells were centrifuged at 600 rpm onto glass slides, fixed
with 100% methanol before staining with Giemsa, and then photographed at 100x
magnification using a Zeiss Axiophot 2 microscope (Carl Zeiss). Cytometric analysis of blood,
liver, spleen, and portal lymph node mononuclear cells was performed on a FACSAria (BD
Biosciences) with routine collection of one million events. Tissue acquisition was approved
by the Institutional Review Board and specimens were obtained from patients undergoing
upper abdominal operations for cancer at our institution. Non-diseased spleens and liver tissue
greater than 10 cm from tumor were perfused with type IV collagenase (1 mg/ml), morselized,
and incubated in collagenase for 30 minutes at 37 degrees before being passed through a 100
µm filter. Lymph nodes were mechanically disrupted and passed through a 100 µm filter. Cell
suspensions were washed twice with HBSS and mononuclear cells were collected after Ficoll-
Paque density centrifugation. All antibodies were obtained from BD Pharmingen. Antibodies
used for cell sorting were FITC-HLA-DR (L243), PE-CD3 (HIT3a), PE-CD14 (M5E2), PE-
CD19 (HIB19), and APC-CD56 (B159). Antibodies used for analysis included FITC-CD3
(HIT3a), FITC-CD14 (M5E2), FITC-CD19 (HIB19), FITC-CD19 (FN50), PE-CD205
(MG38), PE-NKp46 (9E2), PE-CD336 (P44-8.1), PE-CD337 (P30-15), PE-CD314 (1D11),
PE-Cy7-CD56 (B159), APC-CD11c (HL3), APC-CD40 (5C3), APC-CD83 (HB15e), APC-
CD86 (FUN-1), APC-CD161 (DX12), and APC-Cy7-HLA-DR (L243).

Functional assays
Lysis assays were performed by culturing sort-purified effectors with 103 Chromium-loaded
K562 or Daudi target cells for 4 hours and then measuring supernatant radioactivity (TopCount
NXT; PerkinElmer). Some effectors were preincubated with 100 ng/ml concanamycin-A (ICN
Biomedical) for 2 hours at 37 degrees, and 100 ng/ml IL-15 (R&D Systems) was added to
some wells. Mixed leukocyte reactions (MLRs) were performed by culturing gamma-irradiated
effectors with 105 allogeneic T cells (Pan T cell Isolation Kit II, Miltenyi) in complete RPMI
1640 supplemented with 10% human serum (Invitrogen). On day 5, [3H]-thymidine (1 µCi;
New England Nuclear) was added to each well and thymidine incorporation was measured
after 18 hours (TopCount NXT). To detect activation of memory T cells, effectors were pulsed
with the CEF peptide pool (2 µg/ml, CTL Technology) for 1 hour at 37 degrees, and washed
3 times. Two × 104 effectors were co-cultured with 2 × 105 autologous CD8 T cells (CD8 T
cell isolation kit, Miltenyi) for 36 hours on an IFN-γ Elispot plate (BD Biosciences). Statistical
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significance was determined by the student’s t-test using Prism 4.0 statistical software
(Graphpad Software).

RESULTS AND DISCUSSION
We set out to determine whether a single population of circulating human immune cells co-
expressed NK cell receptors and APC surface molecules. Using cell enrichment and high event
collection we have identified 2 small populations of cells within the CD3−CD14−CD19−
mononuclear cell compartment that express both the NK cell identifier, CD56 and the human
MHC II antigen, HLA-DR (Fig. 1A). CD56+ cells expressing high levels of DR (CD56+DC)
revealed many similarities to conventional blood DC including large size and vacuolated
cytoplasm as well as light scatter properties, the expression of CD86, CD11c, and DEC205,
and absence of NK cell receptors (Fig. 1B–C). Meanwhile, CD56+ cells that stained negative
for DR (DRneg NK cells) were slightly smaller than CD56+ cells bearing low surface expression
of DR (DRlo NK cells) which had a larger proportion of cytoplasm. Both DRneg and DRlo NK
cells shared similar expression of the NK cell receptors NKp46, NKp30, NKG2D, and CD161,
whereas co-stimulatory molecules and DC identifiers were absent (Fig. 1B–C).

To determine the anatomic distribution of these cells in primary and secondary lymphoid
organs, we performed cytometric analysis on CD3−CD14−CD19− mononuclear cells of several
human anatomic compartments (Fig. 1 D–E). While uncommon in the blood, spleen, and lymph
node, we found that DRloNK cells comprised over 4% of liver mononuclear cells and 22% of
all liver NK cells. Matched blood and liver samples from four patients confirmed this trend
within each individual (not shown). In contrast to a previous report demonstrating that DR
expression was higher on inflamed tonsillar NK cells but low on nodal NK cells [18], we
discovered that nearly half of the NK cells in the portal lymph node expressed DR. This may
reflect the fact that we studied the draining lymph nodes of the liver, which contains a relative
abundance of DRlo NK cells.

A hallmark of DC function is their ability to cause proliferation of T cells in an allogeneic
mixed leukocyte reaction (MLR). In agreement with their phenotypic similarities to
conventional DC, sort-purified CD56+ DC were able to cause as much alloproliferation as
conventional CD56− DC (Fig. 2A). Furthermore, CD56+ DC lacked the ability to lyse classical
NK cell target cells (Fig. 2B). While cells expressing CD56 are generally excluded from human
DC preparations [19], our results suggest that 1.2% to 4.2% of circulating DC display CD56.

CD56 (neural cell adhesion molecule, NCAM) is a glycoprotein that is a ligand for fibroblast
growth factor 1 that is constitutively expressed on fibroblasts [20]. It is expressed on human
but not mouse NK cells and may potentiate the differentiation of NK cells through an interaction
with fibroblasts [21]. The significance of CD56 on human DC is unclear but perhaps may play
a role in facilitating adhesion of DC to fibroblasts.

To the best of our knowledge, this is the first report of naturally occurring human DC expressing
CD56. It has recently been shown that approximately half of monocytes cultured with GMCSF
and interferon-alpha will differentiate into DC that express CD56 [22]. Similar to fresh
CD56+ DC identified in this study, these cytokine-generated CD56+ DC are potent stimulators
of allogeneic T cells and do not display any NK cell receptors. In contrast to fresh CD56+ DC
that do not express TRAIL (not shown), cytokine-generated CD56+ DC are capable of some
degree (24%) of target cell lysis which was mediated through TRAIL.

While DR is a known indicator of NK cell activation in vitro [23], the significance of DR
expression on the small pool of circulating NK cells in healthy subjects is uncertain. HLA-DR
positive NK cells have been noted in several pathologic states and their presence in tissue
[17] and blood [24], during viral infection and their association with autoimmunity [25,26]
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imply that they may have physiologic importance in vivo. Notably, DRlo NK cells in healthy
individuals lacked other NK cell activation markers including NKp44 and CD69 (Fig. 1B).

It has been shown that DR+CD16+ cells generated in 5 day MLR cultures are more efficient
cytotoxic effectors than their DR−CD16+ counterparts [23]. In contrast, NK cells of HIV
patients display higher DR expression than normal controls and the DR+ NK cell fraction has
less lytic ability than DR− NK cells from the same patients [24]. We have found that freshly
isolated, circulating DRlo NK cells and DRneg NK cells from healthy subjects lysed NK-
sensitive K562 targets equally (Fig. 3A). However, DRlo NK cells were more effective than
DRneg NK cells at lysing NK-resistant Daudi target (Fig. 3B). The efficiency of Daudi killing
by both DRlo and DRneg NK cells was increased by activation with IL-15 (and IL-2, data not
shown), but DRlo NK cells remained more potent. Abrogation of lysis by concanamycin-A
[27] demonstrated that killing depended upon the granule exocytosis pathway.

The biosynthesis and expression of MHC Class II molecules have been shown to be essential
factors that determine APC capacity [28]. Human NK cells gain the ability to process and
present protein antigens to CD4 T cells after prolonged in vitro activation with IL-2 [17]. This
is accompanied by variable upregulation of MHC class II expression that correlates to the level
of NK cell APC function [16]. Similarly, in vitro activated NK cell cultures have been shown
to efficiently co-stimulate anti-CD3 or staphylococcal enterotoxin B-induced proliferation of
autologous CD4 T cells in an OX40L-OX40 dependent manner [29].

We have found that DRlo NK cells freshly isolated from blood (Fig. 3C) and liver (Fig. 3D)
demonstrate potential for some APC function. In an MLR they were able to cause the
proliferation of allogeneic T cells. Similarly, after pulsing DRlo NK cells with peptide, they
were able to induce the production of IFN-γ by antigen-specific memory CD8 T cells (Fig.
3E). Uniform expression of NKp46 confirmed the NK cell origin of these cells [30] and
conservative gating during sorting and high purity yields made contamination with
conventional APC in these assays unlikely.

In summary, we have shown that a minute fraction of circulating DC expresses CD56 and
therefore may be present within human NK cell preparations. Conversely, a small proportion
of circulating and resident tissue NK cells express HLA-DR. We have found that this rare
subset of circulating NK cells in healthy donors possessed robust killing ability and some
degree of APC function. The advantage of APC function by a killer lymphocyte is uncertain,
although numerous possibilities exist. Possession of such pleiotropic functions by a single cell
type raises the possibility that DRlo NK cells bridge innate and adaptive immunity and are
capable of accelerating local immune responses. In contrast, the T cell polarizing capability of
DRlo NK cells and the outcome of their resulting T cell responses deserve further study. The
concentration of DRlo NK cells in the liver, for example, could possibly favor tolerance over
immunity.

Abbreviations
NK cell, Natural killer cell; DC, dendritic cell; APC, antigen-presenting cell; DR, HLA-DR.
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Figure 1. CD3−CD14−CD19− mononuclear cells contain 2 populations of cells that co-express CD56
and HLA-DR
(A) The gating strategy used for cell sorting and cytometric analysis is illustrated. PBMC
depleted of T cells and B cells were gated by lack of lineage markers (CD3, CD14, and CD19)
and DAPI staining. Four populations are depicted based on HLA-DR and CD56 expression:
DR+CD56− (conventional DC), DR−CD56+ (DRneg NK cells), DRloCD56+ (DRlo NK cells)
and DRhiCD56+ (CD56+DC). (B) These four cell populations were sort-purified from PBMC
and stained with Giemsa for light microscopy. (C) Representative phenotype of these 4 cell
populations in PBMC from 1 of 10 donors is shown. Open histograms represent isotype
controls. (D) Spleen, liver, and lymph node mononuclear cells were analyzed by flow
cytometry and representative dot plots are shown. (E) Percentage ± s.e.m. of mononuclear cells
for each of the cell types is indicated. N refers to the number of patients analyzed.

Burt et al. Page 7

Hum Immunol. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. CD56+ DC stimulate T cells but do not lyse NK cell targets
(A) Sort-purified circulating CD56+ DC were cultured with allogeneic T cells in an MLR and
thymidine incorporation was determined on the sixth day. (B) CD56+ DC were tested in a
standard chromium release lysis assay using K562 cells as targets. Data are representative of
3 separate donors.
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Figure 3. Freshly isolated DRlo NK cells are potent killers with weak APC function
DC and NK cell subsets were sort-purified from PBMC of healthy donors. (A) The lytic ability
of conventional (CD56−) blood DC, DRlo NK cells, and DRneg NK cells was compared in
standard chromium-release lysis assays using NK cell-sensitive K562 targets. (B) Additional
lysis assays were performed using NK cell resistant Daudi targets in the presence or absence
of IL-15 and/or concanamycin-A. An effector:target ratio of 30:1 is shown. These data are
representative of separate experiments with similar results from 4 independent donors. The
relative ability of (CD56−) DC, DRlo NK cells, and DRneg NK cells isolated from blood (C)
or liver (D) to stimulate the proliferation of allogeneic T cells was tested in an MLR. These
data are representative of separate experiments with similar results from 4 independent donors.
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(E) Induction of IFN-γ production by antigen-specific memory T cells was determined by
ELISPOT. Effector cells were coated with the CEF peptide pool (32 HLA Class I restricted
peptides from Cytomegalovirus, Ebstein-bar virus, and Influenza virus with specificities for
15 HLA Class I alleles), washed, and then co-cultured with autologous CD8 T cells. Additional
controls included peptide-pulsed and unpulsed effectors alone which produced <3 spots per
group. Representative of 3 independent donors. *, p<0.05.
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