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To the editor:

Human NKG2A overrides NKG2C effector functions to prevent autoreactivity of NK cells

In April 2009, we saw a 64-year-old woman with persistent
indolent proliferation of CD3�CD56� large granular lympho-
cytes.1 She had no other clinical symptoms and no autoimmune
events, and her clinical course has remained benign over 22 months.
Neither clinical nor imaging studies have shown signs of lym-
phoma or acute infection. IgG serology is negative for HIV-1/2,
human T cell lymphotrophic virus (HTLV)–1/2, hepatitis B virus,
hepatitis C virus, and HHV8, and positive for EBV, CMV, HSV,
and varicella zoster virus. Most notably, we have observed an
elevated lymphocyte count, ranging from 5.2 to 8.0 � 109/L,
extremely unbalanced with CD3�CD56dim natural killer (NK) cells
accounting for 62.0%-83.2% of lymphocytes overall (Figure 1A).
Intriguingly, more than 95% of the NK cells simultaneously
coexpress inhibitory NKG2A and triggering NKG2C receptors
(Figure 1B), although coexpression of these markers is generally
observed in only 1%-2% of decidual and peripheral blood NK cells
from healthy donors.2-4 However, half of NK cells express HLA-
DR, an activation marker, and present an intermediate cell-
differentiation phenotype with a high proportion of CD57� cells
and an insignificant quantity of killer cell immunoglobulin–like
receptors (KIR) (Figure 1C-D),4 although her genome includes all
KIR variants.

Consistent with recent studies exploring the relation between
NK-cell responsiveness and receptors that engage self-MHC
class I molecules,5 polyfunctional analysis showed that this
patient’s KIR�NKG2A�NKG2C� NK cells were fully func-
tional against MHC class I–deficient target cells (K562, and
721.221) and capable of antibody-dependent cellular cytotoxic-
ity (Figure 1E).

Inhibitory NKG2A and activating NKG2C receptors are both
specific for HLA-E, a nonclassical MHC class Ib molecule
expressing peptides derived from signal sequences of other
HLA class I molecules.6 Given their opposing functional effect,
the coexpression of both markers raises the question of how NK
cells can establish self-tolerance under this circumstance, as the
lack of symptoms shows they do. A redirected killing assay
against Fc�R� P815 targets in the presence of anti-NKG2C
mAb showed that the NKG2C was functional, but more
interestingly, costimulation of NKG2A and NKG2C with their
respective mAbs demonstrated that the inhibitory function of
NKG2A prevailed (Figure 1F). The NKG2A�NKG2C� NK cells
were clearly less polyfunctional against targets expressing
HLA-E than against wild-type 721.221 cells (Figure 1E), and
HLA-E� target interaction inhibited NK-cell proliferation, ex-
cept in the presence of IL-2 (Figure 1G), as described.7 A
redirect killing assay confirmed that simultaneous engagement
of NKG2C and IL-2 induced a marked proliferative response,
abrogated by NKG2A engagement (Figure 1H).

We therefore report that the NKG2A inhibitory receptor
plays a central inhibitory role, providing a regulatory feedback
mechanism for controlling the activating NKG2C receptor,
reminiscent of the activation-dependent expression of CTLA-4
on T lymphocytes that counteracts CD28-mediated costimula-

tion.8 These findings are consistent with the higher affinity of
NKG2A for HLA-E, which likely favors its competition with
NKG2C for ligand engagement.9

To our knowledge, this case provides the first in vivo
evidence that, in the absence of KIR, expression of NKG2A on
NKG2C� NK cells establishes an inhibitory threshold that
prevents their potential autoreactivity against self-HLA-E� cells
and explains this woman’s absence of autoimmune disorders or
collateral damage.

In accordance with national ethics committee guidelines, the
patient provided written informed consent before peripheral blood
samples were collected for this study.
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Figure 1. Phenotypic and functional features of NK cells. (A) Number of lymphocytes (black line) and CD3�CD56� NK cells (red line) over the examination period.
(B) Flow cytometric analysis of CD3�CD56� NK cells among lymphocytes and coexpression of NKG2A and NKG2C on NK cells. (C) Expression of inhibitory KIR
(KIR2DL1, KIR2DL2/3, and KIR3DL1) on CD3�CD56� NK cells. (D) Expression of CD27, CD62L, and CD57 cell-differentiation markers on CD3�CD56� NK cells.
Numbers correspond to the proportion of positive cells. (E) Polyfunctionality assays of resting CD3�CD56� NK cells tested against various targets including K562,
721.221, .221-AEH, and Raji cells in the presence of 1 �g/mL rituximab (E/T ratio of 1/1). Cells were stained with mAbs for CD107a degranulation, and intracellular
production of IFN-� and TNF-�. All data were analyzed with the Boolean gate algorithm of Flow Jo Version 8.8 (TreeStar). Pestle software Version 1.6 was used to
remove the background, and pie charts, generated using the Spice software Version 5.2 (NIAI freeware), present the frequency of NK cells positive for 0, 1, 2, or 3
responses (to CD107a, IFN-�, and TNF-�). Arcs depict the frequency of cells positive for CD107a, IFN-�, and/or TNF-�, as described.10 (F) Redirect killing assays of
CD3�CD56� NK cells against the P815 cell line in the presence of 5 �g/mL mAbs specific for NKG2A and NKG2C, or the matched isotype control (Ig) (E/T ratio of 1/1).
Numbers correspond to the proportion of positive cells. (G) Proliferation of NK cells after stimulation for 7 days with IL-2 and/or irradiated 721.221 or .221 AEH cells
measured by cell dilution of CFSE. (H) Proliferation of NK cell after stimulation for 7 days with IL-2 and/or irradiated P815 cells plus anti-NKG2A, anti-NKG2C, or both
mAbs, measured by cell dilution of CFSE.
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To the editor:

Heterozygous disruption of human SOX6 is insufficient to impair erythropoiesis or silencing of
fetal hemoglobin

Human genetic studies have been instrumental in understanding the
trans-acting regulation of the human globin genes and particularly
the fetal-to-adult hemoglobin switch.1 Important insight has come

from studies of common genetic variation underlying fetal hemoglo-
bin (HbF) expression in adults, resulting in the identification of
BCL11A as a critical regulator of HbF silencing.2 In addition, rare
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Figure 1. Heterozygous disruption of SOX6 does not result in elevations of HbF levels. (A) Conventional G-banding of chromosomes analyzed from the patients
lymphocytes showing a balanced translocation with a karyotype of 46,XY,t(9;11)(q33.1;p15.1) that could be confirmed with fine mapping. (B) A schematic showing the resulting
breakpoint (brkpt.) on chromosome 11 at position 16195,423 (from hg18) that disrupts the SOX6 gene. Domains are shown from SOX6, including the coiled-coil (c-c),
CtBP2 binding, and HMG domains. (C) HbF content was measured using capillary electrophoresis (Capillarys 2; Sebia). No HbF was detected, which should be detectable in
zone 7 (Z7). (D) The number of F cells were quantitated by flow cytometry (BD FACSCanto II; Becton Dickinson). A total of 50 000 erythrocytes were analyzed. The patient
had 0.7% F cells (normal range: 0.4%-4%).
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