
CD11b and CD27 reflect distinct population and functional
specialization in human natural killer cells

Introduction

Natural killer (NK) cells are large granular lymphocytes

of the innate immune system that recognize and kill aber-

rant cells and rapidly produce soluble factors such as

interferon-c (IFN-c) and tumour necrosis factor-a (TNF-

a). Similar to T and B cells, human NK cells are thought

to be derived from CD34+ haematopoietic stem cells

through discrete stages of maturation.1–4 Elegant research

has provided evidence that the secondary lymphoid tissue

is an important site for human NK-cell maturation.5 In

contrast to our copious knowledge about T and B cells,

we still have very limited knowledge about the develop-

ment of human NK cells.

Natural killer cells have been considered a heteroge-

neous population and may be divided into different sub-

sets.6 In humans, evidence has suggested that NK-cell

differentiation can be characterized by analysing the sur-

face expressions of CD34, CD117 and CD94 cells.5 Other

studies show that NK cells in stage 3 (CD34) CD117+

CD94)) are capable of producing interleukin-22 (IL-22),

suggesting the heterogeneous characteristic of this popula-

tion.7–11 Given that human NK cells have been usually

defined as CD56+ CD3) and the CD56 marker is

only highly expressed during stage 4 (CD34) CD117)

CD94+),5,12 the heterogeneity of NK cells in stage 4 has

garnered additional attention. Many efforts have been

made to identify the different subsets of CD56+ CD3)

NK cells. Two subsets have been identified based on their

levels of CD56 expression. CD56dim NK cells are found

predominantly in the peripheral blood and have powerful

cytotoxic function. CD56bright NK cells are found mostly

in the lymphoid organs and have poor cytolytic func-

tion.13–15 NK cell terminal differentiation has been identi-

fied to be based on a decrease in NKG2A and an

acquisition of Killer-cell immunoglobulin-like receptors

(KIRs).16 However, there has been a lack of evidence for

the discrete stages that represent human NK subsets not
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Summary

The identification of developmental stages in natural killer (NK) cells,

especially in human NK cells, has lagged for decades. We characterize four

novel populations defined by CD11b and CD27, which can represent the

distinct stages of human NK cells from different tissues. Nearly all NK

cells from peripheral blood are CD11b+ CD27) populations whereas NK

cells from cord blood have CD11b+ CD27) and CD11b+ CD27+ popula-

tions. Interestingly, we have found large CD11b) CD27) populations of

NK cells from deciduas. We also demonstrate that each population could

be characterized by unique functional and phenotypic attributes.

CD11b) CD27) NK cells display an immature phenotype and potential

for differentiation. CD11b) CD27+ and CD11b+ CD27+ NK cells show

the best ability to secrete cytokines. CD11b+ CD27) NK cells exhibit high

cytolytic function. We demonstrate that human NK cells at different

developmental stages have special functions and describe a new model of

human NK cell differentiation.
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only in maturation stages but also in functional divisions;

in addition, there has also been a lack of the way to build

a cross-link between human and mouse that can compare

data from these two species.

Recent studies have reported that CD27 of the TNF

receptor family is an important marker dividing NK-cell

subsets.17,18 The surface density of CD27 and CD11b

divides murine NK cells into four subsets and represents

their level of maturation.19,20 To investigate whether the

same subsets exist in humans and to explain the heteroge-

neous characteristics of CD56+ CD3) human NK cells, we

selected three types of human NK cells from peripheral

blood, cord blood and decidua tissues. Here, we provide

evidence that the expression of CD11b and CD27 may

reflect the distinct populations of human NK cells. Nearly

all the NK cells from peripheral blood are CD11b+ CD27)

(CD11b+SP) population whereas NK cells from cord

blood have CD11b+ CD27)(CD11b+SP) and CD11b+

CD27+ (DP) populations. However, consistent with their

immature developmental stage, NK cells from the decidua

have large CD11b) CD27) (DN) populations. We further

demonstrate that these stages may also be associated with

NK-cell effector functions. The DN NK cells displayed an

immature phenotype and a potential for differentiation.

CD11b) CD27+ (CD27+SP) and DP NK cells had the best

ability to secrete cytokines. Furthermore, CD11b+SP NK

cells showed high cytolytic function. Such a variety of

characteristics demonstrates that human NK cells in

different developmental stages have special functions. On

the basis of these results, we developed and functionally

characterized a new model for the development of human

NK cells.

Materials and methods

Human samples and isolation

Peripheral blood mononuclear cells were obtained from

the Blood Centre of Anhui Province (Hefei, China). They

were from buffy coats obtained from healthy donors and

prepared by centrifugation through Ficoll. Fourteen

decidual samples in the term trimester were obtained

from placenta collected after full-term gestation. Eleven

cord blood samples were donated after gestation. Forty-

one decidual samples of normal pregnancies during the

first trimester were collected from elective pregnancy ter-

minations. All three types of samples were acquired from

Anhui Provincial Hospital. Ethical approval to use these

samples was obtained from the Ethics Committee of the

University of Science & Technology of China. Informed

consent was obtained from each donor before surgery.

Decidual lymphocytes were isolated by digesting the tissue

with 1% collagenase type IV (Sigma-Aldrich, St. Louis,

MO) and 50 lg/ml DNAse I (Shanghai Sangon, Shanghai,

China) and by purifying using density gradient centrifu-

gation (Percoll; GE Healthcare, Uppsala, Sweden) as

described.

Flow cytometry

Lymphocyte suspensions were prepared and stained with

the following human monoclonal antibodies: anti-CD3,

anti-CD56, anti-CD16, anti-CD27, anti-CD2, anti-CD34,

anti-CD117, anti-CD94, anti-NKG2A, anti-NKG2D, anti-

NKG2C, anti-CD11b, anti-CD7 and anti-CD11c, which

were all mouse antibodies from BD Bioscience (San

Jose, CA). Mouse serum was used to block non-specific

Fc-receptor binding, and homologous IgGs were used as

negative control antibodies. FACS staining was per-

formed according to the manufacturer’s instructions.

Samples were run on a FACSCalibur flow cytometer, a

fluorescence-activated cell sorter (BD Biosciences), and

analysed by WINMDI (http://www.methods.info/software/

flow/winmdi.html) and FLOWJO softwares (Tree Star, Inc.

Ashland, OR). For CD107a analysis, lymphocytes from

peripheral blood mononuclear cells, cord blood mono-

nuclear cells and decidual mononuclear cells of the first

trimester were cultured with K562 at the ratio of 1 : 1 with

monensin (10 lg/ml; Sigma, St. Louis, MO) and phycoery-

thrin-conjugated anti-CD107a (BD Bioscience) for 4 hr.

Then, the cells were washed, blocked and stained with

surface antibodies for ordinary FACS staining.

Intracellular cytokine staining for IFN-c and TNF-a

Intracellular staining was performed on the decidual cells

of the first trimester after 4 hr of stimulation with PMA

(50 ng/ml; Sigma) and monensin (10 lg/ml; Sigma) in

the presence of ionomycin (1 lg/ml; Calbiochem, Darm-

stadt, Germany). Cells were collected, washed and blocked

using mouse serum. The fluorochrome-conjugated mono-

clonal antibodies to the cell surface markers were first

added as described above; next, the cells were washed in

PBS, fixed and resuspended in permeabilization buffer.

FITC-anti-IFN-c, phycoerythrin-anti-TNF-a or an iso-

type-matched control antibody was added, and the cells

were incubated for 30 min at 4�. After incubation, the

cells were washed, resuspended and analysed by FACSCal-

ibur (BD Bioscience).

Cell sorting and culture

For cell culture, decidual lymphocytes in the term trimes-

ter after full-term gestation were isolated from deciduas

and cultured with human IL-15 (10 ng/ml; Peptech, Bur-

lington, MA) or IL-2 (100 U/ml; Peptech) in RPMI-1640

with 10% fetal calf serum. Half of the medium was

replaced every 3 days to replenish the cytokines. Cells

were collected after 7 or 14 days of culturing and analysed

by flow cytometry. For the DN NK-cell subset culturing,

� 2011 The Authors. Immunology � 2011 Blackwell Publishing Ltd, Immunology, 133, 350–359 351

CD11b/CD27 reflect distinct population and functional specialization in human NK cells



decidual cells of the term trimester were stained with

anti-CD3, anti-CD56, anti-CD11b and anti-CD27, then

sorted as gated CD56+ CD3) CD11b) CD27) DN NK

cells by FACS Aria (BD Bioscience).The purity of DN NK

cells after sorting was � 95%.

Statistical analyses

We used two-tailed paired Student’s t-tests (difference

between two groups) or two-tailed unpaired Student’s

t-tests to determine the statistical significance.

Results

CD11b and CD27 expression reflect the different
developmental stages of human NK cells

To confirm the maturation of these human NK cells, we

noted that the maturation of mouse NK cells had been

successfully defined by CD27 and CD11b into four devel-

opmental stages.20 We determined whether these markers

may also be used to reflect the maturation of NK cells in

humans. Interestingly, approximately 20% of NK cells

from decidual mononuclear cells (dNK cells) and NK cells

from cord blood mononuclear cells (cNK cells) were

CD27+ NK cells, whereas less than 5% of NK cells from

peripheral blood mononuclear cells (pNK cells) were

CD27+ NK cells. Furthermore, the majority of cNK and

pNK cells were CD11b+, but among the dNK cells, < 30%

of the CD3) CD56+ NK cells expressed CD11b. As in

mouse NK cells, here we found that in human NK cells,

CD11b and CD27 staining distinguished four subsets:

CD11b) CD27) (DN), CD11b) CD27+ (CD27+ SP),

CD11b+ CD27+ (DP) and CD11b+ CD27) (CD11b+ SP)

(Fig. 1a). More than 95% of the pNK cells were in the

CD11b+ SP subset, suggesting their mature characteristics

(Fig. 1d). The majority of cNK cells were CD11b+ SP, and

approximately 20% of them exhibited the DP phenotype

(Fig. 1c). Less than 5% of the pNK and cNK cells were

categorized in the DN or CD27+ SP subsets. However,

among the dNK cells, approximately 60% were in the DN

subset and 10% in the CD27+ SP subset, confirming their

immature phenotype (Fig. 1b,c). We also compared dNK

cells from the first trimester with those from the term tri-

mester. There was no significant difference between these

two kinds of dNK cells in the distribution of these four

subsets. Both of them had a high percentage of DN NK

cells. Hence, the four subsets defined by CD11b and

CD27 reflected the developmental stages of human NK

cells and it is the first time that such a large DN NK sub-

population has been found in human decidua samples.

Based on the expression of CD34, CD117 and CD94,

four developmental stages of human NK cells have recently

been described in secondary lymphoid tissue (SLT).5 Previ-

ous reports showed that CD117+ stage 3 cells were present

in deciduas and peripheral blood.7 Here we confirmed that

there were no stage 1 (CD34+ CD117) CD94)) and stage 2

(CD34+ CD117+ CD94)) cells in pNK, cNK and dNK cells

but about 0�2–5�0% CD117+ NK cells (Fig. 2a). We also

confirmed that all three types of NK cells had high CD94

expression and there was no significant difference in CD94

expression among the subsets (Fig. 2b). Hence, the three

types of human CD56+ NK cell were mainly found in the

most mature stage 4 (CD34) CD117) CD94+/)).

Moreover, CD56+ CD3) human NK cells were identi-

fied as CD56bright and CD56dim subsets.13,14 Our results

showed that dNK had about 95% CD56bright CD16) NK

cells, cNK had > 20% CD56bright CD16) NK cells, com-

pared with < 10% CD56bright CD16) NK cells in pNK

cells. Among the four subsets defined by CD11b and

CD27, DN and CD27+ SP cells were the majority of cells

in the CD56bright CD16) subsets (Fig. 2c–e), confirming

their immature phenotype. The majority of CD11b+ SP

cells had the CD56dim CD16+ phenotype, displaying their

mature phenotype. Collectively, the four-subset model

defined by CD11b and CD27 reflects the developmental

stages of human NK cells and is an important guideline

for defining the stages of human NK cell development.

DN NK cells represent an immature phenotype

To verify whether maturation subsets defined by CD11b

and CD27 are associated with progressive functions, we

investigated each of the four subsets separately. First, we

investigated whether dNK cells represented an immature

phenotype. Representative surface molecules were tested

in gated CD56+ CD3) dNK, cNK and pNK cells. NKG2A,

reported to be highly expressed on cells in the immature

developmental stage,16,21 was expressed > 80% in dNK,

which was significantly higher compared with 60% in

cNK and < 20% in pNK cells. In contrast, NKG2C and

NKG2D were expressed at higher levels in pNK than in

cNK and dNK cells. Expressions of CD11c, CD7 and CD2

cells have been reported to be an important phenotype in

mature cells;5,7,22 which were expressed at significantly

lower levels in dNK cells but much higher levels in cNK

and pNK cells (Fig. 3a). These results confirmed that the

developmental stages progressed in the following order:

dNK < cNK < pNK.

Second, we investigated the phenotypes in each NK

subset defined by CD11b and CD27 expression. These

results have been obtained using dNK cells, because cNK

and pNK cells have too limited DN and CD27+ SP popu-

lations. As expected, we found that DN NK cells

expressed significantly higher levels of NKG2A but much

lower levels of NKG2C and NKG2D and even lower levels

of CD11c, CD7 and CD2 cells than the other three sub-

sets (Fig. 3b). These data suggest that the DN NK subset

is in the immature state compared with the other three

subsets. Therefore, including a large population of cells in
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the DN NK subset led to the designation of the immature

phenotype for dNK cells.

DN NK cells have developmental potential

To further evaluate the potential developmental capability

of DN NK cells, we cultured freshly isolated human

decidual lymphocytes of the term trimester in different

cytokine environments and evaluated their phenotypes at

several time-points, for it is difficult to collect aseptic

decidual samples of the first trimester from clinic. In

medium supplemented with IL-2, DN NK cells decreased

from 50�7% to 47�2% by day 7 of culturing and decreased

further, to 39�0%, by day 14. In contrast, DP NK cells

increased from 13�0% to 30�8% at day 14 (Fig. 4a,b). We

also induced maturation in medium supplemented with

IL-15 as well as in medium with both IL-2 and IL-15.

The three different cytokine environments could induce

maturation among the NK cells (Fig. 4d,f). However, IL-2

seemed to be more effective than IL-15 at inducing matu-

ration.

To further verify the culturing effect of DN NK cells

alone, we sorted the DN NK subset by decidual cells of

the term trimester, which were stained with anti-CD3,

anti-CD56, anti-CD11b and anti-CD27. The gating strat-

egy has been shown in Fig. 4(e). We gated the lympho-

cytes first, then gated CD56+ CD3) NK cells, and sorted

DN NK cells as CD56+ CD3) CD11b) CD27) cells by

FACS Aria (BD Bioscience).The purity of DN NK cells

after sorting was � 95%. After 14 days culturing of IL-2

(100 U/ml), DN NK cells have developed into the other

three subsets (Fig. 4f). To further verify this procession,

we evaluated the changes in NK receptors during these

cultures. NKG2A, which had been shown to be expressed

at a higher level on immature NK cells (Fig. 3), decreased

from 85�4% to 58�5% after 14 days of culturing

dNK in the

first trimester

dNK in the

term trimester

cNK

pNK

C
D

56

C
D

56

C
D

27

20·2

11·4

25·7

5·1

CD27 CD11b CD11b

96·6

95·0

14·2

27·2 11·4 8·8

18·461·4

8·6 2·9
11·877·0

2·4 23·3
2·5 71·9

0·6 4·2
2·8 92·4

dNK in the first trimester

dNK in the term trimester

cNK

pNK

80

80

60

40

20

0

100

80

60

40

20

0

100

80

60

40

20

0

60

40

20

0
DN

%
 o

f C
D

56
+
C

D
3– 

N
K

 c
el

ls
%

 o
f C

D
56

+
C

D
3– 

N
K

 c
el

ls
%

 o
f C

D
56

+
C

D
3– 

N
K

 c
el

ls
%

 o
f C

D
56

+
C

D
3– 

N
K

 c
el

ls

CD27+SP CD11b+SPDP

DN CD27+SP CD11b+SPDP

DN CD27+SP CD11b+SPDP

DN CD27+SP CD11b+SPDP

(a)
(b)

(c)

(d)

(e)

Figure 1. CD11b and CD27 reflect different developmental stages in natural killer cells from decidua (dNK), cord blood (cNK) and peripheral

blood (pNK) mononuclear cells. (a) Representative flow cytometry analysis of the expression of CD27 and CD11b on gated CD56+ CD3) dNK

of the first trimester, dNK of the term trimester, cNK and pNK. (b) The frequency of each subset in dNK cells of the first trimester (n = 10). (c)

The frequency of each subset in dNK cells of the term trimester (n = 8). (d) The frequency of each subset in cNK cells (n = 9) (e). The frequency

of each subset in pNK cells (n = 9).
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(Fig. 4g,h), suggesting that maturation had progressed.

Hence, the DN NK subset had an immature phenotype

and developmental potential.

CD27+ SP and DP NK cells displayed the highest
secretion of cytokines

The main functions of NK cells include killing aberrant

cells and producing cytokines, which can be antimicrobial

or may prime other cells of the immune system.13,14 We

further questioned the sequence of effector function

acquisition by NK cells in the four subsets defined by

CD11b and CD27. Because cNK and pNK have very lim-

ited DN and CD27+ SP NK cells, typical cytokines have

been analysed by human decidual NK cells of the first tri-

mester. The DN NK cells produced the lowest levels of

IFN-c and TNF-a that were consistent with their imma-

ture developmental stages. CD27+ SP and DP NK cells

had the highest cytokine expression, suggesting that NK

cells had acquired the ability to produce cytokines during

these two stages. Furthermore, CD11b+ SP NK cells

secreted lower levels of cytokines compared with CD27+

SP and DP NK cells, but they still secreted more than DN

NK cells (Fig. 5a–c). These data suggest that there is a

division of labour between the four NK-cell subsets,

which would account for the ability of CD27+ SP and DP

NK cells to secrete cytokines.

CD11b+ SP NK cells have the strongest cytotoxic
capacity

We further evaluated the cytotoxic capacity of the four NK-

cell subsets. CD16 (Fcc receptor III), which has been

described as facilitating antibody-dependent cellular cyto-

toxicity and killing,23 was expressed on < 5% of the dNK

cells, whereas the marker was found on 70% of cNK cells
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Figure 2. Each of the four subsets are mainly in a CD34) CD117) CD94+/) phenotype, among which double negative (DN) and CD27+ single-

positive (SP) subsets are the majority of CD56bright CD16) NK cells. (a) Representative flow cytometry analysis of CD34 and CD117 expression

on gated CD56+ CD3) decidual natural killer (dNK) cells of the first trimester, cord blood NK (cNK) cells and peripheral blood NK (pNK) cells.

Results are representative of five experiments. (b) Representative flow cytometry analysis of CD94 expression on dNK, cNK, pNK and the four
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and > 90% of pNK cells (Fig. 6a). In each subset defined by

CD27 and CD11b, the DN and CD27+ SP NK cells had very

low levels of CD16 expression compared with the other two

subsets. CD11b+ SP NK cells had the highest CD16 expres-

sion among all three types of human NK cells (Fig. 6b,c),

suggesting that they have the strongest cytotoxic capacity.

We then analysed the expression of CD107a, which is a

functional marker for identifying NK cell-mediated lysis

of target cells.24 Lymphocytes from peripheral blood, cord

blood and decidual mononuclear cells were cultured with

K562 at the ratio of 1 : 1 with monensin (10 lg/ml;

Sigma) and phycoerythrin-conjugated anti-CD107a for

4 hr. Then, the cells were washed, blocked and stained

with other surface antibodies for ordinary FACS staining.

Each of the four subsets occupied > 10% of the total NK

cells. The CD11b+ SP subset had higher CD107a expres-

sion than the DP subset and much higher expression than

the DN and CD27+ SP subsets. Among the pNK and cNK

cells, which had limited cell numbers in DN and CD27+

SP subsets, the CD11b+ SP subset was also the main

source of CD107a (Fig. 6d), consistent with previous data

that CD11b can mediate cytotoxic priming by beta-glu-

can.25 Hence, the CD11b+ SP subset was the main source

of cytolysis in each type of human NK cell.

Discussion

The identification of the developmental stages of B and T

cells has advanced for decades, whereas our knowledge

regarding NK-cell development, especially human NK-cell

development, remains in its infancy. Although the devel-

opmental stages of mouse NK cells were recently

described,19,20 whether similar populations existed in

humans had not yet been reported. In this study, we

characterized four novel NK populations (DN, CD27+ SP,

DP, and CD11b+ SP) that appeared to represent the

developmental stages of human pNK, cNK and dNK cells.

Furthermore, we demonstrated that each population
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could be characterized by unique functional and pheno-

typic attributes. Hence, our data provide evidence that

human NK cells at different developmental stages have

specific functional roles in tissues and may also reflect a

novel model of human NK-cell differentiation.

One primary goal of our study was to identify surface

markers that could be used to specifically identify the

developmental stages of human NK cells in vivo. These

markers would be important for determining the develop-

mental states of NK cells in different tissues or in different
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pathologies. In this regard, CD27 and CD11b are useful

markers because they provide a developmental continuity

for human NK cells; we found that these markers can dif-

ferentiate between the four functionally heterogeneous

populations with the potential to identify additional sub-

sets or clinical usage within each of these populations. In

addition, these markers provide a bridge between human

and mouse data, which will be useful for comparisons

between the two species and provide benefit for future

research.

Much of our data are consistent with previous mouse

and human data on this subject. Specifically, we observed

that CD27 distinguished between two NK-cell subsets

in human and mouse peripheral blood mononculear

cells.17,18 The two NK-cell subsets corresponded to the

previously described CD56bright and CD56dim NK cells.

The NK cells decreased their expression of NKG2A but

acquired NKG2D, CD11c, CD2, CD7 and CD11b during

development.5,16 Published data have identified that the

human lymph nodes and tonsils, the location of imma-

ture NK cells, express a low level of the CD11b integrin.5

We further observed in human decidual NK cells that

more than half were CD11b) NK cells. Hence, a low level

of CD11b is characteristic of immature human NK cells.

In addition, we observed that CD27 was expressed at a

much higher level on human cNK and dNK cells. The

developmental stages of human CD56+ NK cells were eas-

ily identified using CD11b and CD27. Our data also sug-

gest that the CD56dim (major CD11b+ SP) population is

more mature than the CD56bright (major DN and CD27+

SP) population, supporting Lanier et al.’s original pro-

posal26 and consistent with many recent studies.13

Another novel finding was that although the majority of

DN and CD27+ SP subsets had a CD56bright CD16) phe-

notype, the DN subset actually expressed few cytokines.

These results suggest that the CD56bright CD16) popula-

tion is still heterogeneous.

Decidual stage 3 NK cells have the capability to differ-

entiate to stage 4 not only in SLT but also in uterine

mucosa.5,7 Here we provided evidence that human stage 4

NK cells are heterogeneous and can be divided into DN,

CD27+ SP, DP and CD11b+ SP. This is important for

three reasons. First, we confirm and suggest decidua

could represent a novel site of NK cell development. It

has not previously been described that so many immature

DN population existed in decidual NK cells. Second, we

observe the sequence of effector function acquisition by

NK cells in the four subsets is accompanied with their

developmental stages. Third, it is interesting that there are

DN and CD27+ SP populations in dNK cells but not in

pNK and cNK cells. Do those immature NK cells develop

in lymphoid tissue and recruit to the circulatory system?

We suggest that this is the case because NK cells are the

first lymphocytes appearing in patients recovering from

IFN-γ

Donor 1 Donor 1Donor 2 Donor 2

NK

13·78%

9·79% 3·42%

6·07%

16·49%30·86%

36·84% 31·20%

29·45% 12·45%

17·57% 4·61%

16·99% 4·01%

25·15% 10·10%

22·15% 13·31%

6·87%18·72%

M1 M1
M1 M1

M1 M1

M1 M1

M1
M1

M1
M1

M1 M1

M1 M1

M1 M1

M1M1

DN

CD27+SP

DP

40
30

20

10

0

** P = 0·0022 

* P = 0·0260 

30

20

10

0
DN CD27+SP CD11b+SP

γ
%

 o
f I

F
N

-  
 +

N
K

 c
el

ls

%
 o

f T
N

F
+
N

K
 c

el
ls

DP DN CD27+SP CD11b+SPDP

CD11b+SP

TNF-α(a)

(b) (c)

Figure 5. CD27+ single-positive (SP) and dou-

ble-positive (DP) natural killer (NK) cells have

greater cytokine secretion. Typical cytokines

produced by human decidual NK cells of the

first trimester have been analysed in the four

subsets defined by CD27 and CD11b. (a) Rep-

resentative flow cytometry analysis of inter-

feron-c (IFN-c) and tumour necrosis factor-a
(TNF-a) in different NK-cell subsets. Results

are representative of seven experiments. (b)

Frequency of IFN-c-secreting NK cells in dif-

ferent NK-cell subsets (n = 7). (c) Frequency

of TNF-a-secreting NK cells in different NK-

cell subsets (n = 7).

� 2011 The Authors. Immunology � 2011 Blackwell Publishing Ltd, Immunology, 133, 350–359 357

CD11b/CD27 reflect distinct population and functional specialization in human NK cells



haematopoietic stem cell transplantation and those cells

are mainly CD56bright NK cells,27–30 which in our study

have been proven to mainly include DN and CD27+ SP

populations. Why do cNK cells maintain a DP population

and why are they not as mature as pNK cells? Such ques-

tions will be interesting to investigate.

In light of the aforementioned data, it is also notewor-

thy that IL-15 alone was insufficient for promoting DN

NK cells to the three other populations compared with

IL-2. Published results have provided evidence that much

IL-15 was found in the decidual tissues.31 As presented

here and in previous reports, NK-cell subsets and devel-

opmental stages displayed tissue preference, implying that

tissue-specific environments have an impact on NK-cell

differentiation.5,13,32–36 Much IL-15 maintains the decid-

ual NK subset that exists in an immature stage and acts

with immunomodulatory potential.32,36–38 This process

could possibly be regulated by dendritic cells because they

have already been shown to control NK-cell proliferation

and effector functions.39–41 However, many new questions

have arisen from this research. For example, it is still

unclear which specific factors allow for decidual NK cells

to remain in an immature stage. Although we have shown

that prolonged incubation by the cytokines IL-2 and IL-

15 can induce DN NK cells to develop to other subsets,

we still cannot exclude the possibility that this process

may not be a physiological recapitulation of NK-cell

development and maturation. DNK cells were distinct

from pNK cells for less than 20% dNK cells were mature

CD11b+SP NK cells. An unanswered question is why such

NK cells occupy > 70% of the total lymphocytes at the

human fetal–maternal interface. In future studies, it will

P = 0·0205
P < 0·0001

100

E
ve

nt
s

DN DPCD27+SP CD11b+SP

DN

14·1 14·1

15·056·8

0·0 2·7

96·80·4

0·1 1·3

96·32·2

7·9 7·7 10·7 12·7

8·5 6·4

10·65·8

DPCD27+SP CD11b+SP

0·75%

9·90%

45·11%

1·10%

10·81%

3·94%

4·22%

36·25%

47·69% 92·09%

62·85%

14·32%M1

M1

M1 M1

M1

M1 M1

M1

M1

M1

M1

CD16

M1

C
D

27

C
D

56
C

D
56

C
D

56

C
D

27
C

D
27

CD11b

CD11b

CD107a

CD107a

CD107a PE IgG

PE IgG

PE IgG

64
7 

Ig
G

64
7 

Ig
G

64
7 

Ig
G

CD11b

80

60

40

20

0

20

100

80

60

40

20

0

100

80

60

40

20

0

15

10

5

0
DN DPCD27

+
SP CD11b

+
SP

DN DPCD27
+
SP CD11b

+
SP

DN DPCD27
+
SP CD11b

+
SP

dNK

dNK

cNK

cNK

cNK

pNK pNK

pNK

dNK

dNK

cNK

pbNK

%
 o

f C
D

16
+
N

K
 c

el
ls

%
 o

f C
D

16
+
N

K
 c

el
ls

%
 o

f C
D

16
+
N

K
 c

el
ls

%
 o

f C
D

16
+
N

K
 c

el
ls

(a)

(c)

(b)

(d)

Figure 6. CD11b+ single-positive natural killer (SP NK) cells have the best ability for killing. (a) The frequency of CD16+ NK cells among decid-

ual (dNK), cord blood (cNK) and peripheral blood (pNK) NK cells (n = 10) for each NK cell type. (b) Representative flow cytometry analysis of

CD16 expression on cells from each subset of dNK, cNK and pNK cells. Results are representative of six experiments. (c) The frequency of

CD16+ NK cells in different subsets of dNK, cNK and pNK cells (n = 6). (d) Representative flow cytometry analysis of CD27/CD11b expression

on gated NK cells and CD107a expression in different NK subsets and in dNK, cNK and pNK cells. Results are representative of five experi-

ments.

358 � 2011 The Authors. Immunology � 2011 Blackwell Publishing Ltd, Immunology, 133, 350–359

B. Fu et al.



be important to refine the specific functions of human

NK cells at different developmental stages and in different

tissues.
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