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Summary. Natural killer (NK) and T subsets were ana- 
lyzed with appropriate dual labeling by flow cytometry 
in peripheral blood (PB) (66 cases) and bone marrow 
(BM) (55 cases) from patients with de novo AML in 
order to determine: (a) their distribution at diagnosis, 
(b) the correlation between PB and BM in NK subpop- 
ulations, (c) their relationship with the clinical and he- 
matological disease characteristics, and (d) the changes 
occurring upon achieving complete remission (CR). 
NK cells defined by the expression of CD56 in the ab- 
sence of CD3 were significantly increased at diagnosis 
and their levels in PB correlated with those of BM. By 
contrast, NK subsets defined by CD16 expression 
(CD16+ CD2+ and CD16+ C D 2 - N K - c e l l  subsets) 
as well as T lymphocytes with NK activity (CD56+ 
CD3 +),  although increased in PB, displayed normal 
levels in BM. An additional observation of interest was 
the expansion of an immature NK population lacking 
CD16 Ag expression (CD56+ C D 1 6 - ) .  AML cases 
were divided into two groups according to the absolute 
number of NK cells in PB; patients with the highest 
levels showed an increased proportion of blast cells in 
PB (p=0.01), monocytic subtypes (p=0.03), and ex- 
pression of CDl lb ,  CD14, and CD4 antigens 
(p=0.05). Infections at diagnosis were not related to 
the level of NK cells. In 19 patients who achieved com- 
plete remission the number of C D 5 6 + C D 3 -  cells 
tended to be reduced to within the normal range. Oth- 
er T-cell populations, including the CD4 naive and 
memory cells, were also explored, their distribution be- 
ing normal in the PB of AML patients. By contrast, the 
cytotoxic subset CDS+/CD57+ was significantly in- 
creased (p < 0.001). These data point to the existence 
of marked alterations of NK cells in AML patients, 
possibly reflecting a host-tumor immunological inter- 
action. 
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Introduction 

Natural-killer cells are characterized by their capacity 
to lyse virus-infected cells and tumor cell targets with- 
out major histocompatibility complex (MHC) restric- 
tion [14, 28], protecting against both spontaneously ar- 
ising and experimentally induced neoplasms [27-29]. 
In spite of the importance of this cell population, it re- 
mains to be discovered whether NK cells represent a 
cohort of cells from different hematopoietic lineages or 
a homogeneous lineage-restricted cell population [28, 
291 . 

Immunophenotypical studies have demonstrated 
that cells with NK activity express a heterogeneous ar- 
ray of surface antigens [28, 29]. The most potent NK 
cells are a non-T-cell population ( C D 3 - ,  T C R -  ) that 
express both the CD16 and CD56 antigens. Together 
with this population there is a minor subset with a Iess 
efficient NK activity corresponding to T (CD3 +)  lym- 
phocytes, which co-express the CD56 and CD57 Ags 
but lack CD16 [13]. Lanier et al. [14] have designated 
these latter cells as non-MHC-restricted cytotoxic T 
lymphocytes. Several observations indicate that NK 
cells play a role in the control of leukemia: (a) NK 
function is altered in leukemic patients [3, 4, 8, 18]; (b) 
NK activity tends to decrease in individual patients 
who subsequently relapse [25, 37]; and (c) in animal 
models, transfer of NK cells may protect against in- 
duced leukemia [26]. It is already known that some hu- 
man malignant cells (non-Hodgkin's lymphoma, Hodg- 
kin's lymphoma, renal cell carcinoma, colon carcino- 
ma, and melanoma) are susceptible to lysis by lympho- 
kine-activated killer (LAK) cells either in vitro [10] 
and/or in vivo [30, 40] and that, in vivo, these killer 
cells play a role in the host's defense against A N L L  [5, 
8, 17, 20, 34]. However, it seems that blast cells from 
acute myeloid leukemia are usually resistant to NK- 
mediated killing [1, 36], although the stimulation of ef- 
fector cells with interleukin-2 may significantly in- 
crease the percentage of specific SlCr release in cyto- 
toxicity assays [16, 24]. 
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In the present study we have analyzed several lym- 
phocyte subsets defined by NK-associated antigens as 
well as T-cell subsets in AML patients in order to de- 
termine: (a) their distribution at diagnosis, (b) the cor- 
relation between peripheral blood (PB) and bone mar- 
row (BM) NK-cell subpopulations, (c) their relation- 
ship with clinical and hematological disease character- 
istics, and (d) their changes when complete remission 
(CR) is achieved. 

Statistical methods 

To estimate the significance of the differences between means the 
Mann-Whitney U test (BMDP 3S program) was used. The T- and 
NK-cell populations were correlated with presenting clinical fea- 
tures by means of the chi-square test (BMDP 4F program). Sur- 
vival curves were plotted according to the method of Kaplan and 
Meier and compared statistically using the Mantel-Cox and Bres- 
low tests (BMDP 1L program) [7]. 

Materials and methods 

Patients and controls 

T-lymphoid and NK-associated antigens were explored in periph- 
eral blood (PB) (66 cases) and bone marrow (BM) (55 cases) 
samples from patients with de novo acute myeloid leukemia 
(AML) diagnosed according to the FAB criteria. In each patient 
the most relevant clinical and hematological diseases characteris- 
tics documented at diagnosis were evaluated for correlation with 
lymphoid subsets. Thirty sex- and age-matched healthy volun- 
teers were used as controls for peripheral blood (PB) studies, and 
ten volunteers undergoing orthopedic surgery were used for bone 
marrow (BM) studies. In these cases BM aspiration was perform- 
ed immediately after the induction of anesthesia. Informed con- 
sent was obtained from both the AML patients and the volun- 
teers. 

Immunophenotypical studies 

T-lymphoid and NK-associated antigens were explored by direct 
immunofluorescence with flow cytometry, as previously de- 
scribed [12, 32]. The panel of monoclonal antibodies (MoAb) 
used in the PB samples included: CD3 (Leu 4), CD2 (Leu 5b), 
CD4 (Leu 3), CD8 (Leu 2), CD56 (Leu 19), CD16 (Leu 11c), 
CD29 (4B4), CD45RA (Leu 18), and CD57 (Leu 7). Simulta- 
neous stainings were systematically used to analyze the following 
antigenic co-expressions: CD3/CD56, CD2/CD16, CD4/CD29, 
CD4/CD45RA, and CD8/CD57. For BM studies, the following 
combinations of MoAb were employed: CD3/CD56 and CD2/ 
CD16. Irrelevant isotype-matched MoAb were employed as ne- 
gative controls [33]. 

AML cases in which the blast cells had a light scatter distribu- 
tion pattern [forward scatter (FSC)/side scatter (SSC)] that did 
not permit a clear distinction from lymphoid cells and also ex- 
pressed the CD56 and/or CD16 antigens were not included in the 
study. 

Owing to the possible contamination of the "lymphoid" gate 
by erythroblasts and blast cells, the proportion of each lymphoid 
subset ("x") was corrected according to the total number of T 
lymphocytes (CD3 +/CD56 - and CD3 +/CD56 +)  and NK cells 
(CD3 -/CD56 + ) present in the cell gate analyzed, using the fol- 
lowing equation: 

~ ~X"  ~--- 

X 

(CD3 +/CD56 - ) + (CD3 +/CD56 + ) + (CD3 -/CD56 + ) 

The absolute numbers of the different subpopulations ana- 
lyzed ("x") were calculated from the total number of PB leuko- 
cytes, the proportion of FSC/SSC lymphocyte region gate, and 
the percentage of positive cells within the gate: 

Abs. count "x" =Total leukocytes x % gate x % positive cells 

Results 

The expression of NK-associated antigens (CD56 and 
CD16) was significantly increased (p < 0.001) in the PB 
of AML patients, both in relative and in absolute num- 
bers. Moreover, the augmented expression of CD56 
was due to a uniform expansion of the two major 
CD56 + subsets: the typical CD56 + C D 3 -  NK cells 
and the CD3+ CD56+ T lymphocytes. Within the 
CD16+ cells there was also a parallel expansion of 
both the C D 1 6 + C D 2 -  and the C D 1 6 + C D 2 +  NK 
cell subsets (Table 1). 

A significant increase in the percentage of CD56 + 
cells (p = 0.01) was also observed in the BM of AML 
patients, although in this case it was due only to the 
CD56+ C D 3 -  subset, while the level of 
CD56 + CD3 + cells was normal. By contrast, the dis- 
tribution of CD16 cells did not significantly differ from 
that of normal BM samples (Table 2). Upon correlat- 
ing the relative number of NK cells in BM and PB in 
the 35 cases in which they were analyzed simultaneous- 
ly, a significant correlation was found for the 
CD56 + CD3 - cells (Fig. 1). 

Regarding PB T-cell subsets, the number of CD4 + 
and CD8 + lymphocytes, both in percentage and abso- 
lute numbers, were within the normal range; neverthe- 
less, the slight increase of CD8 + cells with a decrease 
in CD4 cells led to an imbalanced CD4/CD8 ratio 
(p =0.02). The distribution of the two major CD4 sub- 

Table 1. Expression of NK-associated Ag in PB 

AML Healthy p 
patients controls value 
n=66 n=30 

CD56 + C D 3 -  23 + 17 8 + 4) 
(1000 + 2400) (100 + 70) 0.001 

CD56 + CD3 + 16 + 18 4 + 1 0.001 (500 _+ 1200) (50 _ 30) 
Total CD56+ 38 + 23 11 + 5 0.001 

(1570 + 3400) (170 + 90) 
CD16+ CD2+ 12 +- 12 4 + 4 

(400 + 600) (60 + 40) 0.001 
CD16+ C D 2 -  9-+ 12 2-+ 2 0.001 

(500 -+ 1500) (20 + 20) 
Total CD16+ 22 + 18 6 -+ 6 0.001 (900 -+ 1800) (90 -+ 60) 

Results expressed as mean -+ SD of relative (top lines) and abso- 
lute numbers (in brackets) 
Absolute numbers expressed as cells x 106/1 
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Fig. 1. Correlation between peripheral 
blood (PB) and bone marrow (BM) 
content of natural killer (NK) cells 
(CD56 + CD3 - )  

Table 2. Expression of NK-associated Ag in BM 

AML Healthy p 
patients controls value 
n=55 n=10 

CD56+ CD3-  22 _+ 16 7 • 5 0.01 
CD56+ CD3+ 12+11 9 •  NS 
Total CD56 + 34 + 19 16 • 9 0.01 
CD16+ CD2+ 9+ 7 9-+3 NS 
CD16+ CD2-  9 -4-- 11 5 • 3 NS 
Total CD16+ 19 + 14 14 + 7 NS 

Results expressed as mean -+ SD of relative numbers 

Table 3. T-cell subsets in PB 

AML Healthy p 
patients controls value 
n=66 n=30 

Total CD4+ 49 -+ 18 56 + 13 NS (2000 -+ 6900) (800 + 300) 
Naive 20 • 13 22 -+ 12 NS CD4 + CD45RA + (1200 • 5600) (300 + 100) 
Memory 28 +- 10 31 + 7 NS CD4 + CD29 + (1300 • 4700) (400 + 100) 
Total CD8 + 46 -+ 32 36 + 9 NS (1900 • 4900) (500 • 200) 
Cytotoxic 12 + 12 4 + 4 0.001 CD8 + CD57 + (800 + 2400) (50 + 30) 
CD4/CD8 1.4 • 0.9 1.7 + 0.8 0.02 

Results expressed as mean -+ SD of relative (top lines) and abso- 
lute numbers (in brackets) 
Absolute numbers expressed as cells x 10611 

sets - m e m o r y  (CD4 + / C D 2 9  + )  and naive (CD4 + / 
C D 4 5 R A + )  - was also normal,  while within the 
CD8 + cells CD8 + CD57 + supressor-cytotoxic lym- 
phocytes  were significantly increased (p =0.001) both 
in relative and absolute numbers  (Table 3). This latter 
increase was due mainly to the CD8 bright cells, which 
correspond to T lymphocytes.  

The A M L  patients  were divided into two groups ac- 
cording to the absolute number  of  N K  cells in PB 
(CD56 + cells higher or lower than 240x  106/1). Pa- 

Table 4. Relationship between the number of NK cells and the 
clinical and hematological characteristics 

Numbers of 
CD56 + CD3 - cells 

<240 • 106/1 1>240 x 106/1 
n=32 n=32 
(%) (%) 

% Blast cells in PB a 47 + 30 62 + 27 0.04 
Monocytic phenotype 3/32 (9) 13/32/40) 0.003 
CDllb 13/32 (40) 25/32 (77) 0.003 
CD14 4/31 (13) 12/31 (39) 0.02 
CD4 15/31 (48) 22/32 (69) 0.10 
% CR (58) (66) NS 
Survival (months) 5 10 0.07 

a Results expressed as mean + SD 

tients displaying higher levels of N K  cells showed an 
increased propor t ion  of blast ceils in PB (p=0.04) ,  
monocyt ic  subtypes - assessed both  by morphological  
and immunological  criteria - (p =0.003), together  with 
a greater  expression of CD11b (p=0.003) ,  CD14 
(p=0.02) ,  and CD4 (p=0 .10)  antigens. Al though the 
differences were not  statistically significant in this 
group of patients,  overall survival was also higher 
(p =0.07) (Table 4). In 19 patients, s tudy of the N K  
populat ions in BM was repeated  once the patients  had 
achieved CR, with the finding of a decrease in the 
numbers  of N K  CD56 + C D 3 -  cells to levels similar 
to those of the controls. The remaining NK-cell  subsets 
analyzed, which, as described above,  were within the 
normal  range at diagnosis, remained unchanged when 
CR was achieved (Fig. 2). 

Discussion 

Analysis of  lymphoid subsets has proved  to be of  rele- 
vance in a wide range of clinical disorders, contributing 
both to a be t ter  understanding of their  immunobiology 
[11, 12, 19, 31] and to bet ter  managemen t  of  the course 
of  these diseases [11, 31]; H I V  infection is the most  
representat ive example  of this. 
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Fig. 2. Natural killer (NK) cells in bone marrow (BM): 
diagnosis vs complete remission 

Few studies have addressed T-cell subsets in AML 
patients at diagnosis [21]. At present, most of the avail- 
able information refers to the immune reconstitution 
following bone marrow transplantation. The present 
study shows that the two major T-cell subsets (CD4, 
CD8), as well as the CD4 subpopulations (naive and 
memory), lie within the normal range, both in relative 
and absolute numbers, in AML patients at diagnosis. 
By contrast, there is a significant increase in CD8 +/  
CD57 + supressor/cytotoxic lymphocyte subsets, prob- 
ably reflecting host-tumor immunological interactions. 

The availability of appropriate MoAb that recog- 
nize Ags associated with cells with NK activity allows 
the definition of a cell type rather than a cellular func- 
tion. At present very few studies have focused on the 
number of NK cells in AML. Moreover, most of these 
studies, performed after IL-2 stimulation, have yielded 
quite variable results, ranging from decreased [35] to 
normal [2] or increased [16] levels of NK cells. In the 
present study, using double staining to assess different 
NK-cell subsets, we have found that NK cells defined 
by the expression of CD56 in the absence of CD3 were 
significantly increased in AML patients at diagnosis, 
and that their levels in PB correlated with those in BM. 
By contrast, NK subsets defined by CD16 expression 
(CD16+ CD2+ and CD16+ C D 2 - N K - c e l l  subsets) 
as well as T lymphocytes with NK activity (CD56+ 
CD3 +),  although increased in PB, displayed normal 
levels in BM. Moreover, sequential studies performed 
in our series show that the number of CD56 + C D 3 -  
cells tended to be within the normal range upon 
achievement of CR. 

An additional observation of interest is that the 
number of NK cells ( C D 3 - )  expressing the CD56 Ag 
was always higher than that of lymphocytes defined by 
CD16 positivity. These results indicate that in AML 
patients an expansion occurs in an NK population 
lacking CD16 Ag expression (CD56 + CD16-) ;  these 
cells have been considered to be the most immature 
NK subset [22]. In addition, the increase in CD16+ 
NK-cells in PB without a similar expansion in BM sug- 
gests that probably not all NK-cell subsets display the 
same tissue-homing pattern. The present study also 
points to certain correlations between the number of 

NK cells and several hematological and immunophe- 
notypical disease characteristics. 

It has been suggested that some cell populations 
may play an important role in protection against proli- 
feration of neoplastic cells [28, 29]. The increased lev- 
els of NK cells detected in the present study would 
support this hypothesis. The paradox between the high 
number of NK cells found by us and the decreased NK 
activity previously reported in AML patients suggests 
the existence of a defective cell function. This altera- 
tion can be attributed, at least in part, to a functional 
impairment of NK cells to produce natural-killer cyto- 
toxic factor (NKCF) [41], which has been identified as 
IL-12 [23], and to a possible immunosuppressive effect 
of a serum factor elaborated by leukemic myeloblasts 
[15]. In addition, although these patients might have a 
normal NK function, it may not be efficient, owing to a 
reduced susceptibility of the blast cells to lysis by auto- 
logous NK or LAK effectors [1, 2, 38]. Recently, it has 
been shown that CD8 + CD57 + lymphocytes may re- 
lease a factor that suppresses killer activity [6]. Since 
we have detected a significant increase in this cell sub- 
set in AML patients, it is possible that these lympho- 
cytes may be at least partially responsible for the de- 
fective NK function of AML patients. However, an al- 
ternative possibility that may help to explain this para- 
dox is that the discrepancy between NK-cell numbers 
and NK activity in AML patients is not a real one, but 
rather related to technical problems. Thus, reduced 
blood cell NK activity could be due largely to a "dilu- 
tion" effect of NK cells by leukemic cells in the mono- 
nuclear fraction, leading to a low effector/target cell ra- 
tio [28]. The reported normalization of NK and LAK 
activity upon achievement of CR [9, 39] would support, 
at least partially, these hypothesis. 

These data point to the existence of marked altera- 
tions of NK cells in AML patients, possibly reflecting a 
host-tumor immunological interaction. 
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