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Abstract—In 13 patients with a multi-parameter based diagnosis of primary acquired preleukemic 
syndrome (PPS), natural kilter (NK) cdl activity and antibody-dependent cellular cytotoxicity 
(ADCQ were investigated on peripheral blood mononuclear cell (MNC) fractions, lo all but two 
patients a defective NIC activity was found. Lymphocyte-monocyte mixture experiments 
demonstrated that (his was not due to suppressor monocytes. Furthermore, NK activity was defec­
tive when both mydoid and non-mydoid target cdl lines were used. Addition of human leukocyte 
interferon to the NK cultures augmented the cytotoxicity, which exhibited the same kinetics as that 
o f normal controls, but NK activity Icvds remained subnormal. These data strongly indicate that 
the decreased NK activity seen in the patients is due to a decreased number of circulating NK cells. 
In contrast ADCC was within the normal range both when MNC suspensions as well as when 
purified peripheral blood lymphocytes were used as effector cells thus ruling out subnormal 
lymphocyte ADCC masked by the presence of monocyte ADCC. These results demonstrate that 
PPS patients have a selective NK defect with an intact lymphocyte ADCC function. Whether this 
defect will prove to be valuable in the assessment of a malignant transformation in a given patient 
will await further longitudinal NK studies and dinical follow-up of the patients.
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INTRODUCTION
PRIMARY acquired prclcukcmic syndrome (PPS) is, in spite of intensive investigation, still 
an iU-defined entity when diagnosis is based on dinical and morphological criteria alone 
[2, 5, 16, 20, 26, 271- Linman [16] defined PPS as an unexplained mono-, bi- or 
pancytopenia, often accompanied by a hypercdlular bone marrow with megaloblastic 
morphological changes. With respect to bone marrow morphology PPS can be defined as 
a condition with less than 5% bone marrow myeloblasts and it is thus distinguished from 
smouldering leukemia or refractory anaemia with an excess of blasts, in which the per­
centage of myeloblasts by definition exceeds 5% but is less than 209« [2]. Since natural 
killer (NK) cells might play a role in the host defence against early neoplasia [18] and since 
some patients with PPS later develop acute myelogenous leukemia (AML) [15, 27], the 
purpose of this study was to elucidate whether patients with a diagnosis of PPS, as 
defined above, had significant alterations in NK activity. In normal human subjects and 
in experimental animal systems, the NK activity is, both in vivo and in vitro, enhanced by 
interferon or .interferon inducers [6, 11, 13, 30]. In consequence of this, we also 
investigated the effect of human leukocyte interferon (a-IFN) on NK activity in vitro. The 
conflicting results concerning antibody-dependent cellular cytotoxicity (ADCQ in the 
defence against neoplasia [4, 22] likewise led us to investigate possible changes in ADCC 
in patients with PPS.

•Supported by the Danish Research Council Grant No. 12-3132.
Abbreviations; ADCC. antibody-dependent cellular cytotoxicity; a-IFN, human leukocyte inlerfcron; AM L, 

acute myelogenous leukemia; eft. effector to target; MNC, mononuclear cell; NK, natural killer; PPS, primary 
preleukonk syndrome.
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MATERIALS AND METHODS
Patients

The material comprise* I] patients, five women and eight men, aged 36-84 yean. The patients were admitted 
to the University Department of Medicine and Haematology. Aarhtu Amtuygchus, during the period March 
1979-October 1981. None had received cytostatics or radiotherapy prior to admission. Diagnosis was based oa 
several abnormalities regarding clinical, chemical and morphological findings in each pa dent. The diagnostic 
criteria were unexplained mono*, bi- or pancytopenia of the blood with simultaneous presence o f a hypcrcdlular 
bone marrow, (n addition, a number of other features were present in most patients at the dme of diagnosis 
(Table I). Alt patients had karyotypic abnormalities when examined by banding technique. All patients bad less 
than 3 *  m yd oblasts in thdr bone marrow and none had ra yd oblasts in peripheral blood at time or diagnosis as 
wdl as at time of Investigation, At the end of the observation period four patients had died (one patient of overt 
AML, one of septicemia, one of ischaemic colitis and one of pneumonia).

Natural kilter cell assay
Mononudcar effector cdIs were isolated on Isopaque-Flcoll gradients (Lymphoprep*, Nygaard, Oslo) [3.12]. 

As target cells the NKfcnsitivc crythroleukenua cdl line K562 was used [12], Culture conditions for the J,Cr 
rdeasc assay were as described in detail previously (12] and test systems were set up with and without the 
addition of 500 1U of partially purified a-IFN (kindly provided by Dr Kurt Berg, Institute of Microbiology, 
University of Aarhus). Spedfic lysis of target cells was calculated from the formula:

Counts/min Exp -  Counts/min S R * ,

Counts/min MR -  Counts/min SR
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WITH A DIAGNOSIS O f PRIMAXY ACQUIREO PtELEUKEWIC SYNDROME

Variable Result

Sex 6F/7M-
Mcan agc 66 (range: 36-84)
Mcan obscrvation lime (months) 32 (range: 3-144)f
Responsc to treatment l / l l t

Blood findings
Anaemia (F<7.3 m m ot/l; M < 8 ,2  mdvol/l) 13/13
Macrocytosìs (M CV >I02 fi) 6/13
Granulocytopenia (< 2  X IO1/! ) 9/13
Thrombocytopenia (< 30  x  10*/l) 5/13
Pancytopenia 3/13
S-cobaiamìna I (normal: 200-800 pm ol/l) 2/13
Granulocyte hypoicjmentation ------
Karyotypic abnormalities

-8 /1 3 -------- -----
l l / l l

Bone marrow findings
Ovcrali cdlularity
(+  + + /  + +  /+ . /N /—/ ----- / -------- )
Erythropoietic cdlularity

7 /4 /0 /I /1 /0 /0

(4- + /  + /N /—/ ----- ) 3 /7 /2 /1 /0
Granulopoietic cdlularity
(i- * /  + /N /—/ ----- ) 3/8/1/I/O
Bone marrow iron content 1 12/13
Sidcroblasis 1 10/121
Mydoblasts ( < 5 * ) 13/13

Included are the dinical data at time of diagnosis and the treatment.
’ F -  female. M -  male.
fFour patients have died at end o f observation lime.
Ï Response to treatment (folinic add, pyridoaine. anasteronc 

and/or prednisone) measured in terms of diminished requirement for 
blood transfusions.
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NK edit and lymphocyte ADCC tn preieukemia

where counu/min Exp U the radioactivity of the supernatant when effector ed it and target e d it were co­
cultured, countt/m in SR the spomancous release of radioactivity from cultures containing labelled Urget edit 
only, and countt/min MR the maximal rdcase determined after detergent lytii of labelled target ed it. The 
result! were compared to a panel o f normal controls (n ■* 20). According to earlier obtervations 16 h was chosen 
a* routine incubation period [I2 |. Different effector to urget (e/t) ratios (12.3:1, 23:1, 50:1, 100:1) were used in 
each experiment.

In sdected experiments a pand of NK-tensitive Urget ed it induding the 1301 (acute T-lymphoblastic 
leukemia) line, and the MOLT-4 (acute Trlymphoblastk leukemia) line, was employed.

Dcfyictio* */*d purification o f monocytes
The mononuclear ceils Isolated from the Mood were separated into lymphocytes and monocytes by the plastic 

adherence method as previously described in detail (I5J. Purity of the isolated suspensions was estimated after 
turning for non-specific esterase etuyme activity and by reactivity with the monodonal antibody Mo2, which is 
specific for monocytes (29). Monocyte contamination of the lymphocyte suspension never exceeded 2*?», and the 
percentage o f monocytes in the adherent cdt fraction in all insunccs exceeded 6 0 S . In selected experiments, 
purified monocytes were added in graded numbers to NK cultures.

ADCC
Except for the urget cells and the o-lFN addition, the ADCC cultures were set up simitar to the NK activity 

assays. As urget cells the mastocytoma cdl line P815 was used (e/t ratio 30:1). Assays included cultures with and 
without the addition of rabbit anti-PSI5 anti-serum (final dilution 1:2300). Incubation, harvesting and calcula­
tion of specific chromium release was done as described for the NK activity assays. The results were likewise 
compared to a panel of normal controls (n -  20).

In four patients ADCC assays were carried out on purified lymphocyte and monocyte cell fractions at various 
e/t ratios and the results compared to results obtain«! with the unseparated mononudear cell fractions.
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RESULTS
Peripheral blood mononuclear cells isolated from 13 patients with prclcufcemia were 

tested for spontaneous as well as antibody-dependent cytotoxicity in the NK and ADCC 
tests. As will be seen from Fig. 1, in which the NK activity of the patients is compared to 
that of 20 normal donors, only two of the 13 patients had a normal level of NK activity.

%  SPtCIflC * k r  IEl£AS£

Fig. I. NK activity of 13 prelcukcmia patients both with and without the addition of 300 units of 
a-IFN. The dotted area indicates the normal range ±  S.D.
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After addition of 500 units of a-IFN to the cultures, an increase in the NK activity com­
parable to that of the normal donors was observed. However, only one patient remained 
within the normal range, indicating that the unstimulatcd, but not necessarily the 
interferon activated NIC cells, possessed severely depressed cytotoxic activity. In order to 
evaluate whether the depressed NK activity was due to a decreased level of NK activity by 
a normal number of circulating NK cells, or alternatively to a decreased number of NK 
cells in the peripheral blood, different effector-to-target ratios were used in all assays. 
From Fig. 2, which shows the results from a representative experiment, it is evident that 
the kinetics of K562 target cell lysis are similar in the patient and the normal donor. This 
may indicate that the defective NK activity is due to a reduced number of NK cells in the 
blood and not to an intrinsic defect in the NK cells.

Fto. 2. Effcctor/targct ratio curves of a representative normal donor ( à  ) and a prdeukemia 
patient (o) in NK assay against K56Z edit (dosed symbols, after the addition of 500 IU a-IFN).

To elucidate further the NK defect, NK activity assays were carried out with two T-ALL 
cell lines as target cells,, simultaneously with the routinely used K562 target cell Une. 
Decreased NK activity was also demonstrated against these target cells (Fig. 3).

Since the mononuclear cell fraction harvested from the gradient interface contained 
from 5 to 25% monocytes (as detected by the monoclonal antibody Mo2), we found it im­
portant to evaluate the influence of monocytes upon NK activity and ADCC. In the NK 
assay, where monocytes in high pcrcenlÎgés"couId be imagined to inhibit cytotoxicity,- 
lymphocytes and monocytes were separated and graded numbers of purified monocytes 
were added lo the fixed numbers oflymphocytes and target cells in NK cultures. As will be 
seen from Fig. 4 , addition of up to 40% monocytes did not significantly influence the-NK 
activity of either patient or normal donor lymphocytes (monocytes alone gave no lysis). 
Thus, it seems unlikely that the decreased NK activity of the preleukcmia patient is due to 
the presence of peripheral blood suppressor monocytes.

in contrast to the NK results Fig. 5 shows that nine patients had normal ADCC and 
only three had decreased cytotoxic activity against sensitized P815 mastocytoma cells. In 
one patient a significantly increased cytotoxic activity was found.

In the ADCC assay using IgG-scnsittzcd P815 cells, which arc also susceptible to lysis 
by monocytes, we tested the effect of monocyte depletion of the effector cell suspensions. 
In Tabic 2 data from four such experiments are given and it is apparent that non-adherent 
lymphocytes from the patients retained their cytotoxic activity in the ADCC assay, 
indicating that the ADCC results (Fig. 5) are not due to cytotoxic monocytes, but can be 
attributed to the patient lymphocytes only.



Fkj. 3. NK activity of three prdeukemia patients (right columns) and three normal donors ( r  ±  
S.O.) against three different target cdl lines without a-IFN and with (total columns) the addition

of 500 a-IFN units/ml.

£L  CL
«) a  id eo 
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Fie. 4. NK act Why of peripheral blood lymphocytes from ■ prdeukemia patient (left panel) and a 
normal donor (rifht panel) after addition of traded numbers of monocytes (monocytes alone did 
not result In lysis). Cytotoxicity without a-IFN and with (total columns) the addition of 500 a-IFN 

units/ml. x  ±  S.D. is shown for simultaneous assays En each experiment.
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Fig. 5. Antibody-dependent cellular cytotoxicity (ADCC) io 13 prdeukemia patients compared to 
that o f  normal controls (dotted area). The figure depicts the specific chromium release with and 

without the addition of an anti-PS 15 antiserum (final dilution 1:2500).

Table 2. ADCC of unseparated and separated cell fractious in four patients wit« primary preleucemic
*■ SYNDROME

Patient No. 4 Patient No. II Patient No. 42 Patient No. I
E /t
m ìo > a• ft Unsep.t Non-adh.t Uruep. Non-adh. Unxep. Non-adh. Unxep. Noo-tdh,

12.5:1 2.21 2.6 0.8 0.5 0.3 2.5 —0.5 1.2
13.5 14.2 45.1 35.3 13.0 23.3 26.3 27J

25:1 _ O.S 2.8 0.6 2.8 —2.9 9.8 0.0 2.6
+ 21.0 22.5 57.9 54.5 32.9 36.3 42.8 40.3

50:1 — 4.9 5.3 0.7 1.6 —3.3 21.6 n.t. 5.2
+ 36.0 32.6 5S.0 60.7 40.2 43.1 n.t. 49.9

’Addition of anti-PS 15, final dilution 1:2500. 
flsopaque-Ficotl separated mononudear cells. 
Ì PI a* tic non-adherent odls.
1 Median value of triplicate determination, 
n.l.: Not texted.
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DISCUSSION
Cell-mediated immune reactions have been thought to play an important role in the 

rejection of experimental tumors or grafts. The effector cell mediating these cytotoxic 
reactions was originally thought to be the cytotoxic T lymphocyte (CTL). Whereas serious
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doubts have lately been cast on the role of CTL in immune defence against cancer, NK 
cells arc now, based on extensive data, thought to play an important role in the immune 
surveillance against early neoplastic growth in both humans and rodents (for a recent 
review, see Hcrberman [10]). This is perhaps best exemplified by investigations in patients 
with the Chediak-Higashi immunodeficiency (I, 25J, who often die in malignant 
lymphomaious states, and in whom a low NK activity (and ADCC) against tumor cells is 
found [9, 25].* Earlier observations comparing NK activity in normal and tumor-bearing 
individuals have shown a significant decrease in NK activity in tumor patients, the extent 
of which could be positively correlated to the degree of dissemination of the disease {7, 
14]. An important fact to bear in mind, however, is that earlier studies on NK activity in 
malignant disease have been concerned with patients already harbouring a malignant 
growth. In contrast, patients with PPS provide an opportunity to test the immunological 
capacity in individuals with a potentially malignant condition [16, 27], a situation where 
investigations would seem to yield more information concerning the early immunity 
against cancer. These considerations have led us to the present investigation of NK 
activity and ADCC in patients with PPS.

In II of 13 patients with a multiparameter-bascd diagnosis of PPS we found a 
significantly reduced NK activity.! Several factors indicate that this decrease in NK 
activity could be due to a low number of circulating effector cells and not to an intrinsic 
defect of the NK cells. Firstly, the correlation between the c/t ratio and target cell killing 
was similar in the patients and the normal donors (Fig. 2). Secondly, the addition of 
monocytes, which could be expected to suppress NK cells [32] did not influence the 
amount of lysis (Fig. 4). Thirdly,- the decreased NK activity was demonstrable against 
non-mycloid cell lines as well as myeloid cell lines (Fig. 3) indicating that the observed NK 

. defect is not selective towards myelogenous cells. Finally, enumeration of cells reactive 
with a monoclonal antibody (901) specific for NK cells (manuscript in preparation) 
showed significantly reduced numbers of 901-positive cells.

Reduced NK activity in PPS has also recently been demonstrated by Porzsolt and 
Hcimpel [21] and may be either an effect of a subdinical malignant condition or the NK 
defect may indeed be the primary advent. Favoring the first hypothesis is the finding of 
reduced NK activity in tumor-bearing individuals [7,14] which also might be comparable 
to the-demonstration of cytogenetical abnormalities in PPS (19]. On the other hand 
longitudinal cytogenetical studies performed in our patients with PPS indicate a certain 
hcterogeneity_ampng_ these, and several of our patients do not show any major 
cytogenetical abnormalities (to be "published), whereas* their NK activity is .more con­
stantly reduced. This might speak in favour of an NK defect preceeding the cytogenetical“ 
change. A prospective study on these patients might give some dues as to what is the 
primary defect triggering evolution towards leukemic proliferation.

The in vivo action of a-IFN against tumor cells is under intensive investigation and 
several mechanisms for an anti-tumoral effect have been considered including a direct 
inhibitory effect on tumor cdl multiplication [8] or an alteration in the surface antigens of 
tumor cells and a subsequent increase in the susceptibility to the action of the immune 
system. Finally, a direct enhancement of anti-tumor host responses could be envisaged. 
The latter two possibilities require the existence of a functioning host immune defence 
against tumors. The in vitro action of interferon on NK cells is thought to be due partly to 
a recruitment of kiiler cells [28] and partly to an increased recycling capacity of the NK

. NK ceil* and lymphocyte ADCC in preicukemia

•A similar impaired NK activity has been obterved by Purtilo in patient* with X »linked lymphoproliicraiivc 
lyndrome (24J.

tOur control! were not age-matched (younger mein age for the control*). However. P ro«  ar>d Baines (23] 
have recently ihown that aged individual* exhibit higher NK activity than the young. Therefore the companion 
between our group* would tend to weaken the sLaiiitical tignificancc of the NK differences.
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cells [3lj. in vitro Assays for NK activity in our patients with PPS with the addition of 
a-IFN resulted in augmentation of the cytotoxicity to the same extent and following the 
same kinetics as for normal controls, but overall cytotoxicity remained subnormal in 12 
patients. From this it may be concluded that the number of circulating NK ceils is reduced 
in PPS, whereas the number of "pre-NK” cells, the cells recruitable by interferon, or their 
activity ¡s normal.

Both myeloid and lymphoid ceils can act as effector cells in the ADCC assay, but 
lymphocytes seem to be more potent than myeloid cells in the lysis of sensitized tumor 
cells (17]. Even though this reaction is of importance in (he defense against a variety of 
microorganisms, its in vivo relevance in tumor immunology is not yet resolved. It is 
interesting that the ADCC against the P815 mastocytoma cell line was normal (Fig. 5 and 
Tabic 2) while the NK activity was decreased since these functions arc generally assumed 
to be exerted by the same lymphoid subset. This dissociation may seem surprising but it is 
in accordance with the hypothesis that the lytic mechanism in the NK and ADCC 
reactions are different.

In conclusion, our studies, have shown that peripheral blood lymphocytes from 
preleukemia patients have a severely depressed NK activity, probably due to the low 
number of circulating NK cells in the blood. Longitudinal studies are now in progress to 
further elucidate this finding through measurements of peripheral blood and bone 
marrow NK functions of purified lymphocyte subsets against a variety of myeloid target 
ceils and against autologous bone marrow cells.
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