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Abstract—[a |3 paticnts with a multi-parameter based diagnosis of primary scquired preleukemic
syndrome (PPS), natural killer (NK) cell activity and antibody-dependent celular criotoxicity
(ADCX) were investigated on peripheral blood mononuclesr ccll (MNC) fractions, 1a all but two
paticntz a defective NK activity was found. Lymphocylc-monocyle mixture experiments
demonstrated that this was not duc 1o suppressor monocytos. Furthermore, NX activity was defec-
tive when both mydoid and non-mydoid target cedl lines were used. Addition of human keukocyte
interferon ta the NK cultures augmented the oytotoxicity, which exhibited the same kinctics as that
of normal conatrols, but NK activity levels remained subnormal. These data strongly indicate that
the decreased NK activity sexn in the patients is due lo a decreased number of circulating NK czlls.
In contrast ADCC was within the normal range bath whea MNC suspensions as well 22 wikn
purified peripberal blood lymphocytes were used as cffector cells thus ruling out subnormal
lymphocyte ADCC masked by the presence of monocyte ADCC. These resulis demoastrate that
PPS patients have & selective NK defect with an intact lymphocyte ADCC function. Whether this
defeat will prove o be valuabie in the asscssment of & malignant uans{ormation in & given patient
will await further Jongitudina! NK studics and dlinical follow-up of the paticnts,
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_ INTRODUCTION

PRIMARY acquired prelcukemic syndrome (PPS) is, in spite of intensive investigation, still
an ill-defined entity when diagnosis is based on clinical and morphological criteria alone
2, 5, 16, 20, 26, 27]. Linman {16] defined PPS as an uncxplained mono-, bi- or
pancytopenia, often accompanied by a hypercellular 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 lcukemia or refractory anacmia with an cxcess of blasts, in which the per-
centage of myeloblasts by definition exceeds 5% but is less than 20% [2]. Since natural
killer (NK) cells might play a role in the host defence against carly ncoplasia [18] and since

some patients with PPS later devclop acute myelogenous leukemia (AML) [15, 27], the i
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 (ADCC) in the
defence against neoplasia [4, 22] likewise led us to investigate possible changes in ADCC :

in patients with PPS.

*Supported by the Danish Rescarch Couneil Geant No. 12-3152. '
Abbreviations: ADCC, wntibody-dependent cellular cytotoxicity; a-7FN, human leukocyte intecferon; AML,
acute myclogenous leukemia; ¢/4, cffoctor 1o target; MNC, mononudear ocll; MK, natural killer; PPS, primary

prelcukemic syndrome,
Correspondence t0; Dt Gitle Kerndrup, Medicnsk afdeling 11, Azrhus Amtssygehus, DK-8000 Aarhus C,

Denmark.
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MATERIALS AND METHODS

Potients

The material comprises 13 patients, five women and elight men, aged 36-84 years. The patients were sdmitted
10 the University Department of Medicine and Haematology, Asrhus Amtssygehus, during the period March
1979-October 1981. None had reccived cytostatics or radiotherapy prior to admission. Diagnosis was based ca
scveral abnormalities regarding clinical, chemical and morphological findings in cach patient. The diagoostic
criteria were unexplalacd mono-, bi- o¢ pancytopenia of the blood with simultancous presence of & hypereellular
bone marrow, (a addition, a number of other features were present in most patients at the time of diagnxis
(Table [). All patients had karyotypic abnormalities when examined by banding technique. All paticats had les
than 5% mycloblasts in thelr bone marrow and none had myeloblasts in peripheral blood at time of diagnocis as
well as at time of Investigation, At the end of the observation period four paticnts had died (one patient of overt
AML, one of scpticemia, one of ischacmic colitis and onc of pncumonia).

Natural killer cell assay

Mononuclar effector edlls were isolated on lsopa.que—Ficoll geadients (Lymphoprep®, Nygaard, Osla) [3. l!l
As target cells the NK-sensitive crythrolcukama cell line X562 was used [12]. Culture conditions [or the $1Cr
release assay were as described in detail peeviously [12] and tost systems were st up with and without the
addition of 500 {U of partially purified a-IFN (kindly provided by Dr Kurt Berg, Insttute of Microbiology,
University of Aachus). Spedific lysis of target cclls was calculated from thv formula:

Counts/min Exp - Counts/min SR*,

Counts/min MR - Counts/min SR

Tarce |, [MITIAL BLOCO AND BONE MARROW FINDINGS IN 1] PATIENTS
WITH A DIAGNOSIS OF PRIMARY ACQUIRED PRELEUKEMIC SYNDROME

Variable . Result
Sex 6F/TIM*
Mcan agc 665 (runge: 36-84)
Mcan observation time (months) 52 (range: 3-144)t
Response 1o treatment [711¢
- Blood (indings

Anaemia (F<7,3 mmot/l; M<82 mmol/l) 13/13
Macrocytosis (MCVY 2> 102 (1) 6713
Granulocytopenia (<2 x 10*/1) 9/13
Thrombocytopenia (<50 x 10°/1) 5713
Pancytopenia 5713
S-cobalamines | (nocmal: 200-800 pmol/1) 2/13

- T T T = v Granulocyle hyposcgmentation ¢ —  ~ ———- B/} —-  --
Karyolyptc abnormalitics s

Bonc marow (indings
Overall cellularity

(¢#++/+ +/+/N/—I—/———-) 1/4/0/1/1/0/0
Erythropeictic cellufarity

(¢ +/+/N/f——) 3170
Graaulopoictic ecllularity

(+ +/7 4 /N —fr) /817070
Boac marrow iroa content | 2713
Sidaroblasus | 107129
Mycloblasts (<5%) 1 13713

included are the clinical data st time of diagnosis and the treatment.

°F = (emale, M = male.

tFour paticnts bave dicd &t end of observation time.

tResponse to treatment {folinic acid, pyridoxine, anasteronc
and/or prednisone) measuced in termt of diminithed requirement for
blood transfusions.

{[n onc casc smear peeparations of bone marrow were not available
foc revision,
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NK cclis and lymphocyte ADCC In prefeukemia

where counts/min Exp is the radioactivity of the supernatant when effector coils and target cells were co-
cultured, counts/min SR the spontancous releasc of radioactivity from cultures contsining labelied target cells
oaly, and counts/min MR the maximal rclcase dcicrmined afier detergent lysis of tabelled target ceils. The
raults were compared 10 a panel of normal controls (v = 20). According to eatlicr obscrvations 16 b was chosen
&5 routine incubation period [12)]. Different effcctor (o tacget (e/0) ratios (12.5:1, 25:t, 501, 100:1) were used in

each experiment.
In sclected experiments a1 pand of NK-sensitive target cdlls induding the 1301 (ascute T-ymphoblastic

teukemia) line, and the MOLT 4 (acute T-lymphoblastic keukemia) line, was employed.

Depletion and purlfication of monacytes

The mononucterr cells {solated from the blood were separated mto fymphocytes and monocytes by the plastic
adherence method as previously deseribed in detail [15). Purity of the isolated suzpensions was estimated after
susining for non-specific esterase enzZyme, ldmly and by reactivity with the ‘monocional antibody Mo2, which is

specific for monocytes [291 Moaccyte contamination of the lymphocyte suspension never exceeded 2%, and the
perceniage of monocyies in the adherent cell (raction in all instances exceeded 80%. In sclected experiments,

purificd monocylcs were added in graded numbcers to NK cultuees.

ADCC
Except (or the target cells and the a-1FN addition. the ADCC cultures were set up similar to the NK a_ctivily

assays, As target cells the mastocytoma ool line PE1S was used (e/1 ratio 50:1). Assays included cultures with and
without the addition of rabbit anti-PE$ anti-scrum (final dilution 1:2500). lacubation, harvesting and t.:nlcu!a-
tion of specific chromium relcase was done a3 dascrited for the NK activity assays. The results were likewise

compared to a pane of normal controls (n = 20]. N )
In four patients ADCC assays were cartied out on purificd lymphocyte and monocyte ccll fractions at various

e/t ratios and the results compared to results obtained with the unseparated mononuciear cell fractions.,

RESULTS

Peripheral blood mononuclear cells isolated from I3 patients with prelcukemia 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.
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Fic. 1. NK activity of 1) preleukemia paticnts both with and without the addition of 500 units of
a-IFN, The dotied arca indicata the normal range £ S.D,
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Alter addition of 500 units of a-1FN to the cultuces, 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 unstimulated, but not necessarly the
inter{cron activated NK cells, possessed severely depressed cytotoxic activity. In order 1o
cvaluate whether the depressed NK activity was due 1o a decreased level of NK activity by
a normal number of circulating NK celis, 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 experimeat, it is evident that
the kinctics 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.

S Speclilc Ser e
-]
L

Fic. 2. Effector/target ratio curves of a representative nocmal donor (A) and a preleukemia
patient (o) in NK assay against K562 eclls {dosed symbols, after the addition of 500 1U a-1FN).

To elucidate further the NK defect, NK activity assays were carried out with two T-ALL

cell lines as target cells, . simultancously with the routinely used K562 target cell line.

Decreased NK activity was also demonstrated against these target cells (Fig. 3).
Since the moaoauclear cell fraction harvested from the gradient interface contained
from S to 25% monocytes (as detected by the monoclonal antibody Mo2), we found it im-

- portant to evaluate the influcnce of monocytes upon NK activity and ADCC. In the NK

Fic. 3.
S.DIg;

assay, where monoceytes in hlgh pcrccntagcs s could be imagined to inhibit cytotoxicity,
Ivmphocytes and monocytes were separated and graded numbers of purified monocytes
were.added to the fixed numbers of lymphocytes and target cells in NK cultures. As will be
scen from Fig. 4, addition of up to 40% monocytcs did not significaatly influence the-NK
activity of either patieat or normal donor lymphocytes {monocytes alone gave no lysis).
Thus, it secms unlikely that the decreased NK activity of the preleukemia patieat is due to

the presence of peripheral blood suppressor monocytes.
In conltrast to the NK results Fig. S shows that nine patients had normal ADCC and

only threc had decreased cytotox:c activity against seasitized P81S mastocytoma cells. In
onc paticat a sigaificantly increased cylotoxic activity was found.

In the ADCC assay using [gG-scnsitized P81S cells, which are also susceptible to lysis
by monocytes, we icsted the effect of monocyte depletion of the effector cell suspensions.
In Table 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. $) are not due (o cylotoxic monocytes, but can be

attributed to the patient lymphocytes only.
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Fi. 3. NK activity of theee pecdeukemia patients (right columns) and three nocmal donose (x &
S.D.) against three different target cell lines without @-{FN gnd with (total columns) the addition

of 500 a-1FN units/ml,
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Fic. 4. NK activity of periphcral blood lymphocytes from a prelcukemia paticnt (Ieft panc!) and a l
normal donor {right pancl) alter sddition of graded numbers of monocytes (monocytct alone did .
not result In lysis). Cytotoxicity without a-LFN and with (total columns) the addition of 500 a-IFN :
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Fi1G. 5. Antibody-dependeat ccllular cytoloxicity (ADCC) in 13 preleukemia paticnts compared to
that of normal controls (dotted area). The figure depicts the specific chromium release with and
without the addition of an anti-P815 antserum (final dilution 1:2500).

Tanle 2. ADCC OF UNSEPARATED AND SEPARATED CELL FRACTIONS IN FOUR PATIENTS WITH PRIMARY PRELEUKEMIC

SYNDROME
Patient No. 4 Patient No. 11 Patient Na. 42 Patieat No. |
£/l ;

ratio Ab* Unsep. t Non-adh.t Unscp. Non-adh, Unsep. Non-adh. Unsep. Non-adh,

12.5:1 — 2.29 2.6 0.8 0.5 0.3 2.5 —0.5 1.2

+ 13.5 14.2 45.1 353 13.0 3.3 6.1 21.3

25:1 —_ 0.8 2.8 0.6 2.8 -9 9.8 0.0 2.6

+ 21.0 22.5 51.9 54.5 3.9 3.3 42.8 40.3

s0:¢ - 49 53 0.7 1.6 -3 216 n.t. 5.2

. + 3.0 326 58.0 60,7 40.2 4.1 n.t 49.9

*Addition of anti-P§15, {inal dilutioa (:2500.
tisopaque~Ficoll separated mononudicar cells.

$ Plastic non-adhcrent cells,

{Mcdian valuc of l.r_ipiicuc delermination,

n.l.: Not tested,

DISCUSSION

Cell-mediated immune recactions have been thought 1o play an impoctant role in the
rejection of experimental tumors or graflts, The effector cell mediating these cytotoxic
rcactions was originally thought to be the cytotoxic T lymphocyte (CTL). Whereas scrious
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‘doubts have lately been cast on the role of CTL in immune defence against cancer, NK
cells are now, based on extensive data, thought to play an important role in the immune
surveillance against early ncoplastic growth in both humans and rodents (for a recent
review, see Herberman [10]). This is perhaps best exemplificd by investigations in patieats
with the Chediak-Higashi immunodeficiency (1, 25), who often dic in malignant
lymphomatous states, and in whom a low NK activity (and ADCC) against tumor cells is
found [9, 25].* Earlicr obscrvations 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 pasitively correlated to the degree of dissemination of the discase [7,
14]. An important fact to bear in mind, however, is that earlier studies on NK activity in
malignant discase 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 scem 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 paticnts with PPS.

In {1 of 13 paticnts with a multiparameter-based diagnosis of PPS we found a
significantly reduced NK activity.t Several factors indicate that this decrease in NK
activity could be due to a low number of circulating cffector cells and not to an intrinsic
defect of the NK cells, Firstly, the correlation between the e/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-myecloid 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 ‘2 monoclonal antibody (901) specific for NX 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
Heimpel [21] and may be cither &n effect of a subclinical 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

~heterogencity _among_these, and several of our patients do not show any major

cytogenctical abnommalities (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 clues as to what is the
primary defect triggering cvolution 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 cefl multiplication {8] or an alteration in the surface antigens of
tumor cells and a subscquent increase in the susceplibility to the action of the immune
system. Finally, a direct enhancement of anti-tumor host responses could be envisaged.
The'latter two possibilitics 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 killer cells (28] and partly to an increased recycling capacity of the NK

*A similar impaired NK activity has been observed by Purtilo in patients with X-linked Jymphoprolifceative
syndrome [24].

TOur control: were not age-maiched (younger mean age for the controls). However, Pross and Baines !Dl
have recently shown that aged individuals exhibit higher NX activity than the young. Therefore the compa.mon
between our groups would tend (o weaken the statistical 1ignificance of the NK differences.
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cells [31]. In vitro assays for NK activity in our paticnts 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 coatrols, but overall cytotoxicity remained subnormal in 12
patients. From this it may be concluded that the number of cicculating NK cells is reduced
in PPS, whereas the number of *'pre-NK’’ cells, the cells recruitabie by interferon, or their
activily is normal. _

Both myeloid and lymphoid cells can act as effector cells in the ADCC assay, but
lymphocytes scem to be more potent than mycloid cells in the lysis of sensitized tumor
cells {17]. Even though this reaction is of importance in the 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
Table 2) while the NK activity was decreased since these functions are generally assumed
to be excerted by the same lymphoid subset. This dissociation may scem 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
prelcukemia patients have a scverely depressed NK activity, probably due to the low
number of circulating NK cells in the blood. Longitudinal studies are now in progress to
further clucidate this finding through measurcments of peripheral blood and bone
marrow NK functions of purified lymphocyte subsets against a variety of myeloid target
cells and against autologous bone marrow cells.
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