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Summary. A case of  chronic lymphoproliferative disorder is presented, wherein a 
morphologically homogeneous population of  lymphoid cells displayed properties 
similar to those described for large granular lymphocytes (LGL). Besides their 
LGL-like phenotype (VEP 13 +, OKM 1 +, OKT 10 + Fc-IgG-receptor +, OKT 3-),  
the proliferating cells were cytotoxic to NK targets as well as to antibody-coated 
target cells. Clinically, our patient presented low-grade lymphocytosis, spleno- 
megaly, neutropenia, hyperimmunoglobulinemia and recurrent infections. Based 
upon this and 32 similar cases reported in the literature, we conclude that lympho- 
proliferative disorders involving GL encompass a variety of  clinical entities, rang- 
ing from reactive GL lymphocytoses to overt lymphocytic malignancies. 

Key words: Large granular lymphocytes - Natural killer cells - Chronic lympho- 
cytic leukemia 

Recently, a group of  lymphoproliferative disorders characterized by a predominance 
of  granular lymphocytes was described by several investigators (For a survey see Table 
4A, B) [4, 11, 15, 37, 39, 45]. 

In most patients, the disease follows a chronic course characterized by lympho- 
cytosis with bone-marrow infiltration and neutropenia with recurrent infections. The 
expanded lymphocytes often have the appearance of  LGL [66], and while they may 

Abbreviations used in this paper. GL granular lymphocytes; LGL large granular lymphocytes; 
P BL  peripheral blood lymphocytes; ArK natural killer; A D C C  antibody-dependent cellular 
cytotoxicity; A P h  acid phosphatase; PAS periodic acid-Schiff; fl-Glu [3-glucuronidase; A N B E  
alpha-naphtyl-butyrat-esterase; A N A E  acid esterase; P O X  peroxidase; PTA parallel tubular 
arrays; E-R surface membrane receptor for sheep erythrocytes 
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not have NK activity, they almost always exhibit ADCC activity. Their surface markers 
are distinct from any of the previously described T-cell malignancies, since these 
lymphocytes phenotypically resemble mature T-suppressor cells and bear the Fc recep= 
tors for IgG. Therefore, this lymphoprotiferative disease can be clearly distinguished 
from neoplastic disease involving T lymphocytes, such as cutaneous T-cell lymphorna, 
adult T-cell leukemia, T-cell lymphoblastic lymphoma and  T-ceII ALL.  Most authors 
prefer to classify this GL-lymphocytosis as a "disease" rather than a leukemia/lym- 
phoma, because in most cases no definite evidence exists for monoclonality. Al though 
a clonal expansion of lymphocytes is suggested by the uni form phenotype, chromo- 
somal studies to date have reported normal  karyotypes in the majority of cases 
[7, 15, 25,421. 

This article deals with a patient suffering from a GL lymphocytosis without dis- 
tinct markers for monoclonality. A review of the relevant literature concerning similar 
cases reveals a rather homogenous group of tymphoproliferative states as far as clinb 
cal and hematological aspects are concerned. The clinical course and cellular charac- 
teristics of this disease favor the view that GL-lymphocytosis may occur as a reactive 
as well as a neoplastic hematologic disorder. 

Case Report 

In June 1982, a 71-year-old woman was admitted for evaluation of marked lymphocytosis, tn 
1962 she had undergone a radical mastectomy followed by ovarectomy and local irradiation for 
treatment of mammary carcinoma (stage I). In 1975 she had been admitted for chotecystectomy. 
At this time no other abnormalities were observed. Physical examination on admission revealed 
signs of chronic bronchitis. Neither hepatosplenomegaly nor enlargement of lymph nodes was 
found. Chest X-rays disclosed a localized pulmonary infiltrate in the paracardiat area of the 
right lower lobe with a small pleural effusion. 

The hematocrit (hct) was 40°70; hemoglobin (Hb) 13.0g/dl; white blood cell count (WBC) 
7,000/mm 3 with 13070 neutrophils, 5% monocytes and 82070 lymphocytes. A bone-marrow 
aspirate was normocellular with patchy infiltration by medium-sized lymphocytes comprising 
approximately 1507o of the nucleated cells. Bone marrow biopsy revealed a diffuse infiltration 
with medium-sized granular lymphocytes and an arrested myeloid maturation from the myelo- 
cytic stage onward. Karyotype analysis by G-banding technique of unstimulated and 
phytohemagglutinin-stimulated PBL showed a normal 46, XX pattern. Total serum protein was 
7.3 g/dl and serum protein electrophoresis showed polyclonal hypergammagtobulinemia. Quan- 
titative immunoglobulin levels were: IgG 1650, IgA 284 and IgM 285 mg/dl. Tests for cryoglobu- 
lins (mixed type), rheumatoid factor and antinuclear antibodies (1 : 10) were weakly positive. 
Autoantibodies to native DNA, smooth muscles, mitochondria and erythrocytes were not de- 
tected. EBV and CMV antiviral antibodies were absent. Tests for HBs antigen repeatedly showed 
negative results. 

In June 1982 and November 1984 the Mantoux skin test was found to be weakly positive. 
In June 1982 therapy was begun with tubercutostatics (3-drug regimen including INH, rif- 
ampicin, ethambutol) and prednisone, 32 mg daily, the dosage being tapered in the following 
months. Under this treatment, the neutrophils increased from 770 to t,100/mm 3, but blood lym- 
phocytosis remained unchanged. At the same time, the pulmonary infiltration resolved and the 
patient was discharged in July 1982. In March 1983 she was readmitted because of severe fatigue, 
bronchitis, and a weight loss of 14 kg over a period of several months. Chest X-ray examination 
revealed recurrence of pulmonary infiltration. Bronchoscopy and an open lung biopsy was re- 
fused by the patient. Staphylococcus aureus and Escherichia coli were grown from her sputum. 
Laboratory tests showed Hct 32%, Hb 10.4g/dl, WBC 10,500/mm 3 with 80% lymphocytes, 
80% neutrophils, 6% monocytes and a platelet count of 54,000/mm ~. Physical examination and 
abdominal sonography revealed splenomegaly, without hepatomegaly or lymphadenopathy, 
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Treatment with oxacillin and tobramycin did not influence the pneumonic infiltration. Combi- 
nation therapywith 16 mg daily methyl prednisolone, INH and ethambutol was then reinstituted 
without success. Alpha-2-recombinant interferon (Bender, Vienna) administered at a dose of 
5 × 106 units daily i.m. for 1 month also had no beneficial effect. As no resolution of the pul- 
monary infiltrate could be attained and splenomegaly increased, the patient was treated with 
steroids (prednisolone, 24 rag/day) and a weekly dosage of vincristince sulfate (1.5 mg/sqm). 
Four weeks of chemotherapy resulted in a marked improvement of the patient's general 
condition and resolution of  splenomegaly but blood lymphocytosis and the pulmonary infiltra- 
tion persisted. After 3 months, chemotherapy was discontinued because of  progressive neuro- 
toxicity. Despite discontinuation of cytostatic treatment, the patient's condition stabilized, with 
a lymphocytosis of 7 to 15 ×103/mm 3 and a neutropenia consistently below 1 ×103/mm 3 (last 
clinical examination in March 1985). 

Methods 

Preparation of cells. Peripheral blood of the patient was collected prior to, as well as 12 and 
36 weeks after the initial 6-month course of tuberculostatics and prednisolone. A bone-marrow 
sample was taken in June 1982. Mononuclear cells were separated from heparinized blood 
samples and bone~marrow specimen by means of Ficoll-Isopaque density-gradient centrifuga- 
tion [50]. 

Cytochemical staining, light and electron microscopy. Staining with May-Grt~nwald-Giemsa 
and cytochemical reactions were carried out on cytocentrifuge smears. The following cytochemi- 
cal reactions were applied: acid phosphatase (APh), periodic acid-Schiff (PAS), fi-glucoronidase 
(fl-Glu), alpha-naphtyl-hutyrat-esterase (ANBE), acid esterase (ANAE) and peroxidase (POX) 
[56]. Peripheral blood cells were further investigated by electron microscopy after fixation with 
precooled half-strength Karnovsky's fixative and a 3% aqueous osmium tetroxide solution. 
After Epon embedding and ultrathin sectioning, samples were positively stained with lead 
hydroxide and uranylacetate [55]. 

Surface markers, lmmunofluorescence tests were performed as described previously [52]. For 
surface-marker studies [50], a panel of commercially available monoclonal antibodies was ap- 
plied: OKT 3 and Leu 1 react with mature T cells. Helper/inducer T cells were identified by the 
monoclonal reagents OKT 4 and Leu 3 a, the suppressor/cytotoxic T-cell subset by OKT 8 and 
Leu 2 a, respectively. OKT 6 reacts with mature thymocytes. OKT 11 and Lyt 3 bind to the sheep 
erythrocyte receptor. OKM 1 identifies the C3bi-receptor expressed on cells from the myelomo- 
nocytic lineage and on a subset of LGL [40, 50, 53]. OKIa 1 reacts with Ia-like antigens [50]. 
OKT 10 reacts with the majority of thymocytes as well as with about 15% of bone-marrow cells; 
it has also been reported to recognize some LGL [40, 50]. HNK-1 reacts with LGL and with a 
few fetal bone-marrow and peripheral-blood non-LGL cells [1]. VEP 13 reacts with LGL and 
granulocytes [52]. VIB-C 5, kindly provided by Dr. W. Knapp (Institute for Immunology, Vienna), 
identifies mature B cells, polymorphonuclear lenkocytes and 70% of bone marrow cells [3t]. 
']?he anti-Tac monoclonal antibody recognizes the receptor for the human T-cell growth factor 
[67]. Receptors for the Fc portion of IgM and IgG were assessed by rosette formation with IgM- 
and IgG-coated ox RBC. 

Target cells. The NK-sensitive lines K 562, MOLT-4, U 937 and CCL-227 and the NK-resistant 
cell lines, HL-60 and REH6 were used as targets to assess natural cytotoxicity. Therefore 
2.5 × l0 s target cells were labeled with 100aCi 51Na CrO4 for 1 h at 37°C, washed twice and ad- 
justed to a concentration of 5 × 104 cells/ml. For ADCC assays, bencylpenicilloyl (BPO)-coated 
REH-6 cells were incubated with an affinity-purified anti-BPO rabbit IgG antibody at a final 
concentration of 3.3 ~tg/mt [52]. 

Conjugate assay. To measure the binding ability of different preparations of mononuclear 
blood cells to target cells, 1 × 104 target cells and mononuclear cells at a ratio of 1 : 5 were mixed 
in RPMI 1640 (Gibco, New York) supplemented with 10°70 fetal calf serum in round-bottom pla- 
stic tissue-culture tubes (Greiner, FRG). After centrifugation and incubation for 3 rain at 37°C, 
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the pellets were resuspended and the proportion of lymphocytes bound to target cells was deter- 
mined in a hemocytometer (Barker chamber). For further details, see [18]. Target-cell binding 
was assessed by using the following cell lines: MOLT-4, K562, Raji and the lymphoblastoid 
(EBV) cell line, ChHubl. 

Natural killing and ADCC assays. Various concentrations of effector ceils were added to tripli- 
cates of 150pl medium containing 1 x 104 radiolabeled target cells to give target: effector ratios 
of 1 : 10 to 1 : 40. NK activity was tested in a 3-h 51Cr-release assay as described previously [52]. 
Spontaneous isotope release was determined from control tubes containing only target cells and 
maximum release was determined by the addition of 1% NP 40. Percent specific lysis was calcu- 
lated according to the formula: 

%51Cr release in test - °7051Cr spontaneous release 
x 100 

%5~Cr maximum release - %51Cr spontaneous release 

Cytokilling by HNK-1 and VEP13 antibodies. Twenty million PBL were incubated with 
medium, HNK-I antibody and purified VEP 13 IgM antibody for 30 min on ice and were fur- 
ther washed once with cold medium. Thereafter, either medium or rabbit C preabsorbed with 
human buffy coat cells diluted 1/5 was added, and the cells were incubated for 1 h at 37°C. Sub- 
sequently, an aliquot was taken and the percentage of killed cells was determined by the addition 
of 0.5 % trypan blue solution in PBS. The samples were layered onto a Ficoll-Hypaque gradient 
and were centrifuged for 30 min at 400 g to remove dead cells. Interphase cells were washed three 
times in RPMI/10% calf serum, counted and adjusted to cell concentrations required for NK 
assay. 

Proliferative response to mitogens and alloantigens. For mitogen stimulation, a cell concentra- 
tion of 1 x 106/ml and 1 ¢tg/ml phytohemagglutinin (PHA) or 10pg/ml of concanavalin-A (Con-A) 
were used. Each culture contained 1 x 10 ~ cells. For the alloantigen-stimulated cultures an allo- 
geneic EBV-transformed lymphoblastoid cell line was used as stimulator. In detail, 5 x 104 re- 
sponder cells were added to 1 x 104 mitomycin-C-treated stimulator cells. In all experiments, pro- 
liferative capacity was assessed at various times by a 12-h 3H-thymidine pulse. Mononuclear 
blood cells of a healthy donor served as a control. 

Results 

Morphology  and cytochemistry. May-Gr~mwald-Giemsa staining showed that the 
patient 's mononuclear  blood cells, whenever tested, comprised 70°7o-90% lymphoid 
cells with a morphology resembling human LGL (Fig. 1). The cells appeared medium- 
sized with a reniform nucleus surrounded by abundant  and pale cytoplasm containing 
several azurophilic granules of varied diameter. Large-diameter granules were predo- 
minant.  Activity of APh and fl-Glu was extraordinarily strong and also distributed 
in a granular pattern. APh activity was present in a few azurophilic granules, whereas 

fl-Glu was detected in virtually all granules. Activity of APh was inhibitable with tar- 
trate. The cells were negative for PAS, POX, ANAE and ANBE. In electron microsco- 
py (Fig. 2), the abnormal  lymphocytes showed two types of cytoplasmic granules, 
small granules (0.2-0.35 a m  in diameter) containing an electron-opaque core within 
a granular matrix, and large granules (0 .33-0 .35~m) packed wi th tubu la r  structures 
arranged in parallel arrays (PTA). These ultrastructural features have been described 
in normal  human  LGL [26]. In cross section, the PTA showed a pentagonal frame- 
work. Both types of granules were always bound by unit  membranes. GL from 
peripheral-blood and bone-marrow specimens revealed the same morphological and 
cytochemical characteristics. 
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Fig. 1. Peripheral-blood mononuclear cells exhibiting LGL morphology in cytocentrifuge 
smears after staining according to May-Grtinwald-Giemsa; × 1000 

Surface-marker analysis. The results of the surface-marker analysis are depicted in 
Table 1. Reactivity with monoclonal antibodies showed that more than 70% of the 
PBL reacted with the VEP 13, OKM 1 and OKT 10 reagents. A major subset was stain- 
ed with HNK-1, Leu2a and OKT8. PBL, however, failed to exhibit pan-T (Leu 1, 
OKT 3) or T-helper cell (Leu 3 a, OKT4) markers. The reaction with OKIa 1 was 
weakly positive in 25% of PBL. Most of the PBL bore receptors for the Fc portion 
of IgG, and sheep erythrocytes (Lyt 3 +). About 50% of the bone marrow infiltrating 
GLs were positively stained for Ia-like antigens (OKIa 1 +). 

Contrasting to the findings in peripheral blood, a relatively high proportion of 
bone-marrow mononuclear ceils expressed pan-T markers (Leu-1, OKT3), whereas 
differentiation markers (OKM 1, VEP 13) were markedly diminished (Table 1). 

No striking difference was between blood and bone-marrow lymphocytes found in 
the expression of the E-receptor and the OKT 8 antigen. Double-marker studies re- 
vealed that virtually all of the VEP 13 + PBL co-expressed the antigens detected by the 
antibodies OKM 1 and OKM 10. Roughly 50% of the VEP 3 + were also labeled by 
the HNK-1 antibody, recognizing a subset of normal NK cells. In contrast, VEP 13 + 
cells failed to react with the antisera OKT 4 and Leu 3 a, specific for T-helper/inducer 
,cells and with the monoclonal antibody anti-Tac. 

Target cell binding; N K  and K activity. Because abnormal lymphocytes from our 
patient exhibited morphological and antigenic characteristics of LGL, further func- 
tional analyses were performed concerning the capacity to mediate NK or ADCC. 
Target-cell binding studies with NK-sensitive as well as NK-insensitive tumor cell lines 
revealed that the patient's PBL bound well to the NK-sensitive targets (K562, 
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Fig. 2. Ultrastructure of the abnormally expanded cells x 19 500. They are characterized by two 
types of granules: (a) granules composed of an electron dense core and surrounding granular 
material (*); (b) granules containing tubular structures (arrow) arranged in a parallel array 
(PTA). Inset shows a large granule containing parallel tubular arrays (PTA); x26 000 

MOLT-4), whereas few or no effector/target cell conjugates were observed with the 
NK-resistant cell lines (Raji, ChHubl ,  REH6)  (Table2). As also depicted in Table2, 
the patient 's  PBL also acted as potent  effectors in NK tests against NK-sensitive lines 
such as K 562, MOLT 4, U 937, CCL 227, and showed A D C C  against sensitized BPO- 
REH 6 cells. To further characterize the cell popula t ion  active in natural  killing to- 
wards K562 cells, PBL were treated either with the HNK-1 or the VEP 13 ant ibody 
and rabbit  complement.  After  removal of  dead cells, the remainders were tested for 
cytotoxic capacity against K 562 cells. HNK-1 plus C-treatment caused a 30°70 decrease 
of  NK-activity, while VEP 13 plus C-treatment  resulted in a more than 60°70 reduction 
in K 562 lysis. 
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Table 1. Cell surface markers 
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Patient's cells 

Markers PBMC a BMC b 

LGL-morphology 70 - 90 (10 - 23) 15 (0 - 5) 
Fc-IgR-R 70 - 80 ( 7 - 14) ND 
Fc-IgM-R 1 (46 - 70) ND 
Lyt-3 (E-R) 83 (weakly) ( 7 5 - 8 7 )  15 (weakly) ( 0 - 5 )  
Leu-1 5 ( 7 0 -  85) 10 (weakly) ( 0 -  5) 
HNK-1 22--45 ( 1 0 -  18) 5 ( 0 -  1) 
OKT 3 5 ( 5 6 -  88) 9 ( 0 -  5) 
OKT4 (Leu 3 a) 5 ( 3 6 -  62) ND 
OKT8 (Leu2 a) 1 4 - 2 6  ( 1 7 - 3 1 )  5 ( 0 - 5 )  
OKT6 1 ( 0 -  5) 1 ( 0 - 5 )  
OKT 10 77 ( 5 -  9) ND 
O K T l l  (E-R) 80 (weakly) ( 4 - 1 5 )  2 (weakly) ( 0 - 5 )  
OKlal  25 (weakly) (8 - 12) 10 (weakly) ( 0 -  1) 
OKM 1 75 - 85 (15 - 30) 3 
VEP13 70 - 80 ( 1 3 - 2 9 )  8 ( 3 - 1 1 )  
TAC 0 ( 0 -  2) ND 
VIB-C5 (B cells) 1 ( 5 -  11) ND 

a All results are expressed as percentages; normal values (mean + SD) are given in brackets; 
results represent the values obtained with peripheral blood mononuclear  cell (PBMC) speci- 
mens at different times during a 9-month period; 

b Values from a bone marrow sample obtained in July 1982; BMC = bone marrow mono- 
nuclear cells; 

ND = not done 

Table 2. Profile of target binding capacity, NK and K cytotoxicities of the patient's PBL 

Targets Cell origin Percent target-bind- 
ing blood lympho- 
cytes of the patient 

Percent lysis of 51Cr-labelled targets 
at a target: effector cell ratio of 
1 : 10 1 : 2 0  1 : 4 0  

K 562 Erythroleukemia 39 (68 _+ 5) a 30 (28 _+ 7) a 36 (28 _+ 4) 48 (54 _+ 8) 
MOLT-4 T 11 (28 ± 4 )  1 0 ( 1 6 ± 2 )  15 (20_+4) 18 (27 ± 4 )  
Raji B 6 5 5 5 
CHHuB1 Lymphoblastoid 5 5 5 5 

cell line (B) 
Histiocytic ND 18 20 24 
Myeloid ND 7 8 8 
Coloncarcinoma ND 18 26 33 
O-cells ND 5 5 5 

U937 
HL 60 
CCL 227 
BPO-REH 6 
BPO-REH 6 
+ anti-BPO O-cells ND 43 (23_+5) a 6 0 ( 4 1 ± 4 )  69 ( 4 5 ± 3 )  

In brackets: target cell binding (at 37 °C), NK activity and ADCC of LGL-enriched suspen- 
sions after density separation on discontinuous Percoll gradients (65% _+ 8% LGL); results 
represent mean _+ SD values of 3 healthy donors (see Materials and Methods in reference [18] 

ND = not  determined 
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Table 3. Proliferative response of the patient's PBL a 

G. Gastl et al. 

MLC b Medium Con-A(10#g/mD PHA(I~g/ml) 
(day 3) (day 3) (day 3) (day 6) (day 8) 

Patient 357 ± 213 2102± 338 2996 ± 478 37084 ± 3306 80805 ± 3225 
Normal donor 434 ± 91 27920 ± 964 23566 ± 3098 81212 ± 4707 41763 ± 1844 

a Values indicate counts per minute (mean + SD) 
b In MLC an allogeneic lymphoblastoid cell line was used for stimulation 

Proliferative response to mitogens and alloantigens. As illustrated in Table 3, the pa- 
tient's PBL were virtually unresponsive to T-cell mitogens, such as Con-A and PHA,  
whereas stimulation with an allogenic lymphoblastoid cell line resulted in quantita- 
tively normal but markedly delayed 3H-thymidine uptake. 

Discussion and review of the literature 

This report deals with a rare case of  GL-lymphocytosis, in which marked blood lym- 
phocytosis, bone marrow infiltration and splenomegaly without involvement of  
lymph nodes resembled clinical features observed in cases of  T-CLL [19, 27]. In order 
to classify this disorder, two important questions arise: 
1. Do the expanded LGL-like lymphocytes correspond to the normal LGL population 
as far as morphology, cellular and functional properties are concerned? 
2. Does this GL-lymphocytosis represent a reactive or a neoplastic process? 

We propose that the proliferating mononuclear cells in the present case represent 
LGL, i.e. that they exhibit LGL morphology [66] even at the ultrastructural level 
[26,66], express cytochemical and membrane markers (VEP 13, OKM 1, Fc-IgG- 
receptor, HNK-1) of  LGL [1, 26] and that these cells are functionally effective in NK 
and A D C C  assays [66]. Similar to normal LGL, the patients lymphocytes share sur- 
face markers with myelomonocytic cells (OKM 1, Fc-IgG-receptor) bear markers also 
present on T cells (E-R, OKT 8) and express a surface antigen (OKT 10) which is nor- 
mally found on T cells as well as on myelomonocytic cells [40, 47, 53]. Interestingly, 
the GL of  this patient did not express the IL-2 receptor as shown by their nonreactiv- 
ity with the anti-TAC monoclonal antibody. In accordance with this finding, Gramatz- 
ky et al. [20] also demonstrated TAC- GL in three patients with GL lymphocytosis. 
In this respect, the expanded cell population resembles resting normal NK cells, which 
have been shown to express the IL-2 receptor only upon activation [2, 36]. Just as for 
normal LGL [36[, proliferation of  the patients GL could not be stimulated by means 
of  T-cell mitogens (PHA, Con-A). A defective mitogenic response in similar lympho- 
proliferative diseases has been reported [16]. These findings suggest that GL lympho- 
cytosis represents an accumulation of  mostly nonproliferating cells rather than an ex- 
pansion of  activated, rapidly proliferating NK cells. 

Despite LGL morphology, the bone-marrow lymphocytes exhibit a less-mature 
phenotype indicated by an increased portion of  OKT3+,  OKT8+,  OKIa 1+, 
OKM 1 - cells [1, 3]. In general, the surface-marker phenotype of  the patient's bone 
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marrow GL is consistent with that of normal LGL in bone-marrow tissue [3]. Finally, 
our patient showed no lymph-node enlargement, but involvement of  peripheral blood, 
spleen and bone marrow, which are exactly the organs in which most LGL and NK 
activity are localized in normal individuals [5]. For a survey of clinical, hematologic 
and immunologic features from 33 patients with GL-lymphoproliferative disorders, 
see Tables 4 and 5. 

In healthy controls, a close relationship between the stage of maturation and diffe- 
rentiation of LGL and their cytotoxic capacity in NK and ADCC assays was demon- 
strated [1, 3, 47]. This finding might explain the different results in GL-lymphocytoses 
when NK and ADCC was tested. Only in a minority of patients did the cells exert NK 
function, whereas ADCC was detectable in most cases (Table 5). Functionally, three 
types of GL-lymphocytoses have been previously described: (1) Expansions of 
OKT 3 +, OKM- ,  E-R + , FcIgGR + lymphocytes with strong ADCC, but without NK 
activity [9, 21, 46, 51], (2) GL-lymphocytoses of OKT 3 +, OKM 1 +, E-R + , Fc-IgG-R ÷ 
cells with normal NK and ADCC activity [21, 55], and (3) patients, like ours, with 
OKT 3 - ,  OKM 1 +, E-R + , Fc-Ig-GR + cells, which exert the strongest NK and ADCC 
activity [211. In one study, NK activity could only be demonstrated following incuba- 
tion of the GL over night at 37°C or after incubation of the cells in the presence of 
B-interferon [29]. It is, therefore, possible that many of the GL-lymphocytoses, besides 
exerting ADCC, have NK activity upon activation. 

Neutropenia and hypergammaglobulinemia, frequently seen in GL-lymphocytosis, 
might be secondary due to regulatory effects of the GL population. Although hyper- 
gammaglobulinemia could be explained by recurrent infections concomitant with 
severe granulocytopenia, even patients without clinically apparent infections were 
found to exhibit polyclonal hypergammaglobulinemia. As LGL can suppress B-cell 
differentiation and antibody production [10, 65] and also efficiently produce inter- 
ferons [30], which have been shown to inhibit humoral immune response [60], the ex- 
pansion of an immature or functionally defective population could give way to po!y- 
clonal secretion of immunoglobulins. In this respect, a defect in mitogen-induced 
interferon production (alpha and gamma interferon) was demonstrated in our patient 
(R. Berger, Heidelberg, personal communication). Impaired suppression of immuno- 
globulin production and defective gamma-IFN production in GL-lymphocytosis has 
also been reported by other investigators [37,431. A variety o f  mechanisms have been 
discussed which might cause neutropenia in GL-lymphocytosis: autoantibodies 
against granulocytes (acting directly or via ADCC) [9, 37, 61], or a direct inhibitory 
effect on myelopoiesis was found in 7 of 18 similar cases, as indicated in Table 5. 

To characterize this disorder, our case should be compared to cases of GL-lympho- 
cytosis recently reported. During the last decade, several reports on patients with abnor- 
many expanded GL populations have been published (see Tables 4 and 5; [tl, 15, 37, 39, 
45]). Such clinical entities with markedly increased numbers of lymphoid cells strongly 
resembling LGL, have been given variety of designations, for example, "chronic T-cell 
lymphocytosis", "abnormal expansion of LGU', "chronic tymphoproliferative disorder", 
"T-cell proliferations'; "T-CLU', "T-gamma proliferationS"', "neutropenia with excess 
of lymphocytes", and "T-gamma lymphoprOliferative disease." Since LGL have previo- 
usly been described as large lymphocytes with abundant cytoplasm [66], it is impor- 
tant to point our that in some of these disorders, as in our case, not only-LGL-like 
cells, but also consistent populations of small to medinm-sized GL were observed. 
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The majority of reports summarized in Tables 4 and 5 describe clinical and hemato- 
logical entities very similar to that found in our patient: often asymptomatic disease, 
splenomegaly without lymphadenopathy, moderate to severe granulocytopenia and 
recurrent infections as the major complaints. Except for patient 9, only moderate lym- 
phocytosis was found in peripheral blood and bone marrow. Just as in our patient, 
in the majority of cases, GL-lymphocytosis was persistent (range: 8 months -20  years) 
without compelling evidence of malignant origin, such as cytogenetic abnormalities 
or enzymatic markers for monoclonatity [9, 13, 15, 24, 25, 42]. As the expanded GLs 
in these disease states display some T-cell-associated antigens (E-R, OKT 8), a clear 
distinction should be made between this disease and expansions of T lymphocytes, 
strikingly demonstrating a neoplastic nature, such as T-cell-derived lymphoblastic 
lymphoma, T-cell ALL, the human T-cell leukemia/lymphoma, virus-associated adult 
T-cell leukemia (ATL) and cutaneous T-cell lymphoma (CTCL). In contrast to these 
T-cell malignancies, the prognosis of GL-lymphocytoses seems quite favorable. Most 
patients do not require specific therapy, although alkylating agents, steroids or splen- 
ectomy may effectively reduce the lymphocyte count and improve neutropenia. Some 
authors have included GL-lymphocytosis in the domain of T-CLL [9, 27, 33, 59], since 
similar cases have been reported to terminate in blast crisis [27, 48] and, very recently, 
non-random chromosome abnormalities were demonstrated in lymphocytes from in- 
dividual patients [4, 37]. Recently, the presence of T-cell receptor gene rearrangement 
could be demonstrated in two out of four patients with chronic suppressor T-cell lym- 
phocytosis and neutropenia, using cDNA probes that were specific for the fl-chain of 
the human T-cell receptor [6, 8]. Although it is probable that most such rearrange- 
ments signify clinical malignancy, a reactive basis should not be excluded until a 
broad spectrum of benign T-cell diseases has been analyzed. 

When considered as a T-CLL variant, GL-lymphocytosis was termed "azurophilic" 
T-cell CLL [32, 59] and distinguished from the "knobby-type" T-cell CLL of Levine et 
al. [33] and the ATL exemplified by the Japanese cases [68]. Most characteristic, the 
phenotype of the "knobby" T-cell CLL and ATL cases was OKT 11 +, OKT4 +, while 
"azurophilic" T-cell CLL was described as predominantly OKT 11 +, OKT8 + [32, 59]. 
The validity of this classification scheme for T-cell CLL is strongly supported by the 
difference of the three forms in their clinical findings and prognoses. Most of the pa- 
tients with "azurophilic" T-cell CLL exhibit nonprogressive disease, whereas overall survi- 
val for "knobby" T-cell CLL and ATL is 12 months and 4.5 months, respectively [32, 59]. 

From the patients listed in Table 4 and 5, nos. 2 and 24 died of causes unrelated 
to their lymphoproliferative disease and only in nos. 9 and 12 was death clearly related 
to the hematological disease and/or treatment modalities. The latter patients showed 
particular symptoms in comparison to the other cases with a rather stable course: in 
patient 9, a high-grade lymphocytosis was seen which decreased rapidly after spleen 
irradiation (total dose 125 fads), but the patient died of disseminated intravascular 
coagulation 5 days after the last irradiation [54]. In patient 12, a chlorambucil-induced 
remission was followed by rapid progression to a "diffuse lymphoma of medium-sized 
cell type" with increasing resistance to therapy. Before therapy was begun, the lym- 
phocyte surface markers in this patient suggested the expansion of a rather undiffe- 
rentiated LGL-like cell (T 3- ,  T 8 - ,  E-R ÷, FcIgGR-)  lacking the capacities for NK 
and ADCC [63]. From these reports we conclude that at least GL-expansions with 
high-grade lymphocytosis and/or a phenotypically and/or functionally immature cell 
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type (or with chromosomal  and /o r  enzymatic markers for monoclonal i ty)  should be 
classified as malignant.  

However, certain findings in GL-lymphocytoses also favor the view that  a consider- 
able por t ion of  patients suffer from a reactive rather than a neoplast ic disease: pheno- 
typical  heterogeneity in some of  the expanded cell populat ions,  presence of  chronic 
inf lammatory processes in a considerable proport ion of  patients, confirmed by sero- 
logic and histologic tests [58], occurrence of  spontaneous remission in one patient [12], 
and concomitant  malignancies in some of  the cases reported [13, 15, 43, 45, 62, 64]. 

Previous clinical observations support  this view, namely the leukemoid reactions 
involving "granular  lymphocytes" in some patients with infectious diseases 
[15, 17, 56, 58] or autoimmune states [35] and high numbers of  NK cells as well as in- 
creased NK activity associated with malignancies [34, 64]. In our case, several findings 
lead us to assume that  our patient exhibits a reactive rather than a neoplastic expan- 
sion of  LGL: (1) the heterogeneity of  the expanded-cell populat ion,  which is mirrored 
by the various immunological  phenotypes in b lood and bone marrow; (2) the absence 
of  a marker  for monoclonal i ty;  (3) the fact that  the patient  had suffered from breast 
cancer despite any current indications of  a relapse; and (4) the persistence of  an in- 
f lammatory  pulmonary  infil tration. 

Finally, as in the case of  our patient,  there are no conclusive arguments to assume 
a mal ignant  expansion of  GL in the major i ty  of  cases of  GL-lymphocytosis  yet pub- 
lished. It remains a matter  of  speculation whether the generally benign course of  GL- 
lymphocytosis  represents a polyclonal  hyper immune response to a yet unknown agent 
or whether it reflects a self-control mechanism whereby the outgrowth of  (an) undiffe- 
rentiated GL clone (s) is prohibi ted or retarded by more mature GLs preserving their 
function as NK and /o r  killer (ADCC) cells in vivo [41]. We propose that  until obvious 
mal ignant  features are documented,  the term "GL-lymphocytosis"  be applied to this 
hematologic disorder and treatment  be confined to symptomat ic  measures. 
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