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Chronic T-Cell Lymphocytosis With Neutropenia: Report of a Case

Studied With Monoclonal Antibody

By Alan C. Aisenberg, Barbara M. Wilkes, Nancy L. Harris, Kenneth A. Ault, and Robert W. Carey

A 55-yr-old man presented with an 8-yr history of lympho-

cytosis. neutropenia. and infection. There was moderate

splenomegaly without lymphadenopathy. and lymphocyto-

sis of the blood (1 5.000-41 .200/cu mm) and bone marrow

(30%): the latter also revealed no granulocytes more

mature than the myelocyte. A diagnosis of leukemia could

not be made from microscopic examination of the liver.

spleen. or bone marrow. The circulating lymphocytes were

T cells of the cytotoxic-suppressor subset with character-

istic surface markers. They formed rosettes with unsensi-

tized sheep erythrocytes (E rosettes), reacted with an

antithymocyte heteroantiserum. were positive for the

receptor for the Fc portion of lgG. and were devoid of

surface immunoglobin. When examined with a panel of

monoclonal antibodies. these cells reacted with 0KT3. a

monoclonal that identifies peripheral T cells. OKT1 1.

which identifies the sheep cell receptor. and 0KT5 and

OKT8. which identify the cytotoxic suppressor subset of T

T ECHNIQUES that identify lymphocyte lineage

allow detection of rare T-cell disorders that are

difficult to distinguish morphologically from the

common B-cell proliferations of small lymphocytes

[chronic lymphocytic leukemia (B-CLL) and chronic

lymphosarcoma cell leukemia].’ We report a patient

with marked and long-standing increase of T lympho-

cytes and associated neutropenia. This case does not

resemble the usual picture of T-cell chronic lympho-

cytic leukemia (T-CLL)25 or of cutaneous T-cell

lymphoma (CTCL),68 but is closely similar to several

patients with T-cell lymphocytosis and neutropenia

who have been the subject of recent reports from the

United States9’#{176}and Holland.” In the present case, a

panel of monoclonal antibodies’2 ‘� was employed to

demonstrate restriction of the T-lymphocyte prolifera-

tion to the cytotoxic-suppressor subset. Despite the

subset restriction, the nonprogressive nature of the
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cells. but not with OKT4. which identifies the inducer/

helper subset. These lymphocytes also displayed a high

level of antibody-dependent cytotoxicity, but natural killer

activity could not be demonstrated. This indolent disorder

closely resembles that of 7 patients with lymphocytosis

and neutropenia described in the recent medical literature.

but sharply contrasts with the more frequently reported

cases of T-cell chronic lymphocytic leukemia. Since it is

unclear that the present case represents a neoplastic

proliferation. the noncommittal term “chronic T-cell

lymphocytosis with neutropenia’� is proposed for the

condition. In view of the neutropenia and the benign

course, cytotoxic treatment appropriate for B- and T-cell

chronic lymphocytic leukemia should be undertaken only

with circumspection. The new condition can be suspected

from the clinical picture and can be diagnosed with

conventional lymphocyte surface marker techniques and

commercially available monoclonal antibodies.

disorder makes it uncertain that the condition is

neoplastic. While this entity is uncommon, its recogni-

tion has important prognostic and therapeutic implica-

tions.

CASE REPORT

C., a 55-yr-old man, was first seen in December 1972 when he

presented with an abscess below the right mandible, an infiltrate in

the right upper lobe, moderate splenomegaly, and stiffness, pain,

and swelling of the proximal interphalangeal joints. The white blood

count was 2 100/cu mm, with a differential count of 2% neutrophils,

95% small lymphocytes, and 3% monocytes. Bone marrow examina-

tion on two occasions revealed 26% and 3 1% mature lymphocytes, a

maturation “arrest” in the neutrophil series with no cells beyond the

myelocytes stage, adequate megakaryocytes, and normal red cell

maturation. Rheumatoid factor was detected at a level of 1 : I 28, and

an immunoelectrophoresis revealed a polyclonal increase of lgG and

lgA with normal 1gM. A splenectomy was performed. Microscopic

examination revealed a nonspecific increase of mononuclear cells in

the white pulp, and a moderate infiltrate ofsmall lymphocytes in the

sinus areas of the liver was observed in a biopsy done at the same

time. The patient was symptomatic over the ensuing 8 yr. although

examination of the bone marrow remained unchanged. The white

blood count was 7100/cu mm immediately after splenectomy with

84% small lymphocytes but without mature neutrophils. In the past

year, lymphocyte counts have fluctuated between I 5,500 and

41,200/cu mm, the hematocrit between 37% and 42%, and the

platelet count between 288,000 and 400,000/cu mm. The differen-

tial blood count has varied from 89% to 98% lymphocytes, 0% to 2%

neutrophils, with the remaining cells monocytes and eosinophils.

The predominant cell is a small lymphocyte with some azurophilic

granulation and cytoplasm, which is positive with the acid phospha-

tase stain, but otherwise unremarkable in appearance. Karyotype

analysis with G banding technique of a 4-day culture of peripheral

blood lymphocytes after phytohemagglutinin stimulation revealed a

normal 46, XY pattern.
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Table 1 . Surface Markers in Lymphocytosis of the Cytotoxic-Suppressor Subset of T Cells and in a

Case of the Cutaneous T-CeII Lymphoma

Rosettes

IgGEA lgGOx

33 41

1 0

Monoclonal Antibodiest
Antithymus

Heteroantiserum T 1 T3 T4 T5 T6 T8 T9 T 1 0 T 1 1 M 1 Ii

92 3 79 5 79 0 87 2 1 83 4 16

84 918589 10 30 0 0 0
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Surface

Immunoglobulin

GMKX E

3 0 3 3 95

0 0 0 0 71

IgMEAC

0

4

monoclonal antisera were employed: OKT1, all T cells; OKT3. peripheral T cells; OKT4. inducer/helper T cells; OKT6. common

and OKT8, cytotoxic-suppressor T cells; OKT9. early thymocyte; OKT1 0, early thymocyte; OKT1 1 . sheep cell receptor; OKI 1,

monocyte, granulocyte.

MATERIALS AND METHODS

Preparation and Patient Selection

were prepared from defibrinated blood with

gradient.#{176} The viability of cells studied in this

90% as determined by trypan blue dye exclusion.

T-cell lymphoma in the comparison case

a lymphocyte count of 22,000/cu mm,
convoluted morphology of the cell nuclei.’6

Marker Analysis With Hybridoma Antisera

monoclonal mouse hybridoma antisera were

from Ortho Pharmaceutical Corp., Raritan, N.J., as

ascites protein.’2’4 Lymphocytes (106) in 0.05 ml of

I 99 were incubated with 0.05 ml ( I 0 �zg/ml) of each of the

mouse hybridoma antisera; OKTI (all T cells), OKT3

T cells), OKT4 (inducer/helper I cells), OKT6 (com-
OKT5 and OKT8 (suppressor-cytotoxic T cells),

thymocytes), OKTIO (early thymocytes), OKTI I

cell receptor), 0KM! (monocytes and granulocytes), and

(la-like antigen). After a 30-mm incubation at 37#{176}C,the

were washed twice at room temperature with phos-

saline (pH 7.4), and then reincubated for 60 mm at

with 0.05 ml of a I :5 dilution of fluorescein-

goat anti-mouse gamma globulin antiserum [F(ab’)2

from N.L. Cappel Laboratories, Cochranville,

cells were again washed twice, suspended in phosphate-

placed on a slide, overlayed with a cover slip, and

with a Zeiss ultraviolet microscope equipped with an

200 mercury arc lamp and a fluorescein isothiocyanate

primary filter. A minimum of 200 lymphocytes

Lymphocyte Surface Markers

surface immunoglobulin was determined with fluorescein-

antisera specific for the lgG and 1gM heavy chains

immunoglobulin, and for the kappa and lambda light

previously descri�d’5.’7 The fluorescence microscope was

to evaluate thymus-related surface antigens making

globulin fraction of a rabbit antiserum to human fetal

with A-positive erythrocytes and chronic lympho-
I8

rosette formation with sheep erythrocytes (E

was assessed by adding a suspension of lymphoid cells to

cells in the presence of 9% absorbed and inactivated AB

mixture was incubated for 10 mm at 37#{176}C,centrifuged

temperature, and incubated for at least 2 hr at 4#{176}C.Fc

with sheep and ox erythrocytes coated, respec-

tively, with the lgG fraction of a rabbit anti-sheep and anti-bovine

cell stroma antiserum (IgGEA and IgGOx rosettes) employing a

45-mm incubation at 37#{176}C!#{176}Complement receptor was detected

with sheep erythrocytes sensitized by the addition of the 1gM

fraction of a rabbit anti-sheep cell stroma antiserum and mouse

complement employing a similar incubation (IgMEAC rosettes).2’

Antibody-Dependent Cellular Cytotoxicity (ADCC).

Natural Killer (NK) Activity, and Antineutrophil

Antibodies

ADCC and NK activity were measured with K562 cells by the

method of Ault and Weiner.2 Antineutrophil antibodies were

assayed with the Staph.vlococcal slide test of Harmon, Weitzman,

and Stossel.23

RESULTS

Lymphocyte surface marker findings, obtained in

patient C with both conventional techniques and a

panel of monoclonal antibodies, are presented in Table

1. His circulating lymphocytes (absolute count

26,SOOIcu mm) are devoid of surface immunoglobulin

and form rosettes with unsensitized sheep erythrocytes

(E rosettes). Thus, the cells are unequivocally T

lymphocytes. The absence of complement receptor

(IgMEAC rosettes) and reactivity with an antithymus

heteroantiserum provides additional support for this

conclusion. These lymphocytes also bear the receptor

for the Fc portion of lgG, which was detected with

both sheep and ox erythrocytes coated with lgG

(IgGEA and IgGOx rosettes). The monoclonal anti-

body results indicate that the lymphocytes of patient C

belong to the cytotoxic-suppressor subset of T cells.

Thus, they react with the monoclonal antibody OKT3

(Fig. I, left), which detects all peripheral T cells,

OKT1 I, which detects the sheep cell receptor, OKTS

and OKT8 (Fig. I, right), which detect the cytotoxic-

suppressor subset, and they fail to react with OKT4,

which detects the inducer/helper subset. There is faint

reactivity with OKI1, a monoclonal antibody to the

Ia-like antigen.

For comparison, the results of similar studies

performed in a case ofcutaneous T-cell lymphoma are
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820 AISENBERG ET AL.

Fig. 1 . Lymphocytes from patient C. after incubation with monoclonal mouse antibody OKT3. which detects human peripheral T cells

(left). and OKT8. which detects the cytotoxic-suppressor subset of human T cells (right). All lymphocytes in both fields stain brightly

following the addition of fluorescein-conjugated goat anti-mouse gamma globulin antiserum (initial magnification x240).

included in Table 1 . The circulating lymphocytes in

that patient are also devoid of surface immunoglobulin

and complement receptor, form rosettes with unsensi-

tized sheep erythrocytes, and react with the antithy-

mus heteroantiserum. However, the S#{233}zarycells are of

the inducer/helper subset, reactive with the mono-

clonal antibody OKT4 and unreactive with OKT5 and

OKTS. The S#{233}zarycells also differ from the lympho-

cytes of patient C by their lack of the Fe receptor.

Table 2 indicates that the lymphocytes from patient

C have a very high level of antibody-dependent cellu-

Table 2. Antibody-Dependent Cellular Cytotoxicity and

Natural Killer Activity of Lymphocytes From Patient C.

With T-CeII Lymphocytosis

Spec,fic

Effector Effector to

Cell Target cell Ratio

Lysis

(%)

Natural Killing

PatientC. 20:1 2.4 ± 1.0

10:1 0.0 ± 1.0

5:1 0.4 ± 1.0

Normal control 20: 1 3 1 .3 ± 2.5

10:1 16.4 � 2.2

5:1 5.6 ± 1.9

Antibody-dependent cellular cytotoxicity

PatientC. 20:1 92.8 ± 2.4

10:1 84.4 ± 4.2

5:1 82.0 ± 1.4

Normal control 20:1 54.3 ± 3.7

10:1 34.7 ± 3.1

5:1 23.3 ± 5.8

lar cytotoxicity, but are devoid of natural killer activi-

ty. Antineutrophil antibodies could not be detected on

two occasions employing the Staphylococcal slide test

of Harmon, Weitznian, and Stossel (data not

shown).23

DISCUSSION

Proliferations of small T lymphocytes (surface

immunoglobulin-negative, E-rosette-positive) are in-

frequent and heterogeneous. Cutaneous T-cell lym-

phoma (CTCL) and T-cell chronic lymphocytic leuke-

mia (T-CLL) are the best defined. The first is charac-

terized by erythroderma, and a lymphocytosis of

helper T cells with convoluted cell nuclei.6 8.16 The

latter, T-CLL, usually presents with hepatospleno-

megaly, anemia, and thrombocytopenia:25 chromo-

some abnormalities are frequently found24 and, like

CTCL, skin lesions and T-cell nuclei of convoluted

shape may be present. T-CLL pursues a short relent-

less course and is usually unresponsive to therapy. The

present case bears little resemblance to either CTCL

or T-CLL, nor is it similar to either the rare cases of

T-cell lymphocytosis, which may accompany thymo-

ma,25 or to the occasional suppressor cell variants of

T-cell acute lymphocytic leukemia.2627

Recently, two Dutch patients with a chronic

lymphocytosis of cytotoxic-suppressor T cells, neutro-

penia, and recurrent infection were described in whom

the circulating cells were positive for the Fc receptor
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CHRONIC T-CELL LYMPHOCYTOSIS 821

Table 3. Clinical Features of Chronic T-CeIl Lymphocytosis

Age and Spleno- Lymph- Major &anulocytes Hemoglobin Platelets Marrow
Case Sex megaly adenopathy Clinical Problem Survival (per cu mm) (g/ iOO ml) (per cu mml Lymphocytes Reference

1. M, 19 + - Infection 5yr 200 13.4 215,000 58% 6

2. M,25 + - Infection lOyr 800 8.1 176,000 53% 6

3. M,58 + - None 8mo 2,100 13.6 124,000 22% 6

4. M, 75 ± - Back paint 2 yr 1,200 10.0 330,000 61% 6

5. M, 58 - - Infection 20 yr 300 Normal Normal Increased 8

6. F, 67 + - Infection 20 yr 300 Normal Normal Increased 8

7. M, 41 - - None 2 yr Normal 13.2 395,000 30% 7

8. M. 55 + - Infectiont 8 yr 300 13.0 288,000 30% This report

Death from infection.

tRheumatoid factor present.

of IgG and exhibited ADCC.” A third case with suppressor subset of T lymphocytes, and unreactive

similar cell surface markers, but without neutropenia with OKT4, which detects inducer/helper T cells.

or infection, has been reported from the United Although earlier investigators, reasoning from the

States.’#{176}Finally, four additional patients with neutro- parallel observation that most B-cell lymphocytosis in

penia and Fc-receptor-positive T cells were encoun- the adult is B-CLL, have concluded that the new

tered in an analysis of chronic lymphocytic leukemia,9 disorder is probably a neoplasm,9 ‘ ‘ the evidence is not

and it is probable that some of the patients in the early compelling. Thus, the indolent course with little

report of Brouet et a!. were also similar.2 Salient progression, the modest lymphocyte elevation, the

clinical and laboratory features of the 7 cases in the maintenance of platelet and red cell production, and

literature and ofour own patient are outlined in Tables the failure to document a malignant process by patho-

3 and 4. logic examination of bone marrow and other tissues,

Thus, there is a subset of patients with chronic all favor a benign process. If, indeed, the process is not

T-cell lymphocytosis who present with neutropenia, malignant, it is unclear whether neutropenia and

frequently complicated by infection. In contrast to lymphocytosis spring from a common derangement, or

T-CLL, skin involvement and karyotype abnormalities whether one or the other is primary. Perhaps the most

are not seen, and red cell and platelet production are plausible pathogenesis, one that would provide an

usually intact. Moderate splenomegaly is the rule, and explanation for neutropenia in the absence of antineu-

bone marrow examination reveals only a moderate trophil antibody, is suppression ofgranulocyte produc-

infiltration of small lymphocytes and, in most tion by cytotoxic-suppressor T lymphocytes. However,

instances, an arrest of granulocyte production at the while there is evidence for interaction between red cell

myelocyte level. The absence of progression of this precursors and regulatory lymphocytes,29’3#{176} such a

disorder over periods of observation in excess of 20 yr mechanism for neutropenia is speculative.

is remarkable and contrasts sharply with T-CLL. The Until convincing evidence of the nature of the

surface marker findings are characteristic; E-rosette- disorder presented by these patients is available, it

positive, Fc-receptor-positive, and a high level of seems best to refer to them with the noncontroversial

ADCC without NK activity. Our own case and one term “chronic T-cell lymphocytosis with neutrope-

other28 were reactive with the monoclonal antibodies nia.” Regardless of whether or not the disorder is

OKT5 and OKT8, which identify the cytotoxic- neoplastic, it is important that cases be recognized

Table 4. Lymphocyte Characteristics in Chronic T-Cell Lymphocytosis

Monoclonal Antibody (%)f
Case Lymphocytes B Cells’ E-Rosettes Acidt Fc Receptor

No. (per cu mm) (%) (%) Phosphatase 1%) ADCCt NKt OKT4 OKT5 OKT8

1 11,300 2 71 +

2 25,900 5 50 + 95

3 6,000 5 66 + 53

4 10.600 1 50 + 83

5 6,900 4 67 51 + - +
6 14.000 0 87 58 + - +
7 29.000 1 93 + 57 + -

8 26,500 5 95 + 41 + - 5 79 87

‘B cells are expressed as the sum of cells with kappa and with lambda light chain on the surface, except for cases 5 and 6, which are expressed as

the cells positive for la-like antigen.

tADCC. antibody-dependent cytotoxicity; NK, natural killer activity; and + positive. - negative. The case numbers are the same as in Table 3.
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to employ the standard alkylating agent-prednisone

therapy of B-CLL for a disorder in which the principal tion is clonal, the exact place of the cell in lymphocyte

822 AISENBERG ET AL.

because of the prognostic and therapeutic implica-

tions. Thus, these individuals have a far better outlook

than those with T-CLL, and it would be inappropriate

problem is neutropenia. The new condition can be

suspected from the clinical characteristics, and a

presumptive diagnosis made when routine cell surface

markers reveal lymphocytes that are devoid of surface

immunoglobulin, form spontaneous rosettes with

sheep erythrocytes, and are positive for the Fc receptor

of IgG. Commercially available monoclonal antibodies

readily identify T-cell subsets and should facilitate

recognition of the condition. Future investigation will

establish whether or not this subset-specific prolifera-

development, and the mechanism of the neutropenia.

ACKNOWLEDGMENT

We are grateful to Drs. Patrick Kung and Gideon Golstein of

Ortho Pharmaceutical Corp. who supplied the mouse hybridoma

antisera, to Dr. Sigmund Weitzman who performed the antineutro-

phil antibody studies, and to Murray Towle for technical assistance.

REFERENCES

I . Aisenberg AC; Current concepts. Cell-surface markers in

lymphoproliferativedisease. N EngI J Med 304:331-336, 1981

2. Brouet, J-C, Flandrin G, Sasportes M, Preud’homme J-L,

Seligmann M; Chronic lymphocytic leukemia of T-cell origin.

Immunological and clinical evaluation in eleven patients. Lancet

2:890-893, 1975

3. Uchiyama T, Yodoi J, Sagama K, Takatsuki K, Uchino H;

Adult T-cell leukemia: Clinical and hematologic features of 16

cases. Blood 50:481-492, 1977

4. Toben HR. Smith RG: T lymphocytes bearing complement

receptors in a patient with chronic lymphocytic leukemia. Clin Exp

Immunol 27:292-302, 1977

5. Thiel E, Rodt H, Huhn D, Thierfelder 5: Decreased and

altered distribution of human T antigen on chronic lymphatic

leukemia cells of T type, suggesting a clonal origin. Blood 47:723-

736, 1976

6. Brouet JC, Flandrin G, Seligmann M: Indications of the

thymus-derived nature of the proliferating cells in six patients with

S#{233}zary’ssyndrome. N EngI J Med 289:341-344, 1973

7. Broder 5, Edelson RL, Lutzner MA, Nelson DL, MacDermott

RP, Durm ME, Goldman CK, Meade BD, Waldmann TA: The

S#{233}zarysyndrome. A malignant proliferation of helper T cells. J Clin

Invest 58:1297-1306, 1976

8. Kung PC, Berger CL, Goldstein G, Logerfo P. Edelson RL;

Cutaneous T cell lymphoma: Characterization by monoclonal anti-

bodies. Blood 57:261-266, 1981

9. McKenna RW, Parkin J, Kersey JH, Gajl-Peczalska KJ,

Peterson L, Brunning RD; Chronic lymphoproliferative disorder

with unusual clinical, morphologic, ultrastructural and membrane

surface marker characteristics. Am J Med 62:588-596, 1977

10. Pandolfi F, Strong DM, Slease RB, Smith ML, Ortaldo JR.

Herberman RB: Characterization of a suppressor T-cell chronic

lymphocytic leukemia with ADCC but not NK activity. Blood

56:653-660, 1980

I I. Noorloos AB, Pegals HG, van Oers R, Silberbusch J, Felt-

kamp-Vroom TM, Goudsmit R, Zeijlemaker WP, von dem Borne

AK, Melief Ci: Proliferation of T gamma cells with killer-cell

activity in two patients with neutropenia and recurrent infections. N

EngI J Med 302:933-937, 1980

I 2. Reinherz EL, Schlossman SF; The differentiation and func-

tion ofhuman T lymphocytes. Cell 19:821-827, 1980

I 3. Reinherz EL, Kung PC, Goldstein G, Levey RH, Schlossman

SF: Discrete stages of human intrathymic differentiation: Analysis

of normal thymocytes and leukemic lymphoblasts of T lineage. Proc

NatI Acad Sci USA 77:1588-1592, 1980

14. Kung PC, Talle MA, DeMaria ME, Butler MS. Lifter J,

Goldstein G: Strategies for generating monoclonal antibodies

defining human T-lymphocyte differentiation antigens. Transplant

Proc l2(Suppl 1):l4l-146, 1980

15. Aisenberg AC, Wilkes B: Lymphosarcoma cell leukemia:

The contribution of cell surface study to diagnosis. Blood 48:707-

715, 1976

16. Lutzner M, Edelson R, Schein P. Green I, Kirkpatrick C,

Ahmed A: Cutaneous T-cell lymphomas: The S#{233}zarysyndrome,

mycosis fungoides, and related disorders. Ann Intern Med 83:534-

552, 1975

17. Aisenberg AC, Wilkes BM, Long JC, Harris NL: Cell

surface phenotype in lymphoproliferative disease. Am J Med

68:206-213, 1980

18. Aisenberg AC, Bloch KJ, Long JC, Colvin RB: Reaction of

normal and chronic lymphocytic leukemia cells with an anti-
thymocyte antiserum. Blood 4 1 :4 17-423, 1973

19. Aisenberg AC, Long JC, Wilkes B: Chronic lymphocytic

leukemia cells: rosette formation and adherence to nylon fiber

columns. J NatI Cancer Inst 52:13-17, 1974

20. Pincus S, Bianco C, Nussenzweig V: Increased proportion of

complement receptor lymphocytes in the peripheral blood of

patients with chronic lymphocytic leukemia. Blood 3:303, 1972

21. Jaffe ES, Shevach EM, Frank MM, Green I: Leukemic

reticuloendotheliosis. Presence of a receptor for cytophilic antibody.

Am J Med 57:108-I 14, 1974

22. Ault KA, Weiner HL: Natural killing of measles-infected

cells by human lymphocytes. J Immunol 122:261 1-2616, 1979

23. Harmon DC, Weitzman SA, Stossel TP: A staphylococcal

slide test for detection of antineutrophil antibodies. Blood 56:64-69,

I980

24. Ueshima Y, Fukuhara 5, Takatsuki K, Uchino H; Signifi-

cance of Dq + ( 14 + ) marker chromosome in adult T-cell leukemia.

Igakunoayumi 112:392-394, 1980

25. Griffin JD, Aisenberg AC, Long JC. Lymphocytic thymoma

associated with T-ceIl lymphocytosis. Am J Med 64:1075-1079,

I 978

26. Broder 5, Poplack E, Whang-Peng J, Waldmann TA: Char-

acterization of a suppressor cell leukemia: Evidence for the require-

ment of an interaction of two cells in the development of human

suppressor effector cells. N EngI J Med 298:66-72, 1978

27. Nadler LM, Reinherz EL, Weinstein HJ, D’Orsi Ci,

Schlossman SF: Heterogeneity of T-cell lymphoblastic malignan-

cies. Blood 55:806-810, 1980

28. Melief C, van de Grend R, Rumke H, de Bruin H, Astaldi A,

Noorloss AB, Pegels H, van Oers R, Goudsmit R, Zeijlemaker W,

von dem Borne AK, Silberbush J, Feltkamp-Vroom T: Letter to the

Editor. N EngI i Med 303:882-883, 1980

29. Nathan DG, Chess L, Hillman DG, Clark B, Breard i,

Merler E, Housman DE: Human erythroid burst-forming unit:

T-cell requirement for proliferation in vitro. J Exp Med 147:324-

336, 1978

30. Hoffman R, Kopel 5, Hsu SD, Dainiak N, Zanjani ES: T cell

chronic lymphocytic leukemia: Presence in bone marrow and

peripheral blood of cells that suppress erythropoiesis in vitro. Blood

52:255-260, 1978

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/58/4/818/1637830/818.pdf by guest on 25 April 2024




