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SUMMARY

T cell colonies were generated from the peripheral blood and bone marrow of 11 patients
with acquired immune deficiency syndrome (AIDS), 17 normal male and female
heterosexuals and seven clinically normal male homosexuals. Mononuclear cells were
cultured in methylcellulose both in the absence and presence of interleukin-2 (IL-2)
containing conditioned medium. Clinically normal homosexuals showed a low number of
T4+ (P <0-01) but not T8+ cells. The number of T cell colony forming cells (T-CFC) from
both AIDS patients and homosexuals was significantly (P <0-01) reduced compared to
T-CFC from normal heterosexuals. In seven and four out of 11 AIDS patients, T-CFC
from peripheral blood and bone marrow, respectively, were able to generate colonies in
the absence of added growth factors and/or mitogenic stimulation. Pooled spontaneous
and induced colonies from AIDS patients as well as induced colonies from normal
homosexuals were composed of immature cells bearing the T3+, T4+, T6+ T8+ surface
phenotype, unlike colonies from normal heterosexuals which displayed mature cells
bearing the T3+ T4+ T6~ and T3+ T8* T6~ surface phenotype. Moreover, most T-CFC
from primary spontaneous and induced colonies had lost their self-renewal capacity either
in the absence or the presence of added growth factors. These results suggest that early
impairment of T-CFC may play a predominant role in the pathogenesis of AIDS.

Keywords AIDS T cell colonies T-CFC T cell differentiation

INTRODUCTION

The physiology of haemopoietic precursors has greatly benefited from the development of in vitro
techniques to detect and quantify the stem cells of each cell lineage. Over the past several years, a
variety of methods have been developed for the growth of T lymphocyte colonies from human
peripheral blood leucocytes in semi-solid media (Fibach, Gerassi & Jachs, 1976; Riou et al., 1976).
These have allowed for enumeration of T colony forming cells (T-CFC) in normal or pathological
states (Sutherland, Dalton & Wilson, 1976).

In vitro colony formation from normal peripheral blood and bone marrow T-CEC requires
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stimulation with phytohaemagglutinin (PHA) and/or the addition into the culture of interleukin-2
(IL-2) containing conditioned medium (Triebel et al., 1981a, 1981b). These colonies are composed
of well differentiated mature (T3* T4* T6~ and T3+ T8+ T6~ cells.

Patients with acquired immune deficiency syndrome (AIDS) have significant qualitative and
quantitative T lymphocyte modifications including: (a) decreased absolute numbers of T4+ cells
resulting in the inversion T4+/T8+ ratio (Fauci et al., 1984); (b) reduction of T cell proliferative
responses to alloantigens and mitogens; (c) decreased IL-2 production (Fauci et al., 1984; Gupta &
Safal, 183; Stahl er al., 1982; Talal & Shearer, 1983) and (d) the proportion of circulating T
lymphocyte expressing IL-2 receptors after PHA stimulation is also reduced (Kwong, Fundenberg
& Galbraith, 1984). Finally, at advanced stages of the disease a severe lymphopenia affecting all T
cell subsets is usually observed (Fauci et al., 1984; Stahl et al., 1982; Talal & Shearer, 1983).

These qualitative and quantitative abnormalities of T lymphocytes and the evolution of the
disease seem to indicate a primary involvement of T cell precursors in the pathogenesis of AIDS. We
therefore studied the proliferation and differentiation capacity of T-CFC in clinically normal male
homosexuals and AIDS patients.

MATERIALS AND METHODS

Patients. Heparinized peripheral blood and bone marrow were obtained from 11 AIDS patients
fulfilling the criteria defined by the Center for Disease Control (CDC) (1982a, 1982b). All patients
were male homosexuals, 29-50 years old and they were studied before any treatment was applied.
Peripheral blood was also obtained from 17 male and female normal subjects and seven clinically
normal male homosexuals consulting for various reasons such as an AIDS partner and/or having
multiple sexual partners.

Cell separation. Peripheral blood (PBMC) and bone marrow (BMMC) mononuclear cells were
obtained after Ficoll-Hypaque (Pharmacia Fine Chemicals, Sweden) density centrifugation
(d=1-077). Interface cells were washed with Hank’s balanced salt solution (HBSS) and resuspended
in growth medium (2-MEM, Gisco, USA) at 10¢/ml.

T cell colony assay. Five hundred thousand cells/ml were seeded in 0-8%, methylcellulose (Fluka,
Bucks, Switzerland) in a-MEM supplemented with 209/ (vol./vol.) heat-inactivated fetal calf serum
(FCS, GiBco), 2 mM L-Glutamine and antibiotics, in the presence or absence of 20% (vol./vol.) of a 7
day supernatant from PHA stimulated (PHA-M 1%, vol./vol. Dirco Lab., USA) normal PBMC
(10° cells/ml in MEM supplemented with 10%, FCS and 2 mM L-glutamine). This supernatant
(PHA-LCM) contained 0-3 u/ml of IL-2 activity when tested in an IL-2-dependent human T cell line
unresponsive to PHA (Bertoglio e? al., 1982). One tenth of a millilitre of the methylcellulose—cell
preparation was seeded per well in flat bottomed well microtest plates (Nunc, Denmark) and
incubated for 5-7 days at 37°C in 5% CO: in air. Aggregates containing more than 50 cells were
counted as colonies under an inverted microscope.

Self-renewal capacity. The clonogenic capacity of T-CFC was studied by two culture
procedures. First, PBMC or BMMC (106 cells/ml) were incubated in growth medium supplemented
with 10% FCS and 2 mM L-glutamine for 4 days at 37°C in 5% CO in air. Five hundred thousand
washed viable cells/ml were seeded in methylcellulose as described above (delayed plating). The
second method was to pick individual primary spontaneous colonies, pool and dissociate them by
pipetting. After washing, 5 x 10* viable cells/ml were seeded as for primary colony growth, in the
absence or presence of PHA-LCM.

Cell characterization. PBMC and BMMC were phenotyped using T3 (pan-T cell), T4
(helper/inducer) and T8 (suppressor/cytotoxic) monoclonal antibodies (MoAb) (Ortho, Raritan,
New Jersey) and fluoresceinated goat anti-mouse immunoglobulin (Cappel Labs, Cochranville,
USA) as a second reagent. Positive cells were determined using a spectrum III Cell Analyser
(Ortho). Cells from pooled colonies were also phenotyped with the T series MoAb by indirect
immunofluorescence. Because of the small numbers of cells recovered, a minimum of 50-100 cells
were scored for each determination. Non-specific fluorescence was always lower than 5%,. Slides
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were also prepared by cytocentrifugation and stained with May—Grunwald—Giemsa for morpho-
logical examination.

Statistical analysis. Statistical comparison of the mean percent positivity for a given surface
marker was done using the Student’s z-test.

RESULTS

Haematological and immunological profile of AIDS patients

As shown in Table 1, six patients had Kaposi’s sarcoma that was associated in three cases with
opportunistic infections. Severe opportunistic infections were also observed in four additional
patients without Kaposi’s sarcoma and one patient had progressive multifocal leukoencephalo-
pathy. As expected, AIDS patients showed low numbers of PBMC/ml in peripheral blood,
lymphopenia, and a dramatic decrease of T4+ cells. The number of T8 * cells was also low except in
patient No. 7. The same trend of decreased numbers of PBMC and T4+ (P < 0-05) but not T8+ cells
was observed in the peripheral blood of clinically normal male homosexuals as compared with the
controls.

T cell colony growth

The number of peripheral blood T-CFC from all AIDS patients was significantly reduced when
compared to normal heterosexuals (P <0-001). Their numbers showed a linear correlation with that
of T4+ (r=0-75, P<0-01) and T8* cells (r=0-64, P <0-05). In patient 10 (Table 1), no colony
growth could be obtained from PBMC whereas BMMC generated a significant number of colonies.
The reverse was observed in patients 1 and 11 (Table 1). It is noteworthy that clinically normal
homosexuals also presented a decreased absolute number of peripheral blood T-CFC. In seven and
four out of 11 AIDS patients some clonogenic cells from the peripheral blood and bone marrow,
respectively, generated colonies in the absence of added growth factors (Table 2). Small aggregates,
containing about 10 cells, were detected on day 2 of the culture and continuously grew, to form
discrete colonies on the surface of the methylcellulose reaching their maximum size (about 200 cells)
on day 5-7. No spontaneous colonies could be obtained from PBMC of normal controls and
clinically normal homosexuals.

Table 2. Spontaneous colony growth from peripheral blood and bone marrow T-CFC of AIDS patients

Patient Number of T-CFC/ml of peripheral blood*  Number of colonies/S x 10* BMMC*
1 65+7 0
2 754+91 46+4
3 34+6 0
4 376+ 46 316112
5 6016 830+43
6 360419 0
7 824+6 0
8 0 0
9 0 0
10 0 0
11 0 0
Control homosexuals 0 NDft
Normal heterosexuals 0 0

* PBMC and BMMC (5 x 10%/ml) were seeded in methylcellulose in the absence of added growth factors or
mitogenic stimulation and incubated as described in Materials and Methods. Results are expressed as mean +s.d.
of T-CFC and number of colonies for the PBMC and BMMC, respectively, from triplicate wells.

+ Not done.
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Table 4. Delayed plating efficiency of peripheral blood T-CFC from AIDS patients

Immediate plating* Delayed platingt
Patients Spontaneous Induced Spontaneous Induced
2 11617 356427 0 1843
3 60+7 202+19 0 0
4 115+21 222+31 0 228421
7 120+19 324+28 0 0
8 0 4215 0 0
Control homosexuals (n=3) 0 203+46 0 0
Normal subjects (n=13) 0 370+ 179 0 185+ 86

* PBMC (5 x 105/ml) were seeded in methylcellulose immediately after Ficoll-
Hypaque separation and incubated as described. Results represent the mean number
of colonies +s.d. from triplicate wells.

+ PBMC (10%/ml) were incubated in -MEM with 109, FCS and L-glutamine for 3
days as described in Materials and Methods. Five hundred thousand viable cells/ml
were seeded in methylcellulose, in the absence and the presence of IL-2 containing
conditioned medium. Results are expressed as the mean number of colonies +s.d.
from triplicate wells.

Colony characterization

T cell colonies from normal subjects were composed of mature lymphoblastoid cells bearing the
T11+, T3+, T4* or T8* phenotype. The percentage of T6* cell detected in the colonies was only
17%, (Table 3). PBMC and BMMC derived induced colonies from AIDS patients were composed of
significantly more T4+ (50-80%, P<0-01), T6+ (44-87%, P<0-01) and T8+ (42-80%;,, P <0-001)
cells than colonies from normal subjects. Interestingly, PBMC derived colonies from clinically
normal homosexuals were also composed of significantly more T6* (50-77%, P<0-01) and T8+
(40-60%, P<0-05) but not T4+ cells. Pooled spontaneous colonies were also composed of
lymphoblastoid cells bearing surface markers of the T cell lineage. The phenotypic characterization
revealed 50-80%, T4+, 47-87%, T6* and 57-87%; T8* cells. In the majority of the patients (Nos 2, 3,
4, 7; Table 3) the phenotype of cells from spontaneous colonies was not significantly different from
that of induced colonies.

Self-renewal capacity

Cells from pooled primary spontaneous colonies were replated in methylcellulose in order to
evaluate their self-renewal capacity in the absence and the presence of added growth factors. In five
patients studied (cases 2, 3, 4, 7, 8), no secondary colony growth could be obtained (data not
shown). The proliferative capacity of peripheral blood T-CFC was also tested after a 4 day liquid
culture of PBMC in the absence of added growth factors or/and mitogen. This delayed plating
efficiency has been proposed as a measure of the proliferative capacity of the clonogenic cells
(Nicola et al., 1981). In four AIDS patients and three control homosexuals no delayed spontaneous
colony growth could be obtained. Similarly, in four out of five AIDS patients and in three control
homosexuals delayed colony formation induced wth PHA-LCM was significantly decreased (Table
4). Conversely, in normal heterosexuals the delayed plating yielded the half of the observed
immediate colony number (Table 4).

DISCUSSION

The primary intent of these investigations was to study quantitatively and qualitatively the
peripheral blood and bone marrow T-CFC of AIDS patients. In normal subjects, T-CFC have
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either an immature (E-T3~) or presumably mature (E*+) phenotype (Triebel et al., 1981a, 1981b;
Claesson et al., 1977; Rozenszajn, Shohaw & Kalecheman, 1975; Georgoulias et al., 1984).

In AIDS patients, as it has been previously reported by many investigators (Fauci er al., 1984;
Talal & Shearer, 1983), we found an absolute lymphopenia with a marked decrease of T4* and T8*
cells in peripheral blood. Moreover, patients displayed a dramatically decreased T cell colony
growth. The absolute number of T-CFC was significantly correlated with that of T4* and T8*
lymphocytes, suggesting mainly a depletion of E+ clonogenic cells. However, we cannot exclude, at
the present time, that inhibitory mechanisms could also account for the decreased plating efficiency.

Some peripheral blood and bone marrow clonogenic cells from AIDS patients were able to
generate T cell colonies in the absence of added growth factors. This phenomenon has not been
observed in lymphopenic clinically normal homosexuals or normal heterosexuals. The biological
significance of these spontaneous colonies, apparently independent of added growth factors, is not
yet known. We have previously observed spontaneous colonies in two hemopoietic malignancies.
(1) In human T cell neoplasias, T-CFC can generate spontaneous colonies (Georgoulias, Auclair &
Jasmin, 1984). This spontaneous proliferation of T-CFC could be explained by the constitutive
release of some growth factor(s) (T cell colony promoting activity; T-CPA) leading to an
endogenous activation and proliferation of T-CFC (Georgoulias, Allouche & Jasmin, 1984). These
spontaneously proliferating T-CFC possessed a great self-renewal capacity in the absence of added
growth factors. Conversely, spontaneously proliferating T-CFC from AIDS patients have lost their
self-renewal capacity, which is a property of primitive stem cells.

(2) We have also described that susceptible mice inoculated with the Myeloproliferative sarcoma
virus (MPSV) show a spontaneous growth of granulo-macrophagic precursors (GM-CFU) which
have lost self-renewal capacity in the absence of colony stimulating activity (CSA) (Klein et al.,
1982). It is therefore probable that such spontaneous GM-CFU represent cycling and fully
committed cells. The spontaneous proliferation of T-CFC without self-renewal capacity in AIDS
patients is compatible with this model.

In AIDS patients pooled spontaneous and induced T cell colonies were composed of a high
proportion of cells bearing the T4+ T6* T8+ surface phenotype. Conversely, colonies generated
from normal subjects displayed less than 20%, and 40%, T6* and T8 cells, respectively (Triebel et
al., 1981a, 1981b; Georgoulias et al., 1984). Since a similar proportion of colony cells could be
stained with the T4, T6 and T8 MoAb it could be assumed that most of them expressed, at the same
time, all these antigenic determinants. However, double staining studies are needed to verify this
hypothesis. The increased expression of T6* antigen which characterizes immature lymphocytes
(common thymocytes; Reinherz & Schlossman, 1980), indicates a block of the in vitro differentia-
tion of patients T-CFC. This abnormal differentiation of T-CFC was revealed in both induced and
spontaneous colonies, indicating that this phenomenon is independent of added IL-2. This
observation strongly suggests that the in vivo observed reduced T4+ /T8 ratio in AIDS patients is
not due to the impaired IL-2 production by patients’ lymphocytes (Fauci et al., 1984; Stahl et al.,
1982; Talal & Shearer, 1983). However, since pooled colonies were used for phenotypic studies it is
unclear whether all colonies were composed of immature T cells or whether some of them were
composed of more differentiated cells.

T4+ but not T8* cells were decreased in the peripheral blood of clinically normal male
homosexuals as previously described (Pinching et al., 1983). The observation that peripheral blood
T-CFC from these subjects were dramatically reduced (Table 1), may be due either to decreased
T-CFC numbers or/and to inhibition of their proliferation. It is noteworthy, that T-CFC also
showed impaired self-renewal capacity and abnormal in vitro differentiation as in AIDS patients.
These findings might indicate that abnormalities of T-CFC could represent early events in the
establishment of an immunosuppressed status of male homosexuals (Pinching ez al., 1983). Recent
studies strongly suggest the involvement of retrovirus (LAV: lymphadenopathy associated virus
and HTLYV III: human T leukaemia/lymphoma virus), in the causation of AIDS (Barre-Sinoussi et
al., 1984; Klatzman et al., 1984; Sarngdharan et al., 1984). Indeed, these viruses may specifically lyse
T4+ cells although it cannot be excluded that LAV and/or HTLV III can also infect clonogenic
T-CFC, blocking their differentiation and/or lysing them. Although it is likely that failure of
antibody production could account for seronegative results, it can be reasonably assumed that
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AIDS patients had been infected with LAV/HTLV III. The virological results, obtained in our
patients indicated that only three out of 11 AIDS and two out of seven clinically normal
homosexuals had serum antibodies against LAV (not shown). Moreover, two seropositive as well as
four out of eight seronegative patients with AIDS but none of the normal male homosexuals
generated spontaneous colonies. These findings do not allow any definitive conclusion on the role of
LAV infection in the generation of spontaneous colonies.

These abnormalities of T-CFC proliferation and differentiation in AIDS patients and normal
male homosexuals suggest a pathophysiological scheme of AIDS. In an early asymptomatic phase,
the causative agent(s) may either affect directly T-CFC inducing an abnormal differentiation or/and
lysing mature T4* but not T8+ lymphocytes. These hypotheses are supported by our findings in
clinically normal male homosexuals. As the proportion of peripheral blood mature T lymphocytes
decreases, there may be a compensatory proliferative commitment and activation of the most
primitive and quiescent (Georgoulias et al., 1984) T lymphocyte precursors, which can proliferate in
the absence of added growth factors. During the evolution of the disease, T-CFC become
progressively exhausted and/or colony inhibitory mechanisms could be activated. Finally, at the
terminal phase of the disease, the exhaustion of T-CFC could lead to a complete lymphoid aplasia.
Additional prospective biological and clinical studies concerning the constitutive production of
IL-2 and/or other T cell growth factor(s) as well as the capacity of patients’ T-CFC to respond to
them during the different clinical phases are under way further elucidate the pathophysiology of
AIDS.

Supported by grants from the Association de la Recherche contre le Cancer (ARC) and the Ministere de

I'industrie et de la Recherche (83.C.1414) and University Paris VI France.
We wish to thank Gerard Iglesia for technical assistance with the Apple Ile computer and Mrs Nadiege

Balliet for secretarial help.

REFERENCES

BARre-SINoussi, F., CHErmAN, J.C., Ry, F,
NUGEYRE, M.T., CHAMARET, S., GRUEST, J., DAU-
GET, C., AXLER BLIN, C., VESINET BRruN, F., Rou-
z10UX, C., ROSZENBAUM, W. & MONTAGNIER, J.L.
(1983) Isolation of a T lymphotropic retrovirus
from a patient at risk for AIDS. Science, 204, 868.

BErTOGLIO, N.A. et al. (1982) First Workshop on
Standardization of human IL-2: joint report. Lym-

phokine Res. 1, 121.

CENTERS FOR Diseases Task ForcE (1982) MM WR,
31, 365.

CENTERS FOR DISEASES Task FORCE (1982) MM WR,
31, 644.

CLAESSON, M.H., RoDGER, M.B., JoHNsON, G.R.,
WITTINGHAM, S. & METCALF, D. (1977) Colony
formation by human lymphcytes in agar medium.
Clin. exp. Immunol. 28, 526.

Faucl, A.S., MOCHER, A.M., LoNGo, D.L., CLIFFOR-
DLENE, H., RooK, A.H., Masur, H. & GELMAN,
E.P. (1984) AIDS, Epidemiologic, clinical immuno-
logic and Therapeutic consideration. Ann. Int. Med.
100, 92.

FiBACH, E., GERAssl, E. & SAcHS, L. (1976) Induction
of colony formation in vitro by human lymphocyte.
Nature, 259, 127.

GEORGOULIAS, V., MARION, S., CoNsOLINI, R. &
JasMIN, C. (1984) Characterization of normal per-
ipheral blood T and B cell colony forming cells;
growth factor(s) and accessory cell requirements for
their in vitro proliferation. Cell. Immunol. (In press.)

GEORGOULIAS, V., AUCLAIR, H. & JasMIN, C. (1984)

Heterogeneity of peripheral blood T cell colony
forming cells in patients with T cell malignancies.
Leuk. Res. (In press.)

GEORGOULIAS, V., ALLOUCHE, M. & JAsMIN, C. (1984)
Regulation of T cell colony formation in the
absence of added growth factors in patients with T
cell malignancies. Proc. 2nd. Int. Conf. on Malig-
nant Lymphoma (ed. by F. Cavalli, G. Bonadonna
& M. Rozencweig) Martinus Nijhoff, Boston (In
press.)

GUPTA, S. & SAFAL, B. (1983) Deficient autologous
mixed lymphocyte reaction in Kaposi’s Sarcoma
associated with deficiency of leu 3+ responder T
cells. J. clin. Invest. 71, 296.

KLATZMANN, D., BARRE-SINOUsSI, F., GLUCKMAN,
J.C., NUGEYRE, M.T., DAUGET, C., VILMER, E.,
BRUN VESINET, F., GrisceLLl, C., Rouzioux, C. &
CHERMAN, J.C. (1984) Selective tropism for the
helper/inducer T lymphocytes subset of a new
human retrovirus (LAV) associated with the
acquired immunodeficiency syndrome. Science,
225, 56.

Kwong, Y.T., FuDeENBERG, H.H. & GALBRAITH,
G.M.P. (1984) In vitro augmentation of interleukin
2 production and lymphocytes with the Tac antigen
marker in patients with AIDS. N. Engl. J. Med. 15,
987.

KLEIN, B., LE Bousse KERDILES, C., SMADJA JOFFE, F.,
PRAGNALL, LA, OSTERTAG, W. & JasMIN, C. (1982)
A study of added GM-CSF independent granulo-
cyte and macrophage precursors in mouse spleen



T colony forming cells in AIDS

infected with Myeloproliferative Sarcoma Virus
(MPSV). J. exp. Hematol. 10, 373.

NicoLa, N.A., METCALF, D., VON MELCHNER, H. &
BURGESS, A.W. (1981) Isolation of murine fetal
hematopoietic progenitor cells and selective frac-
tionation of various erythroid precursors. Blood,
58, 376.

PINCHING, A.J., McManus, J.J., Jerrries, D.J.,
MosHTAEL, O., PERKIN, J.M., MuNDAY, P.E. &
HARRIS, J.R.W. (1983) Studies of cellular immunity
in male homosexuals in London. Lancet, ii, 126.

Porovic, M., SARNGDHARAN, M.C., REaD, E. &
GaLLo, R.C. (1984) Detection, isolation and con-
tinuous production of cytopathic retroviruses
(HTLV III) from patients with AIDS and pre
AIDS. Science, 204, 497.

ReiNHERZ, E.L. & ScHLossMAN, S.F. (1980) The
differentiation and function of human T cell lym-
phocytes. Cell, 19, 821.

Riou, N., Boizarp, G., ALcALAY, D., GOUBE DE
LAFOREST, P. & TANZER, J. (1976) In vitro growth of
colonies from human peripheral blood lympho-
cytes stimulated by phytohemagglutin. Ann. Im-
munol. (Inst. Pasteur), 127C, 83.

RozeNszAIN, L.A., SHOHAW, D. & KALECHEMAN, 1.
(1975) Clonal proliferation of PHA-stimulated
human lymphocytes in soft agar culture. Immuno-
logy, 29, 1041.

293

SARNGDHARAN, M.C., PopPoviC, M., SCHUPBACH, J. &
GaLLo, R.C. (1984) Antibodies reactive with
human T lymphotropic retroviruses (HTLV III) in
the serum of patients with AIDS. Science, 204, 506.

StaHL, R.E., FRIEDMAN KIEN, A., DUBIN, R., MAR-
MOR, M., ZOLLA, & PASNER, S. (1982) Immunologic
abnormalities in homosexuals men, relationship to
Kaposi’s Sarcoma. Am. J. Med. 73, 171.

SUTHERLAND, D.C., DALTON, G. & WILsoN, J.D.
(1976) T lymphocyte colonies in malignant disease.
Lancet, ii, 1113.

TaLaL, N. & SHEARER, G. (1983) A clinical and
scientist look at acquired immunodeficiency syn-
drome (AIDS). Immunol. Tod. 4, 180.

TrIeBEL, F., RoBiNsoN, W.A., HAywarD, A.R. &
GOUBE DE LAFOREST, P. (1981a) Characterization of
the T lymphocyte colony forming cells and evidence
for the acquisition of T cell markers in the absence
of thymic microenvironment in man. J. Immunol.
126, 2020.

TrIEBEL, F., RoBINsON, W.A., HAYwaARD, A.R. &
GOUBE DE LAFOREST, P. (1981b) Existence of a pool
of T lymphocyte colony forming cells (T-CFC) in
human bone marrow and their place in the differen-
tiation of the T lymphocyte lineage. Blood, 58, 911.



