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Abstract

In addition to immunologic derangement, hematological abnor-
malities have been reported in the majority of patients with ac-

quired immunodeficiency syndrome (AIDS). In this study 15 pa-

tients with AIDS or AIDS-related complex (ARC) were evaluated
for the in vitro growth of hemopoietic progenitor cells. In all
patients a significant reduction of growth (mean±SEM) of col-
ony-forming unit-granulocyte, erythrocyte, macrophage, (mega-
karyocyte) (CFU-GEM) (1.2±03), burst-forming unit-erythroid
(BFU-E) (17±10), CFU-megakaryocyte (CFU-Mk) (1.7±0.6),
and CFU-granulocyte-macrophage (CFU-GM) (35±10) was

observed in comparison with normal controls.
Depletion of T cells from the bone marrow before culture

led to a significant increase in colony growth, which indicated
an imbalance of the normally modulating T cell subsets. This
increase was reversed by readdition of autologous T cells causing
a decrease in colony growth to a degree, dependent on the T4 to
TS ratio.

A decreased number of hemopoietic progenitor cells and/or
a defective modulation of progenitor cell growth, normally carried
out by T lymphocyte subsets, might be the cause of the hema-
tological abnormalities in AIDS patients.

Introduction

The acquired immunodeficiency syndrome (AIDS) is a recently
recognized disease caused by the human immunodeficiency virus
(HIV),' formerly termed T cell lymphotropic virus III (1) or

lymphoadenopathy-associated virus (2). The hallmark of AIDS
is depressed T cell immunity (3-5) owing to an infection of the
helper/inducer T cell subset by the HIV (1). Among the im-
munological abnormalities reported in patients with AIDS are
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1. Abbreviations used in this paper: AET, 2-amino-ethylisothiouronium
bromide; ARC, AIDS-related complex; BFU-E, burst-forming unit-ery-
throid; CFU-GEM, colony-forming unit-granulocyte, erythrocyte, mac-

rophage, (megakaryocyte); CFU-GM, CFU-granulocyte-macrophage;
CFU-MK, CFU-megakaryocyte; HIV, human immunodeficiency virus;
IMDM, Iscove's modified Dulbecco's medium; MNC,mononuclear cells;
PHA-LCM, phytohemagglutinin-leukocytconditioned medium; SRBC,
sheep red blood cells; Tr, autologous T cells; T, T cell-depleted bone
marrow cells.

diminished numbers (6, 7) and functions (8) of circulating helper/
inducer T cells, reversals of the T4 to T8 ratios (7), production
of soluble suppressor factors (9, 10), decreased expression of
HLA-DRantigen on monocytes (1 1), and diminished production
of interleukin 2 and other lymphokines (12, 13).

In addition to the derangement of the immune system, pe-
ripheral blood cytopenia of one or more hematological cell types
has been noted in - 60%of the patients (14-16), and also bone
marrow changes such as increased cellularity and abnormalities
in maturation of different hemopoietic lineages, as in myelo-
dysplasia, have been observed (16-18).

The mechanisms responsible for the derangement of he-
mopoiesis in AIDS patients are still unknown. Although cyto-
penias in AIDS are sometimes associated with Coombs' test pos-
itivity (15) or the presence of anti-platelet antibodies (16, 19),
the significance of these antibodies is not clear (4) and direct
involvement of the hemopoietic progenitor cells might also be
an important factor (4, 20).

The development of in vitro clonal assays for multipotent
and committed hemopoietic progenitors has enhanced our un-
derstanding of the regulation of hemopoiesis and also of the
interactions between accessory cells (T lymphocytes and mac-
rophages) and hemopoietic progenitors (21, 22). Several studies
support the notion that disturbances in the activation of regu-
lation or in the expansion of T cell subsets may result in he-
mopoietic failure (23). Furthermore, Leiderman et al. (20) found
a reduction in the number of bone marrow-derived granulocyte-
macrophage progenitors (colony-forming unit-granulocyte-
macrophage [CFU-GM]) in patients with AIDS and the pro-
duction of a factor inhibitory to normal progenitor cells.

It was the aim of the present study to establish the incidence
of the multipotent hemopoietic progenitor cells (CFU-granu-
locyte, erythrocyte, monocyte [megakaryocyte] [CFU-GEM])
and of the committed progenitor cells (burst-forming unit-ery-
throid [BFU-E], CFU-megakaryocyte [CFU-Mk], and CFU-
GM) in the bone marrow from patients with AIDS. Furthermore,
the influence of T cell subsets on in vitro growth of hemopoietic
progenitor cells was investigated by depleting the bone marrow
of autologous T cells (T+) and replacing them before culture.

Methods

Patients. 15 patients who qualified according to the Centers for Disease
Control (Atlanta, GA) case definition of AIDS and AIDS-related complex
(ARC) (24) were studied. The clinical characteristics of the patients with
AIDS are given in Table I. Patients had not received any cytotoxic or

immuno-modifying therapy, e.g., with interferon, before being studied.
Blood and bone marrow samples. After informed consent bone mar-

row was obtained from patients by aspiration from the posterior iliac
crest, at the time of bone marrow examination for clinical evaluation.
Peripheral blood was simultaneously taken from 7 of the 15 patients
reported herein. Normal bone marrow was obtained from hematologically
healthy heterosexual male donors at the time of cardiac surgery and
studied in parallel. To reduce contamination with peripheral blood, the
volume of the aspirate was limited to 1.5-2.0 ml.
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Table I. Clinical Data of the Patients at the Time of the Study

Patient Sex Hb WBC PMN Ly Mo P1 T4+ cells T8+ cells T4toT8 ratio

g/dV X109 X109 X1lf x109 x109 per mm-* per mm-'

10 M 16.6 3.6 1.88 2.16 0.14 222 681 1308 0.5
2§11 M 9.0 2.6 1.71 0.70 0.23 125 102 480 0.2

8.1 2.7 1.79 0.76 0.05 145 133 339 0.4
31 M 10.5 3.0 2.0 0.45 0.18 283 45 207 0.2
4§ M 11.5 2.8 2.1 0.56 0.14 225 11 190 0.06
5' M 10.4 2.2 1.79 0.33 0.08 160 26 107 0.2
6§ M 12.9 4.3 2.0 1.70 0.50 165 134 595 0.2
7§ M 10.2 2.2 1.0 0.80 0.40 45 95 464 0.2
8§ M 11.9 6.2 2.70 2.70 0.62 263 53 813 0.06
90 M 16.1 5.9 3.30 1.80 0.59 291 192 637 0.3

10' M 14.3 6.9 4.41 2.13 0.34 262 834 692 1.2
110 M 10.1 2.5 1.72 0.60 0.17 90 35 399 0.09
12' M 9.3 4.2 2.39 1.34 0.46 61 213 1082 0.2
13 M 11.2 2.5 1.47 0.80 0.22 105 114 499 0.2
140 M 15.0 6.6 4.49 1.65 0.46 229 407 700 0.6
15' M 11.7 2.4 0.98 1.03 0.14 174 154 637 0.2

Hb, hemoglobin; WBC, white blood cells; PMN, granulocytes; Ly, lymphocytes; Mo, monocytes; and P1, platelets. * Normal range: 1,100-1,300.
t Normal range: 350-450. § Kaposi's sarcoma. 1 This patient was studied on two separate occasions. ' AIDS-related complex.

Light-density mononuclear cells (MNC) were isolated by separation
on a Ficoll-Hypaque gradient (density 1.077 g/ml) and centrifuged at
400 g for 40 min at 20'C. Interface cells were washed three times in
RPMI 1640 medium (GIBCO, Grand Island, NY) and resuspended in
Iscove's modified Dulbecco's medium (IMDM) (Seromed, Berlin, FRG).
The mean±SD counts of light-density MNCper milliliter of aspirate
was ll.4X 106±10.9 X 106forpatientswithAIDSand 16.3 X 106±10.7
X 101 for the normal controls.

Depletion of T lymphocytes. Suspensions of bone marrow and pe-
ripheral blood MNC(5 X 106/ml) were depleted of T lymphocytes by
rosetting with 2-amino-ethylisothiouronium bromide (AET) (Sigma
Chemie GmbHMunchen, Taufiirchen, FRG)-treated sheep red blood
cells (SRBC) (GMN, Walldorf, FRG) (25, 26). Equal volumes of 2%
AET-treated SRBCand marrow or peripheral blood MNCwere mixed
and incubated for 10 min at 370C. After centrifugation at 200 g for 5
min at room temperature, the pellet was incubated for 60 min at 4VC.
Then, the nonrosetting, T cell-depleted cell fraction was separated from
rosetting, T cell-enriched cell fraction by a second Ficoll-Hypaque gra-
dient (1.077 g/ml) centrifugation.

T cell-depleted and T cell-enriched cell fractions were treated with
0.83% Tris-buffered ammonium chloride, pH 7.2, washed twice in RPMI
1640 medium, and resuspended in IMDM. The viability of both T cell-
depleted and T cell-enriched cell fractions, as determined by Trypan
blue dye exclusion, was always > 90%.

Routinely, T cell-enriched blood cells were 85-98% OKT3positive,
whereas T cell-depleted bone marrow cells (T-) were 91-98% OKT3
negative. Unseparated bone marrow light-density cells from patients with
AIDS contained a mean of 22% OKT3-positive cells (range, 8-56%),
whereas in the normal controls the mean was 16% (range, 6-30%).

Depletion of adherent cells. Bone marrow light-density cells resus-
pended at a concentration of 2.5 X 106/ml in IMDMcontaining 5%
human fresh-frozen plasma were incubated in plastic dishes (Greiner,
Nurtingen, FRG) at 370C in a 5% CO2atmosphere. After 60 min the
non-adherent cells were transferred to new plastic dishes for a further
60-min-incubation step. Without further washings, the non-adherent
cell suspensions were then plated in the colony assays at a concentration
of 4% (vol/vol) to allow a direct comparison with the controls.

Monocyte depletion was checked with the MY-4 monoclonal anti-
body (27). Whereas 4-8% of the cells in the original cell suspensions

were reactive with this antibody, < 0.5% of non-adherent cells were
positive.

In vitro assays. The assay for CFU-GEMand committed progenitor
cells has been previously described (28, 29). Briefly, 1 X 101 unseparated
or T cell-depleted bone marrow light-density cells were plated in 35-
mmPetri dishes (Greiner) in 1-ml aliquots of IMDMcontaining 30%
human fresh-frozen plasma from a single donor, 5-10% medium con-
ditioned by peripheral blood leukocytes (Phytohemagglutinin-leukocyte-
conditioned medium [PHA-LCM]) (30) in the presence of 1% phyto-
hemagglutinin (PHA-HA 15) (Burroughs-Wellcome, Research Triangle
Park, NC), S X 10-1 M 2-mercaptoethanol (Sigma Chemie GmbH
Munchen), 1.0 Uerythropoietin (Step III, Connaught Laboratories Ltd.,
Willowdale, Ontario), and 0.9% (wt/vol) methylcellulose. After incubation
for 14 d at 370C in a humidified atmosphere supplemented with 5%
CO2, the cultures were examined with an inverted microscope. Four
dishes were set up for each individual data point. Mixed colonies (CFU-
GEM), defined as containing at least erythroid and granulocytic cells by
their in situ appearance; megakaryocytic colonies (CFU-Mk), defined as
containing cells of varying size characterized by a translucent hyaline
cytoplasm and highly retractile cytoplasmic border (31); erythroid bursts
(BFU-E); and granulocyte-macrophage colonies (CFU-GM) were all
scored from the same plates. Mixed colonies (CFU-GEM) could contain
megakaryocytes, but this element was not especially quantitated in this
study. Several batches of PHA-LCMwere used. These were always pro-
duced by peripheral blood MNCfrom the same individual and tested
for comparable stimulating activity. When tested retrospectively in our
assay system, PHA-LCMstimulated in vitro colony formation of BFU-
E and CFU-GMin comparable numbers as 5% medium conditioned
for 5 d by the cell line 5637 (32) or as 0.5 ,ug/ml recombinant human
granulocyte-macrophage-colony-stimulating factor (33) (Behring-Werke
AG, Marburg/Lahn, FRG), whereas higher numbers of CFU-GEMand
CFU-Mk were regularly obtained with our preparations of PHA-LCM
(unpublished observations). Similarly, a single donor was used for pro-
viding human plasma throughout the whole study. Since initial experi-
ments did not demonstrate any difference between fresh and heat-in-
activated human plasma on colony formation by AIDS-derived bone
marrow cells, only fresh-frozen plasma was used in the present study.

According to the experimental design, populations of bone marrow
T cells in two patients and/or peripheral blood T cells in seven patients,
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obtained by SRBCresetting, were added back to cultures containing 1
X IO' light-density T+ and T-. In these co-culture experiments the ratio
of T- to T cells was 1:1.

The expected number of CFU-GEMor committed progenitor cells
per 1 X I0O T- was calculated by (34):

Expected CFJ-GEM= (CFU-GEM/105 bone marrow cells)

X { 100/(100 - [percentTcellsinbonemarrowcells

- percentTcellsinT-])}.

In three experiments, T' from the peripheral blood were readded to
T- at ratios of 1:5, 1:2, and 1:1, respectively, and then plated.

In three experiments, bone marrow cells from normal controls and
from patients with AIDS were resuspended at a concentration of 2.5
X 106/ml in IMDMcontaining 5%human fresh-frozen plasma. Irradia-
tion of the respective samples with 25 gray (Gy) was carried out at a
dose rate of 0.67 Gy/min using a Co-60 source before co-culture with
non-irradiated cells.

Immunological characterization. The monoclonal antibodies OKT3,
OKT4and OKT8 (Ortho Pharmaceutical, Raritan, NJ) were employed
to estimate the percentages of T cells, T cell subsets, and non-T cells in
the bone marrow and peripheral blood MNCbefore and after T cell-
cell depletion. The monoclonal antibody MY-4 (Coulter Diagnostics,
Hialeah, FL) was employed to estimate the percentages of monocytes
before and after adherent cell depletion.

The immunological characterization was performed according to
Bross et al. (35). Briefly, the cells were transferred on to poly-L-lysin
(Sigma Chemie GmbHMunchen)-coated spots on glass slides. After 30
min the attached cells were fixed with glutaraldehyde (0.05% in 0.1 M
phosphate buffer, pH 7.4) at 40C for 5 min and washed with 0.3 M
glycine buffer for 10 min. The cells were first incubated for 30 min at
room temperature with the primary monoclonal antibody (final dilution
1:40 in Hanks' balanced salt solution (HBSS) (HBSS/0. I% gelatin), and
then goat-anti-mouse IgG conjugated with alkaline phosphatase (Sigma
Chemie Gmbtl Miinchen), diluted 1:40 in HBSS/0. I% gelatine, was ap-
plied for 20 min. The slides were developed for alkaline phosphatase
with naphthol AS-MX phosphate (Serva, Heidelberg, FRG) and Fast
Red TR-salt (Serva) and then mounted in glycerine gelatin. The per-
centage of positive cells was determined by counting at least 200 cells
per reaction area.

Statistical analysis. The Student's t test for paired data was used to
test for significance of changes in the number of progenitor cells grown
from unseparated bone marrow, T-, and after addition of T cells. The
Student's t test for unpaired data was used to test for significant differences
between hemopoietic progenitor cell growth from the patients and the
control group. The linear correlation analysis was used to correlate the
percentages of inhibition due to T cell readdition and the T4 to T8 ratios.

Results

Baseline growth of hemopoietic progenitor cells. Initial experi-
ments were carried out to determine the influence of cell con-
centration on in vitro colony formation of AIDS-derived bone
marrow cells. As shown in Fig. 1, there is a linear relationship
between the number of cells cultured per dish and the number
of colonies grown. Similarly, the AIDS derived progenitor cells
did not need a higher concentration of PHA-LCMthan normal
progenitor cells for colony formation.

Fig. 2 shows the number of multipotent and committed pro-
genitor cells grown per I0O MNCfrom the bone marrow of 15
patients with AIDS as compared with normal controls (n = 24).

Baseline growth (mean±SEM) was significantly reduced for
CFU-GEM(1.2±0.3 vs. 10.9±1.6, P < 0.001), BFU-E (17±10
vs. 85±12, P < 0.001), CFU-Mk (1.7±0.6 vs. 11.3±1.9, P
< 0.001), and CFU-GM(35± 10 vs. 73±5, P < 0.001).

Effect of T cell depletion. To assess the effect of autologous

100 CFU-GEM

5050

F 0 0.5 1.0 2.0

*, 6001 BFU-E

i 400

100 CFU-Mk

50

0
0 0.5 1.0 2.0

600 CFU-GM

400a

200

0.
0 0.5 1.0 2.0 0 0.5 1.0 2.0

Number of cells Plated Per ml (x 10-5)

Figure 1. Correlation between the number of mononuclear bone mar-
row cells plated per milliliter and the number of colonies growing in
culture (-, normal donor; o, patient with AIDS).

bone marrow T lymphocytes on hemopoietic progenitor cell
growth, bone marrow cell suspensions from nine patients were
depleted of T cells by resetting with AET-treated SRBC. By T
cell depletion, the percentage of T cells could be reduced from
8-56% down to 2-9% OKT3-positive cells.

Table II shows the observed and expected numbers of col-
onies grown per 1 X I0 T-. The expected growth was calculated
as described above.

T cell depletion increased significantly (P < 0.05) the growth
of CFU-GEMto 3.4±1.3 (mean±SEM). In 3 of the 10 experi-
ments the observed CFU-GEMper 101 T- were over 3, 7, and
15 times the expected values. In one of these cases the number
of mixed colonies actually fell within the normal range. In four
of the experiments T cell depletion resulted in a slight increase
of CFU-GEMgrowth, whereas in three experiments no en-
hancement of colony growth was observed.

The growth of BFU-E (19.9±8.7), CFU-Mk (5.6±2.2), and
CFU-GM(42.8±13.2) per l0 T- was also significantly enhanced
(P < 0.025, P < 0.01, and P < 0.025, respectively) as compared
with baseline growth.

14 CFU-GEM 14 CFU-Mk
12- 7 ~~~~~~~12T

10, 10.

8.8 8

6s 6

° norml p<0.001 p<0.A001

normal AIDS/ARC normal AIDS/ARC

normal AIDS/ARC normal AIDS/ARC

Figure 2. Incidence of the hemopoietic progenitor cells (CFU-GEM,
CFU-Mk, BFU-E, and CFU-GM) of patients with AIDS/ARC (n
= 15) and normal male controls (n = 24). Cells were cultured in qua-
druplicates at 1 X 101 cells/ml.
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Table II. Incidence of CFU-GEM, BFU-E, CFU-Mk, and CFU-GMper 105 T-

CFU-GEM/I acels BFU-E/lIC cels CFU-Mk/lO cells CFU-GM/lIO cels

Patient Observed Expected* Observed Expected Observed Expected Observed Expected

1 2.3±0.5* 2 20±4 9 1±0.4 1 19±2.3 8
21 1±0 0.3 4±1 1 0.3±0.2 0 22±1.1 6

0 0 3±0.8 1 0.3±0.2 0.3 11±0.5 7
3 1±0.4 1 4±1.1 2 3±0.7 1 14±1.6 11
4 1.5±0.3 1 10±0 6 4±0 0.3 20±0.7 14
5 2±0.4 2 8.5±1.2 4 4±8 2 19±0.6 18
6 7±0.7 1 22.5±2.4 3 10±0.9 1 133±3.5 58
7 6±0.9 0.4 33±3.7 4 12±2.5 1 79±2.9 27
8 0 0 2±0.4 0.5 0 0 24±1.4 12
9 13±1.8 4 93±5.7 31 22±2.8 9 88±1.5 45

Control(n= 5) 15±4 17±5 117±42 120±38 14.8±1.6 16±4 101±16 115±1

* The expected numbers of progenitor cells was calculated by: (Progenitor cells/1O5 bone marrow cells) X 100/(100- [percent T cells in bone
marrow cells - percent T cells in T]). * All values are means±SEMof four dishes. I This patient was studied on two separate occasions.

It should be noted that in each patient, the increase in colony
growth after T cell depletion was homogeneous with regard to
the different classes of hemopoietic progenitor cells assayed, i.e.,
in each patient a high increase of CFU-GEMwas related to a
high increase of committed progenitors and vice versa.

In five control experiments using normal bone marrow, after
T cell depletion the observed growth (mean±SEM) for CFU-
GEM(15±4, P > 0.05) was 99% of expected; BFU-E (1 17+42,

20 -

CFU-GEtM CFU-Mk

140 -

120 -

BFU-E

P > 0.05), 98% of expected; CFU-Mk (14.8±1.6, P > 0.05),
109% of expected; and CFU-GM(01_±16, P > 0.05), 89% of
expected.

Effect of addition of autologous Tlymphocytes. To assess the
effect of autologous T lymphocytes on hemopoietic progenitor
cell growth, 1 X 105 T cells (effector cells) were added back to
1 X 10' TF (target cells). In preliminary experiments in which
the effect of adding back blood T cells and marrow T cells was

CFU-GM

15-

a)

0
-
x

' 10

- o-
Wo

To

0.

MNC T- T-+T MNC T- T-+T+ MSC T- T-+T+ MNC T T-+T+

Figure 3. Hemopoietic progenitor cell
growth (CFU-GEM, CFU-Mk, BFU-E, and
CFU-GM) obtained from bone marrow
MNC, T-, and T- + TV in the patients
studied. Bars represent the growth
(mean±SEM) obtained in the control group
per 10' bone marrow MNCplated. One pa-
tient (*) was studied on two separate occa-
sions. Blood-derived T cells were used in o,
., o,a, C, *, and v; bone marrow T cells, in
v and A.
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compared, no particular difference was seen. Peripheral blood
T cells were added back in seven experiments, and bone marrow
T cells, in two experiments.

The percentage of T cells in the enriched fractions used for
T cell replacements ranged from 85 to 98%OKT3-positive cells
for peripheral blood, and from 57 to 85% OKT3-positive cells
for bone marrow samples.

Co-culture of T' and T- resulted in a significant decrease of
growth for CFU-GEM(P < 0.01), BFU-E (P < 0.01), CFU-Mk
(P < 0.01), and CFU-GM(P < 0.001) (Fig. 3). The decrease of
growth, as compared with T-, ranged from 18 to 85% (mean,
44%) for CFU-GEM; from 11 to 44%1 (mean, 28%), BFU-E;
from 0 to 100% (mean, 38%), CFU-Mk; and from 2 to 45%
(mean, 20%), CFU-GM.

In the two patients in whom 1 X 105 T cell-depleted target
cells were co-cultured both with circulating or marrow T cells,
the effect of T lymphocytes was similar. As shown in Table III,
readdition of T cells resulted in a dose-dependent reduction of
colony formation.

The inhibitory effect of T' might have been dependent on
the OKT4 to OKT8 ratio. Therefore, the percentage inhibition
of hemopoietic progenitor cell growth was correlated to the
OKT4to OKT8 ratio in the T cells (Fig. 4). In two patients the
inhibitory effect of both peripheral blood and bone marrow T
cells was studied in parallel. This correlation was statistically
significant for CFU-GEM(r = -0.937, P < 0.001), BFU-E (r
= -0.690, P < 0.05), CFU-Mk (r = -0.972, P < 0.001), and
CFU-GM(r = -0.702, P < 0.05). No correlation was found

Table III. Effect of T' on In Vitro Colony Formation of T-
(Mean±SEM)

CFU-GEM BFU-E CFU-GM

Colonies per 105 cells (T-)

Exp. I
T- 2±0 90±10 64±4
T-+T+ (1:0.2) 2±1 91±3 44±4
T-+T+ (1:0.5) 1±0 84±1 33±2
T-+T+ (1: 1) 1±0.5 77±4 25±1

Exp. II
T- 1.7±0.3 99±3 42±1
T-+T+ (1:0.2) 1.0±0.5 83±5 37±1
T-+T+ (1:0.5) 1.0±0.5 76±7 31±4
T-+T+ (1:1) 0.3±0.3 60±7 23±2

Exp. III
T- 7.3± 1.5 23±5 66±7
T-+T+ (1:0.2) 6.5±0.8 21±3 65±4
T-+T+ (1:0.5) 6.0±0.4 16±3 56±4
T-+T+ (1:1) 4.3±1.7 12.5±3 52±5

Exp. I. T-: 2%OKT4, 1% OKT8;T.: 9% OKT4, 90%OKT8.

Exp. II. T: 2%OKT4, 4% OKT8; T+: 1% OKT4, 64% QKT8.
Exp. II. T-: 2%OKT4, 4%OKT8; T+: 15% OKT4,64% OKT8.
Exp. III. T-: 3%OKT4, 5%OKT8; T+: 129% OKT4, 74% OKT8.
Correlation between the number of readded T cells and the percentage
inhibition: (Exp. I) r = 0.86 for CFU-GEM, P = 0.14; r = 0.98 for
BFU-E, P = 0.02; r = 0.92 for CFU-GM, P = 0.08; (Exp. II) r = 0.94
for CFU-GEM, P = 0.06; r = 0.96 for BFU-E, P = 0.04; r = 0.99 for
CFU-GM, P = 0.01; (Exp. HI) r = 0.99 for CFU-GEM, P = 0.01;
r = 0.98 for BFU-E, P = 0.02; r = 0.96 for CFU-GM, P = 0.04.
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*0\

0 0.15

CFU-GM
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Figure 4. Correlation between the percentage inhibition of hemopoi-
etic progenitor cell growth and the T4 to T8 ratio of T+ added back to
the T-. CFU-GEM(n = 8): r = -0.937, P < 0.001; CFU-Mk (n = 8):
r = -0.972, P < 0.001; BFU-E (n = 10): r = -0.690, P < 0.05; CFU-
GM(n = 10): r = -0.702, P < 0.05. Each symbol represents one pa-
tient; the symbols correspond to those used in Fig. 3. In two patients
(o, o) the effect of both peripheral blood T cells and bone marrow T
cells was analyzed.

between the percentage inhibition and the absolute number of
OKT4- or OKT8-positive cells.

In five control experiments with normal marrow cells the
T+ failed to induce any change of growth (mean±SEM) for CFU-
GEM(14±3, P > 0.05), BFU-E (1 14±41, P > 0.05), CFU-Mk
(18±1.6, P > 0.05), and CFU-GM(93±18, P > 0.05).

To analyze the influence of adherent cells on colony for-
mation, the adherent cells were depleted from the cell suspension
before culture in four experiments. Excluding enrichment of
progenitor cells by the experimental design, no'change in colony
formation (mean±SEM) was observed (CFU-GEM, 0.7±0.4 vs.
0.3±0.3; BFU-E, 20±12 vs. 16±4; CFU-Mk, 0.7±0.7 vs. 0±0;
CFU-GM, 20±4 vs. 18±4), similar to the findings in normal
persons (unpublished observation).

To further investigate the cause of decreased colony for-
mation in patients infected with HIV, co-culture of bone marrow
cells from patients and from normal controls were performed.
In two experiments with unirradiated cells, the number of col-
onies detected was consistent with the arithmetic sum of normal
and AIDS-derived colonies (Table IV). Similarly, no evidence
of an inhibition of normal progenitor cells by irradiated AIDS-
derived marrow cells or an ability of irradiated normal bone
marrow cells to enhance colony formation by AIDS-derived
progenitor cells was observed (Table V).

Discussion
Since peripheral blood cytopenia (14, 15, 16) and myelodys-
plastic bone marrow changes (16) are frequently observed in
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Table IV. Co-Culture of Normal and AIDS Bone Marrow Cells
(Mean±SEM)

CFLJ-GEM BFU-E CFU-Mk CFU-GM

Per plate

Exp. I
Normal (105*) 25±0.5 313±17 34±6 114±6
AIDS (15) 3±0 57±4 0.5±0.5 81±7
Normal and AIDS

(105+105) 20±2 342±10 35±0 172±16

Exp. II
Normal (10) 21±0.5 157±12 33±1 96±4
AIDS (105) 1.5±0.5 93±6 0 94±8
Normal and AIDS

(105+103) 21±3 220±11 36±2 195±6

* Number of cells per plate (quadruplicate).

patients with AIDS the question was raised as to what extent
the hemopoietic progenitor cells are involved in these patients.
Therefore, an assay was used that not only allows the growth
of CFU-GM(20), but also of the other committed progeni-
tors, CFU-Mk and BFU-E, as well as of the multipotent CFU-
GEM(28).

A significant decrease in the incidence of all four types of
progenitor cells was found in the patients studied, which by itself
could explain the peripheral blood cytopenia similar to the find-
ings in the myelodysplastic syndromes (36) and in aplastic ane-
mia (37). The lack of a good correlation between the number
of hemopoietic progenitor cells and the peripheral blood counts
is a further indication that the hemopoietic system is capable to
compensate for the deficiency of early hemopoietic progenitor
cells under "normal" conditions, as previously shown in patients
who have undergone highly aggressive chemotherapy (38) or
allogeneic bone marrow transplantation (39). After cytostatic
therapy for Kaposi's sarcoma or the use of folic acid antagonists
in the treatment of opportunistic infections, patients with AIDS,
however, develop prolonged cytopenia that might be due to the
stress exerted on a defective progenitor cell system.

The estimation of the incidence of the progenitor cells in an
aspirate from the posterior iliac crest only provides data on a
limited volume of bone marrow at the site of aspiration, but
does not allow to quantitate the total number of the progenitor
cells in the body. Contamination with peripheral blood and se-

lective loss of progenitor cells during the cell separation proce-
dures might further lead to unpredictable variability in the num-
ber of marrow progenitors, but to some extent the variability
was controlled by limiting the volume of the bone marrow as-
pirate (29) and by the absence of gross abnormalities in cellularity
of the samples. Although the numbers of light-density MNCper
milliliter aspirate were somewhat lower in the samples taken
from the patients, this difference cannot account for the reduction
in the in vitro colony formation, especially since there was no
correlation between the number of colonies and the number of
low-density cells per unit volume. However, the unresolved
problem remains in that we cannot extend our data on the total
volume of the hemopoietic tissue of patients with AIDS.

Since different mechanisms might lead to a reduction of in
vitro growth of the hemopoietic progenitor cells, for instance
stem-cell destruction, inhibition of colony growth by T cells or
monocytes, or an imbalance between the T cell-helper and T
cell-suppressor lymphocytes, different experimental approaches
were used to study the extent to which colony growth was influ-
enced by these mechanisms.

T cell depletion resulted in a significant increase in colony
growth not due to selective enrichment, which argues in favor
of an inhibition by T cells (37). Normally, no change in colony
growth is observed after T cell depletion, which has previously
been described (34) and also found in our control experiments.
However, the colony growth reached normal values in only a
minority of experiments. Explanations for this could be either
incomplete T cell depletion leaving sufficient numbers of in-
hibitory T cells in culture, or the presence of still other inhibi-
tory, but unidentified cells in the cell suspension. However, ad-
herent cells can be largely excluded as a result of our experiments.
Furthermore, the inhibitory effect is probably not due to the
production of gamma-interferon within the 14-d culture, as has
been discussed for aplastic anemia (40), since T lymphocytes
from patients with AIDS cannot produce this type of inter-
feron (13).

Addition of T+ to T- led to a decrease in colony growth,
again the degree of which was dependent on the number of T
cells added. Since growth decrease was in addition inversely cor-
related to the T4 to T8 ratio, the balance between these two T
cell subsets seems to have a pronounced effect on in vitro and
probably in vivo growth of bone marrow hemopoietic progenitor
cells (41). The disparity between the increase in colony formation
after T cell depletion, and the failure to inhibit normal progenitor
cells by AIDS-derived bone marrow cells or to stimulate AIDS-
derived progenitor cells by normal bone marrow cells in the

Table V. Co-Culture of Bone Marrow Cells from Normal Persons and from Patients with AIDS/ARC*

CFU-GEM BFU-E CFU-Mk CFU-GM

1. Normal (105) 5.1±0.3* 52±2 4.9±0.2§ 63±2
2. Normal (101) + irradiated normal (101) 4.7±0.4 53±6 5.1±0.2 57±2
3. Normal (101) + irradiated AIDS (101) 4.3±0.2 45±1 4.4±0.2 62±1
4. Normal (10) + irradiated AIDS T depleted (105) 4.3±0.2 44±1 4.8±0.3 59±1
5. AIDS (105) 1.2±0.4 29±11 1.5±0.3 73±27
6. AIDS (105) + irradiated AIDS (105) 2.0±0.6 33±10 2.3±0.8 74±28

* Mean±S.E.M. from three experiments using bone marrow cells from three different normal donors and three different AIDS patients; respective
cells were preirradiated with 25 Gy. * Significantly different from 5 (P < 0.025) and 6 (P < 0.05). 6 Significantly different from 5
(P <0.001) and 6 (P < 0.01).

Hemopoietic Stem Cells in Acquired Immunodeficiency Syndrome 291



allogeneic co-culture experiments might be due to genetic re-
striction of the suppressive effect of the T cells (42).

Since HIV has been shown to infect many different cell types
(43), it might well be that hemopoietic progenitor cells are sim-
ilarly affected, which leads to a reduction in their total number.
This would explain the lack of complete restoration of colony
growth after the depletion of T cells. However, direct proof for
it, with demonstration of virus sequences in stem cells or their
progeny, is still lacking and will require further studies using
enriched stem-cell populations.

In conclusion, our experiments strongly support the in-
volvement of the bone marrow-derived hemopoietic progenitor
cell compartments in AIDS, which results is myelodysplastic
changes and cytopenia, and are probably being caused by direct
stem-cell depletion and T cell imbalance. First experiments in-
dicate similar defects in the hemopoietic progenitor cell com-
partments of the peripheral blood in patients with AIDS.
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