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A B S T R A C T The roles of monocytes and T lympho-
cytes in the regulation of human peripheral blood
erythroid burst-forming units (BFU-E) were studied in
erythropoietin-containing plasma clot cultures of sub-
populations ofhuman blood mononuclear cells. BFU-E
growth was decreased significantly after depletion of
monocytes alone (mean 11% of expected, range 0 to
42% of expected) or depletion of both monocytes and T
cells (mean 6.5% of expected, range 0.5 to 12% of ex-
pected) from mononuclear cells. T cell depletion did
not impair BFU-E growth in vitro. Using 105 monocyte-
and T lymphocyte-depleted mononuclear cells as
target cells (<1% monocytes, <5% T cells), BFU-E
growth was restored to 40% of expected by addition of
104 monocytes, and to 96% of expected by 105 mono-
cytes alone. Addition of as many as 2 x 105 T cells but
no monocytes resulted in stimulation to only 34% of ex-
pected BFU-E growth. Addition of 2 x 104 T cells,
which alone did not affect BFU-E growth, could aug-
ment significantly the stimulatory effect of 5-20 x 103
monocytes on BFU-E growth. Thus, monocytes alone
appear to be capable of stimulating BFU-E growth in
vitro in the presence of erythropoietin. T cells also may
make small quantities of BFU-E stimulators. However,
it seems more likely that the most important role of T
lymphocytes in BFU-E regulation in vitro is a result of
interactions with monocytes and augmnentation of
monocyte production of stimulators of BFU-E growth.

INTRODUCTION

Considerable evidence exists that the early erythroid
progenitor cells, the burst-forming units (BFU-E)', are
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1 Abbreviations used in this paper: BFU-E, erythroid burst-
forming unit; BPA, burst-promoting activity; CFU-GM,
granulocyte-monocyte-macrophage colony-forming units;
IMDM, Iscove's modified Dulbecco's medium.
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not dependent on erythropoietin for their maintenance
or proliferation in vivo (1-3) or in vitro (4, 5). Several
investigators have provided evidence for the existence
of another regulatory protein for BFU-E in vitro, which
has been termed burst-promoting activity (4, 6, 7),
burst-feeder activity (8), erythroid-potentiating activity
(9), or lymphocyte mitogenic factor (10). Regulators of
murine BFU-E have been reported to be derived from
unfractionated, mitogen-stimulated spleen cells (4),
plastic-adherent radioresistant bone marrow mononu-
clear cells (8), or adherent mouse peritoneal cells
(macrophages) (11). There has been a great deal of con-
troversy regarding the cellular source of regulators of
human BFU-E. Although some studies have suggested
that T lymphocytes are required for BFU-E growth in
vitro (10, 12), other investigators have found that
BFU-E growth in culture is not dependent on the pres-
ence ofT cells (7, 13-15). Monocytes and macrophages
(adherent mononuclear cells) have been reported by
several investigators to be critical for optimal growth
of BFU-E in vitro (7, 16-18). Also, there have been
reports that unstimulated peripheral blood mononu-
clear cells (7, 16), mitogen-stimulated mononuclear
cells (5,6, 16, 17), unstimulated peripheral blood mono-
cytes (7), unstimulated T lymphocytes (7), antigen-
stimulated T lymphocytes or mononuclear cells (10),
uinfractionated bone marrow cells (19), aind a human T
lymphoblast-derived cell line (9) may produce condi-
tioned media containing BPA-like stimulator(s) of hu-
man BFU-E growth in vitro.
The purpose of the present stuidy is to delineate

more clearly the roles of monocytes and T lymphocytes
in the regulation ofhuman BFU-E proliferation and dif-
ferentiation in vitro.

METHODS
Human subjects. All studies were approved by the insti-

tutional committee for the protection of human subjects at
the University of Michigan. After iniformed consent, periph-
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eral blood was obtained by venipuncture from normal
human volunteers ranging in age from 21 to 54 yr. Blood was
anticoagulated with preservative-free heparin, 10 U/ml of
blood.

Isolation of cell populatiorns. Blood was diluted 1:1 with
Iscove's modified Dulbecco's medium (IMDM) (Gibco
Laboratories, Grand Island Biological Co., Grand Island,
N. Y.). Mononiuclear cells were isolated by density centrif-
ugation over Ficoll-Hypaque (d = 1.077 g/C1113; Pharmacia Fine
Chemicals, Piscataway, N. J.) (20). The mononuclear cells that
were recovered from the interface above the Ficoll-Hypaque
contained 15-28% monocytes and 72-85% lymphoid cells,
with 58-70% T lymphocytes. Monocytes were identified by
Wright-Giemsa and nonspecific (alpha-naphthyl butyrate)
esterase staining (21) and sometimes by phagocytosis of
zymosan or latex particles (22). Disparity between Wright-
Giemsa and esterase staining techniques for counting mono-
cytes was s3%. Lymphoid cells were identified by absence
of homogenous esterase staining and by morphology on
Wright-Giemsa staining. T lymphocytes were identified using
the sheep erythrocyte rosetting technique (23).
Adherent cells, which were >96% moinocytes and <4%

lymphoidl cells, were obtained by a slight modification of the
technique described by Shaw et al. (24). Monionuclear cells
were incubated in IMDM with 10% autologous serumil in polysty-
rene tissue cultuire dishes for 90 min at 37°C. Nonadherent
cells were removed initially by gentle pipetting and then by
repeated vigorous washing of the plates with cold IMDM.
The adherent cells were then incubated for 3 min in cold
Seligman's balanced salt solution (Gibco Laboratories) con-
taining 0.1% bovine serum albumin and 0.2% sodium EDTA.
The adherent cells were then removed from the dishes by
gentle scraping with a rubber policeman. The cell suspension
was subsequently maintained at 4°C to prevent cell clumping.
The adherent cells were washed twice in IMDM with 10%
AB serumil. These monocyte-enriched cell populations are des-
ignated operationally in the remainder of this paper as
monocytes.
Nonadherent cells were obtained after two consecutive 90-

min adherence procedures in polystyrene tissue culture
dishes. Only the cells that could be obtained by gentle as-
piration of the supernatant cell suspension into a pipet were
used. Nonadherent cells were >96% lymphoid and <4%
monocytes.
T lymphocytes were enriched from suspensions of non-

adherent mononuclear cells by rosetting with neuraminidase-
treated sheep erythrocytes, followed by Ficoll-Hypaque den-
sity centrifugation, recovery of rosetted cells from the pellet
below the Ficoll-Hypaque, physical disruption of the rosettes
by vortex mixing and vigorous pipettinig, and osmotic lysis of
the eiythrocytes (23). The T cell-enriched suspensions always
containied >95% erythrocyte rosette positive cells and <3%
monocytes. These T lymphocyte-enriched cell populations
are designated operationally as "T cells" in the remainder of
this paper.
Mononuclear cell populations depleted of both monocytes

and T lymphocytes were obtained by collection of the cells
at the interface above the Ficoll-Hypa(lue after centrifugation
of sheep erythrocyte-T lymphocyte rosettes through the
Ficoll-Hypa(lue. These cell populations vere contaminated
with <1% monocytes and <5% T lymphocytes.

All cell populations used in experiments were >97% viable
as determined by trypan blue dye exclusion.
IItHman peripherail blood BFU-E assay. The plasma clot

culture technique of Tepperman et al. (25) was modified in
several ways. IMDM was used in place of minimum essential
medium with Hank's balanced salt solution and NCTC-109.
Human AB serum (obtained from normal volunteers) was used

in a 10% concentration in place of 30% fetal calf serum. Hu-
man urinary erythropoietin (generously provided by the
National Heart, Lung, and Blood Institute) or step III sheep
plasma erythropoietin (Connaught Laboratories, Willowdale,
Ontario) was used in concentrations of 1-2 U/ml of culture.
Cells were plated at low concentrations to minimize even
further the slight contamination of cultures with cells which
were to have been removed from the populations being evalu-
ated, as described in the cell isolation procedures above.
Thus, the cultures contained only 5-10 x 104 "target" cells
being evaluated for their content of BFU-E. The "target" cells
analyzed for BFU-E content were unfractionated mononu-
clear cells or mononuclear cells depleted of monocytes, T
cells, or both monocytes and T cells. To evaluate the effects of
monocytes and/or T lymphocytes on BFU-E growth, 103 to
2 x 105 "monocytes" and/or "T cells" were added to target cell
populations of 5 x 104 or 105 mononuclear cells depleted of
both monocytes and T cells. Control groups containing 5
x 104 or 105 "monocytes," "T cells," or unfractionated mono-
nuclear cells were assayed for their content of BFU-E. Cul-
tures of "monocytes" and "T cells" alone or in combination
usually contained no BFU-E and never contained >4 BFU-E/
105 "monocytes" or "T cells." In all experimental groups,
three to six 0.5-ml plasma clot cultures were analyzed.

Calculations used to determine expected number of
BFU-E per 105 cells. Since monocyte-enriched and T cell-
enriched cell populations contained only rare BFU-E, removal
of these cells from the mononuclear cells should result in an
increased concentration ofBFU-E per 105 cells in the popula-
tions remaining after monocyte and or T cell depletion. There-
fore, the observed number of BFU-E per 105 target cells was
compared with the expected number of BFU-E, which was
based on the number of BFU-E per 105 unfractionated mono-
nuclear cells and the percentage of monocytes and/or T cells
in the mononuclear cell population. The following general
formula was used to compute the expected number of
BFU-E per 105 cells from which monocytes and/or T cells
have been removed:

n = BFU-E/105 mononuclear cells

100
100 - percent monocytes and/or T cells

Statistics. Whenever statistical analysis was war-
ranted, the Student's t test or the nonparametric Wilcoxan rank
order test was used (26).

RESULTS

BFU-E growth after depletion of both monocytes
and T lymphocytes. In eight experiments, mono-
cytes and T lymphocytes were removed from an aliquot
of peripheral blood mononuclear cells, and BFU-E
were assayed from unfractionated mononuclear cells
and the monocyte- and T lymphocyte-depleted miono-
nuclear cells, Results are shown in Table I. The ex-
pected number of BFU-E per 105 non-T lymphocyte,
non-monocyte mononuclear cells was calculated as dis-
cussed above. BFU-E growth from the mononuclear
cells that had been depleted of both monocytes and T
lymphocytes consistently ranged from only 0.5 to 12%
of expected (P < 0.005).
BFU-E growcth from monocyte-depleted mononiu-

clearcells. Monocytes were removed from peripheral
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TABLE I
Effects ofMonocyte and T Lymphocyte Depletion on Human

Peripheral Blood BFU-E Growth In Vitro

Peripheral
blood M- and T-depleted MNC
MNC

Experi- Ex- Observed/
ment M T MNC Observed pected* expected

% BFU-EI1O0
target cells cultured

1 24 63 28.0±4.2 23.5±4.9 215.4 0.11
2 18 70 3.4±1.1 3.4±4.2 28.3 0.12
3 2b 67 24.0±1.4 21.8±2.5 184.6 0.12
4 21 64 22.5±+1.6 9.5±+1.5 150.0 0.06
5 20 66 12.4±2.2 2.2±1.1 88.6 0.02
6 19 66 98.6±5.8 3.0±0.6 657.3 <0.01
7 16 58 45.0±3.8 13.8±1.8 173.1 0.08
8 21 60 10.0± 1.4 0.3±0.3 52.6 <0.01

All values are mean±SE (three to six culture plates per
experiment). M, monocyte; T, T lymphocyte; MNC, mono-
nuclear cells.
* Expected number of BFU-E per 105 T cell- and monocyte-
depleted MNC takes into account the concentration effect of
BFU-E after monocytes and T cells are depleted but the same
total number of target cells is cultured.

Expected BFU-E = BFU-E/105 MNC

100
100 - % T cells and monocytes in MNC

blood mononuclear cells in 13 separate experiments.
BFU-E growth from whole mononuclear cells and
growth from monocyte-depleted mononuclear cells are
compared in Table II. In all 13 experiments, monocyte
removal resulted in >50% inhibition of BFU-E, and in
11 of 13 experiments there was >85% inhibition of
BFU-E in monocyte-depleted cultures (P < 0.001).
BFU-E growth from T lymphocyte-depleted mono-

nuclear cells. T lymphocytes were removed from
peripheral blood mononuclear cells in five experi-
ments. The comparisons between BFU-E growth from
T cell-depleted mononuclear cells and from whole
mononuclear cells are listed in Table III. The mean ef-
fect of T cell depletion was no change (101% of ex-
pected) in BFU-E growth. In no experiment was >40%
inhibition ofBFU-E growth noted from T cell-depleted
mononuclear cells.
BFU-E growth after addition of monocytes or T

lymphocytes to mononuclear cells depleted of both
monocytes and T cells. BFU-E growth was impaired
significantly and reproducibly only when monocytes
or both monocytes and T cells were removed from
mononuclear cells. Therefore, the next set of experi-
ments was designed to determine whether the de-
creased BFU-E growth after depletion of both mono-
cytes and T cells could be corrected by readdition of

TABLE II
Effects of Monocyte Depletion on Human Peripheral

Blood BFU-E Growth In Vitro

Monocyte-depleted
MNC

Monocytes
Experi- in peripheral Ex- Observed/
ment blood MNC MNC Observed pected* expected

% BFU-EIJOs
target cells cultured

1 19 31.3±5.1 5.0±1.6 38.6 0.13
2 22 39.5+0.7 0.7±0.8 50.6 0.01
3 21 14.8±+1.9 5.3±1.2 18.7 0.28
4 30 40.8±3.8 8.8±2.3 58.2 0.15
5 25 5.8±0.7 0.7±0.7 7.7 0.09
6 26 11.7±1.1 0.3±0.4 15.8 0.02
7 20 28.0±1.9 14.8±1.7 35.0 0.42
8 25 33.8±1.1 4.2±1.1 45.1 0.09
9 16 18.8± 1.8 1.5±0.8 22.4 0.07
10 15 24.2±1.7 3.7±1.0 28.5 0.13
11 15 31.7±1.5 0.5±0.6 37.3 0.01
12 20 18.7±2.3 0.8±0.6 23.1 0.04
13 24 17.3±1.5 0 22.8 0

Values are mean±SE (three to six culture plates per experi-
ment). MNC, mononuclear cells.
* Expected number of BFU-E per 105 monocyte-depleted
MNC takes into account the concentration effect of BFU-E
after monocytes are depleted but the same total number of
target cells is cultured.

Expected BFU-E = BFU-E/105 MNC

100
100 - % monocytes in MNC

"monocytes" or "T cells" alone. In these experiments,
unfractionated mononuclear cells were cultured to de-
termine the expected number of BFU-E in the popula-
tion of mononuclear cells that had been depleted of
monocytes and T cells. In the experimental groups,
5-10 x 104 monocyte- and T cell-depleted mononu-
clear cells were cultured alone and in the presence of
1-200 x 103 "monocytes" or "T lymphocytes." In ad-
dition, to rule out a BFU-E-enhancing or -inhibiting
effect of sheep erythrocytes from the T cell separation
procedure, sheep erythrocyte lysates were added to
control cultures and were found to have no effect on
BFU-E growth. As was shown in Table I, the number of
observed BFU-E per 105 mononuclear cells or mono-
cyte- and T cell-depleted mononuclear cells varied
greatly among experiments. Therefore, the results of
"monocyte" or "T cell" addition to the non-monocyte,
non-T cell mononuclear cells in three to six experi-
ments are expressed in Fig. 1 as percentage ofexpected
numbers of BFU-E. Addition of as few as 104 "mono-
cytes" to 5 x 104 or 105 monocyte- and T cell-depleted
mononuclear target cells resulted in significant stimu-
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TABLE III
Effects of T Lymphocyte Depletion on Human Peripheral

Blood BFU-E Growth In Vitro

T cells
in pe- T cell-depleted MNC

Ex- ripheral
peri- blood Ex- Observed/
ment MNC MNC Observed pected* expected

% BFrU-E/105 target cells cujlttured

1 62 21.0+3.2 111.3+0.8 55.3 2.01
2 63 28.0+4.2 64.0±4.2 75.7 0.85
3 65 4.7+0.8 10.3±2.3 13.4 0.77
4 60 4.0±1.1 6.0±1.4 10.0 0.60
5 60 18.7±2.3 39.4± 12.6 46.8 0.84
6 57 15.3±2.1 36.0±1.9 35.6 1.01

Values are mean±SE (three to six culture plates per experi-
ment). MNC, mononuclear cells.
* Expected number of BFU-E per 105 T cell-depleted MNC
takes into account the concentration effect of BFU-E after T
cells are depleted but the same total number of target cells
is cultured.

Expected BFU-E = BFU-E/105 MNC

100
x

100 - % T cells in MNC

lation of BFU-E (P < 0.05). Addition of 5-100 x 103
"monocytes" resulted in a progressive sharp increase in
BFU-E, and 2 x 105 added "monocytes" resulted in no
increment in BFU-E stimulation over that induced by
105 added "monocytes." Maximum BFU-E stimulation
by "monocytes" added to monocyte- and T cell-de-
pleted mononuclear cells reached 96% of expected
values. In contrast, 1-200 x 103 "T lymphocytes"
alone stimulated a more modest increase in BFU-E,
reaching a maximum of 34% of expected values when
2 x 105 "T cells" were added to a culture. Thus, 105
"monocytes" alone could correct completely the
BFU-E growth deficiency induced by depletion ofboth
monocytes and T lymphocytes, and as few as 104
"monocytes" resulted in a greater increase in BFU-E
growth than did as many as 2 x 105 "T cells."
BFU-E growth aifter addition ofboth monocytes and

T lymphocytes to mononuclear cells previously de-
pleted of montocytes and T cells. Because low num-
bers of"monocytes" resulted in detectable stimulation
of BFU-E, but high numbers of "T lymphocytes" were
required to achieve similar degrees ofBFU-E recovery,
one possible explanation for the modest stimulation of
BFU-E growth with higher T cell concentrations could
be that 1-2% contamination of the "T cells" by mono-
cytes provided a sufficient number ofmonocytes to pro-
duce BPA. Another possibility is that T lymphocytes
could enhance the production ofBPA by the small num-
ber ofmonocytes contaminating the "T cells" orithat the
0.5-2% contaminating monocytes could enhance BPA

w~~~~~~~~~~~~~~~~~~
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w
0- 50x

40

NUMBER OF MONOCYTES OR T LYMPHOCYTES ADDED (xlO 3

FIGURE 1 Effects of monocytes and T lympho cytes on
BFU-E growth in vitro. Variable numbers of highly purified
monocytes (0) or T lymphocytes (O) were added directly to
0.5-ml plasma clot cultuires containing 105 monocyte- and T
cell-depleted peripheral blood mononuclear cells. Results
are expressed as percentage of expected number of BFU-E
per 105 monocyte- and T lymphocyte-depleted mononuclear
cells (-+-SEM for three to six experiments). This value was cal-
culated as described in Methods and in Table I.

production by T lymphocytes. Therefore, experiments
were designed in which varying numbers of both
monocytes" and "T cells" were added to cultures of
mononuclear cells depleted of both monocytes and T
cells. The results are shown in Fig. 2. With both con-
centrations ofp"T cells"bosed (2 x 104 and 1 x 104), the
addition of increasing numbers of "monocytes" re-
sulted in a sharp increase in BFU-E growth at low
prmmonocyte"nconcentrations and a more modest in-
crease with addition of higher concentrations of mono-
cytes. At the lower "monocyte" concentrations ex-
amined (5-20 x 103), the addition of 2 x 104 or 105 "T
cells" resulted in substantial augmentation of BFU-E
growth, whereas the additional stimulatory effect of"T
cells" was less obvious when 5 x 104 "monocytes"
were present in the cultures. Addition of varying
quantities of monocytes plus 104 "T cells" did not
stimulate BFU-E more than did the monocytes alone
(data not shown). It should be noted that 2 x 104 "T
cells" augmented the BPA-like effect of 5-20 x 103
added "monocytes," despite the fact that this concen-
trationofr"T cells," added alone to monocyte- and T
cell-depleted mononuclear cellsmhad no stimulatory ef-
fect on BFU-E growth (Fig. 1).

DI SCU SSION

Monocytes and macrophages are known to be major
sources of production of colony-stimulating activity,
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FIGURE 2 Effects of monocyte-T lymphocyte interactions on
BFU-E growth in vitro. Variable numbers of monocytes alone
(0) or along with 2 x 104 T lymphocytes (0) or 105 T lympho-
cytes (A) were added directly to 0.5-ml plasma clot cultures
containing 105 monocyte- and T lymphocyte-depleted periph-
eral blood mononuclear cells. Results are expressed as per-
centage of expected number of BFU-E per 105 monocyte- and
T lymphocyte-depleted mononuclear cells (±SEM for three to
four experiments). This value was calculated as described in
Methods and in Table I.

which is a requirement for proliferation and differentia-
tion of human granulocyte-monocyte-macrophage
progenitors (CFU-GM) in vitro (27-30). It has been re-
ported also that T lymphocytes are capable of pro-
ducing colony-stimulating activity (31-33). It would be
of great interest to learn which, if either, of these cell
types produce substances that play a role in the regu-
lation ofother primitive hematopoietic progenitor cells.
The cellular source(s) of regulators of the primitive

erythroid progenitors, BFU-E, is less well defined than
those for CFU-GM. Burst-promoting activity (BPA),
which is a proposed regulator of the proliferation and
initial stages of differentiation of BFU-E, has been de-
tected in media conditioned by unstimulated, mitogen-
stimulated, or antigen-stimulated unfractionated mono-
nuclear cells (4-8, 10, 15-18), monocytes or macro-
phages (7, 8, 11, 34), or T lymphocytes (7, 9, 10, 12, 15).
The present study using peripheral blood BFU-E

confirms earlier reports that both peripheral blood and
bone marrow BFU-E are dependent on monocytes or
macrophages for optimal proliferation and differentia-
tion in vitro (5, 7, 16, 17, 35). In addition to the demon-

stration of marked impairment of BFU-E growth in the
absence of monocytes (Tables I and II), the current
series of experiments demonstrates that the impaired
BFU-E growth noted in the absence ofboth monocytes
and T lymphocytes can be corrected by the replace-
ment of relatively low numbers of monocytes alone
(Fig. 1). In two previous studies (12, 36), removal of
monocytes from peripheral blood mononuclear cells
was reported to enhance BFU-E growth in vitro. How-
ever, in both of those studies, BFU-E growth in control
cultures of unfractionated mononuclear cells (1-2
BFU-E/105 cells) was very poor in comparison with
BFU-E growth usually reported (24.5±4.1 in the pres-
ent study and a 10-30 BFU-E/105 cells in other studies
reported in the literature). The poor BFU-E growth in
the control cultures makes it impossible to interpret
accurately the results of their experiments. Further-
more, the present studies and those of Lipton et al. (35)
showed no evidence of inhibition of BFU-E even by
monocyte concentrations as high as 2 x 105/0.5-ml
culture.
The fact that very low numbers of "monocytes"

(_104/culture) could stimulate BFU-E growth suggests
strongly that monocytes are a major source of produc-
tion ofBPA. In addition, because the "monocyte" popu-
lations used in these studies never were contaminated
with >4% lymphocytes, contaminating T lymphocytes
present even in cultures containing 2 x 105 "mono-
cytes" always were considerably fewer than even the
minimum number of T lymphocytes capable of stimu-
lating BFU-E (Fig. 1).
These experiments and previous reports of BPA in

media conditioned by monocytes or macrophages (7,
8, 11, 35) suggest that monocytes are capable of pro-
ducing all the BPA or other factors necessary for optimal
proliferation and differentiation of human BFU-E in
vitro. However, the possibility that T lymphocytes also
are capable of producing small quantities of BPA has
not been excluded. Some prior reports suggested that
T lymphocytes were required for growth of primitive
human BFU-E derived colonies in vitro (10, 12, 15),
but others (7, 13, 14), as well as the present study,
showed no dependence of BFU-E on T cells. The rea-
sons for the discrepancies among these studies have not
yet been determined.

Several studies have addressed the question of
whether T cells could produce BPA. Golde et al. (9)
have demonstrated production of BPA by a human T
lymphoblast cell line. Nathan et al. (10) reported pro-
duction of BPA (designated lymphocyte mitogenic fac-
tor) by tetanus toxoid-stimulated mononuclear cells.
The BPA production in that experiment was attributed
by these investigators to T cells. One particular prob-
lem with interpretation of the derivation of BPA in the
studies of Nathan et al. (10) is that the medium that was
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tested for BPA certainly was a mixture of numerous
products of both monocytes and lymphocytes (37-39).
Even if lymphocyte mitogenic factor can be demon-
strated to be a product ofa subset ofT lymphocytes (40),
the cellular source of the factor(s) that stimulates
BFU-E remains uncertain. Mangan and Desforges (12)
reported the presence ofBPA in supernates from mixed
leukocyte cultures containing 5 x 106 "T cells" from
each of two normal individuals. They attributed the
BPA production to the T cells. However, even with as
little as 1% monocyte contamination, these cultures
contained at least 105 monocytes. In addition to the
present studies, which demonstrated that very low con-
centrations of monocytes in the cultures could stimu-
late BFU-E, previous experiments from this laboratory
demonstrated substantial quantities of BPA in media
conditioned by only 105 monocytes/ml (7). In fact,
Mangan and Desforges also noted that BPA pro-
duction was the same in mixed leukocyte cultures in
which both "T cell" populations were irradiated (2,000
rad) as it was in cultures with unirradiated cells. This
lends further credence to the explanation that the BPA
that stimulated BFU-E in their cultures of null cells
could have been derived from the radioresistant con-
taminating monocytes rather than the T cells. Prior
studies from this laboratory demonstrated BPA in
media conditioned by 0.5-1 x 106 unstimulated "T
cells"/ml (7); however, the BPA in those cultures also
could have been a product of the contaminating mono-
cytes. Thus, although it seems clear that monocytes are
a source of BPA, the quiestion of whether or not normal
T lymphocytes also are capable of producing BPA re-
mains unanswered.

It is of great interest that concentrations ofT lympho-
cytes, which produced no stimulation of BFU-E when
added alone to culttures of monocyte- and T cell-de-
pleted mononuclear cells, were capable of augmenting
the stimulating effect of monocytes on BFU-E (Fig. 2).
Although the role of cell-cell interaction in the produc-
tion of regulators of BFU-E has not been demonstrated
previously, results of an earlier study from this labora-
tory suggested that media conditioned by both lympho-
cytes and monocytes together contained larger quanti-
ties of BPA than did media conditioned by comparable
numbers of monocytes or lymphocytes alone (7). It is
well known that monocytes and macrophages play an
important role in the mediation of mitogen- or antigen-
stimulated proliferation and activation of lymphocytes
(37,38,41,42). Similarly, it has been demonstrated con-
clusively that products of lymphocytes can activlate
monocytes and macrophages, resulting in increased
production and release ofnumerous biologically active
substances (43, 44). It appears that BPA production by
monocytes also can be enhanced by lymphocytes or
products of lymphocytes. Although the reverse rela-

tionship-monocyte enhancement of BPA production
by lymphocytes-probably does not occur, these ex-
periments have not ruled out that possibility com-
pletely.
The experiments presented here do not address the

question of physiologic significance of BPA in vivo.
Unfortunately, there is no good human model for a
monocyte and macrophage deficiency state. However,
such T lymphocyte deficiency disorders as DiGeorge's
syndrome and severe combined immune deficiency
help illuminate the importance ofT lymphocytes in the
maintenance of normal erythropoiesis and responsive-
ness to erythropoietic stresses. The absence of anemia
other than the attributable to chronic and recurrent in-
fections in patients with T lymphocyte deficiency
speaks strongly against a major role for T cells in the
regulation of BFU-E replication or the initial stages of
BFU-E differentiation. Lipton et al. (15) argue that
even ifT cells are important in the regulation of primi-
tive BFU-E, one would not expect a disturbance of
basal erythropoiesis in patients with T lymphocyte de-
ficiency because differentiation of the more mature
BFU-E to erythrocytes is responsive to erythropoietin
and does not require T cells or T cell products. A major
fallacy in their argument is that the more mature BFU-E
have a limited proliferative capacity when compared
with the more primitive BFU-E (45). Therefore, the
lack of a substance necessary for replication and the
initial differentiation steps of primitive BFU-E leading
up to the more mature BFU-E would lead rather rapidly
to a cessation or near cessation of even basal erythro-
poiesis. Lipton et al. also predicted that T cell de-
ficiency would be expected to limit the ability to re-
spond to erythropoietic stress. However, Schaller et al.
(46) demonstrated that a patient with thymic alympho-
plasia and autoimmune hemolytic anemia was able to
increase erythropoiesis appropriately in response to
severe anemia. IfT cells actually are required for stim-
ulation of BFU-E, the only way to account for these
findings would be to propose that the small number of
residual primitive precursors of T cells, which are un-
able to promote lymphoid differentiation (47, 48), can
promote normal erythropoiesis. Although it seems un-
likely that these primitive T cell precursors can sus-
tain normal and stress erythropoiesis, this possibility
cannot be ruled out entirely.

In conclusion, the studies reported here demonstrate
that monocytes, but not T lymphocytes are required for
optimal human peripheral blood BFU-E growth in
vitro. Small numbers of monocytes, but not T cells, are
capable of supporting optimal BFU-E growth in cul-
tures of mononuclear cells depleted of both monocytes
and T lymphocytes. It appears that T cells can augment
the stimulatory effect of monocytes on human BFU-E
proliferation and differentiation in vitro. The possibil-
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ity that T cells may produce small quantities of BPA
has not been excluded by these experiments, but it is
unlikely that such BPA production adds substantially
to the stimulatory effect ofmonocytes on BFU-E. Based
upon the information derived from the present series of
experiments and previous work done in this laboratory
(7), it now seems that BPA can be added to the list of
biologically active substances produced by normal
human monocytes.
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