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A B S T R A C T Congenital hypoplastic anemia (Dia-
mond-Blackfan syndrome) is thought to involve the
erythropoietic cell line alone. In this study, the eval-
uation of lymphocyte function in five patients with
this syndrome revealed a number of abnormalities.

Peripheral blood T lymphocyte percentages as
assessed by monoclonal antibodies were decreased in
three patients. T-helper/T-suppressor cell
(OKT4:OKT8) ratios were almost unity in four of the
five patients. We usually find a ratio of 2:1 in normal
populations. Studies of lymphocyte-mediated suppres-
sion of lymphoproliferation demonstrated an inability
to generate concanavalin A-induced suppressor cells
in the same four patients and impaired prostaglandin-
mediated suppression in two patients. Co-culture stud-
ies revealed a T lymphocyte-mediated suppression of
erythropoiesis in a single patient, who also showed
suppression of the mixed lymphocyte reaction. The
four remaining patients showed no excessive suppres-
sor effects either upon erythropoiesis or lymphopro-
liferation. These studies demonstrate that in congenital
hypoplastic anemia, the cellular defect is not restricted
to the erythroid progenitor cells, but extends to the
lymphocytes.

INTRODUCTION

Congenital hypoplastic anemia (the Diamond-Black-
fan Syndrome) is considered to be an isolated failure
of erythropoiesis presenting in the first months of life
as anemia and bone marrow erythroid hypoplasia,
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without involvement of the lymphoid or myeloid cell
lines (1). However, although mild leukopenia has been
reported in some patients (2), abnormalities of lym-
phocyte number and function have not been described
previously. Our recent investigations of a patient with
congenital hypoplastic anemia and overt immunode-
ficiency (3) led us to evaluate immunologic function
in all of our patients with the Diamond-Blackfan Syn-
drome.

In this study, we have examined immunologic func-
tion concomitantly with investigations of erythropoi-
esis in five patients with congenital hypoplastic ane-
mia. Our investigations have revealed impaired lym-
phocyte proliferation and suppressor cell function,
indicating that in our patients with this condition, the
defect is not restricted to the erythroid series, but may
extend to involve the immune system.

METHODS

Patients
Five patients with proven Diamond-Blackfan Syndrome

were included in the study. Their ages at study ranged from
2 to 20 yr; however, they had all presented within the first
year of life, with a profound hypoproliferative anemia shown
on bone marrow aspiration to involve solely the erythroid
series. Their hemoglobin concentrations at study ranged
from 11.0 to 13.4 g/dl. Three of the patients, A.F., J.St., and
S.W., have been off prednisone therapy for 1, 3, and 17 yr,
respectively. Two patients were still on prednisone at the
time of study; patient E.D., 2.5 mg/wk and patient J.Sc., 5
mg on alternate days.
Three of the patients had never received blood transfu-

sions, while two had received up to three transfusions early
in the course of their disease (patients J.Sc. and J.St.). None
of the patients had shown any particular susceptibility to
infections. No patients had clinical evidence of autoimmune
disorders, and fluorescent antibody screening for antinu-
clear, smooth muscle, mitochondrial, and parietal cell an-
tibodies was negative. None of the patients showed evidence
of adenosine deaminase or nucleoside phosphorylase defi-
ciencies, as determined by appropriate enzyme screening
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(4). There were no family histories of either hematologic or
immunologic disorders. All patients were studied on at least
two occasions from 20 to 21 mo apart.

Mononuclear cell separation
Peripheral blood and bone marrow were drawn into hep-

arinized syringes from patients and young healthy adult vol-
unteers who had given informed consent. Mononuclear cells
were separated from the samples on a Ficoll-Hypaque den-
sity gradient, washed twice in phosphate-buffered saline
(PBS)1 pH 7.2, and suspended in appropriate culture media
(see below).
T lymphocyte-enriched mononuclear cell populations

were obtained by centrifuging sheep erythrocyte-rosetting
T lymphocytes over a Ficoll-Hypaque density gradient. The
erythrocytes were removed from the pelleted T lymphocyte
rosettes by lysis with distilled water.

Lymphocyte enumeration
Peripheral blood T lymphocytes were enumerated by their

ability to spontaneously form rosettes with sheep erythro-
cytes (5) as well as their reactivity with fluoresceinated OKT-
series monoclonal anti-T cell antibodies. Peripheral blood B
lymphocytes were enumerated by their ability to sponta-
neously form rosettes with mouse erythrocytes (6). B lym-
phocytes were also identified by staining with fluorescein-
ated or rhodaminated F(ab')2 goat antiheavy chain specific
antisera (7). Absolute lymphocyte counts were derived from
the total leukocyte and differential counts.

Mitogen-induced lymphocyte proliferation
Proliferative responses of peripheral blood mononuclear

cells to nonspecific plant lectin mitogens were measured in
microtiter plates by culturing 100,000 patient cells (in a total
volume of 250 Ml in RPMI medium containing 20% normal
pooled plasma) either alone or in the presence of concanav-
alin A (Con A, 5 Mg/culture, Calbiochem-Behring Corp.,
American Hoechst Corp., San Diego, CA), phytohemagglu-
tinin (PHA, 1 Mg/culture, Burroughs Corp., Detroit, MI) or
pokeweed mitogen (PWM, 10 Mg/culture, Gibco Laborato-
ries, Grand Island Biological Co., Grand Island, NY), for
periods of 72 h, followed by pulsing with [3H]thymidine (2
Ci/mmol thymidine, sp act) for 18 h. The results are ex-
pressed as net counts per minute obtained by subtracting the
counts per minute of parallel cultures containing no prolif-
erative stimulus.

Antigen-stimulated lymphocyte proliferation
Proliferative responses of peripheral blood mononuclear

cells to three specific antigens, tetanus toxoid (1:50 dilution,
Wyeth Laboratories, Marietta, PA), streptokinase/strepto-
dornase (1:50 dilution, Lederle Laboratories, Pearl River,
NY) and candida antigen (1:50 dilution, Hollister-Stier Lab-
oratories, Inc., Spokane, WA) were measured in microtiter

1 Abbreviations used in this paper: BFU-E, erythroid
burst-forming units; CFU-E, erythroid colony-forming units;
CFU-TL, T lymphocyte colony-forming units; MLR, mixed
lymphocyte reaction; PBS, phosphate-buffered saline; PHA,
phytohemagglutinin; PWM, pokeweed mitogen.

plates by culturing 100,000 patient cells (in a total volume
of 200,l in RPMI medium containing 25% normal pooled
plasma) either alone or in the presence of each antigen for
a period of 6 d, followed by pulsing with [3H]thymidine for
18 h. Results are expressed as net counts per minute as for
mitogen-induced proliferation.

Proliferative response to allogeneic cells
(mixed lymphocyte reaction)
The ability of patient lymphocytes to respond to normal

allogeneic cells of both sexes was assessed in a one-way mixed
lymphocyte reaction (MLR), performed in microtiter plates
(in a total volume per culture of 200 Ml in RPMI medium
containing 25% normal pooled plasma), using 200,000 nor-
mal mononuclear cells irradiated at 2,500 rad as stimulators,
and 100,000 patient mononuclear cells as responders, co-cul-
tured for 6 d, followed by pulsing for 18 h with [3H]thymidine.
As above, net counts per minute of the stimulated cultures
are reported.

Suppression of lymphocyte proliferation
Prostaglandin-induced suppressor system. This was de-

termined by measuring the proliferative response of patient
lymphocytes to PHA in the presence of the prostaglandin-
synthetase inhibitor, indomethacin (8). Briefly, 100,000 pa-
tient mononuclear cells were incubated with 1 Mg PHA in
microtiter wells for 72 h with or without 0.25 Mg indometh-
acin. Incorporation of [3H]thymidine was measured after
pulsing for 18 h. Increased incorporation in the presence of
indomethacin reflects removal of suppressor activity; the
greater the increase in incorporation, the greater the original
suppressor activity. Thus, this is an indirect assay of sup-
pressor activity.
Con A-induced suppressor system (8). This was deter-

mined in a direct assay as follows. Patient peripheral blood
mononuclear cells were incubated for 40 h at 5 X 106 cells/
ml in the presence or absence of 60 Mg of Con A. Following
incubation, 100,000 cells, washed three times with PBS, and
irradiated at 2,500 rad, were added to a one-way MLR con-
sisting of 100,000 normal responder cells and 100,000 irra-
diaied (2,500 rad) allogeneic normal stimulator cells.
After 5 d incubation, [3H]thymidine incorporation was mea-
sured after an 18-h pulse. A decreased [3H]thymidine incor-
poration in the responder cells in the presence of Con A-
incubated patient cells, when compared with the incorpo-
ration in the responder cells in the presence of patient cells
previously cultured in the absence of Con A, gives a measure
of Con A-induced suppression.
Adherent cell suppressor system (8). In this system, the

effect of 800,000 fresh irradiated (2,500 rad) patient mono-
nuclear cells as stimulators in a one-way MLR to 100,000
normal responder cells is compared with the effect of
200,000 fresh irradiated patient cells acting as stimulators
in an identical system. The fourfold increase in stimulator
population results in a decreased [3Hjthymidine incorpora-
tion in normal individuals, which has been shown to be due
to the suppressive effect of an adherent, radioresistant mono-
nuclear cell.

Native, or natural suppressor system. In this system, the
effects of fresh irradiated (2,500 rad) patient mononuclear
cells upon a one-way MLR is compared with the effect of
fresh irradiated allogeneic normal cells in an identical MLR.
Briefly, 100,000 fresh irradiated patient mononuclear cells
were incubated with 100,000 normal responder cells (N1)
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and 100,000 irradiated allogeneic normal stimulator cells
(N2) for 6 d; [3H]thymidine incorporation was then measured
after an 18-h pulse. The incorporation is compared with that
produced in a control incubation consisting of 100,000 nor-
mal responders (NI), 100,000 irradiated allogeneic normal
stimulators (N2) and 100,000 fresh irradiated autologous nor-
mal responder cells (N1). The cell responsible for suppression
in this system has been identified as an adherent, esterase-
positive, phagocytic mononuclear cell.

T Lymphocyte colony-forming assay
The assay used in these studies was that of Lowenberg and

De Zeeuw (9), adapted to multi-well culture dishes. Briefly,
peripheral blood mononuclear cells were cultured in qua-
druplicate (at 1 X 105 cells/0.1 ml) in the presence of 0.3
ug. PHA above a 0.5-ml semisolid underlayer of 0.5% agar
containing either no cells or 5 X 105 patient or normal mono-
nuclear cells. The culture medium in both the liquid upper
layer and the semisolid "feeder" layer was Eagle's medium
containing 10% horse serum, 10% newborn calf serum, and
10% trypticase soy broth. After 6 d of incubation at 37°C
in 5% CO2 with humidification, colonies in the upper layer
were counted under a stereomicroscope. Colonies with >20
cells along their perimeter were scored. Gentle washing of
the colonies from the liquid layer, and assessment by sheep
and mouse erythrocyte rosetting, demonstrated >75% sheep
erythrocyte-rosettable cells and <1% mouse erythrocyte-ro-
settable cells in all plates tested.

Erythroid colony-forming assay
Bone marrow mononuclear cells were cultured at 2 X 105

cells per milliliter in the presence of 2 IU per milliliter hu-
man urinary erythropoietin (prepared by Dr. Peter Dukes
and provided by Dr. Anne Ball, Blood Diseases and Re-

sources Branch, National Heart, Lung, and Blood Institute,
National Institutes of Health, Bethesda, MD) in a semisolid
medium of 0.8% methylcellulose at 37°C in 5% CO2 with
humidification (10). After 7 d in culture, erythroid colonies
(CFU-E) were enumerated following staining with benzi-
dine hydrochloride; eight or more cells in a cluster were
scored as a colony. The effect of patient peripheral blood
mononuclear cells and cell subpopulations upon syngeneic
or allogeneic normal bone marrow erythroid colony growth
was also studied in all five patients, by mixing the cell pop-
ulations together before addition to the culture system. In
all studies, 1 X 105 peripheral blood mononuclear cells were
co-cultured with 2 X 105 bone marrow cells.

RESULTS

Lymphocyte enumeration. In Table I, the total leu-
kocyte and differential counts are detailed. No con-
sistent significant abnormalities in the total leukocyte
counts, the total lymphocyte counts, or the total T lym-
phocyte counts (as enumerated by sheep erythrocyte
rosetting) were found in any of our five patients. Total
leukocyte counts were low on at least one occasion in
two patients (2,800 and 3,900/mm3); however, both
of these individuals had normal total leukocytes at the
other time tested. Absolute lymphocyte counts were
low in three instances; again, this was not a constant
finding. Similarly, T lymphocyte percentages were low
in three when initially tested, but a repeat determi-
nation showed normal values. However a striking find-
ing was demonstrated by the use of monoclonal anti
T cell antibodies. Low percentages of OKT3 reactive
cells were noted in four of the five patients, despite

TABLE I
Lymphocyte Numbers

E.D. J.Sc. J.St. S.W. A.F.

A B A B A B A B A B Normals'

Total leukocyte/mm3 7,200 7,100 2,800 4,700 6,000 3,900 4,800 - 6,900 7,300 4,300-10,000
Lymphocyte count/mm3 2,088 1,775 1,070 3,102 600 1,053 1,536 - 1,967 2,263 1,500-4,000
T lymphocytes (ER)% 45 53 74 74 37 65 62 55 25 78 50-65%
OKT3% ND 45 ND 64 ND 45 ND 14 ND 51 50-65%
OKT4% ND 29 ND 28 ND 29 ND 8 ND 25 25-45%
OKT8% ND 20 ND 11 ND 20 ND 6 ND 24 5-25%
OKT4:OKT8% 1.4 2.5 1.4 1.3 1 5-8%

B lymphocytes (MR)% 3 7 5 1 6 4 4 7 1 6 4-12%
B lymphocytes (SIg+)% 2 13 4 ND 16 5 10 11 4 2 2-11%

A = values at time of original investigation.
B = values 20-21 mo later.
ER = sheep erythrocyte rosetting.
MR = mouse erythrocyte rosetting.
SIg = surface immunoglobulin fluorescence (mu + alpha + gamma chains).
e Normal data in our own laboratory are similar to those widely reported in the literature. These normal values are based on 253 analyses.
10 patients on alternate day prednisone therapy (5-10 mg every other day) for diseases such as rheumatoid arthritis, asthma, and
nephrosis showed values within this range.
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TABLE II
Lymphocyte Proliferative Responses to Mitogens, Antigens, and Allogeneic Cells

E.D. J.Sc. J.St. S.W. A.F.

Patients A B A Bt A B A B A B Normal

PHA 162,895* 98,328 107,054 110,970 147,628 184,135 221,055 111,000 311,097 51,009-281,180
Con A 113,355 108,015 27,731 54,717 67,275 91,521 98,225 46,721 127,741 15,873-223,767
PWM 35,171 82,877 22,665 21,329 23,471 28,426 33,202 9,525 29,738 5,333-98,265
Candida 49,937 24,611 71,682 35,793 7,430 925 3,790 8,775 18,039 4,802-71,273
Tetanus toxoid 38,558 30,033 24,506 20,725 21,380 23,607 947 13,016 24,953 4,802-71,273
Streptokinase,

streptodornase 1,865 10,837 17,723 16,462 7,895 24,141 495 1,288 3,455 4,802-71,273
MLR (male stim) 15,171 29,642 19,599 12,575 23,537 31,061 38,752 55,194 42,978 7,684-8,100
MLR (female stim) 11,718 20,741 17,243 20,118 18,118 35,399 42,673 28,394 48,233

A = values at time of original investigation.
B = values 20-21 mo later.
° Net counts per minute; the number of counts per minute obtained in the stimulated culture minus the counts per minute obtained
from an identical culture to which a stimulus is not added.
t Proliferative responses could not be done due to low lymphocyte recovery.

normal numbers of E-rosettes. Additionally, the nor-
mal ratio of OKT 4+ cells to OKT 8+ cells (2:1) was
not seen. B lymphocytes as enumerated by surface im-
munoglobulin fluorescence were normal. However,
two patients did show a low number of mouse-roset-
table B cells on one of two occasions only.
Lymphocyte proliferation. As shown in Table II,

proliferative responses to mitogens (PHA, Con A,
PWM) and allogeneic cells were essentially normal.

Suppression of lymphocyte proliferation (Table
III). In the prostaglandin-mediated suppressor assay,
the presence of a suppressor of PHA-induced lym-
phoproliferation is demonstrated indirectly by block-
ing the suppressor with indomethacin. Thus, the in-
creased PHA response in the presence of indomethacin
reflects abolition of the suppressor. This suppressor cell
is usually demonstrated in normal peripheral blood
mononuclear cells, with indomethacin producing an

TABLE III
Assays for Suppression of Lymphoproliferation

Assay Patient E.D. J.Sc. J.St. S.W. A.F. Normal

'Prostaglandin-induced -10% (+4) +26% +9% (+44) +17% (22) +3% (-15) > +20
suppressor assay

ICon A-induced +2% ND +25% +12% +52% < -40%
suppressor assay

§ Adherent cell -77%-79% -96% -75% -76% < -60%
suppressor assay

INatural or native -29% +3% +9% +12% +5% > 0%
suppressor assay

o The prostaglandin-induced suppressor assay measures the proliferative response of lymphocytes to PHA in the
presence of the prostaglandin synthetase inhibitor, indomethacin. Four patients showed either a reduction or absence
of this suppressor cell population. Numbers in parentheses are repeat tests performed 20-21 mo later.
t The Con A-induced suppressor assay measures the ability of lymphocytes, upon preincubation with Con A for
40 h, to suppress an allogeneic MLR. All four patients studied demonstrated a total inability to generate such
suppressor cells.
§ The adherent cell suppressor assay measures the ability of a population of patient cells to impair the patient's own
stimulatory capacity in an MLR. This was normal in all patients.
11 The native or natural suppressor assay measures the ability of fresh patient cells to suppress an allogeneic MLR.
This ability, not normally present, was detected in a single patient (E.D.).

622 Finlay et al.



increased [3H]thymidine incorporation of at least 20%
(+20%) in our laboratory. The prostaglandin-mediated
suppressor was absent in two of our patients (-10 and
+3%) and reduced in two (+9 and +17%). When re-
tested, three of four showed persistence of decreased
suppressor activity. The Con A-induced suppressor is
strongly present in normal peripheral blood mono-
nuclear cells, suppressing the one-way MLR by at least
40% (-40%). However, in all four of the patients
tested, there was an absence of the Con A-induced
suppressor, with their cells actually eliciting helper
effects on the MLR of from +2 to +52%.
The adherent cell suppressor is normally strongly

present in peripheral blood mononuclear cells, sup-
pressing the responder cells in the MLR by at least
60% (-60%). This suppressor was found to be pre-
sent to a normal degree in all five of our patients
(-75 to -96%).
The native, or natural, suppressor is not normally

present in peripheral blood mononuclear cells. How-
ever, one of our five patients (E.D.) demonstrated a
strong native suppressor of -29%.
T Lymphocyte colony cultures. These studies were

performed upon only two of our patients, patients E.D.
and S.W., each on single occasions only. Table IV de-
scribes the results of culturing patient and normal cells
in the presence of PHA above a feeder layer that was

either cell free or containing syngeneic or allogeneic
mononuclear cells. Studies on patient E.D. demon-
strated a markedly reduced ability to form T lym-
phocyte colonies in culture, which could be overcome
by the presence of normal mononuclear cells in the
feeder layer. However, T lymphocyte colony growth
by normal mononuclear cells was markedly reduced
in the presence of patient mononuclear cells in the
feeder layer.

Studies on patient S.W. demonstrated an unim-
paired ability to form T lymphocyte colonies in cul-
ture. Further, T colony growth by normal mononu-
clear cells was not inhibited in the presence of patient
mononuclear cells in the feeder layer.

Erythroid colony cultures. Culture of the patients'
bone marrow mononuclear cells in the presence of
human urinary erythropoietin produced markedly re-
duced number of CFU-E colonies after 7 d in culture
(10-40% of simultaneously cultured normal bone mar-
rows) (Table V).
Upon co-culture of patient peripheral blood mono-

nuclear cells and cell subpopulations (T enriched and
T depleted) with normal bone marrow, suppressive
effects upon normal bone marrow erythroid colony
growth were demonstrated only in patient E.D. The
results of studies in this patient are summarized in
Table VI.

TABLE IV
T Lymphocyte Colony Growth in CHA

Feeder layer peripheral blood mononuclear cells

No. cells Normal cells Patient cells

PHA-stimulated
Peripheral blood CFU-TL/105 cells CFU-TL/105 cells CFU-TL/105 cells
Mononuclear cells

Normal 31±11.6 26±10.5 1±0.7
P < 0.005 P = NS P = NS

Patient E.D. 7±1.3 35±8.7 2±1.7

Normal 34±5.0 32±8.5 28±2.8
P= NS P= NS P= NS

Patient S.W. 21±2.2 21±3.7 19±4.7

Normal laboratory values 27±9.5 (5 normals) 26±6.8 (7 normals)

1 X 105 normal or patient peripheral blood mononuclear cells were cultured in quadruplicate with 0.3 jig
PHA over a feeder layer of 0.5% agar containing either no cells or 5 X 105 irradiated peripheral blood
mononuclear cells. Colonies were enumerated after 6 d in culture. As compared with normal values for our
laboratory, patient E.D. grew statistically fewer colonies when cultured without feeder cells or with autologous
feeder cells (P < 0.001). However, colony growth was significantly increased (P < 0.001) in the presence
of allogeneic normal feeder cells. Further, his own cells, when serving as feeder cells, significantly suppressed
normal T lymphocyte colony growth (P < 0.001).
In patient S.W., CFU-TL were unaltered by the presence or absence of autologous or allogeneic normal
feeder cells. Further, her cells, serving as feeder cells, did not suppress normal CFU-TL growth. CFU-TL
values represent mean±1 SD of quadruplicate cultures.
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TABLE V
Erythroid Colony Growth in Five Patients

with Congenital Hypoplastic Anemia

CFU-E/2 X 105 cells

Patients Patient Normal % of normal

E.C. 6±2 27±3 22%
J.St. 3±2 30±2 10%
S.W. 6±2 30±2 20%
J.Sc. 6±3 50±8 12%
A.F. 36±12 91±19 40%

2 X 105 normal bone marrow mononuclear cells were grown in
methylcellulose cultures containing 2 U human urinary erythro-
poietin. Each patient was studied simultaneously with a normal
control bone marrow culture. CFU-E values represent means of
duplicate cultures. While normal CFU-E growth varied widely
(from 27 to 91 mean colonies), the patient CFU-E growth obtained
was between 10 and 40% of the simultaneously studied controls.

DISCUSSION

We have demonstrated lymphocyte abnormalities in
patients whose primary disorder involves erythropoi-
esis. Obviously, the lymphocyte abnormalities ob-
served are not of sufficient magnitude to cause unusual
susceptibility to infections in these patients. Low num-
bers of T lymphocytes, as measured by OKT3 mono-
clonal antibodies, were found in three patients. A strik-
ing abnormality, however, was the reduction in the
ratio of T helper to T suppressor cells (OKT4:OKT8).
In our laboratory, as well as in others, this ratio is

normally 2:1. However, in four of our patients, this
ratio approached unity.

Functional assessments revealed further abnormal-
ities. All four patients tested demonstrated a complete
inability to generate Con A-induced suppressor cells;
these suppressor cells have been shown to be T lym-
phocytes (11) and are present in normal individuals
(8). Although absence of this capability has previously
been reported in systemic lupus erythematosus (11),
no evidence of any autoimmune disturbance was found
in any of our patients. Two of the patients displayed
consistently impaired or absent prostaglandin-induced
suppression. The finding of altered suppressor cell
functions in the face of a relatively high percentage
of OKT8+ T suppressor cells highlights the subtle na-
ture of the lymphocyte abnormalities. The necessity
of correlating counting assays with functional tests is
illustrated by these results. Another possibility is that
the OKT distribution reflects a modest helper inade-
quacy. The exact reasons for this abnormal ratio of
OKT4:OKT8 remains unknown. It is of interest to note,
however, that in the same four patients with abnormal
OKT4:OKT8 ratios, there was also an inability to gen-
erate Con A-induced suppressor cells.
These results could suggest (a) that there is a reg-

ulatory defect involving suppressor mechanisms or a
relative helper deficiency, or (b) that there is an in-
trinsic proliferative defect. Additional studies, de-
scribed below, revealed that each of these patterns of
immunologic dysfunction appear to exist in our pa-
tients.

Patient E.D. seemed to show excessive suppression
mediated by two cell lines. Specifically, he possessed

TABLE VI
Suppression of Erythroid Colony Growth in Patient E.D.

CFU-E/
Normal bone marrow Patient peripheral blood 2 X 105 cells % Suppression P Value

Normal BM mononuclear cells alone 80
Normal BM mononuclear cells + Patient MNC° 42 47% <0.02
Normal BM mononuclear cells + Patient MNC, irradiated 2,000 rads 76 5% 0.5
Normal BM mononuclear cells + Patient MNC, T cell depleted 67 16% 0.21
Normal BM mononuclear cells + Patient MNC, T cell enriched 24 70% <0.02
Normal BM mononuclear cells + Patient fresh plasma 83 0

° Mononuclear cells.
2 x 105 normal bone marrow mononuclear cells were grown either alone or in the presence of 1 X 105 patient peripheral
blood mononuclear cells, in methylcellulose cultures containing 2 U human urinary erythropoietin. Patient E.D. peripheral
blood mononuclear cells suppressed normal bone marrow CFU-E by 47%. However, this suppression was lost if the patient
cells were first irradiated at 2,000 rads. The patient's T lymphocyte-depleted population (by sheep erythrocyte rosetting)
was not significantly suppressive, whereas the T-enriched population suppressed bone marrow CFU-E by 70%. The patient's
fresh plasma, at a concentration of 10% in the culture, was not suppressive. The effect of normal peripheral blood
mononuclear cells upon allogeneic normal bone marrow erythroid growth was studied simultaneously, using cell treatments
and subpopulations as above; no suppressive effects were seen (P > 0.2 in all cultures). CFU-E values represent means of
duplicate culture plates.
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a monocyte-mediated suppressor of the MLR (not pres-
ent in normal individuals). Suppression of T lympho-
cyte colony growth was also demonstrated. Finally, T
lymphocyte-mediated suppression of erythropoiesis
was shown in co-culture studies. While the cell re-
sponsible for suppression of T lymphocyte colony for-
mation was resistant to 2,500 rad irradiation, sugges-
tive of either a radio-resistant T lymphocyte or mono-
cyte, the cell responsible for the suppression of
erythropoiesis was sensitive to 2,500 rad irradiation.
Therefore, this patient seems to exhibit regulatory de-
fects involving both lymphocytes and monocytes, re-
sulting in suppression of both erythroid and lymphoid
proliferation, respectively.

Because there are indications that monocytes and
lymphocytes play a role in the regulation of normal
erythropoiesis (16) in addition to their important roles
in the regulation of immune function, it is reasonable
to assume that patients with derangements in the reg-
ulation of lymphocyte function might also demonstrate
abnormalities in erythropoietic regulation. Patient
E.D. would seem to fit such a categorization of a reg-
ulatory disorder.

In our three remaining patients who also showed
some impairment of lymphocyte function we were
however unable to demonstrate any excessive sup-
pressor activities directed against either lymphocyte
proliferation or erythropoiesis. This finding is more
suggestive of an intrinsic cellular defect rather than
a disturbance of cell regulation as demonstrated by
patient E.D. An alternative explanation to be consid-
ered is that these four patients lack necessary helper
cells required for normal erythropoiesis and lympho-
poiesis. Nathan et al. (17) have demonstrated that ei-
ther syngeneic or allogeneic purified T lymphocytes
will stimulate erythroid colony growth (BFU-E) by
peripheral blood "null" cells, although they could not
prove that such helper cells were an absolute require-
ment for erythropoiesis. In further studies, they have
indicated that T helper function for erythropoiesis was
not deficient in their patients with congenital hypo-
plastic anemia (14). However, it is presently unclear
whether T helper cells are even required for normal
bone marrow, rather than peripheral blood, erythroid
colony growth (18). In our own patients, addition of
normal peripheral blood mononuclear cells to patients'
bone marrows in erythroid cultures failed uniformly
to improve the poor erythroid colony growth of the
patients, arguing against a helper cell defect in our
patients, and supportive of an intrinsic proliferative
defect.

It should also be pointed out that the assay systems
used may not be capable of detecting excessive sup-
pressor mechanisms; if such suppression were geneti-
cally restricted, then with respect to erythropoiesis, co-

culture of patient peripheral blood mononuclear cells
with allogeneic normal bone marrow would not pro-
duce suppression of erythroid colony growth of the
allogeneic marrow. To date, there is no evidence of
genetically restricted cell-mediated suppressor mech-
anisms operant in either normal or deranged states of
erythroid or lymphoid function in man. However, ge-
netic restriction of virus-induced cell-mediated cyto-
toxicity has been implicated as a pathogenetic mech-
anism in some patients with aplastic anemia (19). Ex-
trapolation of this type of mechanism to congenital
hypoplastic anemia remains highly speculative.
Hoffman et al. (12) have demonstrated cell-me-

diated suppression of normal bone marrow erythroid
colony growth (CFU-E) by peripheral blood lympho-
cytes from some patients with congenital hypoplastic
anemia. Similarly, Steinberg et al. (13) have shown
that peripheral blood lymphocytes from patients with
congenital hypoplastic anemia could inhibit the ery-
throid colony growth (BFU-E) of both normal and
patients' peripheral blood. We have recently reported
our studies in a patient with monocyte-mediated
suppression of erythropoiesis in association with con-
genital hypoplastic anemia (3). Other groups have
been unable to demonstrate cell-mediated suppression
of erythropoiesis in their patients with congenital hy-
poplastic anemia (14, 15). We attribute the differences
in findings by various investigators to a diversity of
pathogenetic mechanisms in these patients.
Our data presented here indicate that in congenital

hypoplastic anemia, pathogenetic mechanisms may
include regulatory defects as well as intrinsic cellular
defects, involving not only the erythroid cell series,
but which are reflected in studies of the immune
system.
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