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ABSTRACT 
To investigate the pathogenesis of aplastic anemia (AA), the apoptosis of CD34+ cells was 

assayed with annexin V-fluorescein 24hr and 48hr after incubation with the serum of normal 
controls (n=lO), patients with non severe AA (NSAA, n=13) and severe AA (SAA, n=lO). The 
CD34+ progenitors from the bone marrow of normal donors contained a significantly greater pro­
portion of apoptotic cells after incubation with serum from SAA patients than that incubated 
with serum from normal controls and NSAA. Moreover, the percent apoptosis of CD34+ cells 
after 24hr incubation with serum from NSAA was slightly higher than that of normal controls. 
This appears to be related to clinical severity. No significant difference was found in the percent 
apoptosis of CD34+ cells between incubation for 24hr and 48hr with the same serum. To further 
explore the mechanism of increased apoptosis induced by the serum of AA patients, the expres­
sion of the Fas receptor was measured after incubation with serum from the normal controls 
and AA patients using flow cytometry. After incubation with serum from the AA patients, the 
Fas receptor was overexpressed, correlating with the increased apoptosis induced by the same 
serum from AA patients. In addition, the induction of apoptosis and Fas expression on CD34+ 
cells by serum from the SAA patients was blocked partly by preincubation of the serum with 
anti-Y-IFN neutralizing MoAb. These findings suggested that some aberrant components of the 
serum in the AA patients, which was confirmed partly to be Y-IFN, can induce CD34+ progeni­
tors apoptosis through the Fas signaling pathway. This may contribute to understanding the 
decreased number of stem cells characteristic of aplastic anemia. 
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Aplastic anemia (AA) is characterized by periph­
eral blood pancytopenia and bone marrow hypocel­
lularity. Recent reports have indicated that 
apoptosis plays an important role in the injury to 
the stem and progenitor compartments in these 
patients. Maciejewski et al have demonstrated an 
increased expression of Fas receptor (Fas-R) in 
CD34+ cells from patients with AArn. Philpott et al 
have shown that the subset of CD34+ cells from 
these patients contained a greater proportion of 
apoptotic cells than normal CD34+ bone marrow 
cells15

). In addition, Callera et al showed a signifi­
cant increase in the proportion of mononuclear 
apoptotic cells in paraffin embedded bone marrow 
biopsies from patients with aplastic anemia2>. 
However, little is known about the mechanism. 

associated with aberrant Y-IFN, which was consis­
tent with the work of other authors18

•
20

). Since Y­
IFN can upregulate Fas expression and make 
target cells susceptible to Fas-mediated apopto­
sis10·12l, such suppression on haematopoiesis by the 
serum is probably due to the induction of apopto­
sis in the progenitor cells. To test this hypothesis 
and also to investigate the involvement of apopto­
sis in the pathogenesis of aplastic anemia, we 
measured the percentage of the apoptotic cells and 
the Fas-R in CD34+ cells from the bone marrow of 
normal donors after incubation with serum from 
normal controls and patients with aplastic ane­
mia, analyzing the possible role of Y-IFN in the 
serum from the AA patients. 

In a recent study, we demonstrated the inhibit­
ing activity of serum on hematopoiesis in patients 
with SLE and in patients with aplastic anemia8

•
9
l. 

We also revealed that the hematopoietic suppres­
sion caused by serum from patients with AA was 

MATERIALS AND METHODS 
Serum sampling 

Blood samples for this study were obtained from 
10 normal controls and 23 AA patients (17 males 
and 6 females, ranging from 14 to 72 years old) 
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Table 1. Clinical and laboratory findings of patients with aplastic anemia 

Peripheral blood 

Patient Age/sex HB Leukocytes N eutrophils Platelets Severity 
(g/dl) (xl09/liter) (xl09/liter) (xl09/liter) 

1 35/M 5.6 
2 14/F 4.2 
3 66/F 5.6 
4 58/M 8.6 
5 56/M 7.5 
6 15/M 7.2 
7 72/M 4.5 
8 36/M 7.3 
9 28/M 4.5 
10 38/M 7.2 
11 20/F 8.2 
12 58/M 9.3 
13 44/M 7.5 
14 26/M 8.2 
15 59/M 7.2 
16 29/F 5.6 
17 52/M 7.8 
18 36/M 8.1 
19 41/M 7.0 
20 41/M 6.3 
21 18/F 5.4 
22 49/M 4.6 
23 38/F 5.4 

after informed consent obtained. The diagnosis of 
AA was established by peripheral blood pancy­
topenia associated with a depletion of all the 
hemopoietic cell lines in the marrow with replace­
ment by fat cells, an absence of abnormal cells or 
dysplastic features, no increase in marrow retic­
ulin and negative Ham's test. The severity of AA 
was classified according to the criteria of 
Bacigalupo et aPl. Ten patients had SAA, and 13 
NSAA. Patients 2, 9, and 12 had suffered from 
hepatitis (B or non-A non-B) in their past history 
and had had a pancytopenia within 8 months. The 
disease of patients 4 and 10 was considered to be 
related to medical drugs used in treatment. No 
possible causation was suspected for the other AA 
patients. Prior to the present study, patients 1, 2, 
3, 6, 13, 15, 16 and 21 had received blood transfu­
sions. Other patients had received no specific 
treatment. Clinical features are shown in Table 1. 
All these blood samples were centrifuged after 
being allowed to clot at room temperature for one 
hour. The serum recovered was divided into sever­
al aliquots and stored at -20°C until use. 

Preparation of CD34 + cells 
CD34+ cells were isolated from the bone marrow 

of normal volunteers in the following way after 
obtaining informed consent: bone marrow was 
aspirated from the posterior iliac crest into 
syringes containing preservation free heparin. 
Mononuclear cells were obtained by density gradi­
ent centrifugation using lymphoprep (Nycomed 

0.6 
0.8 
0.6 
1.1 
0.7 
0.8 
1.0 
0.7 
1.3 
2.3 
2.5 
2.8 
1.0 
2.0 
3.3 
2.6 
3.1 
2.3 
2.3 
3.1 
2.6 
3.2 
3.2 

0.3 19.0 SAA 
0.4 14.0 SAA 
0.3 15.0 SAA 
0.3 5.0 SAA 
0.3 12.0 SAA 
0.2 20.0 SAA 
0.4 19.0 SAA 
0.2 7.0 SAA 
0.4 8.0 SAA 
0.5 19.0 SAA 
1.6 23.0 NSAA 
1.4 32.0 NSAA 
0.5 75.0 NSAA 
1.4 82.0 NSAA 
1.4 48.0 NSAA 
0.8 22.0 NSAA 
1.3 32.0 NSAA 
0.9 10.0 NSAA 
0.7 25.0 NSAA 
1.4 45.0 NSAA 
1.8 52.0 NSAA 
1.6 38.0 NSAA 
1.8 28.0 NSAA 

Pharma, AS. Oslo, Norway). CD34+ cells were then 
collected by incubation with commercial magnetic 
microbeads coated with MoAb to CD34 (Miltenyi 
Biotec, Inc., Auburn, CA), according to the manu­
facturer's instructions. More than 95% of these 
isolated cells expressed CD34+ when analyzed by 
flow cytometry. 

Serum-induced apoptosis assay 
Isolated CD34+ cells were resuspended in RPMI 

1640 medium with 5% fetal calf serum to a final 
concentration of 5xl03 cells /ml. Aliquots of lml 
were incubated in the presence of 10% (VN) sera 
from normal controls or AA patients at 37°C in 5% 
C02 for 24hr and 48hr, respectively. Cultures 
without human serum were used to measure spon­
taneous apoptosis. Apoptotic cells were quantified 
by flow cytometry after Annexin V-FITC labeling 
(R&D Systems) as described by King et al7l. The 
value of serum-induced apoptotic cells was defined 
as the percentage of apoptotic cells after incuba­
tion with serum minus the percentage of sponta­
neous apoptosis (Fig. 1). 

Detection of Fas-R induced by the serum 
Fas-R on CD34+ cells was immunophenotyped 

using flow cytometry. Briefly, isolated CD34+ cells 
were collected after culture with the human serum 
as mentioned above and then incubated with a 
saturating dose of anti-Fas monoclonal antibody 
(MoAb) (MEL, Nagoya, Japan) for 30 min. After 3 
washes, PE-conjugated goat anti-mouse IgG 
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Fig. 1. Flow cytometric analysis of apoptosis and Fas-R expression in CD34+ cells from bone marrow of normal 
donors after 24hr incuvation under different experimental conditions 
(A) CD34+ cells plus medium (spontanous apoptosis) 
(B) CD34+ cells plus medium and anti-Y-IFN MoAb 
(C) CD34+ cells plus serum from a normal control 
(D) CD34+ cells plus serum from patient 4 
(E) CD34+ cells plus serum from patient 8 
(F) CD34+ cells plus serum from patient 8 after preincubation with anti-Y-IFN MoAb 

F(ab')2 fragment (Ortho Diagnostic Systems Inc., 
Raritan., N.J.) was used as the second layer. 
Finally, after washing with PBS, the stained cells 
were analyzed by an Epics Elics flow cytometer. 

Serum neutralization test 
The experiment to block the apoptosis and the 

expression of Fas-R induced by the sera of AA 
patients with anti-Y-IFN neutralizing MoAb 
(Genzyme, Cambridge, MA) was performed 
according to the manufacturer's instructions. After 
having been neutralized with anti-Y-IFN MoAb, 
serum samples were then added to the culture as 
described above. 

Statistical analysis 
Data were analyzed with student's t-test for 

paired and unpaired samples and with linear 
regression analysis. P value<0.05 was considered 
to indicate a significant difference. 

RESULTS 
The percentage of apoptosis in CD34 + progenitors 

induced by human serum was plotted and is 
shown in Fig. 2. The number of apoptotic cells in 
CD34+ progenitors significantly increased after 
both 24 and 48hr incubation with serum from SAA 
patients compared with those incubated with 
serum from the normal controls (p<0.001, 
p<0.001) and NSAA (p<0.001, p<0.001). The per­
cent apoptosis of CD34+ cells was slightly higher 
after 24hr incubation with serum from the NSAA 
patients than that of cells incubated with serum 
from the normal controls (p<0.05). No significant 
difference was found in the percent apoptosis of 
CD34+ cells between 24 and 48hr incubation with 
the same serum (p>0.5). In addition, the number 
of leukocytes in the AA patients was inversely 
related to the increased apoptosis of CD34+ cells 
induced by the serum from AA patients (r=-0.528, 
p<0.01) (Fig. 3). However, no significant correla­
tion was found between the number of platelets 
and the serum-induced apoptosis of CD34+ cells 
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Fig. 2. Percentage of sera-induced apoptosis in 
CD34 + cells from bone marrow of normal donors after 
24hr and 48hr incubation with serum of normal con­
trols (n=lO), patients with NSAA (n=l3) and patients 
with SAA (n=lO). The value of serum-induced apop­
totic cells was defined as the percentage of apoptotic 
cells after incubation with serum minus the percent­
age of spontaneous apoptosis. 
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Fig. 3. Correlation between increased apoptosis in 
CD34+ cells induced by serum from AA patients 
(n=23) and the severity ofleukocytopenia in the same 
patients. 

(r=-0.277, p=0.203) (Fig. 4). 
To determine the pathway of apoptosis induced 

by the serum from AA patients, the expression of 
the Fas-R on the CD34 + cells was measured after 
incubation with serum from the normal controls 
and AA patients. Flow cytometric analysis 
revealed that Fas-R was overexpressed after 24hr 
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Fig. 4. Relationship between the percentage of apop-
tosis in CD34+ cells induced by serum from AA 
patients (n=23) and the number of platelets in the 
same patients. 
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Fig. 5. Percentage of serum-induced Fas expression 
in CD34 + cells from bone marrow of normal donors 
after 24hr and 48hr incubation with serum from nor­
mal controls (n=lO), patients with NSAA (n=l3) and 
patients with SAA (n=lO) 

incubation with serum from the SAA patients 
compared with incubation with serum from the 
normal controls and NSAA patients (p<0.001, 
p<0.001). Fas-R expression of normal CD34+ cells 
was also increased by exposure to serum from 
NSAA patients for 24hr compared with that of 
cells exposed to serum from the normal controls 
(p<0.05). Moreover, the same results were 
obtained with the prolonged incubation time of 
48hr (Fig. 5). 

The correlation coefficient between the number of 
apoptotic cells induced by serum from AA patients 
and Fas-R expression on CD34+ cells induced by 
the same serum was 0.617 (p<0.001). In other 
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Fig. 6. Correlation between apoptotic cells induced 
by serum from AA patients (n=23) and Fas-R expres­
sion on CD34+ cells induced by the same serum sam­
ples. 

words, the number of apoptotic cells correlated 
with the expression of Fas-R on CD34+ cells (Fig. 
6). These findings suggested that the serum of AA 
patients induced apoptosis of CD34 + cells through 
the Fas signaling pathway. 

To further explore the mechanism of the 
increased apoptosis induced by serum from the AA 
patients, a neutralization test was performed 
using serum treated with anti-Y-IFN MoAb. As 
shown in Table 2 and Fig. 1, the effect on the 
induction of apoptosis and the Fas-R expression of 
the CD34+ cells caused by serum from patients 2 
and 9 was almost completely blocked after incuba­
tion with the MoAb. Both of them were post 
hepatitis. The same effect of the serum from 
patients 1, 3, 4, 5, 6, 7 and 8 was partly blocked 
after incubation with the MoAb. However, no sig­
nificant difference in the number of apoptotic cells 
and Fas-R expression on CD34+ cells was observed 
before and after neutralizing the serum from 
patient 10 with the MoAb. To exclude nonspecific 
effects of the anti-Y-IFN MoAb on the CD34+ cells, 
the effect of the MoAb on the CD34 + cells was 

examined for apoptosis and Fas-R expression in 
the presence or absence of the control serum sam­
ples. As shown in Fig. 1 and Table 2, the MoAb did 
not show any significant effect on normal progeni­
tor cells. 

DISCUSSION 
Homeostasis in humans is controlled not only by 

cell proliferation and differentiation, but also by 
cell death. Apoptosis is a morphologically defined 
death process, which plays an important role in 
physiological cell death and is also important in 
pathological cell destruction in AA patients2

•
3

•
5·m. 

There are many possible mechanisms underlying 
the hematopoietic stem cell deficiency present in 
aplastic bone marrow. An intrinsic abnormality in 
the stem cell itself could render it more sensitive 
to apoptosis-inducing stimuli; alternatively, the 
activity of the bone marrow microenvironment in 
AA patients may alter the balance of apoptosis­
promoting and -suppressing regulating molecules. 
In the present study, we examined the effect of AA 
serum on normal CD34+ progenitors and demon­
strated that the serum could induce CD34+ cells 
apoptosis, correlating with the severity of the 
leukocytopenia. Although no correlation was found 
between serum-induced apoptosis and the number 
of platelets in the AA patients, the serum from 
patients with SAA showed a stronger effect than 
that from patients with NSAA, suggesting the 
presence of some aberrant component in the 
serum from the AA patients. This could have 
induced the CD34+ progenitor apoptosis and might 
be a part of the pathogenesis of AA. 

There is a possibility that the serum from the AA 
patients did not induce CD34 + cell apoptosis 
directly, but stimulated the monocytes and lym­
phocytes in the target cells to produce the 
cytokines which induced the apoptosis. Our exper­
iment using purified CD34+ cells as the target cells 
ruled out the possibility mentioned above. 

Fas-R, a transmembrane glycoprotein of 43- to 
48-KD, is a member of the TNF receptor super­
family and its triggering by the natural ligand or 

Table 2. Effect of anti-Y-IFN MoAb on apoptosis and Fas-R expression of CD34 + cells induced by serum from SAA patients 

Source of 
Apoptotic cell Percentage ofFas-R 

Serum Before After Before After 
neutralization neutralization neutralization neutralization 

Patient 1 20.4 11.5 5.8 3.9 
Patient 2 42.5 3.3 10.7 -3.1 
Patient 3 48.5 14.6 32.4 17.2 
Patient 4 33.0 24.9 36.1 25.7 
Patient 5 37.6 10.9 43.0 15.3 
Patient 6 48.6 23.1 74.8 -0.1 
Patient 7 59.0 30.3 66.1 45.7 
Patient 8 66.0 23.5 56.0 45.1 
Patient 9 54.3 -6.8 12.9 2.7 
Patient 10 11.9 15.6 36.6 35.8 
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by anti-Fas antibody induced apoptosis5
,
17'19

). Fas­
mediated killing has been suggested as a major 
effector mechanism by which T cells eliminate 
their targets4'6'16

). Although CD34+ cells from nor­
mal bone marrow showed low levels of Fas-R 
expression on the cell surface, stimulation by Y­
IFN markedly increased Fas-R expression on the 
CD34+ cells10

•
12i. In the present study, the Fas-Ron 

the CD34 + cells from normal bone marrow was 
overexpressed after incubation with serum from 
AA patients, which correlated with the increased 
apoptosis induced by the same serum. Therefore, 
the increased apoptosis of the CD34+ progenitors 
induced by the serum from the AA patients 
seemed to have occurred through the Fas signal­
ing pathway. In addition to the Fas-R/Fas-ligand 
pathway, perforin/granzyme is a second exclusive 
mechanism by which target cells can be eliminat­
ed4·6). As our study only examined Fas-R expres­
sion, we cannot exclude the possibility of the 
involvement of perforin/granzyme in the patho­
physiology of BM failure. 

A relationship has been reported between aplas­
tic anemia and Y-IFN, an immunoregulatory 
cytokine produced by active T cells and natural 
killer cells in response to viral infection or other 
stimuli. Some studies have demonstrated aberrant 
Y-IFN gene expression locally in aplastic bone 
marrow13·14). Additional investigations found that 
the serum Y-IFN level was higher in AA patients 
and anti-Y-IFN antibody neutralized the suppres­
sive effect of the serum from AA patients8·18·21). 
Therefore, Y-IFN has been proposed as an 
inhibitor in AA patients. Since Y-IFN was con­
firmed to induce Fas-R expression on progenitor 
cells in low doses, we performed a neutralization 
test treating serum with anti-Y-IFN MoAb to 
determine whether the aberrant component induc­
ing the apoptosis of CD34+ cells was Y-IFN. The 
induction of apoptosis and Fas-R expression on the 
CD34+ cells was blocked completely (patients2, 9) 
or partly (patients 1, 3, 4, 5, 6, 7, and 8) by prein­
cubating the serum from the SAA patients with 
anti-Y-IFN neutralizing MoAb, suggesting that Y­
IFN is a major factor in serum that induces apop­
tosis of the CD34+ progenitors. This observation 
thus suggests a mechanism responsible for at least 
part of the inhibitory effect of serum from AA 
patients on human progenitor cells that we 
described previouslysi. 

Serum from patients 2 and 9, who had a previous 
history of hepatitis, showed a complete blocking 
effect on the CD34+ progenitors by anti-Y-IFN 
MoAb. It is possible that hepatitis virus infection 
activated T cells abnormally and that these T lym­
phocytes produced Y-IFN, resulting in peripheral 
blood pancytopenia and bone marrow hypocellu­
larity by accelerating apoptosis of the progenitor 
cells. However, no pathogen causing aplastic ane­
mia was found in other patients whose serum was 

partly neutralized by the MoAb. It seems that 
some form of immune disorder or latent virus 
infection precedes some cases of idiopathic a plastic 
anemia and induces Y-IFN production. In fact, 
patient 4 had a higher lymphocyte count with 
CDS+ than the controls and responded well to anti­
lymphocyte globulin. The result supports the pos­
sibility mentioned above. 
Anti-Y-IFN MoAb did not block the effect of the 

serum from the SAA patients on apoptosis and 
Fas-R expression of the CD34+ cells completely. 
This result suggested that Y-IFN was not the only 
factor present in the serum of AA patients that 
induced the apoptosis of the CD34+ cells. Some 
reports have indicated that TNF-a, well known as 
a negative hematopoietic regulator, induces a 
strong expression of functional Fas on hematopoi­
etic progenitor cells10·12l. Further studies will be 
necessary to identify the other factors involved in 
the apoptosis process in AA patients. 
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