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enterocolitis, he was found to be neutropenic with ANC of 1381 
mm3. On admission, complete blood cells counts were; red blood 
cells 532 x 104/mm3; WBC 10 200/mm3; and ANC of 1021 
mm3. He had never received blood transfusions. During his 
hospitalization, total WBC count ranged from 5 800 to 10 2001 
mm3, with an ANC of 0-180/mm3. Bone marrow aspiration 
revealed a normal cellularity and morphology but percentage of 
segmented neutrophils decreased to 0.8%. Biochemical profile, 
serum Ig, and serum complements were all within the normal 
range. No circulating immune complexes or autoantibodies, 
other than antineutrophil antibody, were detected. 

Preparation of neutrophils. Human neutrophils were prepared 
with EDTA or heparinized venous blood by centrifugation on 
sodium diatrizoate-Ficoll gradients followed by dextran sedimen- 
tation as previously described (14). Contaminating red blood 
cells were eliminated by hypotonic lysis. Cells were washed and 
suspended to the desired concentration in PBS without metals. 
Preparations contained more than 95% neutrophils. 

GIIFT. GIIFT was performed by the modification of the 
method of Verheugt et al. (1 5). Prepared neutrophils, as described 
above, were fixed with 1 % paraformaldehyde in PBS for 5 min 
and washed twice in PBS. The cells were incubated with test 
serum for 30 min, washed three times in PBS, and then incubated 
with fluorescein isothiocyanate-labeled F(abf)2 fragments of goat 
antihuman polyvalent Ig, IgG, IgM, and IgA (Tago Inc., Burlin- 
game, CA), appropriately diluted in PBS for 30 min at 4"C, 
respectively. After washing, this cell suspension was examined 
with an immunofluorescent microscope or with a flow cytome- 
try. The positive reactions may be graded from - to +++ 
according to the intensity of the membrane-associated fluores- 
cence. 

M-LAT. M-LAT was done by a modification of the method 

(Table 2). The sera from two patients reacted with neutrophils 
from their parents in both the GIIFT and the M-LAT. However, 
all reactions in the sera from their mothers were negative against 
the same neutrophils, suggesting that the antibodies detected in 
the patients' sera might be an autoantibody. 

To confirm the results shown in Table 1, these sera were tested 
against 17 randomly selected unrelated donors whose NA antigen 
was determined by the reactivity with panel serum in the M- 
LAT. The antigenicity in neutrophils could be grouped based on 
a biallelic system of NA antigen; 1 )  NAl/NAl, 2) NAI/NA2, 
and 3) NA2/NA2. The results are given in Table 3. A positive 
reaction was obtained with the GIIFT against all neutrophils 
when anti-human IgG F(ab'l2 was used as the second antibody. 
The resultant antibodies were IgG. In the M-LAT, the patients' 
sera agglutinated all of the NAl+ neutrophils and none of the 
four NA-1- samples. The titer of agglutinations in the M-LAT 
against NAl/NA2 neutrophils was lower than that against the 
NAI/NAl ones. No lymphocytotoxic antibodies could be dem- 
onstrated in the patient's sera with the standard National Insti- 
tutes of Health technique (data not shown). From these results, 
it appears that the antibodies detected in the sera from two cases 
were specific for the NA 1 antigen. 

To determine further specificity for anti-NAl antibody, the 
absorption experiments were done (Table 4). The patients' sera 
were completely absorbed with NA 1 /NA I neutrophils, but not 
with NA2/NA2 ones in the M-LAT. In the GIIFT, the reactivity 
of the sera absorbed with NAl/NAl became negative, but a 
weak positive reaction was retained in the sera absorbed with 
NA2/NA2 neutrophils. These results suggest that the absorption 
experiment would be necessary to obtain the specificity of NAI 
antigen in the GIIFT. No absorption of the patients' sera with 

of McCullough et al. (7). Neutrophils, prepared as described 
above by EDTA, were suspended in PBS with 0.4% EDTA and 50 
0.5% BSA (Sigma Chemical Co., St. Louis, MO) and incubated u, 
with test serum in Terasaki trays at 37°C for 6 to 24 h. The 5 40 reactions were stopped by the addition of one drop of 6% acetate o 
and examined using an inverted phase microscope. The result of 5 30 
an agglutination was scored from - to +++. 

Absorption experiments. According to the method of Helmer- 5 20 
horst et al. (16), the absorption was performed by incubating 2.5 E 
x lo7 leukocytes or 2.5 x lo8 platelets with 0.5 mL serum (or 3 10 
an equivalent ratio antiserumlnumber of cells) at 37°C for 30 X 

n min. The absorbed serum was recovered after 5 min centrifuga- 0 58 100 150 260 2500 56 100 150 200 250 
tion at 10 000 x ,P and tested anainst the same cells for the GIIFT - - 
and M-LAT. 

RESULTS 

The results of the initial GIIFT and M-LAT performed at the 
time of diagnosis are shown in Table 1. In the GIIFT, the sera 
from two patients reacted with neutrophils when polyvalent anti- 
Ig and anti-IgG were used as second antibodies. The reactions of 
anti-IgM and anti-IgA were all negative. Representative positive 
histogram of flow cytometry is shown in Figure I. In contrast, 
M-LAT showed both positive and negative reactivities against 
different neutrophils. 

The sera from patients and their mothers were examined 
against neutrophils from both parents in the GIIFT and M-LAT 

Table I. Results of GIIFT and M-LAT 
GIIFT* 

Serum Anti-Ig Anti-IgG Anti-IgM Anti-IgA M-LAT 

Patient I +++ +++ - - - - +++ 
Patient 2 ++ ++ - - - - ++ 
* GIIFT was performed as described in "Materials and Methods" using 

various goat-antihuman Igs F(ab')2, such as antihuman polyvalent Ig 
(anti-Ig), anti-IgC, anti-IgM, and anti-IgA. 

Fluorescence 
Fig. 1. Representative histogram of a flow cytometry in granulocyte 

indirect immunofluorescence test. NAlf neutrophils fixed with 1 % par- 
aformaldehyde were incubated with normal serum (a) or serum from 
patient I (b) and incubated with fluorescein isothiocyanate-labeled an- 
tihuman IgG F(ab')z. Fluorescence analysis was performed on a Ortho- 
Cytoron flow cytometer (Ortho Diagnostic Systems, Tokyo, Japan). This 
fluorescent intensity (b) is expressed as +++. 

Table 2. Reactivity of patients' and their mothers' sera in 
GIIFT and M-LA T 

GIIFT M-LAT 

Patients' sera 

Neutrouhils Patient 1 Patient 2 Patient 1 Patient 2 

Mother +++ ++ +++ ++ 
Father + + + + 

Mothers' sera 

Patient 1 Patient 2 Patient 1 Patient 2 
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allogeneic red blood cells, platelets, and lymphocytes was ob- 
served (data not shown). 

After diagnosis, the patients have been followed by the serial 
neutrophil counts. During the neutropenic periods, both patients 
experienced mild infections, but these were adequately managed 
with antibiotics. When absolute neutrophil counts rose tempo- 
rarily in the course of the infection, autoreactivity of previously 

Table 3. Reactivity in GIIFT and M-LAT of patients' sera 
against neutrophils from random donors determined NA 

antigen 
GIIFT M-LAT 

Neutro~hils Patient 1 Patient 2 Patient 1 Patient 2 

+++ 
+++ 
NT* 
NT 
NT 
NT 
NT 
NT 
NT 

++ 
++ 

NT 
NT 

++ 
++ 

NT 
NT 

* Not tested. 

Table 4. Reactivity in GIIFT and M-LAT of absorbed sera with 
NAIINAI or NA21NA2 neutrophils against the same 

neutrouhils 
- - 

GIIFT M-LAT 

Neutrophils Patient 1 Patient 2 Patient 1 Patient 2 

A. original sera 
NA I /NA I +++ ++ +++ ++ 
NA2/NA2 ++ + - - 

B. sera absorbed with 
NAl/NAl neu- 
trophils 

NA 1 /NA 1 
NA2/NA2 

C. sera absorbed 
with NA2/NA2 
neutrophils 

NA I /NA I +++ ++ +++ ++ 
NA2/NA2 k k - - 

Table 5. Reactivity in GIIFT and M-LAT ofpatients' sera 
against their own neutrouhils 

Neutrophils GIIFT M-LAT 

Patient 1 +++ +++ 
Patient 2 +++ +++ 

stored sera from both patients was tested against their own 
neutrophils (Table 5). The sera from two patients reacted with 
their own neutrophils in both the GIIFT and M-LAT, suggesting 
that their neutrophils possessed the NA1 antigen. Similar results 
against their own neutrophils were obtained after the sponta- 
neous resolution of neutropenia. 

DISCUSSION 

Autoimmune neutropenia is being diagnosed with increasing 
frequency and may prove to be the most common cause of 
chronic neutropenia in infancy (3). We reported here two cases 
of nontransfused infant with persistent neutropenia due to au- 
toantibody against neutrophil specific antigen NA 1. The NA 1 
specificity of the antibodies was confirmed by the reactivity with 
NAl+ and NA1- neutrophils, and by the absorption tests in the 
GIIFT and the M-LAT. 

Several methods are available and compared to detect neutro- 
phi1 antibodies (2,4,7, 12, 17, 18). McCullough et al. (7) reported 
that the antibodies detected by agglutination were clinically more 
significant with neutropenia than by granulocytotoxicity and 
staphylococcal protein A assay. Verheugt et al. (4) suggested that 
strongly positive reactions in immunofluorescence were obtained 
not only with antisera containing agglutinins or granulocytotox- 
ins, but also with some sera that did not react in either the 
agglutination or cytotoxicity test. In addition, immunofluores- 
cence test appears to be a simple and sensitive method that allows 
us to study immunochemical characteristics of antibodies (19). 
In this study, antibodies detected with the agglutination test 
clearly discriminated between NAl + and NAl- neutrophils. In 
contrast, the immunofluorescence test showed the positive reac- 
tions against both NA 1' and NA 1- neutrophils and the specific- 
ity for anti-NAl was found in the results of the sera absorbed 
with NA l/NA 1 neutrophils. Furthermore, some antibodies (such 
as NB2, 5a, 5b) have been found to be detected only by the 
agglutination and not by the immunofluorescence test (15, 20). 
These evidences suggested that a combination of agglutination 
and immunofluorescence techniques is recommended for inves- 
tigation of neutrophil antibodies against the neutrophil specific 
antigen. 

Although NA antigen system was serologically well defined, 
precise characterization of this antigen is not yet known. To 
characterize NA-1 antigen, we performed an immunoblot with 
sera from the patients according to the methods of Laemmli 
(21), Towbin et al. (22), and Stricker et al. (23). However, no 
specific band was obtained by anti-NA 1 serum against the lysate 
from NA1+ neutrophils in various conditions (data not shown). 
Therefore, it might be difficult to recognize the NAl antigen 
under these conditions. 

There may be differences in natural history of the neutropenia 
depending on pathophysiologic mechanisms (1, 2, 12, 25). Our 
patients have been followed from 12 to 24 mo after diagnosis. It 
is notable that the increase of neutrophil counts has well corre- 
lated with the decrease of the titer of antineutrophil antibodies. 
Conway et al. (24) reported the natural history of autoimmune 
neutropenia. The illness resolved spontaneously within 41 mo 
and resolution of neutropenia paralleled the disappearance of 
neutrophil autoantibodies. 

Thus, the demonstration of antibodies by the combination of 
sensitive assays has important diagnostic and prognostic value 
because it indicates a benign course. Further investigation using 
several assay systems for detecting the antibodies might clarify 
the precise nature of the neutrophil-specific antigen and the 
relationship between the serologic reactivity of antibodies and 
their clinical significance. 
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