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SUMMARY

Introduction: Immune humoral neutropenia (Np) could be the conse-

quence of anti-polymorphonuclear neutrophil (PMN) antibodies,

circulating immune complexes (CIC) and/or antibodies against myeloid

precursors. Granulocyte immunofluorescence test (GIFT) and a leuko-

agglutination technique (LAGT) assays are recommended for its

diagnosis. Methods: Fifty adult patients with secondary Np were

screened for anti-PMN. GIFT by flow cytometry from viable PMN

and LAGT were employed. In addition, CIC levels, low expression of

CD16b (CD16 b
low), PMN phenotype and sera tumor necrosis factor-

alpha (TNF-a) were also evaluated. Results: Direct IgG-PMN binding

(dir-GIFT) was positive in 16% of the patients. Antibodies against

autologous PMN were detected in 32% of the samples by indirect

(ind)-GIFT and demonstrated in 70% of the sera by both ind-GIFT and/

or LAGT. Predominance of human neutrophil alloantigen (HNA)-1b

and HNA-2 expression was confirmed. CD16b
low was detected in 16%

of the patient’s PMN and TNF-a in 68% of sera patients. Conclusion: Our

results suggest that diagnosis of immune Np in the laboratory may be

improved by focusing on patient’s PMN together with the assessment

of cellular markers.
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INTRODUCTION

Leukopenia (Lp) is characterized by a decrease in the

absolute WBC count below 4 · 109 WBC/l. Lp may or

may not be associated with neutropenia (Np) (Haddy,

Rana & Castro, 1999). According to the polymorpho-

nuclear neutrophil (PMN) cell count, Np can be classi-

fied as: severe, with PMN cell counts

below 0.5 · 109PMN/l, moderate, with a PMN count

ranging from 0.5 to 1.0 · 109PMN/l, or mild, with a

PMN count ranging from 1.0 to 1.5 · 109 PMN/l (Bain,

Seed & Godsland, 1984; Weingarten, Pottick-Schwartz

& Brauner, 1993; Haddy, Rana & Castro, 1999; Dale et

al., 2006). PMN are critical effector cells in the innate

immune defence against bacterial and fungal infection

(Newburger, 2006). Agents such as Parvovirus B19

(Lehmann, von Landenberg & Modrow, 2003), human

immunodeficiency virus (Riera et al., 1992; Babadoko,

Aminu & Suleiman, 2008) and cytomegalovirus (Sa-

mant et al., 2007) can also be involved in the develop-

ment of Np (Palmblad & von dem Borne, 2002;

Starkebaum, 2002). Otherwise, some drugs can also

induce Np (Berliner, Horwitz & Loughran, 2004).

Anti-PMN antibodies have been detected in sera of

patients with Np, in patients with febrile transfusion

reactions, in women after pregnancy and in polytrans-

fused patients, suggesting their role in the pathophysi-

ology of certain types of clinical disorders (Lalezari,

1984). Lalezari described the first PMN-specific antigen

located in the FccRIII (CD16b) (Lalezari & Radel, 1974;

Huizinga et al., 1990a,b; Salmon, Edberg & Kimberly,

1990). The new nomenclature defines the human

neutrophil alloantigen (HNA) system, including five

antigen groups: HNA-1, HNA-2 (CD177), HNA-3,

HNA-4 and HNA-5 (Bux, 2008). In line with this,

PMN may elicit autoimmune or alloimmune Np.

Depending on its etiology, immune Np is classified

as primary or secondary. Secondary immune Np has

been associated with systemic auto-immune diseases

such as rheumatoid arthritis (RA), Felty’s syndrome

(FS), the closely related to FS large granular lympho-

cyte syndrome, and Sjogren’s syndrome with antithy-

roid treatment or with viral infections (Capsoni, Sarzi-

Puttini & Zanell, 2005).

Polymorphonuclear neutrophils express constitu-

tively two low-affinity Fc gamma receptors, Fc

(FccR): FccRII (CD32), which is a transmembrane

molecule and FccRIII (CD16b), which is linked via a

glycosylphosphatidylinositol (GPI) anchor to the

membrane (Edberg et al., 1989). In addition, FccRI

(CD64) is also essential in many effector functions of

the immune system. FccRI is upregulated during

infections (Wagner et al., 2003a) through mediators

of systemic inflammation. Circulating immune com-

plexes (CICs) constitute a heterogeneous group of

FccR ligands that differ not only in their ability to

trigger distinct cellular responses but also in the

mechanisms by which they induce cell activation

(Huizinga et al., 1988; Hundt & Schmidt, 1992). CICs

have also been demonstrated in Np patients (Cappio

et al., 1981; Fejes et al., 1983; Berliner, Horwitz &

Loughran, 2004). It is difficult to determine the role

of anti-PMN antibodies in the genesis of Np, as this

entity may also be associated with low expression of

CD16b (CD16b
low), such as in paroxysmal nocturnal

haemoglobinuria (PNH), a defect in GPI anchorage

(Nishimura, Murakami & Kinoshita, 1999), ‘null’

PMN CD16b expression (Huizinga et al., 1990a,b), or

PMN apoptosis (Dransfield et al., 1994; Aref et al.,

2004). PMN apoptosis is modulated by a wide diver-

sity of circulating cytokines and/or monokines such

as tumor necrosis factor-alpha (TNF-a) that rapidly

accelerate their apoptosis (Papadaki, Coulocheri &

Eliopoulos, 2000). Moreover, CICs may also mask

the interpretation of anti-PMN assays.

Two anti-PMN assays are recommended for diagno-

sis of auto-immune Np (Bux & Chapman, 1997): gran-

ulocyte immunofluorescence test (GIFT) (Verheugt

et al., 1977) and a leukoagglutination technique

(LAGT) (Lalezari, 1984). Based on reports from the lit-

erature, GIFT is sensitive, reproducible and specific but

not useful in discriminating between negative and

weakly positive results. Achieving a high accuracy

(100%) is unlikely because of variable levels of specifi-

cally or nonspecifically bound IgG that may be attached

in vivo to the PMN surface (Verheugt et al., 1977).

In this study, we evaluated PMN-reactive IgG by

flow cytometry using a modified GIFT (Riera et al.,

2006) and LAGT (Riera et al., 1990). In addition, the

PMN phenotype from patients and donors, CD16b
low,

CIC and TNF-a level were evaluated to improve the

laboratory diagnosis of immune Np. We present the

results of studies performed in samples from 50

patients submitted to our laboratory for evaluation of

anti-PMN antibodies and analyze the results in the

context of Lp/Np diagnosis.
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MATERIALS AND METHODS

Patients

Adult patients enrolled (50 patients aged between 21

and 76, comprising 40 women and 10 men) had not

been especially selected for this study and include all

those submitted to the laboratory for anti-PMN anti-

body screening. They were referred by the clinicians

with the following diagnosis: 18 Lp (36%), 25 Np

(50%), 5 patients having both Lp and Np (10%) and

2 with Lp and anaemia, (4%). Twenty-two of them

(44%) did not have other associated pathology. In

addition to cytopenia (Lp and/or Np), 28/50 (56%)

had either auto-immune, infectious, haematological,

or oncological diseases or were without any other

comorbid diseases. No active infections were detected

at the time of the study. Patients signed informed con-

sent and the Institutional Ethics Review Committee

approved the study.

Serum samples and controls

Ten ml of blood were drawn into a dry tube, evalu-

ated the same day and stored at )70 �C. Serum from

a healthy individual was used as reference throughout

the study (Ref-S). Human gamma globulin (Cohn

fraction, No. G2388; Cohn fraction II, III; SIGMA, St

Louis, MO, USA; 6 mg/ml) aggregated by heating

(aggreg-c) at 63 �C for 20 min was used as positive

control for GIFT.

Blood samples and cell preparation

Ten ml of blood was collected on 2.5% w/v ethylene

diamine tetra-acetic acid. Platelets were removed by

low-speed centrifugation (10 min, 90 g) and leukocytes

were obtained by dextran sedimentation (Riera et al.,

2006). Hence, all the assays were carried out from

total leukocytes.

Determination of human neutrophil alloantigen
phenotype

Polymorphonuclear neutrophil phenotype (Bux,

2008) was determined by using human monoclonal

antibodies against HNA-1a (CLB-gran/11,5D7 Accu-

ratechemical.com); CD177/HNA-2a (MEM-166, BD

Pharmigen, San Diego, CA, USA) and HNA-1b

(GRM1, kindly provided by Federico Garrido, MD,

Virgen de las Nieves Hospital, Granada, Spain). Cells

were stained for 30 min at room temperature and

washed twice. Then, antimouse IgG R-Phycoerythrin

(PE), rabbit F(ab0)2 (Dako, Carpinteria, CA, USA) was

added, incubated for 30 min at room temperature,

washed twice and resuspended in IsoFlow (FACS

Flow, Becton and Dickinson, Mountain View, CA,

USA). Stained cells were analyzed in a FACScan

cytometer using CellQuest software (Becton and

Dickinson).

Granulocyte immunofluorescence test: direct and
indirect test

Granulocyte immunofluorescence test was performed

(Riera et al., 2006) excluding nonviable cells, with 7-

amino-actinomycin D (7AAD; A9400; Sigma) (Philpott

et al., 1996) and goat F (ab0)2 antihuman IgG (Fcc)-PE

(Beckman Coulter Company, Marseille Cedex 9,

France). For direct (dir)-GIFT, 10 ll of antihuman

Fcc-PE [1/5 in phosphate-buffered saline (PBS)] and

5 ll of 7AAD (1/20 in PBS) were added to 0.25 · 106

unfixed leukocytes and incubated for 30 min at 4 �C
in ice water (Maher & Hartman, 1993). Indirect (Ind)-

GIFT was evaluated using 20% or 50% of each

patient’s serum and Ref-S, and either autologous PMN

(Auto-ind-GIFT) or PMN from a normal donor (Allo-

ind-GIFT). In addition, in 23 patients, undiluted sera

were tested with HNA-1a+/HNA-1a+ and HNA-1b+/

HNA-1b+ PMN. As positive control, aggreg-c was

added to cells. Thereafter, cells were analyzed as

described above.

In vivo PMN-bound IgG was detected by dir-

GIFT and results were expressed as a ratio (R) of

dir-Median (Med) of fluorescence intensity as

follows:

dir-Med R ¼ dir-Med-FI patient PMN

dir-Med-FI donor PMN

IgG binding to donor or self PMN (Ind-GIFT) was

evaluated in vitro using Auto- or allogeneic (Allo)

PMN and results were expressed as:

ind-Med R ¼ ind-Med-FI unknown serum

Ind-Med-FI Ref-S
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According to this ratio, a shift to the right on the

histogram from patient serum/donor or self PMN vs.

normal reference serum/donor or self PMN would be

associated with circulating IgG-anti-PMN antibodies

(auto- or allo-antibodies).

Absence of in vivo IgG binding to the surface of

the lymphocyte or monocyte was confirmed by anal-

ysis of the corresponding gates (Robinson et al.,

1987). No binding to autologous mononuclear cells

was observed.

Cut-off value of Ind-Med ratios

Distribution was not considered normal when skew-

ness or kurtosis was below )3 or above +3, and/or P

was <0.05 in the Shapiro–Wilks test. As the results

showed no normal distribution, the 95th percentile

was used as a cut-off value for GIFT.

Leukoagglutination activity test

Leukoagglutination activity test was determined

employing total leukocytes instead of purified PMN

(Riera et al., 1990). Results were scored as negative ())

or positive (1+, 2+, 3+, or 4+). A rabbit antihuman

PMN prepared in our laboratory against a pool of 10

healthy donors PMN was used as a positive control.

Circulating immune complexes

Circulating immune complexes were evaluated by

serum precipitation with 3.5% w/v polyethylene

glycol (Digeon et al., 1977).

Neutrophil subpopulation with low CD16b

expression

CD16b
low was evaluated by direct staining with the

following monoclonal antibodies CD49d-FITC (44H6,

Immunotech, Beckman Coulter Company), CD16-PE

(G38; Caltag-Invitrogen, California, CA, USA), CD45-

TC (J33; Cytognos, Salamanca, Spain) or using the

combination of CD16-FITC (3G8; Caltag-Invitrogen),

CD56-PE (B159; BD) and CD3-PE-Cy5 (UCHT1;

e-Bioscience, San Diego, CA, USA) and isotype-

matched antibodies. Samples were acquired and ana-

lyzed using R3 strategy of region intersections (Riera

et al., 2003). Results were expressed as percentage

(%) of CD16b
low cells obtained from CD16b histogram.

Paroxysmal nocturnal haemoglobinuria clone
detection

The presence of PNH clone was studied by direct

staining with CD59-FITC (MH clone MEM-43; Cal-

tag), isotype CD55 (mouse IgG1) and CD55-PE

(clone 67N-LO63; Caltag) on erythrocytes and PMN

cells (Galassi et al., 2001). In this evaluation, the

CD16b expression was included as another GPI recep-

tor marker.

Serum tumor necrosis factor alpha assay

Sera were heated at 56 �C for 30 min and stored at

)70 �C. TNF-a was measured according to manufac-

turers’ instructions by an ELISA commercial kit

(e-Bioscience).

RESULTS

Haematological parameters of patients referred
for anti-PMN evaluation

At the time of sample collection, haematological

parameters were tested, WBC count was normal in

13/50 (26%) samples. The diagnosis for 74% (37/50)

of the patients was Lp, and out of the 52% (26/50) of

the patients for whom the diagnosis was Np: 1/26 was

having exclusively Np and 25/26 were concurrently

having both Lp and Np. Severe Np was found in 10/26

of the patients, moderate in 7/26 and mild in 9/26. Only

two of these 26 patients had been referred for both Lp

and Np: no relationship could be established between

these cytopenias and gender or age of the patients.

Determination of HNA phenotype

Polymorphonuclear neutrophil phenotype from 26/50

randomly distributed patients and 124 healthy donors

were performed. In agreement with a previous com-

munication (de La Vega et al., 2008) high prevalence

of HNA-1b and HNA-2 was observed both in the

patients and in healthy donors. Some of these pheno-

typed PMN were assessed in Ind-GIFT.
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GIFT, LAGT reactions and CIC detection for the
study of Np patients

Analysis of dir-GIFT and ind-GIFT was carried out as

it is shown in Figure 1. A positive dir-GIFT was

observed in PMN from 8/50 patients (Figure 2a).

Among these, 4/8 had been referred to the laboratory

as having both Lp and Np associated with different

conditions: anti-Parvovirus B19 antibodies and vascu-

(a)

(b)

(c)

Figure 1. Flow cytometry analysis of dir-GIFT and auto- or allo-ind-GIFT in Np patients. Dir-GIFT analysis of PMN

from P41 (a) and from one PMN donor out of 50 carried out (b) is depicted. A-1 and B-1: a PMN region R1 was

drawn taking into account FSC vs. SSC. A-2 and B-2: R2 was carried out considering anti-Fc IgG PE and excluding

7AAD-stained cells gated on R1. A-3: direct median fluorescence intensity (dir-Med-FI) for P41 in a histogram of

R2. B-3: dir-Med-FI for control PMN in a histogram of R2. The dir-Med-FI ratio (dir-Med R) calculated as described

in Materials and methods is shown. (c) Ind-GIFT analysis of P10 serum or reference serum (Ref-S) and P10 PMN is

shown in C-1 to C-6. C-1 and C-4: a PMN region R1 was drawn on the basis of FSC and SSC. C-2 and C-5: R2

was carried out considering anti-Fc-IgG PE and excluding 7AAD gated on R1. C3: ind-GIFT considering Med FI of

P10 PMN and 50% serum (ind-Med-FI P10 serum). C-6: ind-GIFT considering Med FI of P10 PMN and 50% Ref-S

(ind-Med-FI reference serum). Ind-Median-FI ratio for the P10 PMN sample was calculated by dividing ind-Med-FI

P10 serum by ind-Med-FI Ref-S. ind, indirect; dir, direct; GIFT, granulocyte immunofluorescence test; Np, neutro-

penia; PMN, polymorphonuclear neutrophils; FSC, forward scatter; SSC, side scatter; 7AAD, 7-amino-actinomycin

D; PE, R-Phycoerythrin.
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litis (P2), systemic lupus erythematosus (P16), RA

(P18) and positive hepatitis C virus serology (P17).

The other four patients were referred as Lp cutaneous

allergy (P28); Np (P33); Lp (P35) and antibodies asso-

ciated with hypothyroidism (P41).

Nevertheless, PMN from patients with high dir-

GIFT showed different patterns when evaluated by

Auto ind-GIFT using 20% and/or 50% V/V sera (Ref-

erence values <1.85 and <2.07, n = 50 respectively). In

addition, reactivity of these sera against Allo-ind-GIFT

(Reference values 20%, 50% and 100% v/v sera <

1.69; n = 50, <1.87; n = 53 and <1.89, n = 23 respec-

tively) was different than that with Auto-ind-GIFT as

it is shown with P17 where a higher Allo- than Auto-

ind GIFT could be detected, while in P28 it did not

(Figure 2b).

Reactivity with allogeneic (Allo) PMN was not

related to previous PMN alloantigens exposure, as

patients showing positive included both those who had

been exposed and those who had not been exposed.

Taken together, Auto-anti-PMN antibodies were found

in 16/50 samples (32%). Nine of these samples (56%)

were only LAGT positive against self-PMN: four of

them belonged to patients with auto-immune diseases

and two with infectious diseases. Afterwards, we eval-

uated sera from patients with known donor HNA-PMN

through ind-GIFT and we found Auto-HNA-specific

antibodies in one patient. Regarding CIC determina-

tion, sera from 5/48 patients were positive, P17 being

(a)

(b)

Figure 2. Dir- and Ind-GIFT in

patients with Np. (a) Percentage

of PMN bearing in vivo bound

IgG (Dir-GIFT, %) in patients

P2, P16, P17, P18, P28, P33, P35

and P41; (b) an example of ind-

GIFT in P17 (light grey bars)

and P28 (dark grey bars). Auto-

ind-GIFT was performed by

reacting autologous PMN with

either 20% or 50% patients

serum. For Allo-ind-GIFT,

patient’s serum (20%, 50% or

100% final volume) was reacted

with allogeneic PMN. ind, indi-

rect; dir, direct; Np, neutropenia;

PMN; polymorphonuclear neu-

trophils; GIFT, granulocyte

immunofluorescence test.

Figure 3. Anti-PMN antibodies in Np and non-Np

patients. The number (n) of patients with severe

(PMN count <0.5 · 109 PMN/l), moderate (PMN

count: 0.5–1.0 · 109 PMN/l) or mild (PMN count:

1.0–1.5 · 109 PMN/l) Np and non-Np patients (PMN

count above 1.5 · 109 PMN/l) is shown. Dark grey

area: patients with positive anti-PMN antibodies (dir-

GIFT, ind-GIFT or LAGT) in each group. Light shaded

area: patients with negative anti-PMN results. ind,

indirect; dir, direct; Np, neutropenia; PMN; polymor-

phonuclear neutrophils; GIFT, granulocyte immuno-

fluorescence test; LAGT, leukoagglutination

technique.
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one of them. In this context, Np in this patient may be

associated with CIC. At the point of study, Auto-anti-

PMN antibodies, either by dir- or ind-GIFT and/or

LAGT, were detected in 35/50 sera from patients who

were non-Np (n = 24) as well as those who had Np

(n = 26). Allo-anti-PMNs were found in 32/50 by ind-

GIFT and/or LAGT. Among Np patients 8/10 were

severe, 6/7 moderate and 8/9 mild (Figure 3). In

non-Np individuals, 21 were positive for anti-PMN

antibodies and 11/21 were diagnosed with Lp.

Neutrophils with low CD16b expression and
serum TNF-a

A defect in membrane GPI anchorage determines

lower surface expression of molecules that are depen-

dent on its link. Because Np has been associated with

the presence of PNH (Nishimura, Murakami & Ki-

noshita, 1999; Abe et al., 2006), we evaluated CD55

and CD59 expression in both erythrocytes and PMN

together with CD16b expression to rule out PMN

apoptosis. Apoptotic PMN, measured as CD16b
low (ref-

erence cut-off value, 1.81%; n = 81), were found in

8/45 patients without PNH clone. Among these, 7/8

showed immune humoral factors detected by GIFT

and/or LAGT.

TNF-a has been suggested to be an underlying

cause for low-grade chronic inflammation, which in

turn has been really the cause of chronic idiopathic

Np (Aref et al., 2004) and, furthermore, as it is an

apoptotic stimulus from PMN inducing CD16b
low on

PMN, we measured its serum levels. Increased levels

of TNF-a were detected in 68% (24/35) of the

patient’s sera (11.4 · 10 pg/ml, cut-off value 95 per-

centile, for the normal reference value). Among

them, 50% of the patients were not associated with

other pathology, while 33% were associated. TNF-a
values of 6/8 patients who had higher percentages

of CD16b
low PMN were examined, and in four of

them they were elevated (12.3–18.5 pg/ml)

(Figure 4).

DISCUSSION

Immune humoral Np could be the consequence of

anti-PMN, CIC and /or antibodies against myeloid

precursors (Lamy, 2001; Boxer & Dale, 2002;

Palmblad & von dem Borne, 2002; Papadaki et al.,

2003). Currently, there are no international gold stan-

dards available as reference parameters for the assess-

ment of anti-PMN. As anti-PMN antibody testing

poses some problems (Stroncek, 2004) the use of a

neutrophil panel has been recommended (Bux, 2008)

in order to obtain reliable results. In this study, we

have used a combination of different laboratory tests

(LAGT, dir GIFT and ind-GIFT) to detect anti-PMN

antibodies (Bux & Chapman, 1997), in an attempt to

provide information that may help in evaluating their

relative impact. Additionally, we included evaluation

of several surfaces markers and mediator of cellular

responses such as FccRIII /CD16b and TNF-a to better

understand the genesis of Np.

As we had no access to a PMN panel, at the

moment of each evaluation, we focused our atten-

tion on dir-GIFT (IgG bound in vivo to the patient’s

PMN) and Auto-ind-GIFT (reaction of the patient’s

sera with patient’s PMN) but at least PMN cells from

one healthy donor was also assayed (Allo-ind-GIFT).

The same approach was followed for LAGT. Patients

were included in this study at random and not

dependent on the diagnosis they were referred, i.e.

whether the patients had preliminary diagnosis of Lp

Figure 4. CD16b
low PMN and serum TNF-a levels in

patients with apoptotic PMN. Percentage of CD16b
low

PMN (light grey bars) and serum TNF-a levels

(·10 pg/ml, normal range cut off value,

11.4 · 10 pg/ml) (dark grey bars) are shown for

eight patients with apoptotic PMN (PMN CD16b
low

expression, 1.81%). TNF-a was assayed by enzyme-

linked immunorsorbent assay and CD16b
low expres-

sion by flow cytometry as described in Materials and

methods. ind, indirect; dir, direct; PMN; polymorpho-

nuclear neutrophils; TNF, tumor necrosis factor.
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or Np associated with or without other pathologies.

On the day of sample collections, 52% (26/50) had

Np (severe, moderate or mild). We detected Auto-

anti-PMN antibodies by dir-GIFT in 16% of the cell

samples. Taking these results together, auto anti-

PMN antibodies (GIFT and LAGT) were found in

70% of the patients (35/50) and CIC in 10% (5/48)

of the sera. However, neither reactive nor agglutina-

ting anti-PMN factors, and/or negative CIC could be

detected in sera from other 8/50 patients. As at the

time of study, one-half of the patients (21/24) did

not have Np but had anti-PMN antibodies, it is

probable that these patients were starting to develop

Np. Interestingly, with the exception of one patient

with RA, patients who had Np in association with

other pathologies (infection or auto-immune diseases)

had at least one GIFT or LAGT positive anti-PMN

result. The differences observed between GIFT and

LAGT may be explained by the fact that only IgG anti-

bodies are evaluated by GIFT, while in LAGT, IgA and

IgM isotypes may be also involved in PMN agglutina-

tion (Verheugt et al., 1977) as well as CIC levels. Thus,

GIFT, LAGT and CIC determinations are useful for

detection of humoral factors involved in Np. However,

these assays do not ensure the specificity of the anti-

bodies from sera patients. In this context, the evalua-

tion of PMN phenotypes from patients and healthy

donors at the moment of the study, will allow further

studies in order to better research the specificity anti-

bodies, as we did by Allo-ind-GIFT with known PMN

from healthy donors. In line with this, we found high

prevalence of HNA-1 and HNA-2 among patients and

healthy donors, which is in accordance with the fre-

quency from Caucasian population (Hessner et al.,

1996; Stroncek, 2004; de La Vega et al., 2008), and,

furthermore, we were able to detect by Allo-ind-GIFT

Auto-anti-HNA-1a with undiluted serum in the out-

come of anti-PMN determination.

It is well known that low expression of CD16b, can

be the result of PMN apoptosis leading to Np. Besides,

isoantibodies against CD16b may also downregulate its

expression (Lamy, 2001). Therefore, we excluded a

general failure of CD16b GPI anchorage to PMN mem-

brane by checking CD55 and CD59 expression on

PMN and erythrocytes. The PNH clone was not found

in these Np individuals (Huizinga et al., 1990a). Fur-

thermore, we were able to identify a null PMN phe-

notype through the evaluation of CD16b, albeit this

receptor appears not to be critical for a normal effec-

tive PMN function (Huizinga et al., 1990b; de Haas et

al., 1995; Wagner & Hansch, 2004b). Another factor

that can lead to increased CD16b
low in PMN is TNF-a,

a cytokine that is released along infectious processes.

Although, in this study, we detected four patients

with high TNF-a values and increased CD16b
low

expression, no relationship could be established with

infectious diseases. Although CD64 expression was

not evaluated in this study and as it might be useful

in monitoring these patients, we are including it in

our current studies. Besides, we did not find correla-

tion between TNF-a sera levels and the number of cir-

culating PMN. Hence, in spite of previous reports

(Papadaki, Coulocheri & Eliopoulos, 2000), ours

results do not suggest any association between TNF-a
and Lp/Np.

In summary, simultaneous application of dir-GIFT,

ind-GIFT and LAGT as well as CIC determination lead

to a more accurate detection of the humoral factors

involved in the development of immune Np, how-

ever, laboratory diagnosis of this disease in adults can

be improved by focusing on patient’s PMN and assess-

ment of cellular markers that may shed light on the

genesis of Np.
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M., Gaddi E., de Bracco M.M. & Galassi

N. (2003) Detection of CD16low neu-

trophil subpopulations. Cytometry Part

B. Clinical Cytometry 51, 45–46.

Riera N.E., Kantor G.L., Khoury M.,

Parias-Nucci R., Rapetti M.C., Aixalá
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