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SUMMARY

Introduction: Paroxysmal nocturnal hemoglobinuria (PNH) is a

hemolytic, clonal and acquired disorder of the hematopoietic stem

cell with a deficiency of all glycophosphatidyl-inositol (GPI) linked

proteins. The aim of this retrospective study was to analyse haema-

tological and biochemical data from 152 patients referred to our

laboratory for diagnosis of PNH by flow cytometry (FC).

Methods: Patients and healthy donor (152 and 99 respectively) were

studied. Ham, sucrose, lactate dehydrogenase (LDH), Iron, hapto-

globin (Hp), blood cell morphology and Kaplow cytochemical stain

for leukocyte alkaline phosphatase (LAP) were carried out. GPI-

proteins anti-CD55 and CD59 in erythrocytes and the former, plus

anti CD16b and CD66b on neutrophils were evaluated by FC.

Results: Anemia and/or leukopenia and/or thrombocytopenia,

increased reticulocyte count and LDH were observed in patients

with PNH clone. Some of them had dacriocytes, schistocytes. LAP

was low. On average, we detected 50% CD59 (�) erythrocytes and

29, 83, 78% CD55/59 (�), CD16b (�), CD66b (�) neutrophils,

respectively.

Conclusion: Paroxysmal nocturnal hemoglobinuria clone was

detected in 20/152 patients. Negative population’s percentages

were high in patients with classic PNH, Hematimetry, LAP and

adequate use of CF contribute to PNH clone detection in the

laboratory.

INTRODUCTION

Paroxysmal nocturnal haemoglobinuria (PNH) or

Marchiafava-Micheli syndrome is a haemolytic, clonal

and acquired disorder of the haematopoietic stem cell

with associated production of affected blood cells [32].

PNH is the consequence of the somatic mutation

in an X-linked gene (PIG-A gene) involved in the

synthesis of glycosyl phosphatidyl inositol (GPI). GPI

anchors a number of proteins of the cellular mem-

brane [21], and their lack may be responsible for most

of the PNH symptoms [6, 13, 30]. Among these symp-

toms, cytopenias, iron deficiency, infections, altered

kidney functions and thromboembolic events can be

found in PNH patients [24]. Vein thromboembolism is

one of the most severe conditions that occurs in
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12–40% of cases, the most frequent being localization

in the hepatic vein. On the other hand, intravascular

haemolysis has been related to the presence of free

haeme, which is able to interact with nitric acid

metabolism and oxidative damage production,

although it may be also associated to the occurrence

of thrombosis through the activation of endothelial

cells [9, 25].

As it has been reported, there is a diminished

expression of proteins such as CD55 (DAF- decay

accelerating factor), CD59 (membrane inhibitor of

reactive lysis), CD16b (FccRIIIb), CD66b (member of

carcinoembryonic antigen), CD14 (membrane recep-

tor) and CD24 (signal transducer CD24) as well as

leucocyte alkaline phosphatase (LAP) [10].

PNH has been classified into three groups by Inter-

national PNH Interest Group as follows: (i) CLASSIC:

patients with haemolysis and thrombosis, (ii) SUB-

CLINICAL: patients with small PNH clone, without

clinical or laboratory haemolysis and (iii) PNH in the

setting of other bone marrow failure syndromes such

as aplastic anaemia (AA) and myelodysplastic

syndromes (MDS) [32]. It is currently considered that

immune-mediated injury of hematopoietic cells is

implicated in PNH marrow failure as well as in AA. A

possible explanation being that some GPI-anchored

proteins may be a critical target recognized by

immune effector cells. PNH clones not possessing

these critical GPI-anchored proteins will survive

because they are selectively resistant to the autoim-

mune assault that eliminates most normal clones.

MDS, another clonal condition, shares physiopatho-

logical characteristics with PNH, such as bone marrow

failure, response to immunosuppressants and the pres-

ence of protein deficient cells anchored to GPI [5, 18].

The deficiencies in CD55 and CD59 have also been

reported in other haematological disorders such as

lymphoproliferative syndromes, particularly in acute

lymphoblastic leukaemia and Hodgkin lymphoma [19,

20].

The oldest and most traditional laboratory tests

employed for the diagnosis of PNH are Ham and

sucrose which evaluate the susceptibility of erythro-

cytes to haemolysis due to complement activation [3,

7, 8]. More recently flow cytometry (FC) assays have

also been introduced for the identification and quanti-

fication of GPI-anchored proteins (GPI-APs) [11, 15].

FC assays use labelled antibodies directed against

GPI-anchored proteins (AP). At least two GPI-APs in

two different blood cell populations have been recom-

mended, which allows the exclusion of congenital

absence of antigen expression and polymorphism,

among others [2, 31, 35]. Although CD55 and CD59

were used on red cells for FC analysis, CD59 allowed

for a more accurate expression and the identification

of subpopulations: PNH I are erythrocytes with nor-

mal expression of CD59, while PHN II and PNH III

have partial or complete deficiency of CD59 [2, 21,

24].

The aim of this retrospective study was to analyse

clinical, haematological, and biochemical data from

152 patients referred to our laboratory for diagnosis of

PNH by FC assays. This study followed guidelines

outlined by [26]. Due to the unavailability of FLAER

in our country, we were unable to follow the guide-

lines proposed by [2].

MATERIALS AND METHODS

Patients

One hundred and 52 patients, ages ranging between 2

and 86, 99 females and 53 males, referred to our

laboratory for PNH diagnosis from 2002 to 2012, and

99 healthy donors were evaluated. Both the patients

and the control group gave their informed consent

according to the ethical standards for medical research

on humans of the Helsinki Declaration of the World

Medical Association and the Ethics Committee of

Academia Nacional de Medicina.

Blood samples

Fifteen millilitre of peripheral blood (PB) was obtained

from patients and from healthy controls. PB was

collected in K3EDTA. Ham and sucrose tests were car-

ried out as previously described [7, 8]. Lactate dehy-

drogenase (LDH) [14], iron and haptoglobin (Hp)

were determined in serum samples. PB smears were

employed to blood cell morphology and Kaplow

cytochemical stain for LAP.

Monoclonal antibodies

The following monoclonal antibodies to GPI-linked

protein CD55 PE (clone 67 N -L063, mouse IgG1),
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CD59 FITC (clone MEM-43, mouse IgG2a), CD16b PE

(3G8) all from Caltag Invitrogen (California, CA, USA),

CD66b FITC (G10F5, BD Pharmingen, San Diego, CA,

USA) as well as CD45- PE-Cy5 (HI30; BD Pharmingen)

and CD49d (44H6; Chemicon International, Inc.,

Temecula, CA, USA) a transmembrane form were

employed.

PNH clone detection

In erythrocytes, PB was centrifuge at 180 g for

10 min, and an aliquot of the globular package was

washed three times with saline solution (PBS) and

diluted 1/400 in PBS for identification of red cells.

After that, 0.1 ml of the suspension was stained with

antibodies anti-CD55 or anti-CD59 for 30 min at 4 °C,

washed and suspended in isoflow Becton Dickinson

(BD), and 25 000 red blood cells were acquired in

FACScan-BD and the software used was CELLQUEST (BD

San Jos�e, CA, USA). In neutrophils, two protocols

were followed: (i) erythrocytes were lysed with

NH4CL, washed with PBS and stained with both anti-

bodies CD59 and CD55 for 30 min at 4 °C, washed

and resuspended in isoflow: (ii) whole blood cells

were stained with CD16b, CD66b and CD45 antibod-

ies, and then, red blood cells were lysed with BD lys-

ing solution and processed as indicated above.

Thereafter, 5000 events were acquired in the neu-

trophils gate and the total of white cells in the sample

ranging between 25 000 and 50 000. In addition,

given that eosinophil does not express CD16, CD49d,

staining was employed as strategy to corroborate the

negative expression of CD16b on neutrophils [27].

FC analysis

The marking was done on erythrocytes and on

neutrophils determining CD55 and CD59 expression

on the former and the expression of CD55, CD59,

CD16b and CD66b on the latter cells. To analyse these

markers, the cut-off values were determined in

erythrocytes and neutrophils from healthy controls.

Taking into account the CD55 expression is decreased

on erythrocytes, it was found convenient to set a ratio

of the mean fluorescence intensity (MFI) detected

between each patient and healthy control.

Besides, the cut-off values for the other GPI-AP

were determined on the basis of percentage of nega-

tive cells in healthy controls expressing those markers.

When GPI-AP was >1% of negative cells, PNH clone

presence was considered. Representative flow

cytometry analyses are shown in Figure 1.

RESULTS

Patients

They were classified according to the clinical back-

ground and the laboratory results in four groups.

Group I, n = 20 (13.2%): patients with haemolytic

anaemia and/or AA with PNH clone. Group II n = 41

(27.0%): bone marrow failure (AA, SMD) patients.

Group III n = 39 (25.6%): anaemia and/or thrombosis

(with or without haemolysis) patients. Some of them

had unknown iron deficiency origin. Group IV n = 52

(34.2%): low counts of leucocytes and/or neutrophils

of unknown origin patients.

As it is shown in Table 1A, the erythrocytes and

haemoglobin values were decreased in all groups

compared with healthy controls. Groups I, II and IV

show a decrease in the absolute number of leuco-

cytes. It is interesting to note that Group II, with

AA-MDS, shows the lowest leucocyte counts. In

Group I, on the other hand, there was a ‘dismissed’

platelets counts. ANOVA test (one-way analysis of

variance) was used for the statistical analysis.

Besides, Ham and sucrose tests gave negative results

in Groups II, III, IV and in healthy subjects, while

18 PNH patients (Group I) tested positive for both

tests (data not shown).

As can be observed in Table 1B, only patients

from Group I (i.e. those with PNH clone) showed a

significant decrease in MFI CD55 ratio on erythro-

cytes, as well as significant increase in low expres-

sion of CD59 on erythrocytes or CD55/CD59, CD16b

and CD66b on neutrophils (Figure 1a,b). Different

phenotypes were detected using anti-CD59 on ery-

throcytes.

Among the results obtained from Groups II, III and

IV, there were patients showing a higher percentage

of negative cells than the cut-off value in one GPI-AP

marker on erythrocytes or on granulocytes, which

were considered as ‘inconclusive’ data. Besides, a small

number of patients showed increased percentages of

negative cells in different GPI-AP on the two cell pop-

ulations that were named as ‘suspect’. The proportion
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(a) 1) 2) 3)

4) 5) 6) 7)

(b) 1) 2) 3)

(c) 1) 2) 3)

Figure 1. Representative flow cytometry histograms of GPI-AP expression in some patients with PNH clone. Dark

lines correspond to normal control. a-1 Red blood cells (RBCs). Examples of the CD55 and CD59 expression are

shown with different erythrocyte phenotypes. (a-2 and a-3) Phenotype I, (a-4 and a-5) Phenotype II, a-6 and a-7)

Phenotype III. M, marker; M1, normal expression of CD59; M2, partial expression of CD59; M3, negative

expression of CD59. B neutrophils (N). (b-1) R1 of N was drawn on forward and side Scatter. Two examples of

CD59FITC and CD55PE are shown. (b-2) 86% and (b-3) 16% of negative N expression. C: N. (c-1) R1 of N was

draw CD45PerCP and side scatter. c-2 and c-3, respectively, show low CD16b and CD66b expression. Overlay

histograms: bold line shows normal control samples; grey shading for PNH patient samples. M1, normal expression

of CD16 and/or CD66b; M2, low expression of CD16 and/or CD66b.
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of ‘inconclusive’ results was found in 12%, 15% and

13% of patients and the proportion of ‘suspect’ results

in 3%, 2%, 5% of patients. Examples of data from

five patients are shown (Table 2).

Characteristics of PNH group

Paroxysmal nocturnal haemoglobinuria (PNH) clone

was found in 20 patients: 13 (65%) showed classic

PNH, 6 (30%) had AA, and 1 (5%) had chronic

myeloid leukaemia (CML). Eight patients (40%) were

male and 12 (60%) female. Two patients were under

eighteen, and the adults average age was 44 years old

(range 18–75 years).

As can be observed in Figure 2, in PNH patients,

the smear examination of erythrocyte morphology

showed that the main alteration was the presence of

elliptocytes followed by dacryocytes or tear-drop cells,

target cells, basophilic stippling, schistocytes and

spherocytes. In addition, the evaluation of haemato-

logical and biochemical parameters showed that

100% of the patients presented an increase in assays

of the haemolytic state such as LDH and reticulocytes

(Table 3), while the other parameters evaluated such

as haptoglobin, LAP, Hb, iron, red cell distribution

width (RDW) and indirect bilirrubin were variable

among the samples. We also detected low neutrophils

and, although as a whole, platelet counts were in

the normal range; in 12/20 patients, decreased num-

bers were observed. Regarding the two patients with

high numbers of platelets, one of them had CML

diagnosis.

The FC analysis in PNH patients showed that the

percentage of negative cells was high (>20%) for all

Table 1. Patients groups′ characteristics: Group I: Patients with haemolytic anaemia and/or aplastic anaemia with

PNH clone. Group II: Patients with bone marrow failure (aplasic anaemia, myelodysplastic syndromes). Group III:

Patients with anaemia and/or thrombosis (with or without haemolysis). Some of them presented unknown iron

deficiency origin. Group IV: Patients with low counts of leucocytes and/or neutrophils of unknown origin

Characteristics Group I PNH

Group II

AA-MDS

Group III

Anaemia

Thrombosis

Group IV

Leucopenia

Healthy

controls P value

Number of patients 20 (13.2%) 41 (27%) 39 (25.6%) 52 (34.2%) 99

(A) Haematological parameters (mean � SD)

Erythrocytes

(91012/L)

3.0 � 0.7 3.2 � 0.8 3.9 � 1.0 4.5 � 0.6 4.7 � 0.3 <0.01*

Haemoglobin (g/dL) 8.8 � 2.2 9.5 � 2.2 11.0 � 2.5 12.0 � 1.3 14.6 � 0.9 <0.01*
Leucocytes (9109/L) 4.6 � 2.1 3.2 � 1.4 7.7 � 3.2 3.5 � 1.5 6.3 � 1.4 <0.01†
Platelets (9109/L) 208 � 240 81 � 86 286 � 149 245 � 84 245 � 55 <0.01‡

(B) Flow cytometry: GPI-anchored proteins expressions (%) (mean � SD)

CD55 (MFI pac/

MFI control)(E)§
0.50 � 0.23 0.92 � 0.21 0.96 � 0.26 1 � 0.28 1

CD59 (�) (E)§
25 � 11 0.53 � 0.76 0.34 � 0.52 0.22 � 0.21 0.22 � 0.15

CD55/59 (�) (N)¶
29 � 21 0.32 � 0.44 0.16 � 0.39 0.52 � 1.10 0.17 � 0.17

CD16b (�) (N)¶
83 � 16 3.3 � 4.0 2.3 � 3.6 1.7 � 2.6 0.52 � 0.59

CD66b (�) (N)¶
78 � 22 ND ND ND 0.43 � 0.41

ND, not done.

Statistical analysis: ANOVA (one-way analysis of variance).

*Between healthy controls and groups I, II, III,IV.

†Between Healthy controls and groups I, II, IV.

‡Between healthy controls and groups I, II.

§Erythrocytes. ¶Neutrophils.
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the markers determined in erythrocytes and neu-

trophils (Table 1B). Erythrocytes type I and III; 8/20

(40%) type I, II and III y 2/20 (10%) type I and II

were found in 10/20 (50%) of patients.

When we analysed neutrophils, we found a differ-

ent expression among the markers used: the percent-

age of negative expression of CD55/CD59 was smaller

than that of CD16b and CD66b.

DISCUSSION

Paroxysmal nocturnal haemoglobinuria (PNH) is the

consequence of PIG-A gene mutation. This product is

involved in an early step in the synthesis of GPI. The

clonal disorder affects the haematopoietic stem cell,

which may, in turn, affect the production and func-

tion of erythrocytes, neutrophils and platelets. Investi-

gating PNH clone in other clinical conditions was

suggested as such disorders of bone marrow failure or

where normal haematopoiesis failed [2, 24].

This study includes data from 152 patients referred

to our laboratory, in the last 10 years, for the PNH

diagnosis. According to their clinical background and

laboratory results, we distributed our patients in four

groups: patients with PNH clone, patients with AA

and MDS, haemolytic anaemia or iron deficiency of

unknown origin and patients with neutropenia. FC

assays allowed for the diagnosis of 20 PNH cases.

Although PNH is rarely found in children or teen-

agers, we detected two patients with PNH clone in

those age groups.

In agreement with other authors [22, 23, 33], we

believe the PNH clone should be researched particularly

Table 2. Examples of Inconclusive and suspect PNH clone results

Patient group Diagnosis

Result

type

CD55

ratio E

CD59

(�) E

CD55-59

(�) N

CD16

(�) N

II MSD Inconclusive 0.8 0.11 0.07 20.72

III Anaemia Inconclusive 0.9 0.08 1.17 0.55

II AA Inconclusive 0.7 0.44 0.02 7.45

IV Leucopenia Suspect 0.6 0.25 1.58 4

II AA Suspect 1 2.24 0.07 7.88

Increased cells negative expression that the cut-off point in bold, MSD, myelodysplastic syndrome; AA, aplastic anae-

mia; E, erythrocytes; N, neutrophils; PNH, Paroxysmal nocturnal haemoglobinuria.

Table 3. Haematological and biochemical parameters

in PNH patients

Parameter Value

Patients

(n/%)

LDH High 20 (100%)

Reticulocytes High 20 (100%)

Haptoglobin Low 19 (95%)

Iron Normal 19 (95%)

LAP Low 19 (95%)

Hb Low 19 (95%)

RDW High 15 (75%)

Indirect bilirrubin High 14 (70%)

Neutrophils Low 13 (63%)

Platelets Low 12 (60%)

MCV High 9 (45%)

LDH, lactate dehydrogenase; LAP, leucocyte alkaline

phosphatase; Hb, haemoglobin; RDW, red blood cell

distribution width; MCV, mean cell volume; PNH, Parox-

ysmal nocturnal haemoglobinuria.

Spherocytes
5%Tear drop 

cells
25%

Target cells
20%

Basophilic 
stippling

15%
Elliptocytes

50%

Schistocytes
10 %

Figure 2. PNH patients: Erythrocyte morphology.

Percentage of PNH patients (n = 20) with

morphology alterations.
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in the context of bone marrow failure, haemoglobinuri-

a and thrombosis without apparent cause.

When we confronted FC data with the traditional

HAM and sucrose tests, we found coincidences except

in only two patients. One of them tested HAM posi-

tive, and the other only on sucrose. This patient

showed a low percentage of erythrocyte type III; we

might consider the Ham test to be less sensitive than

sucrose in the detection of the PNH clone. The other

patient, HAM positive but sucrose negative, showed

an elevated score of LAP (data not shown), the high-

est level of haemoglobin and a high count of erythro-

cytes might have compensated for the lack of GPI

(and anchored proteins) resulting in negative sucrose

result.

In the erythrocyte morphology study of the PNH

patients, the dacryocytes (tear-drop cells) were detected

in 25% of the samples, which are frequently associated

with medullar failure [1, 4]. The presence of schisto-

cytes was observed in 5% of the patients, which often

associated with thrombotic events [16, 36].

Results of PNH patients (Group I) show low

haemoglobin and/or leucocytes count. Even though

the average platelet count was normal, the range of val-

ues was wide. There were 12/20 patients with lower

platelet and 2/20 patients with higher platelet counts

(one of them with LMC diagnosis) (Table 1A). A higher

reticulocyte count and LDH activity confirm the hae-

molytic condition and were the consequences of

increased erythrocyte susceptibility to complement

mediated lysis. LDH activity is a parameter of

haemolysis which is associated with free haeme, the

metabolism of nitric oxide and the oxidative stress.

Increased thrombosis and platelet activation are other

consequences [25, 35]. The unsettling of any of these

systems causes serious damage to different organs. Cur-

rent treatments with eculizumab prevent intravascular

haemolysis in patients with PNH. The response to this is

obtained by monitoring LDH levels [12, 17].

CD55 and CD59 expressions were used to analyse

red cells, and with normal individuals, the absence of

CD59 marking was found to be 0.22% of erythrocytes

[2]; therefore, we think that the technique used has

adequate sensibility. This should prove useful in PNH

clone detection as regards early occurrence, identifica-

tion of the subclinical type of disease or in the context

of other clinical entities.

CD59 marking was not only more sensitive than

that with CD55, it also enable the identification of

different erythrocyte types (phenotype) in the light of

fluorescence intensity [10], (Figure 1). Then, we

concluded that, as stated in 2009 Consensus, CD59 is

the marker of choice for erythrocytes.

Low expression of CD16 on neutrophils might be

detected in myelodysplastic syndromes or in the con-

text of apoptotic neutrophils in neutropenia. Besides

less than 1% of people have null phenotype or

CD16b absence on neutrophils [28, 29]; to confirm

HNP clone, we evaluated CD66b expression as an

additional control in our study.

Then, in concordance with other authors, we

evaluated at least two GPI-linked antigens on two

different blood cell populations. This would the

exclusion of congenital absence of antigen expression,

polymorphism, haemolytic event, transfused cells

among others [2, 35]. Antigen deficiency may be pres-

ent even in some normal individuals (data not

shown) [34]. Furthermore, the proportion of affected

cells differs among the cell populations.

The expression of CD14, a GPI-anchored protein,

on monocytes was researched only in nine patients by

triple dialling: CD66bFITC/CD16bPE/CD14 PerCP-Cy-

5.5 (BD Pharmingen). The number of cells obtained

in the monocytes region was between 2500 and 5000

cells (total white cells 25 000–50 000). The evaluation

of patient sample was always matched to normal vol-

untary donors. We found low expression of CD14 in

normal monocytes <1% and >70% on PNH patients

(n = 3). LAP score was added to our protocol to evalu-

ate more GPI-APs and resort to the use a different

methodology.

The present retrospective study through FC has

enabled us to make a reliable diagnosis of PNH clone

presence in 20/152 patients in the context of haema-

tological parameters. ‘Suspect’ results have alerted us

to the need for further exploration including other

GPI-AP.
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