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Summary

Myeloproliferative neoplasms (MPN) are clonal 
hematological conditions characterized by excessive 
production of one or more cell lines in the bone marrow. 
The blood cells produced are often hyperactive in their 
functions, which could lead to complications in the 
disorder‘s clinical course. We aimed to define the role of 
granulocytic CD11b/CD18 expression for the thrombotic 
risk in MPN patients. We investigated 110 patients with a 
histologically confirmed diagnosis of a myeloproliferative 
disease and a control group of 46 healthy volunteers. In the 
patient group, we found an average expression 4.59 times 
higher than in the control group. The highest expression was 
found in a subgroup of patients with polycythemia vera – 
71.55% of the patients’ neutrophils. In each subgroup with 
essential thrombocythemia, myelofibrosis, and chronic 
myeloid leukemia, the patients with a history of thrombotic 
complication had a higher expression than the patients 
without such complications.
Keywords: CD11b/CD18 granulocytic expression, 
myeloproliferative neoplasms, thrombotic complications

Introduction

Myeloproliferative neoplasms (MPN) are hematological 
diseases with clonal hematopoiesis and increased cell 
line proliferation. Classical MPNs include chronic 
myeloid leukemia (CML), polycythemia vera (PV), 
essential thrombocythemia (ET), and myelofibrosis 
(MF). These can be divided into two main groups, 
depending on the presence of Philadelphia chromosome 
t(9;22)(q34;q11) – Philadelphia-positive CML, and 
the rest of the Philadelphia-negative diseases. A point 
mutation V617F (G -> T, leading to dispositioning of 
phenylalanine with valine on the 617 position) of the 
JAK2 gene (encoding Janus kinase) is typical for the 
second group. Its prevalence is about 95% in PV and 
about 50-60% in ET and MF [1-9]. Mutation can be 
found in hematopoietic cells, leading to excessive cell 
proliferation and survival benefit by activating Janus 
kinase and increasing signal transduction in the JAK-
STAT signal pathway [8]. Often, MPNs are associated 
with a higher thrombotic risk with multifactorial 
genesis: patient-related factors, genetic factors, 
abnormal coagulation, blood cell variations, and 
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cell dysfunction [10-16]. After the year 2000, 
some studies focused on the role of activated 
leukocytes in patients with MPN as a thrombotic 
risk factor, the worse clinical manifestation of 
the disease, and frequent complications [17, 18]. 
CD11b/CD18 (Mac-1 complex) expression on 
the granulocytic membrane is a marker for such 
activation.

Given these data, we aimed to study the role 
of granulocytic activation by CD11b/CD18 
expression in MPN patients. Our tasks were 
to investigate the percentage of the patients’ 
neutrophils that express CD11b/CD18 and 
compare it with the control group, to define the 
type of MPN that has the highest expression 
of the marker, and also find an association 
between granulocytic CD11b/CD18 expression 
of MPN patients and a history of thrombotic 
complication.

Materials/Patients and Methods

We selected 110 patients with a confirmed 
diagnosis of MPN (according to WHO 2008 and 
WHO 2016 criteria and classification), aged 23-
90 years (median age 62.87 years), hospitalized 
at the Hematology Clinic of the Georgi Stranski 
University Hospital or on an out-patient setting 
in Pleven, Bulgaria between March 8, 2013, and 
July 1, 2020.

We compared CD11b/CD18 expression by 
flow cytometry, investigating a control group of 
46 healthy volunteers with no history of MPN 
or thrombotic complication (average age 62.52 
years, female: male ratio = 1:2).

Informed consent forms and questionnaires 
were obtained from all the participants. The 
questionnaire included information about 
passport data, disease history and ongoing 
therapy, concomitant medications, and other 
medical conditions (myocardial infarction, 
ischemic heart disease, arterial hypertension, 
heart failure, diabetes, obesity, hyperlipidemia, 
liver dysfunction, or solid tumors). We focused on 
past thrombotic events before and after diagnosis, 
family history of thrombotic complications, 
risk factors for thrombogenesis – recent 
surgery, trauma, prolonged immobilization, 
neoplasms, hormone therapy, and smoking. In 
female patients, special attention was paid to a 
history of spontaneous abortion and pregnancy 
complications.

Venous blood (7-10 ml) was obtained from 
all patients. We used flow cytometric analysis 
to determine the CD11b/CD18 expression in 
percentage. White blood cells were investigated 
2 hours after venous blood was obtained, 
using a dual-laser FACSCalibur cytometer 
(Becton Dickinson, Heidelberg, Germany). 
The analysis was performed with Cell Quest 
computer software. Blood cells were processed 
with two monoclonal antibodies, marked with 
two fluorochrome stains. After erythrocyte 
lysis (lysis buffer; Becton Dickinson) and 
two-step washing, white blood cells bound 
to monoclonal antibodies were resuspended 
and fixed in formaldehyde solution. After 
obtaining 10 000 cells from each patient, we 
investigated the cell size and granularity, using 
forward and side scatter (FSC/SSC) to define 
the population of interest (gating). The flow 
cytometer was calibrated daily with calibration 
beads, and results were analyzed with FACS 
Comp software©2007 Becton Dickinson. Cell 
subpopulations were identified by monoclonal 
antibodies fluorescence CD11b FITC, CD18 PE.

Results

Sex distribution was 47 females and 63 males 
– 1:1.34. Of all 110 patients: 34 (30.91%) were 
diagnosed with PV, 13 (11.82%) – with ЕТ, 35 
(31.82%) – with MF, and 28 (25.45%) – with 
CML. (Figure 1)

Median CD11b/CD18 granulocytic 
expression for all patients was 70.64%. 
Expression was 15.38% for the control group, 
i.e., 4.59 times lower. (Figure 2)

Median CD11b/CD18 expression was 
highest in the PV subgroup of patients – 71.55% 
of their neutrophils expressed the markers, i.e., 
4.65 times more than that in the controls. Nine 
of these patients (26.47% of the 34 PV patients) 
had a medical history of thrombosis. The 
expression was 69.07% - lower than the median 
PV subgroup expression, but 4.49 times higher 
than in the control group. (Figure 3)

In the ET subgroup, 69.48% of the patients’ 
neutrophils expressed CD11b/CD18 (4.52 times 
more than in the control group). Five of these 
patients (38.46% of 13 patients) had a medical 
history of thrombosis, and their expression was 
81.11% - higher than the median ET subgroup 
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expression and 5.27 times that of the control 
group. (Figure 4)

In the MF subgroup, 68.47% of patients’ 
neutrophils expressed CD11b/CD18 (4.45 times 
more than in the control group). Eleven of these 
patients (31.43% of 35 patients) had a medical 
history of thrombosis, and their expression was 
72.21% - higher than the median MF subgroup 
expression and 4.7 times more than in the 

controls. (Figure 5)
In the CML subgroup, 65.56% of the patients’ 

neutrophils expressed CD11b/CD18 (4.26 times 
more than in the control group). Five of these 
patients (17.86% of 28 patients) had a medical 
history for thrombosis, and their expression was 
65.91% - higher than the median CML subgroup 
expression and 4.29 times more than in the 
control group. (Figure 6)

Figure 1. Patient distribution according to diagnosis

Figure 2. Median granulocytic CD11b/CD18 expression in patient and control group 

Figure 3. Median granulocytic CD11b/CD18 expression in PV patients subgroup and control group
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Discussion

Thrombotic complications in MPN patients are 
frequent. One possible cause for this is formation 
of leucocyte-platelet aggregates [16]. Flow 
cytometry can confirm the presence of platelet 
microparticles and aggregates (anti-CD62p) and 
Mac-1 expression (CD11b/CD18), contributing 
to platelet and leukocyte activation, respectively. 
We found that MPN patients’ neutrophils 
expressed a 4.59 times higher percentage of 

CD11b/CD18 than that in the controls. Most 
investigators focus on PV and ET and not on 
the MPN group as a whole [18]. They have 
confirmed the role of activated neutrophils in the 
pathogenesis of thrombosis in these patients. We 
also found that the highest number of neutrophils 
expressing CD11b/CD18 was in the PV and 
ET subgroups. However, the highest number 
of patients with a history of thrombosis was in 
the ET subgroup (38.46% of all ET patients), 
and their median expression was the highest we 

Figure 6. Median granulocytic CD11b/CD18 expression in CML patients subgroup and control group

Figure 4. Median granulocytic CD11b/CD18 expression in ET patients subgroup and control group

Figure 5. Median granulocytic CD11b/CD18 expression in MF patients subgroup and control group
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found – 81.11%. This result may also be related 
to thrombocytosis, which is typical for this 
disease. Testing for platelet activation markers 
would be relevant (CD61, CD41, CD42b) in 
defining a possible relationship with our results. 
A higher percentage of neutrophils expressed 
CD11b/CD18 in patients who had experienced 
thrombosis than those without such history for 
ET, MF, and CML subgroups. These data suggest 
that testing for leucocyte activation markers 
should be performed to define thrombotic risk 
for the whole MPN group.

Conclusions

The overall median CD11b/CD18 neutrophilic 
expression for the MPN group was 4.6 times 
higher than in the control group. The highest 
percentage of neutrophils expressed these 
markers in the PV subgroup. In the ET subgroup, 
the highest number of patients experienced 
thrombotic complications with the highest 
number of neutrophils expressing CD11b/CD18. 
The neutrophils’ CD11b/CD18 expression was 
higher in ET, MF, and CML patients with a 
history of thrombosis than the patients in these 
groups without such a history.
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