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Abstract

Introduction: A specific clonality marker, may enhance diagnosis of myeloid neoplasms, particularly in challenging cases.
Neutrophil CD177, being exclusive to the granulocytic series, could represent a good potential marker. Our aim in this study
was to explore this assumption.

Methods: 213 subjects with benign and neoplastic’ myeloid disorders were included in this study. Peripheral blood neutrophils
were analyzed by flow cytometry (FC) for CD177+% and mean fluorescent intensity (MFI).

Results: CD177 showed 2 expression patterns; single& bimodal. Neutrophil CD177+ MFI was significantly higher in Ph-
negative c-MPNs (2.9-37.4; median 14.1), compared to controls (0.8-20.5; median 8.8). No significant difference in either
CD177% or MFI was observed between Polycythemia Vera (PV) and Essential Thrombocythemia (ET) groups. The PV group
showed a significantly higher, CD177 MFI compared to SE and control groups (4.8-37.4; median 16.5, 1.58-25.7; median 5.81,
0.85-20.5; median 8.8 respectively). Similarly, the ET group had a significantly higher CD177+ MFI compared to controls
(2.9- 34.5; median 13.4 versus 0.85-20.5; median 8.8 respectively). No significant difference in CD177+ neutrophil % or MFI
was observed in MDS patients compared to controls. No significant correlation was detected between CD177+% and MIF, nor
with the JAK2 V617F allele burden in JAK-2+ cases. A high specificity of CD177 MFI was only observed in; Ph-negative c-MPNs
(93%) & in differentiating PV from SE (85%); at a cutoff, of 20 p.d.u.

Conclusion: The CD177 expression is suggested as a good potential marker in Ph-negative MPNs, particularly in differentiating
PV and secondary erythrocytosis.
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Introduction

The CD177 is a member of the human Ly-6 gene
superfamily which encodes glycosyl-phosphatidylinositol
(GPI) anchored glycoproteins and has 70 to 100 amino
acids conserved domains. It is encoded by a polymorphic
gene with two alleles: PRV-1 and NBI1, with the former as
the most prevalent [1]. The NB1 gene is expressed by a
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subpopulation of neutrophils and carries Human Neutrophil
Antigen (HNA)-2a [2]. Although its function is not fully
understood, it has been demonstrated to facilitate neutrophil
endothelial transmigration [3-5]. The CD177 shows a
peculiar distribution pattern on neutrophils, with ~95% of
healthy individuals producing CD177+ neutrophils, and 5%
are CD177 deficient [6]. Individuals show a stable CD177
pattern over time, with distinct membrane CD177- and
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CD177+ neutrophil subsets. The percentage and expression
level of CD177 increase with granulocyte maturation from
CD11b+CD16- to CD11b+CD16+ cells [7].

Increased expression of CD177 with reported in many
disorders that increased neutrophil production or release. A
significant increase was particularly realized in c-MPNs and
its use as a potential clonal marker in these disorders has
been suggested by many researchers, using different methods
of expression analysis. These studies were particularly
intriguing since there is no established myeloid marker that
can be clinically applied in these disorders which constitutes
a critical diagnostic gap. Our aim in this study, therefore, was
to explore the potential of neutrophil CD177 expression as a
diagnostic marker in myeloid disorders.

Materials and Methods
Subjects

A total of 213 cases, diagnosed at Kasr Al-Aini Hospitals,
Cairo University during the period December 2014 through
January2016, were included. They comprised 3 main myeloid
disorders groups; benign neutrophilia, SE, and clonal myeloid
neoplasms, as well as a hematologically-normal group as a
control. Patients on G-CSF, Interferon or hypomethylating
drugs, or in the first 3 months of Hydroxyurea treatment; and
patients with MDS and a PNH clone; were excluded.

Methods

For each patient relevant clinic-pathological data were
anonymously obtained from patients’ records, excluding all
identifying data. Data included age, gender, final diagnosis,
directly relevant diagnostic investigations e.g. BCR-ABL1 &
JAK-2 etc.

During routine follow up patients visits, an extra 2 ml
EDTA-anti-coagulated whole blood samples were obtained
in coded -deidentified vacutainers, after obtaining the
patient consent. Samples were used for FC analysis of
CD177 neutrophil expression. A minimum of 10,000 events
were counted for each specimen. Neutrophils were gated
according to size (forward scatter, FSC) and complexity (side
scatter, SSC). Negative control samples were used. FACS Data
analysis was performed using CXP flow analysis software.
CD177-positive and CD177-negative populations were
obtained by placing the cutoff cursor at the value between
the positive and negative peaks. For samples with 2 positive
peaks, both peaks were included in the positive population.

Statistical analysis was carried out using SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago, IL, USA).

Results

The distribution of pathological entities included in the
study is shown in figure 1.

positive cells. E) A low percentage of CD177 positive cells.
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Figure 1: Patterns of peripheral blood neutrophil CD177+ve cells expression observed in flow cytometry. A) Bimodal pattern
detected in the study. B) CD177 single bright positive peak C) CD177 single dim positive peak. D) A high percentage of CD177
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Among the clonal MPNs neoplasms of 93 patients; 30
had PV, 20 had ET, 2 had PMF, 20 had BCR-ABL 1positive
CML, 15 had MDS, 5 had MDS/MPNs, and one had acute
myeloid leukemia (AML) on top of refractory cytopenia with

multilineage dysplasia (RCMD).

The interpretation and expression patterns of CD177on
peripheral blood neutrophils, by flow cytometry are
demonstrated in figure 2 a and b, respectively. Three patterns
are recognized; dim, bright or both (bimodal pattern), but
none was exclusive to a certain pathologic entity. A single
positive peak is seen in 88.5 % of cases (207/213) and
double positive peaks were seen in 11.5 % of cases (27/213).
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Figure 2A: Box blot of median, 25" and 75" quarter in
regards to CD177 +ve cells % in different study groups,
Abbreviation PMNs polymorphonuclear cells, P-ANCA
perinuclear anti neutrophil cytoplasmic antibody , MDS
myelodysplastic syndrome, MPNs myeloproliferative
neoplasms, PV polycythemia vera, ET essential
thrombocytosis ,CML chronic myelogenous leukemia.
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Figure 2B: Box blot of median, 25" and 75" quarter in
regards to CD177 +ve cells MFI in different study groups,
Abbreviation MFI mean florescent intensity measured in
procedure defined unit (p.d.u), P-ANCA perinuclear anti
neutrophil cytoplasmic antibody , MDS myelodysplastic
syndrome, MPNs myeloproliferative neoplasms, PV
polycythemia vera, ET essential thrombocytosis ,CML
| chronic myelogenous leukemia.
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The comparison of CD177 expression’ MFI and % of the

studied groups is diagrammatically represented in figure 3’
box plots. The correlation of CD177 MFI, CD177+ve cells %,
and the absolute neutrophilic count was not significant for
any of the studied groups. For JAK-2 positive PV (30) and
ET (20) cases, no correlation was detected between allele
burden and CD177 + neutrophils % (r0.135, p=0.475, and
r=0.126, p value =0.596, respectively).
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Figure 3A: Receiver Operating Characteristic (ROC)
curve showing that the area under the curve of CD177
+ve cells % as test in diagnosis of MDS and MDS/MPNs
versus Philadelphia negative myeloproliferative neoplasm
group was 0.643 with a p value of p=0.05. P value < 0.05
is considered statistically significant difference, P value <
0.01 is considered high statistically significant difference.
AUC >0.6 is considered a fair test, AUC >0.7 is considered
a good test, AUC >0.8 is considered a very good test, AUC
>0.9 is considered an excellent test.

_ considered an excellent test.
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Figure 3B: Receiver Operating Characteristic (ROC) curve
showing the area under the curve (AUC= 0.245 ) of using
mean florescent intensity (MFI) of CD177 +ve cells as test
in diagnosis of Polycythemia Vera (PV) versus Secondary
Erythrocytosis(SE) (p value 0.0002) ,P value < 0.05 is
considered statistical significant difference, AUC >0.6
is considered a fair test, AUC >0.7 is considered a good
test, AUC >0.8 is considered a very good test, AUC >0.9 is

Copyright© Rizk S, etal.


https://medwinpublishers.com/MJCCS/

Medical Journal of Clinical Trials & Case Studies

AUC=0.753

2
o

e
b

e
N

e
I

True positive rate (Sensitivity)
o o o o
[F I S

=

-]
o

0z [} 0O.E aa 1
False positive rate |1 - Specificity)

Figure 3C: Receiver Operating Characteristic (ROC )
curve showing the area under the curve of using CD177
mean florescent intensity (MFI) as test in diagnosis of
thrombocytosis secondary to MPNs and non MPNs causes
(AUC=0.753 ) with a p value of 0.0004, P value < 0.05 is
considered statistical significant difference, AUC >0.6
is considered a fair test, AUC >0.7 is considered a good
test, AUC >0.8 is considered a very good test, AUC >0.9 is
considered an excellent test.
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Figure 3D: Receiver Operating Characteristic (ROC )
curve showing the area under the curve of using CD177
MFI as test in diagnosis of Essential thrombocytosis and
secondary thrombocytosis group (AUC=0.274 )with a
p value of 0.007, P value < 0.05 is considered statistical
significant difference, AUC >0.6 is considered a fair test,
AUC >0.7 is considered a good test, AUC >0.8 is considered

a very good test, AUC >0.9 is considered an excellent test.
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The sensitivity and specificity of CD177 expression as a
discriminating diagnostic test between the different studied
groups is represented by the receiver operating characteristic
(ROC) curves in figure 4. A summary of the sensitivity and
specificity of CD177 expression at different cut-off values
is given in table 1. The CD177 MIF showed an AUC=0.274
(p-value 0.007), between ET and secondary thrombocytosis
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groups, which is considered. The CD177+ neutrophil %
showed an AUC=0.643 (p=0.05) in discriminating “MDS and
MDS/MPNs” from “Ph-negative MPNs”, which is considered
“fair”, and of 0.731(p< 0.002) in discriminating PV versus SE,
which is considered a “good test”.

Discussion

The CD177 expression is an exclusive and stable
neutrophil membrane glycoprotein which is elevated in
many conditions associated with their increased production
or release. Its significant elevation in c-MPNs triggered many
investigators to assess its potential use as a clinical diagnostic
marker in these disorders. These studies were particularly
intriguing since there is no reliable clonal myeloid marker
for these disorders, which constitutes a critical diagnostic

gap.

To explore this potential, a total of 213 subjects
diagnosed with benign and neoplastic myeloid disorders
were studied for peripheral blood neutrophil expression
of CD177 using flow cytometry. In this study, 3 patterns of
CD177 MFI expression were recognized: dim, bright or both
(bimodal pattern). None of these patterns was exclusive to
a certain disease entity. As to CD177+ %, a single positive
peak was seen in 88.5% of cases (207/213), while a 2-peaks
pattern was observed in 11.5% of cases (27/213).

The heterogeneous pattern of neutrophil CD177
expression was similarly reported in most studies, both
in healthy individuals and in myeloid disorders. A small
proportion of healthy individuals lack this antigen (CD177
null), with increased susceptibility to the development of
anti-neutrophil antibodies [2].

Although the mechanism of this heterogeneousness,
isn’t fully understood, recent studies have explored a variety
of prospects. Wu et al, identified 3 leucocyte populations
among their study cohort: negative (neg), intermediate
(int) and high (hi) with the bulk of people having a bi-modal
pattern, whereas some people having >20% of neutrophils
expressing CD177 at intermediate levels. In their sequencing
study, they identified a stop sequence arising from one base
substitution in base seven, as being responsible for the
CD177 null phenotype. In this variant, base seven is provided
entirely by CD177 Pseudogene (CD177P1); a sequence
homolog of CD177 exons 4-9 on the minus strand; through
allelomorphic conversion and is transmitted through the
germline. It is thus a heritable attribute which determines
the individual phenotype by the quantitative relation of
CD177/CD177P1 alleles. This phenomenon explains the
distinctive CD177 transcription into CD177neg and CD177hi
neutrophils among individuals [6].
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EulenbergGustavus, et al. studied the mechanisms of
subset restricted CD177 expression in bimodal people and
incontestible that solely CD177pos, neutrophils, might
manufacture CD177 macromolecule and messenger RNA.
Using haplotype analysis, they could identify a novel
monoallelic CD177 expression pattern, that doesn’t follow
classical random monoallelic expression or learning. During
this pattern, either the maternal or paternal allelomorph are
stably transcribed, whereas the opposite copy is silenced
throughout leucocyte differentiation, by tightly regulated
silencing mechanism. The incidence of two CD177positive
peaks, is another development discovered, with nevertheless
not fully understood molecular basis. The Ph-negative
c-MPNs represent the bulk of myeloid disorders cases
(52/93) in this study, with PV (30 cases) and ET (20 cases)
comprising the most entities. The BCR-ABL1-positive CML
cases were next in frequency (20 cases) [7].

The CD177 expression results for the full Ph-negative
c-MPNs group disclosed considerably higher MFI, however
no difference in CD177 leucocyte positivity%; compared to
controls. Similar results for the MFI and CD177 leucocyte
positivity%; were detected within the ET sub-group. While,
the PV subgroup, didn’t show a major distinction in CD177
expression (% and MFI) from the ET cases. However, they
showed considerably higher CD177 MFI values compared to
SE and controls. While the CD177+ neutrophil % for the Ph-
negative c-MPNs in this study were in agreement with those
reported by Slezak, et al. and Meyerson, et al. our CD177 MFI
results were contradictory [8,9]. The case variety and blend in
several studies might cut back the accuracy of comparisons.
In Meyerson et al. study as an example, the management
cluster enclosed some patients with reactive conditions
such as autoimmune disorders; that could increase the
CD177 expression compared to the hematologically-normal
subjects.

In examining PV and ET groups, our results agreed with
those of Cilloni, et al. and of Passamonti, et al. whereas they
were contradictory to those obtained by others [9-13]. In the
latter study, considerably higher expression levels of CD177
were reported in PV compared to ET groups. Variations in
the study population, patient inclusion criteria, and type and
length of therapy might partly justify the inconsistent results.

The significant elevation of CD177 expression in PV
patients within the current study compared to cases with
SE, was comparable to those in several previous studies [10-
12,14-17]. Bock, et al. however, using relative quantitation
of CD177 factor, reported contradictory results, but the two
techniques may not be accurately comparable [18].

Fifty patients in this study were JAK2 positive: thirty
with PV and twenty with ET diagnoses. In these patients,
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no significant correlation was detected between CD177
expression levels and the JAK2 V617F allelic burden. This
would possibly imply that overexpression of CD177 may
not be a consequence of JAK2V617F activation. The present
results were in step with those according to Rapado, et al.
[19]. However, they contradict alternative studies that
detected a robust correlation between CD177 expression
and JAK2 V617F allelic burden [20-24]. However, these
studies didn’t ensure a causative relation, but rather the
two markers are associated with the same disorder. Tefferi,
et al. hypothesized that CD177 overexpression was caused
by the STAT hyperactivation [21]. The authors suggested a
correlation between the 2 markers i.e. an associate allelic
dose-dependentresultof JAK2V617F on white corpuscle PRV-
1 expression; both show a considerably higher prevalence in
PV and post polycythemic myeloid metaplasia [16,25-28].

Accordingly, the JAK2V617F-associated increase in PRV-
1 would possibly represent a recapitulation of cytokine-
associated leucocyte activation that is mediated through the
JAK-signal transcription pathway [29].

Furthermore, a recent study by Shahrabi, et al.
recommended a prognostic value for variations within
the expression of CD177 in MPNs. The overexpression of
this marker in JAK2V617F positive MPNs might be a poor
prognostic issue related to the presence of microorganism
infection. The authors hypothesized that flow cytometric
immunophenotyping could also help assess the prognosis of
inflammatory and immune complications in MPNs [30].

Fifteen MDS cases were enrolled in our study and
showed no vital distinction in each CD177 expression
parameter (MFI and % positivity) compared to other groups.
Some studies have reported similar results [ 18,31]. Others
reported significantly different results in their MDS group
[9]. Meyerson, et al. reported a significant association of
skewed low neutrophil CD177(%) with clonal myeloid
disorders, particularly myelodysplasia, and suggested its
use for diagnosis in these disorders. They explained this
association on the same principle as the skewing of k and L
light chain ratio for determining clonal B cells based on the
expression of a single immunoglobulin type as a result of
allelic exclusion and its maintenance on tumor cells. Though
the reason for the association of low neutrophil CD177(%)
with MDS and CMML is not fully understandable, the authors
explained its possible relation to asynchronous or abnormal
expression in dysgranulopoiesis maturation. The low
neutrophil CD177(%) in their study however, had a limited
sensitivity for detecting MDS with only half of their patients
demonstrating a neutrophil CD17
7(%) below 40% [9].

In the current study, the sensitivity and specificity
of CD177 MFI in Ph-negative c-MPNs diagnosis was 48
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% and 77 %, respectively, which agreed with the results
reported by Tefferi, et al. the CD177 MFI similarly revealed
a high accuracy level in the differentiation between PV and
secondary erythrocytosis in this study (sensitivity 40%
and 85% specificity with a 20 p.d.u cut off) [21]. This was
in agreement with the results reported by Klippel, et al.
Passamonti, et al. Sirhan, et al. [11,12,14]. However, a low
sensitivity (AUC of 0.58) of the CD177 % in the diagnosis of
MDS patients was observed in our study. This contradicts the
results reported by Meyerson, et al. [9]. However, their MDS
patient’s diagnosis was not entirely based on WHO diagnostic
criteria as in the present study; a factor which may reduce
the comparability of their results.

In conclusion, our results suggest that CD177 expression
has good potential as a marker in the diagnosis of c-MPNs.
Flow cytometry analysis of CD177 expression is a simple
stable method in clonal myeloid neoplasms, particularly in
the diagnosis of challenging cases of Philadelphia-negative
c-MPDs such as triple-negative and pediatric cases, and in
differentiating ET from pre-fibrotic IMF. It would be also
useful in confirming the differentiation of c-MPNs from
reactive cases, especially PV and SE. Further larger studies
and wide-scale clinical trials of this marker are recommended
for clinical application.

Ethical Compliance

This study was performed according to the recognized
standards of the “Declaration of Helsinki” for the Protection
of Human Subjects including:

1. Anonymous collection of patient’s data, excluding all
identifying data. Obtained data included age, gender, final
diagnosis, directly relevant diagnostic investigations e.g.
BCR-ABL1 & JAK-2 etc.

2. Patient’s informed consent was obtained for the extra-
blood sample collection. A standard Informed consent
form is used according to the standards required in the
“Declaration of Helsinki” and in compliance with the
Ethical Committee of Cairo University.

3. Extra-sample was anonymously obtained during routine
follow up patients visits. Using coded de-identified
vacutainers after obtaining patient’s consent.
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