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Abstract

The aim of the study is to investigate the expressions of Wnt signal pathway proteins (Wnt-1/B-
Catenin/E-Cadherin) in polycythemia vera and essential thrombocythemia. In addition to 25
Polycythemia vera and 25 Essential thrombocytosis cases who received bone marrow biopsies with the
diagnoses of Polycythemia vera and Essential thrombocytosis, 25 normocellular bone marrow biopsies
were included as the control group. In cells belonging to erythroid, myeloid and megakaryocytic series
in the bone marrow biopsies of the cases, Wnt-1, f-catenin and E-cadherin expressions were examined
by the immunohistochemical method. For each series, staining up to 10% was accepted as negative,
and 10% and higher staining was accepted as positive. In the Essential thrombocytosis cases, there was
a significant increase in the Wnt-1 expression in the megakaryocytic series and E-cadherin expression
in the erythroid series (p<0.05). When the cases were assessed within themselves based on the three
series, an increase in E-cadherin and E-cadherin expression in the erythroid series in the Polycythemia
vera cases and Wnt-1 expression in the megakaryocytic series in the Essential thrombocytosis cases
was observed (p<0.05). B-catenin expression was not encountered in the cases. Consequently, it was
considered that Wnt-1 may be associated with megakaryocytopoiesis in ET cases, and E-cadherin may
be associated with erythropoiesis in ET cases. However, it will be beneficial to repeat the study on
broader myeloproliferative neoplasm series and assess other factors in the Wnt pathway.
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1. Introduction

According to World Health Organization (WHO) classification, myeloproliferative neoplasms (MPN)
are ivided into 7roups. PV and ET constitute 2 separate disease groups in this classification (Georgii et
al. 1998; Swerdlow et al. 2008).

Polycythemia vera is a disease with an insidious onset that is characterized by excessred blood cells
increasing independently of normal erythropoiesis mechanisms. In almost all patients, the JAK2 V617
somatic mutation in the JAK kinase gene leading to proliferation in not only the erythroid series but also
the granulocytic and myeloid series is observed(Bloom and Bartelmez 1940; Kralovics et al. 2005;
Swerdlow et al. 2008; Tsiftsoglou et al. 2009; Porwit et al. 2011).
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Essential thrombocytosis is among myeloproliferative neoplasms (Gianelli et al. 2006). The discase
primarily concerns the megakaryocytic series. There is no known biological marker for the diagnosis of
ET. There is a mutation in the JAK kinasegenein40-50%of cases(Murphy 1999; Ding et al. 2004;
Kralovics et al. 2005; Levine et al. 2005; Gisslinger 2006; Swerdlow et al. 2008).

Wnt-1, Wnt-5a, Wnt-2b and Wnt-10b have been cloned from human fetal bone stromal cells(DALE
1998; Brandon et al. 2000). Although the effects of the Wnt signal pathway on the hematopoietic
system are partially known, it also has a significant role in the development of various organs. During
fetal hematopoiesis Wnt proteins, especially WntSa-Wnt-10 bare expressed in the yolk sac and the liver
and in the embryo hematopoiesis takes place in both of these. The Wnt 3A protein is important in self-
renewal of hematopoietic stem cells. These genes play an important role in determining the fate of
several types of cells during carcinogenesis and embryogenesis(Austin et al. 1997).

[-catenin is a cytoplasmic protein which is a component of the Wnt signal pathway. It has been found
that the Wnt/B-catenin pathway has a significant role in the self-renewal of stem cells in different tissues
like the intestinal crypts, hair follicles and hematopoietic cells(Van Den Berg et al. 1998). Throughout the
life of the individual hematopoietic stem cells are reconstructed through proliferation and
differentiation. B-catenin has these two effects.

E-cadherin is found in the Wnt signal pathway. It is an important adhesion molecule that serves in a
bond with calcium in the adhesion of cells to each other. It is found on the surfaces ofepithelialcells. It is
an important tumor suppressor gene. The E-cadherin(ECAD) geneis localized at CDH116q22.1. Loss of
the ECAD genele adsto loss of cellular adhesion, metastasis development and shortened lifespan. In
addition to the sepathways, the bone marrow contains the ScF/c—kit signal pathway, Notch signal
pathway, HOX signal pathway and EPO signal pathway (Brandon et al. 2000; Domen and Weissman
2000).

The aim of the study is to investigate the expressions of Wnt signal pathway proteins (Wnt-1/B-
Catenin/E-Cadherin) in polycythemia vera and essential thrombocythemia.

2. Materyal Metod

Twenty-five PV and 25 ET cases who received bone marrow biopsy with the diagnoses of PV and ET at
the Department of Hematology at the Karadeniz Technical University School of Medicine, as well as 25
normocellular bone marrow biopsies as the control group, were included in the study The present study
followed the Declaration of Helsinki for medical protocols and ethics. The Karadeniz Technical
University Institutional Review Board approved the study plan under protocol 2011/4.

2.1 Immunohistochemical assessment

The paraffin blocks and slides of the cases were taken out of the archive of the pathology department.
The H&E-stained slides were reevaluated and the suitable paraffin blocks were selected. For
immunohistochemical staining, three 5-micron-thick cross-sections were taken out of each paraffin
block on to adhesive-coated glasses. From the paraffin blocks of each case 3cross-sections were
prepared to study Wnt-1, E-cadherin and, B-catenin.

At the next stage, all staining steps including deparfinization and antigen release were facilitated by
using a Benchmark XT automated immunohistochemistry staining device. The antigenic staining
procedure was carried out with a peroxidase-labeled Streptavidin-biotin kit and diaminobenzidine
chromogen. Mayer’s Hematoxylin was used for surface staining. As the positive control group, breast
invasive ductal carcinoma tissue was used for immunohistochemical markers. The slides were assessed
by the same single observer. In the immunohistochemical assessment, for all three antibodies,
assessment was made to include 2000 cells in the erythroid, myeloid and at least 20 megakaryocytes. In
the assessment, for each series, staining upto10% was considered negative, while staining of 10% or
more was considered positive.

2.2 Statistical analysis

All cases were subjected to statistical analysis by comparison based on theWnt-1, Beta—catenin and
E-cadherin antibodies and expression characteristics. The statistical analyses were carried out at the
Department of Public Health at the Karadeniz Technical University School of Medicine. Chi-
squared test was used to compare the qualitative data. The data obtained by counting are expressed
in%.
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3. Results

Among the total of 75 cases included in the study, 25 were PV cases (Figure 1), 25 were ET cases
(Figure 2), and 25 were the control group. Among the PV cases, 12 (48%) were female and 13(52%)
were male, among the ET cases,16(64%) were female and 9(36%) were male and among the control
cases, 15 (60%) were female, and 10 (40%) were male. The age distribution of the PV cases was as 29-
79 (mean: 57.48), that of the ET cases was as 23-80(mean: 47.92), and that of the control group was as
25-72 (mean: 47.44). With Wnt, staining was observed in the megakaryocytic series inl PV case. No
positive result was observed in the myeloid and erythroid series. With E-cadherin, positive results were
obtained in the erythroid series in 6 PV cases and in the megakaryocytic series in 1 PV case. No positive
result was observed in the myeloid series. With B-catenin, no positive result was observed in the PV
cases.

With Wnt, positive results were observed in the megakaryocytic series in 6 ET cases (Figure3). No
positive result was observed in the erythroid and myeloid series. With E-cadherin, positive results were
observed in the erythroid series in 12 ET cases (Figure 4). No positive result was observed in the
myeloid and megakaryocytic series. With f-catenin, no positive result was found in the ET cases.

With Wnt, positive results were obtained in the megakaryocytic series in 2 of the control cases. No
positive result was observed in the erythroid and myeloid series. With E-cadherin, a positive result was
observed in the erythroid series inlcontrol case. No positive result was observed in the megakaryocytic
and myeloid series. There was no positive result in the control group cases with B-catenin. Table I
presents PV, ET and control group cases with Wnt-1, B-catenin and E-cadherin expressions.

In the comparison of the ET, PV and control group cases with B-catenin and the immunohistochemical
expression results, no significant result could be obtained (p>0.05). However, in the comparison of the
ET, PV and control group cases withWnt-land the immunohistochemical expression results, in the
megakaryocytic series, 24% positive results in the ET cases, a 4% positive result in the PV cases and a
4% positive result in the control cases were obtained. In the ET cases, there was a significant difference
in terms of the Wnt-1expression in the megakaryocytic series (p<<0.05). In the comparison of E-cadherin
and the immunohistochemical expression results, in the erythroid series, 48%positive results in the ET
cases, 24% positive results in the PV cases and a 4% positive result in the control cases were observed.
In the ET cases, there was a significant difference in terms of the E-cadherin expression in the erythroid
series (p<0.05). In the control group, a 4% positive result was obtained with E-cadherin in the erythroid
series. No significant difference was determined(p>0.05).

Table I: Immunohistochemical findings of the ET, PV and control groups.

Case 'Wnt-1(n) E-cadherin(n) [B-catenin(n)

PV (n:25) ER |[MY | MG | ER | MY | MG | ER | MY | MG
Negative 25 | 25 24 19 25 24 | 25 25 25
Positive 0 0 1 6 0 | 0 0 0
ET (n:25)

Negative 25 | 25 19 13 25 25 | 25 25 25
Positive 0 0 6 12 0 0 0 0 0
Control(n:25)

Negative 25 | 25 23 24 25 25 | 25 25 25
Positive 0 0 2 1 0 0 0 0 0

Abbreviations. PV: Policytemavera, ET: Essential thrombocytemia, ER: Erythroid lineage , MY:
Myeloid lineage, MG: Megacaryocytes
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Figure 1: Trilineage hyperplasia in a case of polycythemia vera (H&E; x100).

Figure 2: Increased megakaryocytes with hyperlobulated appearance in normocellular bone
marrow in an essential thrombocytosis case (H&E; x100).
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Figure 3: Cytoplasmic positivity with Wnt-1 in megakaryocytes in an essential thrombocytosis
case (IHC; x200)

Figure 4: Membranous positive staining with E-cadherin in the erythroid series in an ET case
(IHC; x200)
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4. Discussion

According to the World Health Organization (WHO) classification, myeloproliferative neoplasms
(MPN) are divided into7 groups. PV and ET constitute two separate disease groups in this classification.
PV is a disease that is characterized by excessed blood cells that increase independently of normal
erythropoiesis mechanisms, while the increase in all three series in the bone marrow is note worthy.
While an increase in platelets is prominent in an ET megakaryocyte increase is prominent in the bone
marrow. It is known that the JAK-2 mutation has a diagnostic significance in both disease groups.
However, the JAK-2 mutation is not helpful in reaching a differential diagnosis between PV and ET. It
is known that both diseases have origins from hematopoietic stem cells (Shih and Lee 1994; Jantunen et
al. 1999; Briére 2006; Thiele and Kvasnicka 2006; Swerdlow et al. 2008).

Different pathways take roles in the renewal and differentiation stages of hematopoietic stem cells.
These pathways include the Wnt, SF/c-kit, Notch, HOX, EPO-induced signal pathways(Brandon et al.
2000; Tsiftsoglou et al. 2009). Although the effects of the Wnt signal pathway on the hematopoietic
system are partially known, not many studies have been conducted in the literature for assessment of
this pathway in the bone marrow in myeloproliferative neoplasms. In this study that we conducted to
investigate the role of the Wnt signal pathway in the pathogenesis of ET and PV and whether or not it
would be helpful in the differential diagnosis of these two diseases, we investigated the expressions of
Wnt-1, B-catenin and E-cadherin that are found in the Wnt signal pathway in the bone marrow in ET
and PV cases. In the analysis carried out by considering all three series (erythroid, myeloid,
megakaryocytic) withWnt-1, positive results were obtained in the megakaryocytic series by 4% in the
PV cases, 24% in the ET cases and 8% in the control group. When an intergroup analysis was conducted
with these results, a significant difference in the megakaryocytic series was observed in the ET cases,
and it was concluded that Wnt-1 has a role in megakaryocytopoiesis in ET cases. While there is no
study in the literature which has investigated Wnt expression in myeloproliferative neoplasms, there are
studies emphasizing the significance of the Wnt pathway in hematopoiesis and somenon-hematological
tumor groups. Carlene et al. examined the effects of Wnt proteins on hematopoietic cells, and in the
study they conducted in a culture medium (chicken and quailembryo), they determined that, when the
suitable conditions were provided, normal hematopoiesis(erythrocyte, monocyte, macrophage and
platelet) occurred in the bone marrow(Gumbiner 1996).Van den Berg et al. investigated the role of the
Wnt gene family in hematopoiesis and reported that every Wnt receptor showed an effect by bondin
with a different Wnt protein(Van Den Berg et al. 1998).Toshiyuli et al. emphasized that the targets of Wnt
proteins are stromal proteins. Additionally, they reported that, other than Wnt, B-catenin is also effective
in signal regulation (Yamane et al. 2001). Studies conducted on non-hematological cases have reported
that Wnt pathway proteins take a role in the pathogenesis of phyllodes tumors of the breast, there is an
increase in stromal nuclear -catenin accumulation in a phyllodes tumor, and these pathways have a role
in early tumor development and progression. It was reported that epithelial membranous and stromal
nuclear B-catenin, epithelial cytoplasmic Wnt-1 and epithelial E-cadherin expression showed an
increasing trend with an increasing degree of tumor, but the difference was not significant(Karim et al.
2009).Maria J. L. et al. stated that vitamin D receptor loss in colon tumors have a role in excessive
activity in the Wnt/B-catenin pathway, and in relation to this, speeding up the growth and malignancy of
the tumor(Larriba et al. 2011).With B-catenin, no positive result was encountered in the ET, PV and
control group cases. Monica P. et al. investigated the role of PB-catenin in the pathogenesis of
myeloproliferative neoplasms. In PV/ET cases, higher rates of cytoplasmic positive results were
reported especially in megakaryocytes in comparison to chronic myeloid leukemia (CML)/ chronic
idiopathic myelofibrosis (CIMF) series. The authors did not observe staining with B-catenin in the
control group of normal bone marrows and explained these staining differences with morphological
differences in megakaryocytes and stated that, while megakaryocytes are small, dysmorphic and
hypolobulatedin CML, they are reflected in the morphology with a hyperlobulated appearance in CIMF,
PV and ET. They reported that B—catenin positivity may provide benefits in distinguishing PV and ET
from reactive processes. This conclusion was made by considering that, while f-catenin was positive in
megakaryocytes in ET and PV cases, it was negative in the control group. Although there was strong
cytoplasmic staining in PV and ET series with B-catenin in megakaryocytes, nuclear staining was not
observed. The authors stated that nuclear staining is a more reliable finding that will reveal the
activation of B-catenin and therefore the Wnt signal pathway(Jauregui et al. 2008) Serinsdz et al.
determined that [-catenin showed cytoplasmic moderate/strong staining in megakaryocytes in
myeloproliferative diseases withthe Philadelphia chromosome negativity (Serins6z et al. 2004). In our
study, as opposed to the data in the literature, negative results were obtained in all cases in the PV, ET
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and control groups. As the reasons that might have caused this difference, it was thought that the
different primary antibody clone used in our study and the chemical agents we used for bone marrow
decalcification may have reduced the antibody sensitivity. However, considering the positivity observed
in the breast cancer tissue that we used as external control, it may also be concluded that B-catenin
expression was actually not present. Additionally, studies to be conducted by increasing the numbers of
cases and using different antibody clones may provide a contribution to this topic.
In their study conducted to investigate the role of P-catenin deficiency in lymphopoiesis and
hematopoiesis, Monica C. et al. reported that T and B cell development was normal, and B-catenin
deficiency was in significant in hematopoiesis, but they included the interpretation that it may be
necessary to discuss the Wnt signal pathway in treatment-related processes in the hematopoietic
system(Cobas et al. 2004). Studies conducted in non-hematological case groups have reported nuclear
and/or cytoplasmic staining with B-catenin. Rakheja D. et al. determined that 33% of solitary fibrous
tumors showed nuclear staining with B-catenin, while the rest showed cytoplasmic staining(Rakheja et
al. 2005). Settakorn J.etal. determined that most of 31 intrahepatic cholangiocarcinoma cases showed
granular cytoplasmic staining with f-catenin, while some showed membranous staining and others
showed nuclear staining(Settakorn et al. 2005).Studies on myeloproliferative diseases have reported
cytoplasmic staining (Serinsdz et al. 2004; Jauregui et al. 2008).
In our study, in the PV cases, a 4% positive result in the megakaryocytic series and 24% positive results
in the erythroid series were observed with E-cadherin, while no staining was determined in the myeloid
series. In the ET cases, while positivity was observed at a rate of 48% in the erythroid series, no
positivity was observed in the megakaryocytic and myeloid series. In the control group, while there was
a 4% positive result in the erythroid series, no positive result was observed in the megakaryocytic and
myeloid series. When an intergroup analysis was conducted with these results, a significant difference
was seen in the erythroid series in the ET cases and it was concluded that E-cadherin has a role in
erythropoiesis in ET cases. While there is no study in the literature that has been conducted with E-
cadherin in myeloproliferative neoplasms, studies covering leukemia cases reported an increase in the
growth and transformation of leukemic cells by a decrease in the expression of E-cadherin(Rao et al.
2011). Zhonghua X.etal.showed tha tloss of E-cadherinin leukemic cells causes transcription and
translocation activation of B-catenin in target genes(Rao et al. 2008) .SubotickiT.et al. suggested that the
Whnt/B-catenin signaling pathway has a role in the angiogenesis of PMF and in the thrombopoiesis of PV
andET. Hence, targeting the Wnt/B-catenin signaling pathway could open new avenues for novel
therapeutic approaches in ber/abl-negative MPNs (Geduk et al. 2015). SubotickiT. et al. Our results
indicat et hat B-catenin has different pattern of expression in different subtypes of MPNs. While in PV
and ET patients Wnt/ B-catenin signaling pathway may have role in megakaryocytopoiesis, p-catenin
may act as an angiogenic factorin PMF patients(Suboticki et al. 2018).

In conclusion, our findings indicate that Wnt-1may be associated with megakaryopoesis in ET and E-
cadherin with erythropoiesis in patients with ET. However, studies with larger patient population and
evaluating other factors in the Wnt pathway for myeloproliferative neoplasms would be appropriate.
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