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Patients with thalassemia exhibit an increased risk of thrombotic events that is augmented after sple-
nectomy. Heparanase protein enhances cancer progression, angiogenesis, and inflammation; it also ac-
tivates the coagulation system through direct interaction with tissue factor (TF). Additionally,
erythropoietin, which is elevated in anemic patients, up-regulates heparanase expression via the Janus
kinase 2 (JAK-2) pathway. This study aimed was to explore the heparanase profile in thalassemia.
Coagulation factors were analyzed via immunostaining, enzyme-linked immunosorbent assay, and hep-
aranase procoagulant activity assay. In spleen specimens of thalassemia major patients, a higher level of
heparanase staining was observed compared with control spleens resected after trauma (P < 0.001).
Higher heparanase levels, heparanase and TF procoagulant activity, and erythropoietin levels were found
in the plasma of 67 thalassemia major patients compared with 29 control subjects. No difference was
found in pediatric patients (23 of 67) compared with adults or splenectomized versus nonsplenectomized
patients. Higher levels of heparanase, TF, TF pathway inhibitor, and TF pathway inhibitor-2 were observed
in liver, spleen, heart, and kidney tissues of thalassemia intermedia mice (Hbbth3/þ). These protein levels
significantly reduced when mice were treated with the JAK-2 inhibitor ruxolitinib (P < 0.0001). In
summary, heparanase levels are elevated in thalassemia, which may contribute to thrombotic phenomena
in these patients. Inhibition of heparanase or the JAK-2 pathway may reduce thrombotic risk in thal-
assemia. (Am J Pathol 2020, 190: 2146e2154; https://doi.org/10.1016/j.ajpath.2020.07.011)
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Patients with thalassemia have an increased risk of throm-
bosis that is elevated after splenectomy.1 Heparanase is a
protein that has been shown to enhance inflammation, tumor
growth, and angiogenesis.2 Previous studies have shown
that heparanase also activates the coagulation system by
enhancing tissue factor (TF) activity.3 In addition, it up-
regulates the expression of TF4 and releases TF pathway
inhibitor (TFPI) from the endothelial cell surface, resulting
in a prothrombotic state in endothelial cells.5 It is also
shown that activation of the JAK-2 pathway induces up-
regulation of heparanase. The latter effect is exerted by
erythropoietin, which is known to activate JAK-2, and is
abolished by ruxolitinib, an inhibitor of this pathway.6 High
levels of erythropoietin in patients with b-thalassemia have
been shown to be associated with increased activation of the
stigative Pathology. Published by Elsevier Inc
JAK-2 pathway.7 Given that high erythropoietin levels
up-regulate heparanase expression, we hypothesized that
heparanase levels and procoagulant activity could be
enhanced in patients with thalassemia major.
. All rights reserved.
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Heparanase Is Increased in Thalassemia
Materials and Methods

Study Group

The study was approved by the Institutional Ethics Com-
mittee on Human Research at the Rambam Health Care
Campus (Haifa, Israel). The inclusion criterion was
confirmed diagnosis of thalassemia major. Exclusion criteria
were acute infection or hormonal treatment. Sixty-seven
patients with thalassemia major were recruited. Twenty-
three of the 67 patients were aged <18 years. The control
group included 29 healthy adult individuals not using any
drugs or hormonal therapy.

Animal Model

The animal study was conducted under the protocols approved
by the Institutional Animal Care and Use Committee of the
Children’s Hospital of Philadelphia. The mouse model for
b-thalassemia intermedia Hbbth3/þ was purchased from The
Jackson Laboratory (Bar Harbor, ME).8 All animals (2.5- to
3.5-montheoldmalemice inC57BL/6 background)were bred
at themouse facility of the Children’s Hospital of Philadelphia.
Based on previous experiments,9 no sex difference in response
to JAK-2 inhibitor treatment was expected. Only male mice
were used in the current study to avoid hormonal effects on
heparanase levels.

Drug Preparation and Administration

INCB018424 (ruxolitinib) was purchased from ChemieTek
(Indianapolis, IN) and administered for 10 days, twice daily
by oral gavage, at a dose of 180 mg/kg. The stock solution
was in dimethyl sulfoxide. After the 10-day period, wild-
type animals (C57BL/6), as well as those with thalassemia
(Hbbth3/þ) or thalassemia treated with a JAK-2 inhibitor
(ruxolitinib), were euthanized and their organs embedded in
formalin.

Reagents and Antibodies

A single-chain GS3 heparanase gene construct, comprising
the 8 kDa and 50 kDa heparanase subunits (8 þ 50), was
purified from the conditioned medium of baculovirus-
infected cells. GS3 heparanase was assayed for the pres-
ence of bacterial endotoxin (Biological Industries, Beit
Haemek, Israel) using the gel-clot technique (limulus
amebocyte lysate test) and was found to contain <10 pg/mL
of endotoxin.4 Polyclonal antibody 1453 against the entire
65 kDa heparanase precursor, isolated from the conditioned
medium of heparanase-transfected HEK-293 cells, was
raised in rabbits. The antibody was affinity purified on
immobilized, bacterially expressed 50 kDa heparanase
glutathione S-transferase fusion protein.10 Monoclonal anti-
heparanase antibody 1E1 was generated by immunizing
BALB/C mice with the entire 65 kDa heparanase protein.
The American Journal of Pathology - ajp.amjpathol.org
Antibody 733 against a 15-amino-acid peptide, mapping at
the N terminus of the 50 kDa heparanase subunit, was raised
in rabbits.10 Recombinant human factor VIIa and plasma-
derived human factor X were purchased from Sekisui
Diagnostics, Inc. (Stamford, CT). All coagulation factors
were dissolved in double-distilled water. The chromogenic
substrate to factor Xa (I.D. 222, solubility: Tris buffer, pH
8.4) was purchased from Sekisui Diagnostics (Stamford,
CT). Bovine factor Xa was obtained from Sigma-Aldrich
Corp (St. Louis, MO). Polyclonal anti-human TF and
polyclonal anti-human TFPI antibodies were purchased
from Santa Cruz Biotechnology (Dallas, TX). Polyclonal
antieTFPI-2 was purchased from Bioss Antibodies
(Woburn, MA). Human erythropoietin enzyme-linked
immunosorbent assay (ELISA) kit RAB0654 was pur-
chased from Sigma (St. Louis, MO).

Histology Stains

Staining of formalin-fixed, paraffin-embedded 5-m sections
was performed. Slides were deparaffinized with xylene,
rehydrated, and endogenous peroxidase activity was quenched
for 30 minutes by 3% hydrogen peroxide in methanol. Slides
were then subjected to antigen retrieval by boiling (20minutes)
in 10 mmol/L citrate buffer, pH 6. Slides were incubated with
10%normal goat serum in phosphate-buffered saline (PBS) for
60 minutes to block nonspecific binding followed by incuba-
tion (20 hours, 4�C) with anti-TF, anti-TFPI, antieTFPI-2, or
anti-heparanase 733 antibodies, diluted 1:100 in blocking so-
lution. Slides were then extensively washed with PBS con-
taining 0.01% Triton X-100 and incubated with a secondary
reagent (EnVision kit;Dako,Glostrup,Denmark) or secondary
fluorescent reagent (Jackson ImmunoResearch Laboratories,
West Grove, PA) according to the manufacturer’s instructions.
After additional washes, color was developed with the AEC
reagent (Sigma). Analyses of tissue immunohistochemistry
results were performed by two of the authors unaware of the
slide allocation. Discrepancies in the analyses were reconciled
after assessment by a third reviewer. Five high-power fields
were evaluated in each stained slide. Staining intensity was
scored as follows: 0, no staining; 1,weak intensity; 2,moderate
intensity; and 3, marked intensity. Representative intensity of
staining is shown.

Plasma Preparation

Fresh venous blood samples of patients and control subjects
were collected into tubes with 3.2% sodium citrate. Blood
samples were centrifuged at 1500 � g for 15 minutes.
Plasma aliquots were frozen at �70 � 5�C. Plasma aliquots
for assays were thawed only once.

Heparanase ELISA

Wells of microtiter plates were coated (18 hours, 48�C) with
2 mg/mL of anti-heparanase monoclonal antibody 1E1 in
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50 mL of coating buffer (0.05 mol/L Na2CO3, 0.05 mol/L
NaHCO3, pH 9.6) and then blocked with 2% bovine serum
albumin in PBS for 1 hour at 37�C. Samples (200 mL) were
loaded in triplicates and incubated for 2 hours at room
temperature, followed by the addition of 100 mL of antibody
1453 (1 mL/mL) for 2 hours at room temperature. Horse-
radish peroxidaseeconjugated goat anti-rabbit IgG
(1:20,000) in a blocking buffer was added (1 hour, room
temperature), and the reaction was visualized by the addi-
tion of 50 mL of a chromogenic substrate (TMB; MP Bio-
medicals, Eschwege, Germany) for 30 minutes. The reaction
was stopped with 100 mL of H2SO4, and absorbance at 450
nm was measured by using a heparanase ELISA plate reader
(PowerWave XS; BioTek Instruments, Winooski, VT).
Plates were washed five times with a washing buffer [PBS,
pH 7.4 containing 0.1% (w/v) Tween 20] after each step. As
a reference for quantification, a standard curve was estab-
lished by serial dilutions of recombinant 8 þ 50 GS3 hep-
aranase (390 pg/mL-25 ng/mL).11

Heparanase Procoagulant Activity Assay

As previously reported,12 a basic experiment of factor Xa
generation was performed in the following manner. The
aforementioned concentrations were final. Twenty-five mi-
croliters of plasma, recombinant human factor VIIa (0.04
mmol/L), and plasma-derived human factor X (1.4 mmol/L)
were incubated in 50 mL of the assay buffer [0.06 mol/L
Tris, 0.04 mol/L NaCl, 2 mmol/L CaCl2, 0.04% (w/v)
bovine serum albumin, pH 8.4] at a total volume of 125 mL
in a 96-well sterile plate. After 15 minutes at 37�C, a
chromogenic substrate to factor Xa was added (1 mmol/L).
After 20 minutes, the reaction was stopped with 50 mL of
glacial acetic acid, and the level of factor Xa generation was
determined by using an ELISA plate reader (PowerWave
XS). Because heparins had been shown to abrogate the TF/
heparanase complex,3 in parallel, essentially the same assay
was performed but with the addition of fondaparinux (2.5
mg/mL) to the assay buffer. Bovine factor Xa diluted in the
assay buffer was used to generate a standard curve. The
subtraction of the first assay result from the second assay
result determined heparanase procoagulant activity. Thus,
the assay provided three results: heparanase procoagulant
activity, TF activity, and TF þ heparanase procoagulant
activity.

Statistical Analysis

Data were evaluated by using SPSS software for Windows
version 13.0 (IBM SPSS Statistics, IBM Corporation,
Armonk, NY). For variables with normal distribution, the
parametric t-test was used, and variables were summarized
as means � SD. For variables with nonnormal distribution,
the nonparametric U-test was used. The significance level
was set at P < 0.05. The Pearson correlation test was used
to evaluate correlations as indicated in the text.
2148
Results

Heparanase Levels in Spleen Tissue Resected due to
Thalassemia or Trauma

To provide clinical relevance to the assumption that anemia-
related increased erythropoietin levels in patients with thalas-
semia could up-regulate the expression of heparanase, spleen
tissues were compared from patients splenectomized due to
trauma or b-thalassemia major (Figure 1). Increased hepar-
anase staining intensity was observed in the blood vessels of
spleen samples derived from patients with thalassemia (nZ 5)
compared with those obtained from trauma patients (n Z 5,
P < 0.001). It was previously reported that disseminated
intravascular coagulation reduced heparanase levels.13 The
current study evaluated cases that, according to presurgery
coagulation blood tests that assessed prothrombin time, acti-
vated partial thromboplastin time, and fibrinogen levels, were
not in disseminated intravascular coagulation.

Heparanase, TF, and Erythropoietin in Patients with
b-Thalassemia Major

The results (Figure 1) encouraged us to study the plasma
samples of 67 patients with thalassemia major (44 adults and
23 patients aged<18 years). Characteristics of the study group
are shown (Table 1.). Significant differences between the adult
and pediatric patients were observed in ferritin levels and the
number of splenectomized patients. In plasma tests, hepar-
anase levels (Figure 2A) and procoagulant activity (Figure 2B)
were significantly higher in the adult patients with thalassemia
(n Z 44) compared with control subjects (n Z 29,
P < 0.0001). In contrast, no significant difference in these
parameters was noted between adult and pediatric thalassemia
patients (n Z 23), with both groups exhibiting higher values
than control subjects. Of note, the pediatric and control groups
were not directly compared because they were not age
matched. In addition, no significant difference in the evaluated
parameters was found between patients postsplenectomy
compared with nonsplenectomized patients. Results of TF
activity and erythropoietin level assessment were similar in
pattern to those of the heparanase data (Figure 2, AeD).
Likewise, comparison of the aforementioned parameters from
eight nonsplenectomized adult patients versus those of 36
splenectomized adults identified no significant differences.
Using Pearson correlation analysis, a medium-strength posi-
tive correlation was shown between heparanase levels/hepar-
anase procoagulant activity, heparanase levels/erythropoietin
levels, and heparanase procoagulant activity/erythropoietin
levels (Figure 2E).

Heparanase Levels Are Elevated in Thalassemia Mouse
Tissues and Can Be Attenuated by a JAK-2 Inhibitor

Findings of heparanase staining of heart, kidney, spleen, and
liver tissues obtained from control mice, animals with
ajp.amjpathol.org - The American Journal of Pathology
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Heparanase staining intensity in spleen, mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Trauma (left) 2 3

Thalassemia (right) 2 3 <0.001

Figure 1 Heparanase levels in spleen tissues resected
due to thalassemia or trauma. Increased heparanase
staining intensity is observed in the intraluminal blood
vessel space (black arrows) of the spleen sample derived
from patients with thalassemia (right panel) compared
with those from trauma patients (left panel). Represen-
tative images, captured with a Nikon E995 digital camera
(Nikon, Tokyo, Japan). Contingency table (bottom panel)
showing staining intensity in the spleen. In each group,
five spleen tissue samples were evaluated, and the mean
staining intensity of five different fields in each slide was
calculated. Significance was determined by using the
U-test. n Z 5 patients with thalassemia and trauma
patients. Original magnification, �50.

Heparanase Is Increased in Thalassemia
b-thalassemia intermedia, and those with thalassemia treated
with a JAK-2 inhibitor were compared (Figure 3). Staining
intensity in the blood vessels was significantly higher in all
the tissues derived from thalassemia mice compared with
control mice tissue and was dramatically reduced in the
tissues of animals treated with the JAK-2 inhibitor rux-
olitinib for 10 days, before euthanasia.

TF, TFPI, and TFPI-2 Levels Are Elevated in the Tissues
of Thalassemia Mice and Are Decreased with Exposure
to a JAK-2 Inhibitor

Results of TF, TFPI, and TFPI-2 staining of liver
(Figure 4A), kidney (Figure 4B), and heart (Figure 4C)
tissues, derived from control animals, untreated thalassemia
mice, and those treated with a JAK-2 inhibitor, were
compared. Similar to the heparanase pattern, in terms of the
evaluated parameters, staining intensity in the blood vessels
was significantly higher in thalassemia mouse tissues
compared with tissues in control mice and was dramatically
reduced in tissues of mice exposed to ruxolitinib.
Table 1 Demographic Characteristics of the Study Group

Characteristics
Control
subjects Adult patients

Age, years 23 � 3 22 � 6

Female sex, n (%) 15 (52) 21 (48)
Hemoglobin level, g/dL 14.8 � 0.6 7.4 � 0.9

Ferritin level, ng/mL 156 � 43 8057 � 4512

Time between blood transfusions, weeks NA 3.7 � 0.6
Splenectomized patients, n (%) NA 36 (81)

Data are expressed as means � SD, unless otherwise indicated.
n Z 29 control subjects; n Z 44 adult patients; n Z 23 pediatric patients.
NA, not applicable.

The American Journal of Pathology - ajp.amjpathol.org
Discussion

The current study identified elevated levels of heparanase in
blood vessels of spleen samples derived from patients with
b-thalassemia major compared with samples originating
from trauma patients. These findings were further
strengthened by the analysis of plasma samples from 67
patients with thalassemia major relative to 29 control sub-
jects. Not only were the heparanase levels and procoagulant
activity higher in the study group, but the TF activity was
also significantly elevated. No difference was found in re-
sults either between adult and pediatric patients or between
splenectomized individuals relative to nonsplenectomized
individuals. Indeed, most splenectomized patients were
adults, and most nonsplenectomized individuals were pe-
diatric patients. When comparing the adult splenectomized
group (n Z 36) versus the adult nonsplenectomized group
(n Z 8), again no significant difference was found in the
results. Interestingly, the dynamics of erythropoietin levels
displayed a pattern similar to that of heparanase and TF,
which could be suggestive of a potential contributing factor
Pediatric patients P value

8 � 3 0.91, control subjects versus adults
P < 0.0001, adults versus pediatric

13 (57) 0.85
8.1 � 0.5 P < 0.001, control subjects versus adults

0.82, adults versus pediatric
3598 � 2644 P < 0.0001, control subjects versus adults

P < 0.001, adults versus pediatric
3.5 � 1.1 0.81
2 (9) P < 0.0001
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Pearson correlation (r) P value 
Heparanase level/

heparanase procoagulant activity 

0.453 0.007

Heparanase level/TF activity 0.223 0.06

Heparanase procoagulant activity/

TF activity

0.155 0.09

Heparanase level/

erythropoietin level 

0.326 0.02

Heparanase procoagulant activity/

erythropoietin level

0.405 0.001

TF activity/erythropoietin level 0.092 0.2
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Figure 2 Heparanase, tissue factor (TF), and
erythropoietin in patients with b-thalassemia
major. A and B: Heparanase levels (A) and pro-
coagulant activity (B) are significantly higher in
adult patients with thalassemia (T-A) compared
with control subjects (Con). No significant differ-
ence in these parameters is observed between adult
and pediatric patients with thalassemia (T-P). In
addition, results are similar in splenectomized (SP)
compared with nonsplenectomized (N-SP) patients.
C and D: TF activity and erythropoietin levels are
similar in pattern to those of heparanase. E: A
medium-strength positive correlation is shown
between heparanase levels/heparanase procoagu-
lant activity, heparanase levels/erythropoietin
levels, and heparanase procoagulant activity/
erythropoietin levels. Data are expressed as
means � SD. The t-test was used in AeD; the
Pearson correlation test was used in E. nZ 44 adult
patients with thalassemia (AeD); n Z 29 control
subjects (AeD); n Z 23 pediatric patients
with thalassemia (AeD). ***P < 0.001,
****P < 0.0001.
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to each other. The fact that heparanase levels and procoa-
gulant activity positively correlated with erythropoietin
levels, while no correlation was found between TF activity
and erythropoietin, could imply that TF activity might be
determined by other factors. Using the thalassemia mouse
model, it was shown that in the blood vessels of all evalu-
ated tissues, heparanase levels, as well as TF, TFPI, and
TFPI-2, were elevated compared with levels in control mice.
However, these protein levels were dramatically reduced
with inhibition of the JAK-2 pathway.

High levels of erythropoietin were previously reported in
patients with thalassemia.14,15 The current study not only
showed higher levels of this hormone in patients compared
with control subjects but also revealed no significant dif-
ference in its levels between splenectomized and non-
splenectomized patients. Furthermore, in earlier studies of
b-thalassemia with its related anemia and hypoxia, high
levels of erythropoietin were found to be associated with
2150
increased activation of the JAK-2 pathway.7 It was previ-
ously reported that in several tumor cell lines, JAK-2 acti-
vation up-regulated the expression of heparanase protein,
and activation of JAK-2 by erythropoietin induced an in-
crease in heparanase levels.6 In the current study, patients
with thalassemia major displayed increased erythropoietin
and heparanase levels in plasma. It is possible that in thal-
assemia, elevated erythropoietin production up-regulates
heparanase expression via JAK-2.
Remarkably, in the thalassemia mouse model, elevated

heparanase levels were accompanied with increased levels
of key coagulation players such as TF, TFPI, and TFPI-2;
this scenario is in line with previous findings.16e18 The
tetrad of heparanase, TF, TFPI, and TFPI-2 may be partially
explained by the fact that heparanase up-regulates the
expression of TF4 and TFPI.5 Moreover, the heparanase
effect on TFPI is not limited to up-regulation of its
expression; heparanase is also found to induce TFPI release
ajp.amjpathol.org - The American Journal of Pathology
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Heparanase staining intensity in heart,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 1 4

Thalassemia (middle) 2 3 <0.0001

Thalassemia + 

JAK-2 inhibitor (right)

4 1 <0.0001

Heparanase staining intensity in kidney,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value 

Control (left) 5

Thalassemia (middle) 3 2 <0.0001

Thalassemia + 

JAK-2 inhibitor (right)

4 1 <0.0001

Heparanase staining intensity in spleen,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 5

Thalassemia (middle) 4 1 <0.001

Thalassemia + JAK-2        

inhibitor (right)

2 3 <0.0001

Heparanase staining intensity in liver,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 5

Thalassemia (middle) 1 4 <0.0001

Thalassemia +

JAK-2 inhibitor (right)

1 4 <0.0001

A

B

C

D

Figure 3 Heparanase levels are elevated in thalassemia mouse tissues, which can be attenuated by a Janus kinase 2 (JAK-2) inhibitor. Heparanase staining
of heart (A), kidney (B), spleen (C), and liver (D) tissues derived from control mice, animals with untreated thalassemia, and those treated with the JAK-2
inhibitor were compared. Staining intensity in the blood vessels (black arrows) is significantly higher in the thalassemia mouse tissues compared with control
tissue and is dramatically reduced in tissues of mice treated for 10 days with the JAK-2 inhibitor ruxolitinib, before euthanasia. Representative images,
captured with a Nikon E995 digital camera (Nikon, Tokyo, Japan). Contingency table (right panels) showing staining intensity in tissues. In each group, five
mouse tissue samples were evaluated, and the mean staining intensity of five different fields in each slide was calculated. Significance was determined by
using the U-test. n Z 5 (AeD). Original magnification, �50 (AeD).

Heparanase Is Increased in Thalassemia
from endothelial cells, rendering the endothelial cell surface
more procoagulant.5 The effect of heparanase on the
expression of TF, TFPI, and TFPI-2 was shown in a recently
published work reporting data on a heparanase over-
expression mouse model.16 It was found that in the
The American Journal of Pathology - ajp.amjpathol.org
microcirculation of the investigated tissues (lung and liver),
heparanase levels as well as TF, TFPI, and TFPI-2 levels
were increased. The latter proteins were also assessed in
another study, using a mouse model of malignant pleural
effusion to evaluate a peptide derived from TFPI-2 that
2151
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TF staining intensity in liver,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 1 4

Thalassemia (middle) 1 4 <0.0001

Thalassemia + JAK-2       

inhibitor (right)

2 3 <0.0001

TFPI staining intensity in kidney,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 5

Thalassemia (middle) 1 4 <0.0001

Thalassemia + 

JAK-2 inhibitor (right)

1 4 <0.0001

TFPI-2 staining intensity in heart,
mean of 5 fields of each organ

Absence Weak Moderate Strong P value

Control (left) 1 4

Thalassemia (middle) 1 4 <0.0001

Thalassemia +

JAK-2 inhibitor (right)

1 4 <0.0001

A

B

C

Figure 4 Tissue factor (TF), TF pathway inhibitor (TFPI), and TFPI-2 are elevated in tissues of thalassemia mice, which can be attenuated by using a Janus
kinase 2 (JAK-2) inhibitor. TF, TFPI, and TFPI-2 staining of liver (A), kidney (B), and heart (C) tissues derived from control mice, animals with untreated
thalassemia, and those treated with a JAK-2 inhibitor were compared. In accordance with previous findings and similar to heparanase levels,6 staining in-
tensity in the blood vessels (black arrows) in terms of these parameters is significantly higher in the thalassemia mouse tissues compared with control mice
tissue and is dramatically reduced in tissues of mice treated for 10 days with the JAK-2 inhibitor ruxolitinib. Representative images, captured with a Nikon
E995 digital camera (Nikon, Tokyo, Japan). Contingency table (right panels) showing staining intensity in tissues. Significance was determined by using the
U-test. n Z 5 (AeC). Original magnification, �50 (AeC).

Ghoti et al
inhibits heparanase interaction with TF. This heparanase
inhibitor not only reduced the heparanase level but also
attenuated the levels of TF, TFPI, and TFPI-2 in the pleura
and microcirculation adjacent to the pleural cavity.19 Inter-
estingly, in the tissues derived from mice treated with the
JAK-2 inhibitor, the degree of coagulation protein staining
was even lower compared with control findings. This result
may imply that JAK-2 pathway activation affects the
constitutional levels of these proteins in the perivascular/
intravascular space.

Patients with thalassemia seem to exhibit an increased
risk of thrombosis. The mechanisms contributing to
coagulation system activation are various and include
chronic platelet activation, alteration of red blood cell
membranes, abnormal expression of adhesion molecules
on vascular endothelial cells, and dysregulation of hemo-
stasis.1 Coagulation system activation markers, including
low levels of proteins C and S, and increased thrombin-
antithrombin levels, were observed in these patients.20
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Regular transfusions were found to decrease the risk of
thrombosis, whereas splenectomy significantly increased
such risk.1 Along with thrombocytosis that frequently oc-
curs after splenectomy, Trinchero et al21 reported a pro-
thrombotic state in splenectomized patients, characterized
by enhanced platelet activation. In that study, platelet and
coagulation parameters improved 1 hour after blood
transfusions, supporting the hypothesis that transfusion
might have a protective role in platelet hemostasis. Man-
akeng et al22 showed that patients with thalassemia dis-
played increased levels of platelets and red blood
cellederived microparticles. In addition, microparticles
derived from splenectomized patients induced the highest
platelet activation compared with those of non-
splenectomized patients and control subjects.23

The results of the current study suggest a new mecha-
nism of the procoagulant state in patients with thalassemia.
It is shown that heparanase and TF activity are elevated in
patients with thalassemia major compared with control
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subjects. The fact that no difference in these parameters
has been determined between splenectomized and non-
splenectomized patients may imply that this effect is not
involved in the increased risk of thrombosis in splenec-
tomized patients. The JAK-2 inhibitor ruxolitinib seems to
significantly reduce the level of heparanase in the mouse
model. This is in line with a previously reported finding of
a similar effect of ruxolitinib on heparanase in tumor cell
lines.6 In a meta-analysis of patients with polycythemia
vera treated with ruxolitinib compared with other thera-
pies, the number of thrombotic events was lower in the
ruxolitinib group, although this difference did not reach
statistical significance.24 These data may suggest a
decrease in heparanase levels and procoagulant activity as
a possible mechanism of reduced thrombosis after expo-
sure to ruxolitinib. Interestingly, Asperti et al25 reported
that in heparanase overexpressing mice, serum and liver
iron levels were elevated, whereas the hepcidin level was
low. Thus, other aspects of heparanase inhibition in the
context of iron homeostasis in thalassemia may emerge as
beneficial.

Conclusions

The current study shows that heparanase and erythropoietin
levels are elevated in patients with thalassemia major.
Erythropoietin may induce heparanase up-regulation, and
heparanase may contribute to the procoagulant state in these
patients. In a mouse thalassemia model, inhibition of JAK-2
was found to reduce heparanase levels and could potentially
reverse the prothrombotic phenotype. These results may
pose heparanase inhibitors as useful therapies in this clinical
setting.
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