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Abstract
Aim: The objective of this study was to elucidate the effects of tumor necrosis factor a (TNF-a), interleukin 1b (IL-1b),
interleukin 2 (IL-2), interleukin 6 (IL-6), and interleukin 8 (IL-8) on the expression of soluble endothelial protein C receptor
(sEPCR) in the pathogenesis of thrombotic complications after hematopoietic stem cell transplantation (HSCT).
Methods: The relationship between plasma concentrations of proinflammatory cytokines (TNF-a, IL-1b, IL-2, IL-6, and IL-8) and
sEPCR was evaluated in 32 consecutive allogeneic hematopoietic stem cell–transplanted patients prior to conditioning regimen
and randomly once between þ5 and þ30 days after transplantation and compared these results with 20 healthy controls.
Results: Soluble endothelial protein C receptor levels did not indicate any significant difference between pre- and
posttransplantation period, and sEPCR levels showed a significantly negative correlation between IL-6 and IL-8 (sEPCR and
IL-6, r ¼ �.43, P < .01; sEPCR and IL-8, r ¼ �.57, P < .01). There was no correlation between sEPCR levels and TNF-a, IL-1b,
or IL-2 (sEPCR and TNF-a, r ¼ �.13, P > .05; sEPCR and IL-1b, r ¼ �.1, P � .05; sEPCR and IL-2, r ¼ �.07, P > .05).
Conclusions: Our results suggest that the production of sEPCR was not affected by allogeneic HSCT. Soluble endothelial protein
C receptor did not show any positive correlation between these proinflammatory cytokines (TNF-a, IL-1b, IL-2, IL-6, and IL-8),
on the contrary a significantly negative correlation was determined between sEPCR and either IL-6 or IL-8. This negative correla-
tion may be a protective mechanism in the pathway of protein C activation.
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Introduction

Patients undergoing high-dose chemoradiotherapy followed by

hematopoietic stem cell transplantation (HSCT) may present

thrombotic complications in the early period after transplanta-

tion. Pulmonary endothelial leakage syndrome, thrombotic

thrombocytopenic purpura, venous thrombosis, and hepatic

sinusoidal obstruction syndrome (SOS) have been reported in

this period.1,2 Hypercoagulability after HSCT is accused of

these complications. Activation of the coagulation system has

been observed after HSCT in many reports. A reduction in the

natural anticoagulants protein C, protein S, and antithrombin

has been reported in transplanted patients.3-7 It has been sug-

gested that SOS results from a prothrombotic state in the post-

transplant period due to a fall in natural anticoagulants, factor

V Leiden, and prothrombin variant G20210A mutation.3-9 Pro-

tein C levels appear to be significantly low in patients who

developed SOS compared to non-SOS patients in posttrans-

plant period.3,4,10,11

The pathway of protein C is well established as a physiolo-

gically important mechanism for inhibiting the coagulation

process.12 Not only decrease in the protein C levels but also

decrease in the protein C activation rate may be responsible for

thrombotic complications in the early phase posttransplant. A

soluble form of endothelial protein C receptor (sEPCR) inhibits

both activation of protein C and anticoagulant activity of acti-

vated protein C.13,14 The importance of sEPCR in thrombosis is

gradually increasing, and the place of sEPCR in thrombotic

complications after transplantation is really unknown.

Thrombin and interleukin 1b (IL-1b) can lead to the release

of sEPCR, decreasing the potential of protein C activation.15

A correlation between tumor necrosis factor a (TNF-a) and

sEPCR levels among healthy controls was reported.16 In

another study, TNF-a significantly decreased the expression
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of thrombomodulin and endothelial protein C receptor.17 The

role of proinflammatory cytokines in the pathogenesis of major

transplant-related complications (MTC) including SOS is pre-

viously presented. Systemic release of TNF-a, interleukin 1

(IL-1), interleukin 6 (IL-6), and interleukin 8 (IL-8) is a part

of initiating these MTC.18-22 It was hypothesized that HSCT

triggers the production of sEPCR under the influence of altera-

tions in cytokines, and this pathway is responsible for lowered

activated protein C (APC) anticoagulant activity, which is

important in thrombotic complications after transplantation.

We studied the relationship between plasma concentrations

of proinflammatory cytokines (TNF-a, IL-1b, IL-2, IL-6, and

IL-8) and sEPCR in a group of 32 patients undergoing HSCT.

Patients and Methods

Patients and Controls

A total of 32 patients who received allo-HSCT at Ankara Uni-

versity Pediatric Bone Marrow Transplant (BMT) unit and 20

healthy controls were included in the study. Informed consent

was obtained from all parents. The study was approved from

Ethics Committee of Ankara University School of Medicine.

The median age of the patients was 12 years (range 1.9-17), and

17 of them (53%) were males. The median age of the 20 con-

trols was 10.6 years (3.1-17.7), and 11 of them (55%) were

males.

Tumor necrosis factor a, IL-1b, IL-2, IL-6, IL-8, and sEPCR

were evaluated in 32 consecutive allogeneic BMT patients

prior to conditioning regimen and randomly once between

þ5 and þ30 days after transplantation and these results com-

pared with 20 healthy controls.

Patient and Transplant Characteristics

Demographic and clinical features of the patients and the char-

acteristics of allogeneic HSCT are summarized in Table 1. All

the patients underwent first HSCT, and all were related HLA

identical donors. All patients received myeloablative condi-

tioning regimen.

Definition of SOS

Sinusoidal obstruction syndrome was diagnosed according to

Seattle criteria.23 At least 2 of the 3 following criteria were

observed, within the 30 days after stem cell transplantation:

(1) jaundice (bilirubin > 2 mg/dL), (2) hepatomegaly or right

upper quadrant pain of liver origin, and (3) ascites and/or unex-

plained sudden weight gain (>2% of baseline body weight).

Sinusoidal obstruction syndrome was classified as severe, mod-

erate, and mild according to the McDonald severity criteria.24

Sample Collection

Blood samples were collected from patients and controls by

venipuncture in tubes containing 0.11 mol/L sodium citrate.

The blood samples were collected before conditioning regimen

and randomly once between þ5 and þ30 days after the day of

HSCT from patients. Platelet-poor plasma was obtained by

centrifugation at 2000g for 20 minutes and stored at �80�C
until use.

Cytokine Level Measurement

In both the groups, cytokine levels were analyzed using auto-

mated multiplex serum cytokine assay (Luminex Corporation,

Austin, Texas). The sensitivity value was 3.2 pg/mL for TNF-a,

IL-1b, IL-2, IL-6, and IL-8.

sEPCR Assay

The sEPCR levels were determined by enzyme immunoassay

(Asserachrom sEPCR; Diagnostica Stago, Asnières, France),

Table 1. Demographic and Clinical Features of the Patients and the
Characteristics of Allogeneic HSCT

N %

Patient characteristics
Sex 17 B/15 G 53 B/47 G
Age (years), median 12 years
Range 1.9-17

Diagnosis
Hemoglobinopathy/AA 15/6 47/19
Acute leukemia 7 22
MDS/CML 2/1 6/3
FHLH 1 3

Donor
Sibling 29 91
Parents 2 6
Cousin 1 3

Stem cell source
BM 22 69
PB stem cell 8 25
BM and PB stem cell 1 3
BM and cord blood 1 3

Conditioning regimen
BU þ CY 19 59.2
HU þ AZT þ FLU þ BU þ CY þ ATG 4 12.5
CY þ ATG þ FLU 3 9.4
BU þ CY þ VP-16 2 6.3
Melphalan þ BU þ CY 2 6.3
CY þ ATG 2 6.3

GVHD prophylaxis
CsA 6 19
CsA þ MTX 26 81

NOTES: AA ¼ aplastic anemia; ATG ¼ antithymocyte globuline; AZT ¼
azathiopurine; B ¼ boy; BM ¼ bone marrow; BU ¼ busulphan; CML ¼ chronic
myeloid leukemia; CsA ¼ cyclosprine A; CY ¼ cyclophosphamide; G ¼ girl;
FHLH ¼ familial hemophagocytic lymphohistiocytosis; FLU ¼ fludarabine;
GVHD ¼ graft versus host disease; HU ¼ hydroxyurea; MDS ¼ myelodyspla-
sia; MTX ¼ methotrexate; PB ¼ peripheral blood; VP-16 ¼ etoposide.
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according to the manufacturer’s instructions. Samples were

assayed in duplicate. The sensitivity value was 10 ng/mL for

sEPCR.

Statistical Analysis

Statistical analyses were performed using SPSS for Windows,

version 15. Statistical significance between patient and control

groups was determined by Mann-Whitney test and the means of

parameters for patients before and after HSCT was determined

by the Wilcoxon signed rank test. Pearson correlation analysis

was used to detect significant univariate associations between

the parameters analyzed.

Results

There were no differences between patients and control group

as regards age distribution (P > .05). The comparison of cyto-

kines and sEPCR values between patients (prior to condition-

ing regimen) and control groups was shown in Table 2. The

mean level of IL-6 at pre-HSCT was found to be higher (P <

.01) than the levels in control group, whereas IL-1b and IL-2

levels were lower (P < .01 and P < .01). The mean values of

TNF-a, IL-8, and sEPCR were not different between pre-

HSCT and control groups (P > .05).

In patient group, the mean levels of IL-6 and IL-8 increased

(P < .01 and P < .01), while the mean levels of TNF-a, IL-2,

and IL-1b decreased significantly after transplantation (P <

.05, P < .01, and P < .05, respectively). However, the mean val-

ues of sEPCR did not differ before and after HSCT (P > .05).

Comparison of the levels of cytokines and sEPCR of pre-

HSCT and post-HSCT in patients was shown in Table 3.

The difference between the levels of cytokine and sEPCR

before and after transplantation in patients was analyzed using

‘‘Pearson correlation test’’ and shown in Table 4. As mentioned

above, TNF-a, IL-1b, and IL-2 decreased in patient group after

HSCT. A significantly positive correlation was determined

between TNF-a, IL-1b, and IL-2 (TNF-a and IL-1b, r ¼ .93,

P < .01; TNF-a and IL-2, r ¼ .93, P < .01; IL-1b and IL-2,

r ¼ .99, P < .01), besides the levels of IL-6 and IL-8 increased

significantly after transplantation, and a significantly positive

correlation was determined between IL-6 and IL-8 (r ¼ .58,

P < .01). Although there was no significant difference between

the mean level of sEPCR at pre- and posttransplantation period,

sEPCR showed a significantly negative correlation between

IL-6 and IL-8 (sEPCR and IL-6, r ¼ �.43, P < .01; sEPCR and

IL-8, r¼�.57, P < .01). However, the levels of sEPCR did not

indicate any correlation between TNF-a, IL-1b, and IL-2

(sEPCR and TNF-a, r ¼ �.13, P > .05; sEPCR and IL-1b,

r ¼ �.1, P � .05; sEPCR and IL-2, r ¼ �.07, P > .05).

Clinical Evolution

Sinusoidal obstruction syndrome developed in 3 of 32 patients

(9.3%) as defined by classical diagnostic criteria. Two of them

with severe SOS and they died, one of them with moderate SOS

and he is alive. The number of the patients with SOS was not

adequate to evaluate these parameters according to SOS. When

it was considered one by one, only the mean level of IL-6

showed an increase in all the patients with SOS, without a

change in sEPCR. Characteristics, cytokines, and sEPCR

results in patients with SOS were shown in Table 5.

Discussion

In the current study, we tried to identify the cytokines (TNF-a,

IL-1b, IL-2, IL-6, and IL-8) and sEPCR interactions probably

involved in the pathomechanisms of thrombotic complications

after allogeneic HSCT. In our study, sEPCR mean values were

not different between the pre-HSCT and control groups at base-

line time, and the mean value of sEPCR did not show any

significant difference before and after HSCT. Our results sug-

gest that sEPCR production was not affected by allogeneic

HSCT. Tumor necrosis factor a, IL-1b, IL-2, IL-6, and IL-8 are

well-known proinflammatory cytokines, which are involved in

local and systemic inflammatory reactions, have been found to

be involved in many adverse conditions by HSCT.19,21,22,25-28

A positive relationship was expected between these cytokines

and sEPCR. Interestingly, sEPCR did not show any positive

correlation between these proinflammatory cytokines, on the

contrary sEPCR showed a significantly negative correlation

Table 2. Comparison of Cytokines and sEPCR Between Patients
(Prior to Conditioning Regimen) and Control Group

Parameters
Pre-HSCT (n ¼ 32),
Median (Range)

Controls (n ¼ 20),
Median (Range) P

TNF-a (pg/mL) 6.8 (4.5-59.7) 9.6 (3.1-28.6) .26
IL-6 (pg/mL) 45.6 (29.4-369.7) 19.7 (8.2-81.2) .004a

IL-8 (pg/mL) 9.9 (4.3-66.5) 11.1 (6.5-15.6) .09
IL-1b (pg/mL) 11.4 (4.6-69) 9.3 (5.5-33.7) .004a

IL-2 (pg/mL) 10.2 (1.1-221.2) 20.1 (8.6-70.7) .002a

sEPCR (ng/mL) 65 (13-308) 58.5 (39-456) .30

NOTES: pre-HSCT ¼ pretransplant; sEPCR ¼ soluble endothelial protein C
receptor; TNF-a ¼ tumor necrosis factor a.
a Significant at the level .01, Mann-Whitney test.

Table 3. Comparison of Cytokines and sEPCR Results Between Pre-
and Posttransplant in Patients

Parameters
Pre-HSCT (n ¼ 32),
Median (Range)

Post-HSCT (n ¼ 32),
Median (Range) P

TNF-a (pg/mL) 6.8 (4.5-59.7) 5.4 (4.3-12.2) .017a

IL-6 (pg/mL) 45.6 (29.4-369.7) 78.5 (32-260.4) .001b

IL-8 (pg/mL) 9.9 (4.3-66.5) 18.3 (5.3-322.7) .003b

IL-1b (pg/mL) 11.4 (4.6-69) 6.4 (4.9-11.2) .017a

IL-2 (pg/mL) 10.2 (1.1-221.2) 9.2 (1.6-25.9) .007b

sEPCR (ng/mL) 65 (13-308) 69.5 (16-208) .106

NOTES: IL¼ interleukin; pre-HSCT¼ pretransplant; post-HSCT¼ posttrans-
plant; sEPCR¼ soluble endothelial protein C receptor; TNF-a¼ tumor necro-
sis factor a.
a Significant at the level .05.
b Significant at the level .01, Wilcoxon signed rank test.
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between IL-6 and IL-8. Interleukin 6 is released in response to

tissue injury and is a key cytokine regulating the acute-phase

response. Wang et al29 reported that changes in the levels of

serum IL-6 were associated with changes in symptom severity

during the initial weeks of allo-HSCT in their study. Interleukin

8 can be released by activated endothelial cells in response to

TNF-a and is a potent activator of neutrophils, which can fur-

ther contribute to tissue damage.30 Ferra et al27 observed a

strong correlation between IL-6 and IL-8 levels after HSCT.

In this study, the mean level of IL-6 of the pre-HSCT group was

found to be higher, and the mean level of IL-8 was not different

between pre-HSCT and control groups. However, the mean

levels of IL-6 and IL-8 increased significantly after

transplantation. A strong positive correlation between IL-6 and

IL-8 levels was observed in this study similar to those reported

by Ferra et al.27 In other words, when IL-6 and IL-8 levels

increased, sEPCR levels significantly decreased in our study.

Opposite to our hypothesis, this may be a protective mechan-

ism in the pathway of protein C activation.

Various studies have shown that increased plasma levels of

TNF-a and IL-1b precede the complications of HSCT, such as

graft versus host disease (GVHD) and SOS.19,31,32 Tumor

necrosis factor a infusion in humans strongly promotes procoa-

gulant activity and suppresses anticoagulant activity of

endothelial cell surface by blocking the protein C pathway

through the suppression of thrombomodulin synthesis.7 Both

TNF-a and IL-1b are procoagulants.33-35 In this study, sEPCR

did not show any correlation between TNF-a, IL-1b, and IL-2.

Tumor necrosis factor a values were not different between pre-

HSCT and control groups at baseline time, however, TNF-a
decreased significantly after allogeneic transplantation.

Gugliotta et al31 reported that both allogeneic (10 cases) and

autologous (20 cases) transplantation patients showed mean

TNF-a levels significantly increased with respect to normal

values at baseline time. In their study, TNF-a values always

remained increased compared with normal in allogeneic

HSCT, whereas autologous patients showed a significant

reduction.31 All our patients were allogeneic, but interestingly

TNF-a values showed significant reduction similar to autolo-

gous HSCT patients in Gugliotta’s study. In our study, the

mean levels of IL-1b and IL-2 of pre-HSCT group were found

to be lower, and TNF-a mean values were not different

between pre-HSCT and control groups. Patients’ clinical con-

dition, such as underlying disease, used drugs, and associated

infections, may have a role on cytokine levels.

Tumor necrosis factor a, IL-2, and IL-1b decreased signifi-

cantly after transplantation, and a significantly positive correla-

tion was determined between TNF-a, IL-1b, and IL-2.

Cytokines including TNF-a, IL-1b, and IL-2 are released from

monocytes, reticuloendothelial, and endothelial cells in

Table 4. The Correlation of the Difference Between the Levels of Cytokines and sEPCR Values Before and After Transplantation in Patients

Parameters r/P D TNF-a D IL-6 D IL-8 D IL-1b D IL-2 D sEPCR

D TNF-a r 1 .25 .06 .93 .93 �.13
P - .16 .72 .001b .001b .48

D IL-6 r .25 1 .58 .20 .19 �.43
P .16 - .001b .26 .28 .01a

D IL-8 r .06 .58 1 .02 .01 �.57
P .72 .001b - .91 .93 .001b

D IL-1b r .93 .20 .02 1 .99 �.10
P .001b .26 .91 - .001b .57

D IL-2 r .93 .19 .01 .99 1 �.07
P .001 .28 .93 .001b - .68

D sEPCR r �.13 �.43 �.57 �.10 �.07 1
P .48 .01a .001b .57 .68 -

NOTES: D¼ difference of pre-HSCT values and post-HSCT values; IL¼ interleukin; r¼ correlation coefficient; sEPCR ¼ soluble endothelial protein C receptor;
TNF-a ¼ tumor necrosis factor a.
a Significant at the level .05.
b Significant at the level .01, Pearson correlation.

Table 5. Characteristics, Cytokines, and sEPCR Results of Patients
who Developed SOS

SOS 1 SOS 2 SOS 3

Age/sex 12.7/B 15/G 13.5/B
Diagnosis FA AML TM
VOD diagnosis (day) þ11 þ9 þ19
Clinical outcome Severe Severe Moderate

Died Died Alive
TNF-a (pg/mL) Pre ND 5.97 4.74

Post ND ND ND
IL-6 (pg/mL) Pre 58 ND 48.57

Post 260.44 83.41 80.03
IL-8 (pg/mL) Pre 6.76 ND 21.86

Post 322.67 20 10.12
IL-2 (pg/mL) Pre 2.56 2.56 ND

Post ND ND ND
sEPCR (ng/mL) Pre 308 215 14.5

Post 93 173 42

NOTES: AML ¼ acute myeloid leukemia; FA ¼ Fanconi anemia; IL ¼ interleu-
kin; ND ¼ not detectable; sEPCR ¼ soluble endothelial protein C receptor;
SOS ¼ sinusoidal obstruction syndrome; TM ¼ thalassemia major; TNF-a ¼
tumor necrosis factor a; VOD ¼ venocclusive disease of the liver (<3.2 pg/mL;
the sensitivity value).
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response to cytotoxic drugs, infection, radiotherapy, and

hypoxia.7,36,37 In our study, blood samples were collected

betweenþ5 andþ30 days after HSCT randomly. These results

may be affected by hematopoietic recovery and MTC develop-

ment after transplantation. Moreover, the drugs used in HSCT

may have a role in cytokines and sEPCR production. However,

in this study, discussing the relation between drugs and sEPCR

levels or cytokines is impossible in these patients with different

diagnosis.

It was aimed to evaluate the cytokines and sEPCR relations

between SOS- and non-SOS-developed patients in this study.

Because of limited number of the patients with SOS (n:3),

we could not compare these parameters according to SOS. In

this study, when it was considered one by one, only IL-6 values

showed an increase in all the SOS-developed patients, without

a change in sEPCR according to hypothesis we setup. The sam-

ples were taken in the 6th day after HSCT in these patients who

developed SOS. There were no findings of SOS in the sampling

period (SOS findings were atþ9,þ11,þ19 days, respectively,

after HSCT in these 3 patients). Cytokines in the pathogenesis

of SOS is unclear. Hypercoagulable status in SOS can be

induced and maintained by proinflammatory cytokines. Cyto-

kines may induce a procoagulant environment with endothelial

protein C receptor or sEPCR. It was needed for a larger series

to explain these probable relationships. The difficulty with

studies examining biological markers of inflammation in SOS

is that it is impossible to speculate whether these changes are

primary features or secondary to these disease process itself.38

Proinflammatory cytokine release is a factor essential and com-

mon to all types of MTC, and no particular pattern was specific

for SOS, endothelial leakage syndrome, idiopathic pneumonia

syndrome, or acute GVHD. Major transplant-related complica-

tions can be considered the clinical correlates or end points of

an exaggerated systemic inflammatory reaction with massive

cytokine release.18

In summary, our results suggest that, sEPCR production was

not affected by allogeneic HSCT. Soluble endothelial protein C

receptor did not show any positive correlation between these

proinflammatory cytokines (TNF-a, IL-1b, IL-2, IL-6, and IL-

8), on the contrary sEPCR showed a significantly negative cor-

relation between IL-6 and IL-8. This negative correlation may be

a protective mechanism in the pathway of protein C activation.

Acknowledgments

The authors gratefully acknowledged the technical assistance of

Ceyda Gurman and Hafize Gokce.

Declaration of Conflicting Interests

The author(s) declared no conflicts of interest with respect to the

authorship and/or publication of this article.

Funding

This project was supported by Ankara University Scientific Research

Center.

References

1. McDonald GB, Sharma P, Matthews DE, Shulman HM,

Thomas ED. The clinical course of 53 patients with venocclusive

disease of the liver after marrow transplantation. Transplantation.

1985;39(6):603-608.

2. Holler E, Kolb HJ, Hiller E, et al. Microangiopathy in patients on

cyclosporine prophylaxis who developed acute graft-versus-host

disease after HLA-identical bone marrow transplantation. Blood.

1989;73(7):2018-2024.

3. Scrobohaci ML, Drouet L, Monem-Mansi A, et al. Liver veno-

occlusive disease after bone marrow transplantation changes in

coagulation parameters and endothelial markers. Thromb Res.

1991;63(5):509-519.

4. Faioni EM, Krachmalnicoff A, Bearman SI, et al. Naturally

occurring anticoagulants and bone marrow transplantation:

plasma protein C predicts the development of venocclusive dis-

ease of liver. Blood. 1993;81(12):3458-3462.

5. Gordon B, Haire W, Kessinger A, Duggan M, Armitage J. High

frequency of antithrombin III and protein C deficiency following

autologous bone marrow transplantation for lymphoma. Bone

Marrow Transplant. 1991;8(6):497-502.

6. Harper PL, Jarvis J, Jennings I, Luddington R, Marcus RE.

Changes in the natural anticoagulants following bone

marrow transplantation. Bone Marrow Transplantation. 1990;

5(1):39-42.

7. Shulman HM, Hinterberger W. Hepatic veno-occlusive disease-

liver toxicity syndrome after bone marrow transplantation. Bone

Marrow Transplant. 1992;10(3):197-214.

8. Ertem M, Akar N. Factor V Leiden mutation as a predisposing

factor for veno-occlusive disease following BMT. Bone Marrow

Transplant. 2000;25(10):1110-1111.

9. Duggan C, Schmidt M, Lawler M, et al. The prothrombin gene

variant G20210A but not factor V Leiden may be associated with

veno-occlusive disease following BMT. Bone Marrow Trans-

plant. 1999;24(6):693-694.

10. Park YD, Yasui M, Yoshimoto T, et al. Changes in hemostatic

parameters in hepatic veno-occlusive disease following bone mar-

row transplantation. Bone Marrow Transplant. 1997; 19(9):915-

920.

11. Bearman SI. Veno-occlusive disease of the liver. Opin Oncol.

2000;12:103-109.

12. Esmon CT. The protein C anticoagulant pathway. Arterioscler

Thromb. 1992;12(2):135-145.

13. Kurosawa S, Stearns-Kurosawa DJ, Hidari N, Esmon CT. Identi-

fication of functional endothelial protein C receptor in human

plasma. J Clin Invest. 1997;100(2):411-418.

14. Regan LM, Stearns-Kurosawa DJ, Kurosawa S, Mollica J,

Fukodome K, Esmon CT. The endothelial protein C receptor.

Inhibition of activated protein C anticoagulant functions without

modulation of reaction with proteinase inhibitors. J Biol Chemist.

2000;271(29):17499-17503.

15. Xu J, Qu D, Esmon NL, Esmon CT. Metalloproteolytic release of

endothelial cell protein C receptor. J Biol Chem. 2000;275(8):

6038-6044.

Mehmet Azik et al 5

5



16. Ulu A, Egin Y, Akar N. The correlation between soluble

endothelial protein c receptor (sEPCR) and tumor necrosis

factor-alpha (TNF-a) levels in vivo. Turk J Hematol. 2008;

25:108-109.

17. Nan B, Lin P, Lumsden AB, Yao Q, Chen C. Effects of TNF-a
and curcumin on the expression of thrombomodulin and endo-

thelial protein C receptor in human endothelial cells. Thromb Res.

2005;115(5):417-426.

18. Schots R, Kaufman L, Van R, et al. Proinflammatory cytokines

and their role in the development of major transplant-related

complications in the early phase after allogeneic bone marrow

transplantation. Leukemia. 2003;17(6):1150-1156.
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