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Abstract
BACKGROUND: Coagulation and fibrinolytic abnormalities are common in patients with acute myeloblastic leukemia 
(AML). Plasminogen activator inhibitor (PAI) activity is believed to be elevated during the initial diagnosis and relapse 
of AML patients.

AIM: This study aimed to evaluate the levels of plasma PAI-1 activity in AML patients before and after remission 
induction.

METHODS: Thirty AML patients and 20 healthy volunteers were included in this study. The patients were classified 
according to AML-FAB subtypes. All patients received 7+3 induction chemotherapy. They were evaluated for 
complete remission after induction chemotherapy and followed up for 6 months.

RESULTS: PAI-1 activity was measured by ELISA immunoassay. PAI-1 activity was significantly higher in AML 
patients than the control group (P=0.016), whereas there was insignificant difference among patients in various AML 
subgroups (P>0.05). Before and after treatment, there was a significant difference in PAI-1 activity between patients 
with active disease and those at remission (P= 0.023 and <0.0001, respectively). 

CONCLUSION: High PAI-1 activity in AML patients is found to be associated with poor response to treatment.
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Introduction

Acute myeloblastic leukemia (AML) is a 
malignant clonal disorder characterized by the 
proliferation and accumulation of immature hemopoietic 
precursor cells in the bone marrow and peripheral 
blood [1]. Fibrinolytic and coagulation aberrations are 
common in patients with AML as seen in other forms of 
leukemia. Abnormal bleeding in AML may sometimes be 
relatively independent of platelet count and can reflect 
disordered mechanisms, leading to fibrin formation 
or its lysis [2]. The plasminogen activation system 
plays a key role in tissue remodeling, angiogenesis, 
proteolysis, mobility, chemotaxis, invasion, and 
metastasis [3], [4], [5]. Two types of plasminogen 
activators (PAs) have been identified; urokinase 
PA (uPA) and tissue type PA (tPA). They are serine 
proteases that convert plasminogen into plasmin. The 
fibrinolytic system consists of uPA, uPA receptor (uPAR), 
plasminogen, and plasminogen activator inhibitor (PAI). 
PAI-1 and PAI-2 can regulate plasminogen activation 
at different levels. The main regulator of tPA activity in 
plasma is PAI-1, whereas uPA activity is regulated by 
both PAI-1 and PAI-2 [6], [7], [8]. Several PAs and PAIs 
are present in leukemic cells and they are considered to 

be involved in hemostatic abnormalities and can be of 
prognostic value in patients with leukemia [9], [10]. PAs 
facilitate the leakage of immature myeloid cells from 
the bone marrow and can be detected on the surface 
of leukemic cells. UPA, UPAR, PAI-, and PAI-2 mRNAs 
are liberated by AML cells. The uPA-uPAR complex 
is thought to be involved in the drifting and invasive 
properties of the leukemic cells. It is suggested that the 
fibrinolytic imbalance observed in leukemic patients is 
due to inappropriate plasminogen activation [10].

The study aims to determine the impact of 
plasma PAI-1 activity on AML patients’ response to 
induction remission therapy.

Materials and Methods

This prospective pre-post study included 40 
adult de novo AML patients sequentially selected during 
a period of 5 months. Ten patients were excluded from 
the study; five patients chose to receive therapy in other 
hospitals and five patients died during or after induction 
therapy before assessing remission. The sample size 
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was estimated using the online formula Raosoft® sample 
size calculator [11]. Using a margin of error of 9.06%, a 
confidence level of 95%, a population size of 40, and a 
response distribution of 50%, the estimated sample size 
was 30. In addition, 20 healthy age- and sex-matched 
volunteers (11 males and nine females) were included in this 
study between April and December 2018. The diagnosis 
of AML was based on morphological, cytochemical, and 
flow cytometry examination of peripheral blood and bone 
marrow samples. The patients were divided into subtypes 
according to the French American British (FAB) criteria 
excluding promyelocytic subtype from this study due to 
different treatment protocol. All patients received intensive 
chemotherapy, following the “7+3” protocol that includes: 
Cytosine arabinoside for 7 days and anthracycline 
(daunorubicin or doxorubicin) for 3 days. All patients were 
evaluated for complete remission (CR) achievement 
between 21 and 35 days from the start of chemotherapy 
according to Döhner et al. definition [12]. Patients’ status 
was followed up for 6 months.

Blood samples of the patients and control 
group were obtained and platelet poor plasma was 
collected within 30 min of collection after centrifugation 
of the K3-EDTA tubes at 1000 g for 15 min. Plasma was 
immediately separated into small aliquots and stored 
at −40°C until assay was performed within a 6 weeks 
interval. The PAI-1 activity was measured employing 
the quantitative sandwich enzyme immunoassay 
technique (Quantikine® ELISA Human Serpin E1/PAI-1 
Immunoassay, R&D Systems, Minneapolis MN, USA), 
according to manufacturer’s instructions. PAI-1 levels 
were determined from the plasma samples of 20 healthy 
persons once and from the 30 patients twice; at diagnosis 
(before receiving any chemotherapy) and post-induction 
chemotherapy (after assessing remission status).

The research was approved by the Research 
Ethics Committee, College of Medicine, University of 
Baghdad, and was conducted in accordance with the 
Declaration of Helsinki. Informed consent was obtained 
from all participants.

Statistical analysis was performed with the IBM-
SPSS 22 statistical software program. Univariate data 
were summarized using standard descriptive statistics 
and tabulation of variables. The Mann–Whitney U-test 
(a non-parametric equivalent of the independent 
samples t-test) and the Wilcoxon signed-rank test (a 
non-parametric equivalent of the paired t-test) were 
used to compare means of continuous variables. Exact 
tests were used to calculate the p-value. p < 0.05 was 
considered statistically significant.

Results

Thirty patients were included in the study 
with a mean age of 33.76 ± 14.05 years with a range 

of 15–58 years. Fourteen (46.66%) were male and 
16 (53.33%) were female with a male-to-female ratio 
of 1:1.14.

The two most frequent signs at presentation 
were pallor in 19/30 (63.33%) patients and fever in 
13/30 (43.33%) patients followed by hepatosplenomegaly 
in 12/30 (40%) patients and bleeding tendency in 
10/30 (33.33%) patients. Lymphadenopathy and 
gingival hypertrophy were the least frequent and were 
present in 6 (20%) and 2 (6.7%) patients, respectively.

According to AML FAB subtypes classification, 
12 (40%) patients were in M2, 5 (16.7%) were in M1, 
5 (16.7%) were in M4, 3 (10%) were in M5a and 3 (10%) 
were in M5b, and 2 (6.6%) were in M0. Two patients 
were in M6 and one patient in M7, those patients 
were excluded from the study because they were not 
available for re-evaluation after completion of induction 
chemotherapy, as shown in Figure 1.

Figure 1: Distribution of patients according to FAB subtypes.

The baseline hematological parameters of the 
studied group are shown in Table 1. All values showed 
statistically significant differences from controls.

Table 1: Baseline hematological parameters of studied groups
Parameter Control, n = 20 median 

(IQR) (range)
Patients, n = 30 median 
(IQR) (range)

p-value

WBC (×109/L) 6.75 (2.45) (4.6–9.3) 19.1 (108.11) (1.2–311) 0.020
ANC (×109/L) 4.1 (2.93) (2.5–6.9) 1.5 (3.65) (0.05–29.4) 0.003
Hb (g/dL) 13.1 (2.35) (11.8–15.8) 7.5 (2.85) (4.8–11) <0.0001
Platelet (×109/L) 286 (168) (158–410) 58.5 (63.8) (13–387) <0.0001
PB blast (%) – 58 (43) (0–97)
BM blast (%) – 81 (30) (30–96)
WBC: White blood cell, ANC: Absolute neutrophil count, Hb: Hemoglobin, PB: Peripheral blood, BM: Bone 
marrow.

In AML patients, the median PAI-1 level in 
plasma was 2.27 ng/mL (range 0.61–8.43 ng/mL) 
while in the control group, the median PAI-1 level was 
1.77 ng/mL (range 0.66–2.81 ng/mL) and the difference 
proved to be statistically significant with p = 0.016.

At diagnosis, the median PAI-1 level in 
males was 2.191 ng/mL (range, 0.609–8.238 ng/mL) 
and in female patients 2.567 ng/mL (range, 1.027–
5.834 ng/mL). There was no statistically significant 
difference in PAI-1 level in the patients’ group according 
to gender (p = 0.561).
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There was no statistically significant difference 
in the PAI-1 level before and after treatment between 
monocytic and non-monocytic groups of AML and also 
within each group (Table 2).

Table 2: Comparison of PAI-1 (before and after treatment) 
according to AML subtypes and the presence of extra-medullary 
manifestation in patients’ group
PAI-1 (ng/mL) 
median (IQR) 
(range)

AML subtypes p-value*
Non-monocytic, n = 19 Monocytic, n = 11

Before treatment 2.281 (1.675) (0.609–5.834) 2.256 (1.352) (1.387–8.438) 0.914
After treatment 2.687 (3.29) (0.95–6.67) 2.33 (1.1) (1.18–4.41) 0.5
p value** 0.702 0.534
PAI-1 (ng/mL) 
median (IQR) 
(range)

Presence of extra-medullary manifestations p-value*
Yes, n = 17 No, n = 13

Before treatment 2.853 (2.277) (1.027–8.438) 2.256 (1.575) (0.609–4.433) 0.233
After treatment 2.731 (2.27) (1.25–6.67) 1.835 (2.83) (0.95–6.04) 0.137
p value** 0.57 0.507
*Mann–Whitney U-test, ** Wilcoxon rank test.

The median PAI-1 level before treatment 
was 2.853 ng/mL and 2.256 ng/mL in patients 
with and without extra-medullary manifestation 
(hepatosplenomegaly, lymphadenopathy, and gingival 
hypertrophy), respectively, while the median PAI-1 level 
after treatment was 2.731 ng/mL and 1.835 ng/mL in 
patients with and without extra-medullary manifestation, 
respectively. Both were statistically insignificant.

The median PAI-1 level before treatment did not 
differ significantly for patients after they completed their 
induction chemotherapy (median level was 2.277 ng/
mL and 2.377 ng/mL, respectively) with p = 0.951.

Sixteen (53.33%) patients achieved remission 
CR, whereas 14 (46.66%) patients did not (no remission, 
NR). In the NR group, the PAI-1 median level before 
treatment was 3.265 ng/mL, which was significantly 
higher than that in the CR group (1.835 ng/mL) with 
p = 0.0002. Moreover, the NR group after treatment also 
presented a higher level of PAI-1 (3.484 ng/mL) than 
the CR group (1.873 ng/mL) with p = 0.038 (Figure 2).

After a follow-up period of 6 months, patients 
were divided into two groups: Those who were still alive 
(17 patients, 56.66%) and those who were deceased 
(13 patients, 43.33%). The median PAI-1 level before 

the start of treatment was found to be significantly 
higher in those who deceased (3.221 ng/mL) than in 
the patients who remained alive (2.183 ng/mL) with p = 
0.023. After treatment, the median PAI-1 level continued 
to be significantly higher in patients who deceased 
(4.413 ng/mL) compared to patients who were still alive 
(1.708 ng/mL) with p < 0.0001 (Figure 3).

Discussion

The implication of a high PAI-1 concentration in 
malignant tumors is uncertain. Probably, it relates to the 
neovascularization of tumors which, in turn, has been 
associated with high PA activity. It is possible that PAI-1 
functions to defend the tumor itself against degradation. 
The PAI-1 antigen can also be used as a diagnostic 
indicator for severity of veno-occlusive disease [13]. The 
lysis of extracellular matrix by tumor cells (colon carcinoma 
and fibrosarcoma) can be inhibited by PAI-1 [14].

The clinical and hematological parameters in 
this study were nearly similar to that reported by other 
authors [2], [15], [16], [17]. The PAI-1 was significantly 
higher in patients than in the control group. Similar 
results were reported by Yilmaz et al. [15]. Levels of uPA 
are found to increase in AML M4-M5 patients with extra-
medullary permeation and organ involvement [17]. 
PAI-1 activity in the present study did not differ between 
AML M4-M5 group and the non-monocytic group, this 
could be attributed to the low number of AML patients 
or to the limited involvement of the spleen, liver, lymph 
nodes, and gingival tissues.

CR was achieved in 53.33% of patients which is 
similar to Yilmaz et al. study (50%) [15]. PAI-1 level did not 
differ significantly for patients after they completed their 
induction chemotherapy. Yilmaz et al. found that total PAI 
activity was significantly decreased after chemotherapy 
[15]. After chemotherapy, however, in patients of whom 

Figure 2: PAI-1 levels in AML patients according to treatment status
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remission was achieved, PAI-1 levels were found to be 
significantly reduced (p < 0.038). Similar results were 
reported by Yilmaz et al. [15]. At the same time, PAI-1 
levels before treatment were significantly higher in the 
NR group than patients who achieved CR (p = 0.0002). 
High PAI-1 levels were associated with poor outcomes 
in patients with AML as the PAI-1 level was higher in 
the patients who were deceased than in the patients 
who were still alive at end of follow-up, before and after 
treatment, with p = 0.023 and <0.0001, respectively.

Although many studies examined the different 
components of the fibrinolytic system in acute leukemia, 
the main focus was on the impact of PA and their 
receptors, few studies addressed the impact of PAI-1 
and PAI-2 in acute leukemia, although its role in cancer 
has long been established.

Many studies have established the association 
of high level of PAI-1 in different types of cancers such as 
gastric, ovarian, and breast cancer and poor outcome and 
have proved to have a potential prognostic significance 
in breast cancer [8]. In the present study, high levels 
were demonstrated in patients who failed to achieve CR 
as well as to patients who deceased when compared 
with patients with CR, it is believed that the PAI-1 activity 
is amplified secondary to increased amount of u-PA 
and uPAR, whether this can be the explanation for the 
adverse effect noted on treatment outcome or another 
yet undetermined factor this requires further studies. 
Inhibition of uPA and uPAR activity may give anticipation 
in the treatment of AML patients [15], [16], [17].

Conclusion

An increased PAI-1 level in AML patients was 
associated with poor outcomes in our study. However, 

further studies are required to assess the clinical 
relevance of PAI-1.

Acknowledgments

We would like to thank all participants in this 
study for their cooperation. A special thank is due to 
doctors, medical staff, and all employees working at 
the Hematology Center of Medical City Complex in 
Baghdad, Iraq.

References

1. Arber D, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, 
Le Beau MM, et al. The 2016 revision to the world health 
organization classification of myeloid neoplasms and acute 
leukemia. Blood. 2016;127(20):2391-405. https://doi.
org10.1182/blood-2016-03-643544

 PMid:27069254
2. Dicke C, Amirkhosravi A, Spath B, Jiménez-Alcázar M, Fuchs T, 

Davila M, et al. Tissue factor-dependent and -independent 
pathways of systemic coagulation activation in acute myeloid 
leukemia: A single-center cohort study. Exp Hematol Oncol. 
2015;4:22. https://doi.org/10.1186/s40164-015-0018-x

 PMid:26251762
3. Pöllanen J, Stephens RW, Vaheri A. Directed plasminogen 

activation at the surface of normal and malignant cells. 
Adv Cancer Res. 1991;57:273-328. http://doi.org/10.1016/
s0065-230x(08)61002-7

 PMid:1950706
4. Andreasen P, Egelund R, Petersen H. The plasminogen 

activation system in tumor growth, invasion, and metastasis. 
Cell Mol Life Sci. 2000;57(1):25-40. https://doi.org/10.1007/
s000180050497

Figure 3: PAI-1 levels in AML patients after 6 months



Category: B - Clinical Sciences Hematology

1898 https://oamjms.eu/index.php/mjms/index

 PMid:10949579
5. Castellino FJ, Ploplis VA. Structure and function of 

the plasminogen/plasmin system. Thromb Haemost. 
2005;93(4):647-54. https://doi.org/10.1160/TH04-12-0842

 PMid:15841308
6. Bai H, Nangia S, Parmer RJ. The plasminogen activation system 

and the regulation of catecholaminergic function. Biomed Res 
Int. 2012;2012:721657. https://doi.org/10.1155/2012/721657

 PMid:23097598
7. De Bock CE, Wang Y. Clinical significance of urokinase-type 

plasminogen activator receptor (uPAR) expression in cancer. 
Med Res Rev. 2004;24(1):13-39. https://doi.org/10.1002/
med.10054

 PMid:14595671
8. Li S, Wei X, He J, Tian X, Yuan S, Sun L. Plasminogen 

activator inhibitor-1 in cancer research. Biomed Pharmacother. 
2018;105:83-94. https://doi.org/10.1016/j.biopha.2018.05.119

 PMid:29852393
9. Nadir Y, Katz T, Sarig G, Hoffman R, Oliven A, Rowe JM, et al. 

Hemostatic balance on the surface of leukemic cells: The role 
of tissue factor and urokinase plasminogen activator receptor. 
Haematologica. 2005;90(11):1549-56.

 PMid:16266903
10. Rubio-Jurado B, Tello-González A, Bustamante-Chávez L, De 

la Peña A, Riebeling-Navarro C, Nava-Zavala AH. Circulating 
levels of urokinase-type plasminogen activator receptor and 
d-dimer in patients with hematological malignancies. Clin 
Lymphoma Myeloma Leuk. 2015;15(10):621-6. https://doi.
org/10.1016/j.clml.2015.07.632

 PMid:26423703
11. Raosoft Sample Size Calculator. Available from: https://www.

raosoft.com/samplesize.html [Last accessed on 2018 Jan 15].
12. Döhner H, Estey E, Grimwade D, Amadori S, Appelbaum FR, 

Büchner T, et al. Diagnosis and management of AML in adults: 

2017 ELN recommendations from an international expert 
panel. Blood. 2017;129(4):424-47. https://doi.org/10.1182/
blood-2016-08-733196

 PMid:27895058
13. Lee JH, Lee KH, Lee JH, Kim S, Seol M, Park CJ, et al. 

Plasminogen activator inhibitor-1 is an independent diagnostic 
marker as well as severity predictor of hepatic veno-occlusive 
disease after allogeneic bone marrow transplantation in 
adult conditioned with busulfan and cyclophosphamide. 
Br J Haematol. 2002;118(4):1087-94. https://doi.
org/10.1046/j.1365-2141.2002.03748.x

 PMid:12199790
14. Holmgren L, O’Reilly MS, Folkman J. Dormancy of micro 

metastases, balanced proliferation and apoptosis in the presence 
of angiogenesis suppression. Nat Med J. 1995;1(2):149-53. 
https://doi.org/10.1038/nm0295-149

 PMid:7585012
15. Yilmaz M, Dagdas S, Aki SZ, Guler N, Akoz AG, Erdin Z, 

et al. The relation between plasminogen activator inhibitor 
activity and disease activation in acute myeloblastic leukaemia 
patients. Clin Lab Haematol. 2006;28(5):313-6. https://doi.
org/10.1111/j.1365-2257.2006.00820.x

 PMid:16999721
16. Atfy M, Eissa M, Salah HE, El Shabrawy DA. Role of urokinase 

plasminogen activator receptor (CD87) as a prognostic marker 
in acute myeloid leukemia. Med Oncol. 2012;29(3):2063-9. 
https://doi.org/10.1007/s12032-011-9993-x

 PMid:21638078
17. Erkut N, Menteşe A, Özbaş HM, Ermantaş N, Sümer A, Örem A, 

et al. The prognostic significance of soluble urokinase plasminogen 
activator receptor in acute myeloid leukemia. Turk J Hematol. 
2016;33(2):135-40. https://doi.org/10.4274/tjh.2014.0405

 PMid:26376588

https://oamjms.eu/index.php/mjms/index

