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Abstract

Objectives To study plasma levels of Thrombin activable
fibrinolysis inhibitor (TAFI) in children with (3-thalassemia
major.

Methods Fifty 3-thalassemia major patients, 1.4 to 17 y of
age, with number of transfusions received varying from 21
to 162 were selected at random and complete blood count
(CBC), coagulation parameters [Prothrombin time (PT),
Activated partial thromboplastin time (aPTT), fibrinogen, D-
dimer, protein C, protein S, antithrombin, Tissue plasminogen
activator (t-PA), Plasminogen activator inhibitor (PAI-1)] and
TAFI were performed.

Results PT and aPTT were prolonged in 18 % and 30 % of
cases respectively. Reduced activity of Protein C (PC) was
observed in 50 % of cases and Protein S (PS) was reduced
in 54 % of cases. t-PA levels were significantly higher in
cases. TAFI levels were 17.24 + 4.05 ng/ml which were sig-
nificantly higher than the control group (15.01 + 3.28;
p = 0.003) No significant correlation of TAFI was observed
with Hb, platelet counts, liver enzymes, serum ferritin, PC,
PS, D-dimer, t-PA or PAI-1.

Conclusions There is an ongoing subclinical activation of co-
agulation cascade and fibrinolytic system in thalassemia major
(TM) patients. Higher levels of TAFI in the present study with
no significant correlation with other parameters were noted,
thus pointing out to its independent role in contribution to
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hypercoagulable state in thalassemia. TAFI serves as a link
between two limbs of hemostasis, with its higher levels pro-
moting inhibition of fibrinolytic system and thus promoting a
hypercoagulable state. Performing TAFI levels in thalassemic
patients could help to detect the early coagulopathy in these
patients and hence these patients can be closely monitored for
any evidence of thrombosis.

Keywords TAFI - Thalassemia - Hypercoagulable -
Thrombosis

Introduction

Thalassemia is a congenital hemolytic disorder caused due to
partial/ complete deficiency of « or 3 globin chain synthesis.
A chronic subclinical hypercoagulable state already exists in
thalassemia. The various factors involved in its
etiopathogenesis include red blood cell membrane abnormal-
ity [1], deficiency of various proteins of coagulation cascade
and fibrinolytic system [1-3], oxidative damage due to free
hemoglobin, increased platelet activation and aggregation [4],
and endothelial and leukocyte activation [5, 6]. The sites of
predilection of these microthrombi are central nervous system,
lungs and pulmonary vasculatures [1, 3]. Also a few studies
have described bleeding tendencies in these patients in the
form of epistaxis [7, 8]. In the Indian subcontinent, only a
few studies are available which document bleeding manifes-
tations in these patients. However, a few case reports docu-
ment thrombosis in them. Thus these patients can have
thrombosis/bleeding depending on the balance between coag-
ulation cascade and fibrinolytic system.

TAFI (Thrombin Activable Fibrinolysis Inhibitor) [ 9—12]
is a recently discovered zymogen. It is synthesized in the liver
and megakaryocytes [13, 14] and circulates in blood in
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complex with plasminogen [11]. It has two isoforms based on
substitution of a single base pair at amino acid position 147,
which do not have functional differences [15].

TAFI is primarily activated by thrombin-thrombomodulin
complex [16]. It cleaves lysine residue from fibrin, which is
the binding site for plasminogen, thereby reducing the rate of
plasmin generation with consequent prolongation of fibrin
dissolution. Also, as a result, there is reduced positive feed-
back by fibrin degradation products and hence, down regula-
tion of clot lysis.

TAFI is an unstable enzyme at physiological conditions
and is primarily inactivated by a spontaneous conformational
change [17] with at;, of 10 min at 37°C [18], secondary route
ofinactivation being proteolytic cleavage at Arg302 by throm-
bin or plasmin [19].

Increased TAFI levels have been correlated with increased
clot lysis time in normal individuals [20]. Role of TAFI has
been studied in various conditions like stroke [21], deep vein
thrombosis [22] and gastric carcinomas [23]. Increased TAFI
levels were positively correlated in patients with deep vein
thrombosis [22]. A two-fold increased risk of thrombosis in
cases who had TAFTI levels above 90th percentile of controls
(>122 U/dl) as compared to cases having levels below it (odd
ratio 1.7, confidence interval 1.1-2.5) was observed.

TAFI, thus serves as a link between the coagulation cas-
cade and the fibrinolytic system.

With this background, the present study was conducted to
know the role of TAFI as a contributing factor in causing
hypercoagulable state in children with 3-thalassemia major.

Material and Methods

Ethical clearance for the study was obtained from institutional
ethics committee, Lady Hardinge Medical College. Out of the
total of 379 cases registered in Thalassemia Day Care centre at
Kalawati Saran Children’s Hospital, 50 randomly selected
cases upto 18 y of age were enrolled in the study along with
equal number of age and sex matched controls. Informed con-
sents were taken. All the blood samples were drawn before
transfusion. Those who received <20 blood transfusions or
having any clinical evidence of acute infection/ serum C-
reactive protein (CRP) levels >8 mg/L or seropositive (HIV,
HBsAg, HCV) were excluded.

The cases were subjected to complete blood count with
peripheral smear, serum C-reactive protein, liver function
tests, serum ferritin, coagulation tests [prothrombin time
(PT), activated partial thromboplastin time (aPTT), fibrino-
gen, D-dimer; coagulation inhibitors — protein C, protein S,
antithrombin; fibrinolytic system-tissue Plasminogen
Activator (tPA), Plasminogen Activator Inhibitor (PAI-1)
and Thrombin Activable Fibrinolysis Inhibitor (TAFI)].

CBC was performed using Sysmex KX-21 haematology
analyzer. Liver function tests [alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline phos-
phatase (ALP)] were done on Beckman Coulter Synchron
CX-9 autoanalyzer.

Semi quantitative test for CRP was done using BIOLATEX
CRP_EKO Kkit.

The quantitative measurement of serum ferritin was done
using Cal biotech, Inc. (CBI) ferritin ELISA kit.

All clotting assays of PT, aPTT, PC, PS, fibrinogen were
performed on fully automated STA compact analyser using
STA diagnostic kits. Calorimetric assay of antithrombin III,
using STA- STACHROM® AT III and immuno-turbidimetric
assay of D-dimer, using STA-LIATEST® D-DI kits were also
performed on fully automated STA compact analyser.

t-PA and PAI-1 were measured using t-PA (human) ELISA
DRG diagnostics kit and PAI-1 (human) ELISA
BIOVENDOR research and diagnostics kits respectively.

Quantitative determination of TAFI was done by enzyme
immunoassay using ASSERCHROM® TAF]Ia (active form)/
TAFTai (inactive form) ELISA kit. All ELISA based tests were
done using Bio-rad micro plate ELISA reader and Bio-rad
washer.

The TAFIa / TAFIai to be measured was captured by spe-
cific mouse monoclonal anti-human TAFIa/ TAFTai antibody
coated on the internal walls of a plastic micro plate well. Next,
the second monoclonal anti TAFIa/ TAFIai antibody coupled
with peroxidise were bound to the remaining free antigenic
determinants of the bound TAFIa/ TAFIai. The bound enzyme
peroxidase was revealed by its reaction with a strong acid, the
intensity of the color was directly proportional to the concen-
tration of TAFIa/ TAFIai initially present in the plasma
sample.

The statistical analysis was done by using Statistical
Package for Social Science (SPSS) version 20.0. The data
was expressed as mean + standard deviation. Besides descrip-
tive statistics, the comparison of 10 parameters (PT, aPTT,
fibrinogen, D-dimer, protein C, protein S, antithrombin, t-
PA, PAI-1, and TAFI) between cases and controls was done
using Mann Whitney U test for non parametric data and inde-
pendent sample t test for parametric data.

The correlation between the various parameters among
cases was done using pearson and spearman coefficients.
The “p value” of <0.05 was considered to be significant.

Results

The age group of cases ranged from 1.4 y to 17 y with mean
age 0f9.17 £4.43 y. The male to female ratio was 2.57:1. The
mean age of controls was 7.78 + 4.24 y with a range of 1.5 to
17 y and male to female ratio of 2.12 : 1. No significant
difference was noted in age and sex of the two groups. The
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number of blood transfusions received by patients varied from
21 to 162 units. All the cases were non-splenectomized. They
were on iron chelation therapy and regular transfusions. No
history of clinical evidence of thrombosis was present in any
of cases in last 6 mo. The complete blood count (CBC) find-
ings of the two groups are shown in Table 1 and the results of
coagulation tests are depicted in Table 2. Table 3 shows the
liver function tests in cases.

Patients showed significantly higher values of PT and
aPTT as compared to controls. Abnormally prolonged PT
and aPTT were observed in 18 % (9/50) and 30 % (15/50)
of the patients respectively. The fibrinogen levels of cases
ranged from 123 to 408 mg/dl, and were significantly higher
(p = 0.034) than controls.

Although the mean D-dimer levels were raised in
cases [0.449 + 0.914 pg/ml (FEU)] as compared to
controls, the difference was not statistically significant
(» = 0.082).

PC and PS were significantly lower in cases as compared to
controls (p < 0.001 for both). AT III levels were comparable in
the two groups (p = 0.38).

The tPA levels were significantly higher in cases than con-
trols (p = 0.047). PAI-1 levels were comparable in two groups
(p = 0.380).

The levels of TAFT in cases ranged from 10.1 to 25.0 ng/ml
with mean of 17.24 + 4.05 ng/ml. It was statistically signifi-
cantly higher than controls (15.01 +3.28 ng/ml; p = 0.003) as
shown in Fig. 1.

TAFI levels in males and females in the case group were
17.6 ng/ml and 16.1 ng/ml respectively. The difference was
not statistically significant (p > 0.1). Plasma TAFI levels
showed positive correlation with age (» = 0.24, p = 0.09) but
the values were not statistically significant. A positive corre-
lation was also noted between plasma TAFI levels and number
of blood transfusions (» = 0.28, p = 0.05). TAFI correlated
poorly with hemoglobin and platelets (» = 0.18, 0.08 respec-
tively). No significant correlation of TAFI was noted with
serum bilirubin or liver enzymes (p > 0.1). No significant
correlation of TAFI was noted with PT, aPTT and fibrinogen
(p > 0.1). TAFI also correlated poorly with protein C, protein
S and antithrombin (p > 0.1).

Table 1 Hematological parameters in cases and controls

Parameters Cases Controls P value
Mean + 2SD Mean + 2SD

Hb (g/dl) 948 +£0.93 12.11 +£1.38 <0.001

RBC (x 10%pl) 3.38 £0.422 4.58 £0.747 <0.001

TLC (x 10*/ul) 8.59 +3.69 8.84 +1.82 0.673

Pt (x 10%/ul) 277 +1.06 337+1.01 <0.005

Hb Hemoglobin; RBC Red blood cells; 7LC Total leucocyte count; Plt
Platelets

Table2  Comparison of coagulation parameters in cases and controls

Parameters Cases Controls P value
Mean £ 2SD Mean £ 2SD
PT (s) 14.60 + 1.02 13.93 + 0.89 0.001
aPTT (s) 35.03+3.29 2997+3.14  <0.001
FIB (mg/dl) 252.60 + 64.49  230.28 £34.42 0.034
D-dimer (ug/ml) (FEU)  0.449+0.914  0.219+0.054 0.082
Prot C (% activity) 73.43 +£21.26 88.0+19.30 < 0.001
Prot S (% activity) 56.16 1432 72.94+1563 <0.001
AT 11T (% activity) 102.82+£10.25  100.62 + 14.88 0.388
tPA (pg/ml) 1559.2 + 14164 10154 +£853.2 0.047
PAI (pg/ml) 6243.4+57704 61408 £6477.1  0.380
TAFI (ng/ml) 17.24 £4.05 15.01 £3.28 0.003

PT Prothrombin time; aPTT Activated partial thromboplastin time; FIB
Fibrinogen; Prot C Protein C; Prot S Protein S; AT [II Antithrombin I1I;
TPA Tissue plasminogen activator; PA/ Plasminogen activator inhibitor;
TAFI Thrombin activable fibrinolysis inhibitor

In control group no significant correlation of TAFI with age
or any other parameters was observed (» = 0.16, p = 0.2).

D-dimer levels were high in patients with raised TAFI
levels but the correlation was not statistically significant
(r = 0.194, p > 0.1). No significant correlation of TAFI was
noted with t-PA (p > 0.1) and PAI-1(p > 0.1).

Discussion

Hypercoagulable state in thalassemia is a well recognised phe-
nomenon. The various etiologies implicated, include the al-
tered levels of anticoagulant and procoagulant proteins [1-3],
alteration of RBC membrane [1], increased platelet activation
and aggregation [4], endothelial, monocyte and granulocyte
activation [5, 6].

Studies in literature have documented both hypercoagula-
bility and bleeding tendencies in (3-thalassemia major patients.
The incidence of thromboembolic events in beta thalassemia
(B-TM) varied from 0.9-4.0 % in various studies [1, 3].
However a few studies also reported bleeding tendencies in
these patients”®. None of the patient in present series had any

Table 3 Liver function

test parameters in cases LFT Mean + SD
S. bil 0.81+£0.42
ALT (IU/ml) 50.84 £29.14
AST (IU/ml) 52.76 +£32.53
ALP (IU/ml) 479.32 £ 142.28

LFT Liver function test; S. bil Serum bili-
rubin; ALT Alanine aminotransferase; AST
Aspartate aminotransferase; ALP Alkaline
phosphatase
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Fig. 1 Comparison of TAFI in cases and controls

clinical evidence of thrombosis. Although two patients had
thrombocytopenia, none had bleeding manifestations.

The mean PT and aPTT in patients were significantly
higher than controls (»p = 0.001 and <0.001 respectively).
Similar results were also obtained by several other authors
[7, 8, 24, 25].

Fibrinogen levels in the cases, though were significantly
higher than controls, were within normal range. This is in
contrast to other studies in which low levels of fibrinogen
were observed in the cases [25, 26].

D-dimer, breakdown product of fibrin, is a marker of
thrombin activation and secondary fibrinolysis. Although
the levels of D-dimer were high in cases as compared to
controls, the difference was not statistically significant.
However, Tripatara et al. noticed a significant higher
values of D-dimer in cases as compared to controls
(» < 0.05) [27].

In the present series the mean PC and PS activity were
significantly lower than the control group. A similar observa-
tion was made by several authors [7, 25, 27, 28]. A few au-
thors had reported significantly reduced AT activity in (3 thal-
assemia major patients [3, 7, 26]. However, in the present
study AT activity was comparable to controls.

In the current series reduced activity of Protein C and
Protein S was observed in 50 % and 54 % of cases respective-
ly. Antithrombin was reduced in only 4 % of the cases.
These findings are consistent with other authors who
observed a similar decrease in PC, PS and AT [29,
30]. However Naithani et al. observed reduced PC and
PS activity in 26.2 % and 28.6 % of cases [7]. They
observed reduced AT in a higher number of cases
(46.8 %).

Reduced levels of the anticoagulants might be because of
deranged liver functions in these patients due to iron overload
resulting from repeated blood transfusions. Also, the ongoing
subclinical coagulation activation might have contributed to
the consumption of these anticoagulant proteins. In the present
study as no correlation between deranged liver enzymes and
anticoagulant proteins was observed, the latter mechanism
seems to be the major contributing factor.

Only a very few studies on levels of t-PA and PAI-1 in
patients with (3- thalassemia major are available in literature
[26]. Angchaisuksiri et al. noticed a significantly higher level
of t-PA and PAI-1 in splenectomised HbE/[3-thalassemia pa-
tients as compared to non-splenectomised HbE/[3-thalassemia
patients and controls [26].

In the present study the t-PA levels were significantly
higher in cases as compared to controls (p = 0.047). Though
the PAI-1 levels were also high in cases, the difference was not
statistically significant (p > 0.1). Increased t-PA and PAI-1
suggest an activation of fibrinolytic system which is also sup-
ported by increased D-dimer levels.

TAFT is a recently discovered protein that attenuates fibrino-
lysis. Thus, increased levels of TAFI favour hypercoagulability.
Only a few studies on role of TAFI in thalassemia are available in
literature. Tripatara et al. conducted study on HbE/[3-thalassemia
children and observed a reduced level of TAFI in both severe
non-splenectomised and splenectomised group (p < 0.05) [ 27].
Mokhtar et al. observed a reduced TAFI levels in (3-thalassemia
patients [8]. The TAFI % activity observed by them was lower
(47.33 £ 11.43 %) in TM splenectomised and TM non-
splenectomised patients (69.33 £ 12.13 %) as compared to con-
trols (116.22 + 10.47 %), (p < 0.001). Nine out of fifty one of
their patients had bleeding manifestations. The cases with bleed-
ing had significantly lower TAFT activity as compared to the
patients without bleeding (» < 0.0001).

TAFI levels in the present study were 17.24 + 4.05 ng/ml
which were significantly higher than control group
(15.01 + 3.28, p = 0.003). No significant correlation of TAFI
was observed with Hb, platelet count, liver enzymes, serum
ferrittin, PC, PS, and D-dimer, t-PA or PAI-1. However,
Mokhtar et al. noticed a significant negative correlation of
TAFI% with serum ferritin, liver enzymes, TLC and platelet
count whereas no correlation was observed between TAFI%
and PT or aPTT [8].

In the present study none of the patients was
splenectomised and no clinical evidence of thrombosis was
present in last 6 mo. Hypercoagulable state in thalassemia is
generally subclinical. Platelets activation and aggregation is a
known contributing factor to this hypercoagulable state.
Previous two studies showed significant reduction in
TAFI levels in cases as compared to controls which is
attributed to liver derangements due to iron overload.
Also significant reduction of TAFI levels in splenectomised
thalassemia major patients was observed as compared to non-
splenectomised patients, indicating its utilization in inhibiting
fibrinolysis.

The higher levels of TAFT in the present study might be due
to release of TAFI from « granules of platelets. Though
the liver function tests were marginally deranged in cur-
rent study due to iron overload attributed to regular
blood transfusions and poor compliance to chelation
therapy, it did not affect the TAFI levels significantly.
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All the patients were non-splenectomised, so the abnor-
mal red cells were significantly removed by spleen, thus
less number of abnormal red cells were available in
circulation and so there was lower activation of the
coagulation cascade and fibrinolytic system. This par-
tially explains the high levels of TAFI due to its lower
consumption in inhibiting fibrinolysis. The other reason
for its higher levels being its release from platelets.
Also due to lower number of circulating abnormal red
cells because of regular transfusion, no clinically evi-
dent thrombotic events were noted in the present study.

In the present study, significantly reduced levels of antico-
agulant proteins and increased levels of TAFI favoured in-
creased tendency of hypercoagulability in these patients. The
proteins of fibrinolytic system (i.e., t-PA and PAI-1) were
elevated along with increased D-dimer in these patients, thus
suggesting ongoing fibrinolysis.

Conclusions

TAFI’s role in regulation of fibrinolysis suggests that high
levels of TAFI would contribute to thrombophilia, while low
levels of TAFI would cause hemorrhage. Performing TAFI
levels in thalassemic patients could help to detect the early
coagulopathy in these patients and hence these patients can
be closely monitored for any evidence of thrombosis/
bleeding.

The coagulopathy in thalassemic patients is multifactorial.
Along with the well known factors responsible for it, TAFI
could also be a potential parameter to determine the hemostat-
ic alteration in them. It has a short half life, so how early it can
detect an impending thrombotic event remains yet to be stud-
ied. Once this could be determined, timely interventions in
form of anticoagulants could be performed and thus the pa-
tient could be saved of devastating thromboembolic
complications.

As this parameter is not well studied yet, a larger study
is required to identify its use for detection of subclinical
hemostatic alteration in thalassemic patients. This would
in turn help to predict the increased risk of thromboem-
bolic events/bleeding in them and thus, a way to improve
their survival.
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