
In this review, I am going to discuss the vessel
wall in normal and pathologic conditions from Ha-
emostasis and Thrombosis standpoints, and also
summarize our laboratory findings related to the
Haemostatic System
[ 1 , 2 , 4 , 4 5 , 6 7 , 6 8 , 7 0 , 1 2 7 , 1 2 8 , 1 3 0 , 1 6 2 , 1 6 3 , 1 9 3 ,

199,200,217,247]. Vessel wall alteration was first time
cited by Imhotep of ancient Egypt few thousand
years ago. He showed the different apperance of
vessels in young and old people during mummifi-
cation and this was written down on papirus as
well on the rocks [146]. The first document related
with haemophilia existed almost in the same area;
in Babylon Talmut. So bleeding disorders and at-
herosclerosis and thrombosis were known in anci-
ent times. The alteration was cited as degenerati-
ve process by Imhotep. In 1833 J.F. Lobstein and

then in 1904 F. Marchand named the disease as
“Arteriosclerosis” and “Atherosclerosis” in the last
millenium[145]. There are various hypothesis on
the pathogenesis of the disease. In recent years
many hypothesis, theories and experimental stu-
dies on atherosclerosis were published and the
pathogenesis of the disease was investigated in
biochemical, molecular biologic and molecular ge-
netic perspectives. Most of the studies published
in recent years were on lipid changes, genetic de-
fects to receptors; these studies were in strong,
correlation between lipoprotein metabolism and
development of atherosclerosis. 

We are going to present our data related with
haemostatic view which really began more than
150 years ago by Rokitansky[147]. This depends

7

The Relationship of Haemostatic System
to the Vessel Wall, Thromboembolism, 
Atherosclerosis from Pathogenesis and 

Laboratory Standpoints

Orhan N. ULUTÝN

Professor of Medicine, Honorary Member of Turkish Academy of Science, Cerrahpaþa Medical School, 
University of Ýstanbul, Ýstanbul, TURKEY

Turk J Haematol 2002;19(1):7-29.

Received: 13.06.2001 Accepted: 03.09.2001



on abnormal deposition of blood components inc-
luding fibrin in the intima. This view is supported
with some addition by Duguid in 1946[71]. He pro-
posed that thrombosis was a factor for the patho-
genesis of coronary Atherosclerosis. In 1856 Virc-
how proposed tissue response to endothelial in-
jury theory and this theory got more support in the
following years[148]. Depending on the response
to injury theory, in 1976 Ross and Glomset deve-
loped this hypothesis and described endothelial
injury caused by recurrent denudation of Endothe-
lia Cells (EC) due to smoking, hypertension,
hypercholesterolemia, and recurrent mural throm-
bosis[65,149]. Platelets also activate in this process
and release their substances such as growth fac-
tors which result in hyperplasia, lipid accumulati-
on as well smooth muscle hyperplasia and smo-
oth muscle migration and finally atheroma forma-
tion. These results were also obtained in animal
experiments.

This view was followed by “Endothelial
Dysfunction” by Gimbrone in 1980 and
“hypo/dysfunction of EC with hyperactivity of pla-
telets” by Ulutin in 1986, Depending on our obser-
vation we can say that Endothelial dysfunction co-
uld be of two types “EC dysfunction that exist ge-
netically” or “EC becoming defective in acquired
form”[4,55,119, 133,262]. Endothelium has been re-
cognized as one of the major contributors in initi-
ation and progression of atherogenesis. We are
not going to cover related literature extensively,
since we already mentioned them in our earlier
publications in detail. But I would like to summari-
ze our observations in the cases of atherosclero-
sis from hemostasis standpoint[1-

4,27,45,46,59,68,127,130,164,165,195,201,217,272-274]. Also
there are many books and reviews mentioning the
historical and scientific developments of the sub-
jects. I am citing some of
them[27,54,55,64,65,71,100,119,131,133,142,144,

145,149,196,197,209-211]. 

First I would like to summarize what type of al-
terations take place in the hemostatic system in
this group of cases: 

a. Hypo/Dys-function of EC, 

b. Decreased and altered fibrinolytic system

and its activity; with and without molecular altera-
tions, 

c. Increase of some coagulation factors, with
and without molecular alterations, 

d. Decrease of natural inhibitor activity
with/without molecular abnormalities, in vascular
system especially in haemostatic mechanism. 

e. Hyperactivity of platelets with some functi-
onal and biochemical alterations. 

f. The role of Monocytes.

A. The role of EC and its function in Hemosta-
sis, Atherosclerosis and Thrombosis have been
summarised extensively on the following publica-
tions [1,2,4,12, 27,55,59,68,74,

79,89,100,117,119,120,127,128,130-134,139,140,141, 150,164-

166,168,194-196,200,203,206,209,217,221, 258] (Table 1).
There is increasing evidence that the EC is invol-
ved in numereous physiological and pathological
processes in the vascular system as well as in the
haemostatic mechanism. Its inner surface with TF
and its lipid composition and also phospholipid
surface have important roles in the activation of
hemostatic system. The EC has a strong antith-
rombotic function due to the substances that it
contain and synthesizes. In atherosclerosis these
functions and substances are reduced and altered
(Table 2). The inner surface of EC has a prote-
oglycan layer that is a reason to be nonwetab-
le[64,68,119, 133,134,140,196]. Many proteoglycans
such as heparan sulfate (HS), dermatan sulfate
(DS) and heparin are synthesized in EC. In 1957
Ulutin and Fiestakof developed “Heparin Loading
test” and showed, depending on this test there is
a resistance to heparin in the cases of atheroscle-
rosis and also in hypercoagulabi-
lity[4,136,137,156,224]. Karaca and Koþar confirmed
these results in 1964[216]. In 1964 Özdamar de-
monstrated that the cases of atherosclerosis had
diminished amount of heparin and these patients
also show a resistance to heparin[2,214,215](Table
2). Depending on heparin loading test and its mo-
dification, it has been shown that resistance to he-
parin decreases during intermittant heparin the-
rapy[136,137,156,214,215]. LMW heparin was de-
monstrated in the heparin fractions in 1974 by Gü-
ven et al[303,304]. Now we have many LMW hepa-
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rins with different molecular size and slightly diffe-
rent effects. We get similar results with LMW he-
parins as we showed above with UF heparins. Al-
so LMW heparins show comparatively different ef-
fect for the management and therapy in vascular
diseases[115]. In the electrically induced thrombo-
sis model LMW and HMW heparins shows diffe-
rent appearance in dogs[254]. We demonstrated
that in HMW heparin treated dogs, the larger
mass of thrombus rich in red cells were seen. The
EC was damaged. In LMW heparin treated dogs
the EC was in normal appearance and keeping
their unity and only some areas of tiny fibrin layer
existed. With LMW heparin fibrinogen levels dec-
rease. On the contrary with HMW heparin fibrino-
gen levels increased. 

EC produces antithrombotic and prothombotic
substances as follows: Antithrombotics [HS, tis-
sue plasminogen activator (t-PA), urokinase (UK),
Thrombomodulin, Prostacyclin, nitric oxide (NO),
13-HODE, Protease Nexin, etc.] and prothrombo-
tics [plasminogen activator inhibitor 1 (PAI 1), PAI
2, 15-HETE, von Willebrand factor (vWF), TT, En-
dothelin, platelet activating factor (PAF) etc.].

Tissue factor (TF) (Tissue Thromboplastin) is
a low molecular weight integral membrane
glycoprotein, few expressed in healthy endotheli-
um, also located in the intima, and some in adven-
titia[12,55,74,79,100,131,144,150, 164,194, 203,206,208,209].
TF is also located in within the platelets and le-
ucocytes and especially monocytes. Besides EC,
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Table 1. Summary of the substances contained and produced by the endothelial cells related with haemosto-
sis

- Increase of platelet adhesion with and without other platelet defect
- Alteration of foreign surface activation
Hyperaggregation with aggregating agents
Occasionally spontaneous platelet aggregation
Hypersecretion
Increase of platelet markers in plasma
Increase of platelet alpha 2-Antiplasmin
Decrease of platelet AT-III
Decrease in gamma glutamyl transferase in platelets
Increase in PGF2 alpha, PGE, MDA and TXA2 
Defective glucose membrane transport to the platelets and red blood cells
Alteration of membrane phospholipids
Increase of galactose transportation to the platelets and some alteration of membrane glucoproteins 
Shortening half life of the platelets
In some cases an “Acquired storage pool deficiency of platelets” occur

Table 2. Plasma heparin levels in normal controls and in the cases of cerebrosclerosis. Plasma heparin le-
vels were determined using Engelberg’s method (plasma heparin level mg/L). Data obtained from Özda-
mar’s publication. Ref. No. 214-215

PE PS PI SPH PC Total p/10 Pl
Atherosclerotics 4.32 + 0.95 + 0.76 + 2.87 + 5.86 + 14.76 + 1.2
(n: 32)
Normals 2.98 + 0.53 + 0.37 + 2.06 + 4.1 + 10.04 + 1.05
(n: 30) 
Increase % 45 79 24 39 43 44



TF is also released from leucocytes, platelets and
especially monocytes[142,222,309]. TF content and
its availability increases in the cases of atherosc-
lerosis[12,298]. As known TF and VIIa have a role
in the activation of extrinsic system and also TF
activates factor IX in the intrinsic system of coagu-
lation mechanism[206, 208]. TF expression incre-
ases in atherosclerosis with and without angina
and myocard infarction. TF also releases from
monocytes in the cases of hypercoagulability as-
sociated with angina and myocard infarcti-
on[12,79,80, 100,119,120,142,165,166,222]. The proco-
agulant activity of EC increase after infection with
some respiratory viruses or after arterial in-
jury[79,296]. Also some infection promote of deve-
lopment of atherosclerosis such as Chlamydia
pneumoniae[108]. TF is a lipoprotein and its mole-
cular weight is approximately 45.000, TF is loca-
ted on chromosome Ip 21-22. Recently it has be-
en published that high level of adhesion molecu-
les are measured in patients with peripheral arte-
rial disease with impaired EC function[139,150].

A substance produced by the EC named TF
Pathway Inhibitor (TFPI) inhibits the action of TF,
TF/VIIa and Xa, So coagulation mechanism is in-
hibited by TFPI in the early stage in the EC and its
surface. It was difficult to demonstrate it with stan-
dart coagulation tests. This shows another obser-
vation about anticoagulant activity in test tubes
there are different antithrombotic activity[13-

22,75,80,83,109,112,163,166,167,172, 181,264,286]. In blo-
od, Lp(a) bounds TFPI and inactivates it approxi-
mately 60-70 percent.

Only free TFPI inhibits certain substance such
as TF, TF/VIIa, Xa, elastase etc. In the cases of
atherosclerosis Lp(a) levels increase so TFPI ac-
tivity decreases[63,68,161,163,171, 173,223]. In our pa-
tients with atherosclerosis Lp(a) was in normal
control 29.3 + 25.01 mg/dL and in patients 97.89
+ 77. 92 mg/dL and p< 0.001 (n: 100). Some
drugs such as heparin, LMW heparin, defibrotide
stimulate the production and release of TFPI[17].
The potentiation of the effect of these drugs is, at
least partially, due to increased level of TFPI. Re-
cently it has been shown that a molecular abnor-
mality exist in human TFPI in some cases of
thromboembolism especially in the cases with ve-
nous thrombosis and also with acute coronary

syndrom[13-23,75,80,83,109,112, 198].

Prostacyclin (PGI 2) and NO synthesized by
the EC play an important role in the changes rela-
ted to atherosclerosis. In atherosclerosis PGI 2
production and raelease decrease progressively.
Prostacyclin is a very potent anti aggregator and
vasodilator substance and stimulates the formati-
on of c-AMP from ATP. PGI 2 decreases signifi-
cantly in experimental and clinical atherosclero-
sis[1-5,68,129, 193,278]. The decreased prostacyclin
levels in atherosclerotics increases the platelet
activation. PGI 2 also decrease in diabetes melli-
tus, smokers, hemolytic uremic syndrom, lupus
anticoagulant, preeclampsia, vit E deficiency and
neonatants. In our work we found Plasma 6-keto-
PGF 1a levels for normal controls were 96.4
pg/mL and for atherosclorotics 37.7 pg/mL and
the difference was p< 0.001 in our patients[193].

EC also produces NO. NO is a vasodilator,
decreases the tonus of smooth muscle and also
inhibites aggregation and adhesion of platelets
and also neutrophil adhesion, and inhibits VSMC
proliferation. NO is produced in EC by NO syntha-
se. PGI 2 and NO act synergistically[194,196,220]. It
has been shown that the level and production of
NO decreases in atherosclerosis[1-7,44,191,193].
The earliest endothelial dysfunction is reduced
NO production. Akar et al demonstrated that a
significant association exists between ccNOS
polymorphism and cerebrovascular accident but
not DVT in Turkish patients[44]. Radomski et al
showed that endogenous NO inhibits platelets ad-
hesion to endothelium[6]. NO also prevent reste-
nosis after angioplasty[7].

On the other-hand, in 1988 Yanasigawa et al
isolatet a polypeptide from EC and named it as
“endothelin”[8,9]. Endothelin has a strong vaso-
constrictor activity, increases the smooth muscle
tonus in atherosclerosis, stimulates platelet and
mitogen formations. PGI 2 and NO counteract to
endothelin. In the case of atherosclerosis endot-
helin level is increased and also in ischemic heart
disease and possibly in hypertension[7-

11,192,194,196]. Endothelin causes vena jugularis
thrombosis in rabbits as well other animals expe-
rimentally[11].
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PAF is a l-o-alkyl-2-acetyl-glycerol-3-phospho-
ril-choline produced by EC, neutrophils and mac-
rophages and activates the platelets that causes
aggregation and secretion. PAF stimulates plate-
lets and facilitates the adherence of neutrophils to
the EC by stimulating them. It has been demonst-
rated that stimulation of EC by thrombin, histamin,
bradykinin, leukotriens etc increases the level of
PAF.

This increase is more marked in the cases of
atherosclerosis[1,2,56]. Thus PAF is involved in
vascular alterations and thrombosis formation and
has a role in atherosclerotic change by producing
platelet activation and endothelial injury[160,229]. 

It was shown that the production of vWF incre-
ases in the cases of atherosclerosis so platelet
adhesion increase. At the same time Fibrinogen
and factor VIII also increase. Plasma concentrati-
on of vWF increase in acute myocard infarcti-
on[93,199]. There are few, publications which men-
tion a decrease of vWF in the EC[117]. In atherosc-
lerosis, EC function is altered so antithrombotic
role of the EC decreases.

EC produce thrombomodulin. Thrombomodu-
lin bound thrombin and inactivate it. This throm-
bin/thrombomodulin complex activate Protein C
with a cofactor Protein S that inhibits FV and FVI-
II. Thrombomodulin is in a way a natural antico-
agulant on the surface of endothelium. Also bin-
ding of the thrombin in the injured area has some
protecting role of microcirculation. In collagen
vascular diseases the level of plasma thrombo-
modulin represent a marker of vascular injury[257].
Gene polymorphism was demonstrated in a wo-
men with early onset preeclampsia[85]. 

Using ELT and Fibrin plate methods we de-
monstrated that there was a clear difference bet-
ween normal control and atherosclerotics (Table

3). The answer to Cuff test significantly decreases.
t-PA, UK and PAI 1 are synthesized in EC. It also
has been shown fibrinolytic activity decreases in
the cases of atherosclerosis due to decrease of t-
PA or increase of PAI-1 sometimes toget-
her[69,81,232].

B. Fibrinolytic system activity shows different
alterations in the cases of atherosclerosis with
and without thrombus formation [1,2,4,25-

2 7 , 6 9 , 8 1 , 8 2 , 8 4 , 8 9 , 9 2 , 9 5 , 9 7 , 1 1 3 , 1 5 7 , 1 6 3 ,

177,193,200,232,299]. t-PA and PAI 1 synthesized in
EC, in one sense control the fibrinolytic activity.
There are many reports mentioning reduced fibri-
nolytic activity in atherosclerosis. The balance
between PAI 1 and t-PA is important in the cases
of atherosclerosis with/without thrombosis[25,27].
Among 250 cases with atherosclerosis PAI 1 was
excess in 207 cases and t-PA decreased in only
24 cases and no change in 19 cases. Also mole-
cular abnormality has been described in PAI 1
and PAI 2. In a group of MI (n= 66) with healthy
control (n= 20) a significant difference in PAI 2
was found[42,43]. There are many studies showing
the alteration of fibrinolytic system in the cases of
atherosclerosis, myocardial infarction and throm-
boembolism with and without molecular de-
fects[42,43,82, 84,89,92,97,105,113]. There are several
studies showing the relation between fibrinolytic
system and the devolepment of atherosclero-
sis[27]. There are many animal experiments sho-
wing the inhibition of fibrinolytic system cause at-
herosclerotic changes in vascular wall and promo-
tes thrombus formation[27,69,72]. On the other
hand the activation of fibrinolytic system in ani-
mals prevents or decreases EC alteration as well
decreased smooth muscle alteration. Berkarda
demonstrated that dicoumarol and UF heparin
when administrated in therapeutic doses inhibits
euglobulin lysis time in 1962[305].
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Table 3. The results of ELT and Fibrin plate in normals and atherosclerotics

Normal control (n: 80) Atherosclerosis (n: 80)
VIIIc 96 + 16 178 + 64
VIII Ag (vWF) 103 + 22 162 + 43
VIII Ri-co F 592 + 23 159 + 39



C. In the cases of atherosclerosis with and wit-
hout thrombosis some coagulation factor levels
increase and circulate in activated forms and ca-
use hypercoagulability. We can measure their
plasma levels immunologically or their procoagu-
lant activity or their activation peptides. In athe-
rosclerosis some factors increase such as Fibrino-
gen, FVIII, vWF, XII, IX, X, VII, V etc. In this group
of cases prothrombin fragments 1 + 2 and “Activa-
tion peptide”s of IXa, Xa, XIIa increase[2,32,122].

And also some coagulation factors show mole-
cular alterations[73,116,135,141,143,207,226].

Another vitamin K dependent, calcium ion bin-
ding protein is Protein Z[106,213,240]. Molecular we-
ight is 62.000 D, like Protein C, and half life is 2.5
days. Although Protein Z sequence is homolog
with IX, Protein C and other serin protease did not
show a serine protease activity due to absence of
active center aminoacid sequence. In the presen-
ce of Protein Z, thrombin bound to phospholipid
surface. Protein Z, deficiency causes bleeding
tendency. 60% of unexplained mild bleeding ten-
dency might be related to low level of Protein Z as
well some thrombus formation[213,241,242]. Protein
Z has an important function in maintaining hemos-
tasis and also has a role in the pathogenesis of
thromboembolism. On the other hand the presen-
ce of Protein Z on macrovascular EC in atherosc-
lerotic lesions has been demonstrated. It seems
that Protein Z is also a marker for proliferating ac-
tivity of the vessel wall.

We observed in our laboratory all vitamin K de-
pended coagulation factors deficiency including
prothrombin, factor VII, factor IX, factor X, Protein
C, Protein S and also deficiency of fibrinogen, fac-
tor V, factor VIII, factor XI, factor XII and vWF etc
(Table 4).

Factor VII/VIIa and TF/VIIa has important role
in the activation of blood coagulation. They activa-
te extrinsic coagulation mechanism and also thro-
ugh the activation of factor IX effect also the intrin-
sic system. TFPI inhibits this activation.

Factor VII congenital deficiency causes a ble-
eding tendency and this clinically resembles a
platelet disorder. First congenital factor VII defici-
ency was published in Turkey in 1958 and follo-

wed with others[122,187,292]. Factor VII is a glycop-
rotein, a single chain with 405 aminoacid and mo-
lecular weight is 50.000. Factor VIIa make a
complex with TF and activate factor X and factor
IX. This interaction increase the catalytic activity
of serine protease. Factor VII has many mutati-
ons. The clinical symptoms and factor VII activity
demonstrated poor correlation[122,186,208]. Re-
cently recombinant VIIa is used in the treatment of
the bleeding of severe thrombocytopathia[121,295].
Also rVIIa is used in the Hemophilia A cases with
inhibitor succesfully[263,296]. 

We also have congenital hypoprothrombine-
mia (Factor II deficiency)[293]. 

Fibrinogen levels increase significantly in the
cases of atherosclerosis with and without throm-
bosis. A significantly high fibrinogen polymerizati-
on curve occurs. Fibrinogen became more sensi-
tive to thrombin compared with normal control.

The clot is comparatively resistant to fibrinoly-
tic substances. This may be related to their con-
tent of HMW fibrinogen (Table 5). Also HMW fibri-
nogen ratio increases in the fibrinogen of patients
with atherosclerosis and they have higher risk of
thrombosis[28-30,57,99,123]. Also fibrinogen ano-
maly was shown in the cases of myocard infarcti-
on[57]. In this group of cases vWF also increases
significantly[197]. From laboratory findings, this
type of cases show some similarity with chronic
lowgrade DIC[24] (Table 6).

On the other hand, many recent publication in-
dicate high levels of factor VIII is a risk factor of
venous thrombosis as well arterial thrombosis. As
we mentioned in our earlier publications, fibrino-
gen level increased significantly in atherosclero-
sis, in stroke and in- POAD[32,33,93,117,197,225].
The increased levels of D-Dimer and FPA are the
indicators of intravascular coagulation. The recog-
nition of specialized membrane receptors and bin-
ding of fibrinogen to leucocytes as well as regula-
tion of leucocytes-endothelium interaction by fibri-
nogen give an additional regulative role to the fib-
rinogen[28-33,57]. The half-lives of fibrinogen and
platelets are decreased in the cases of atherosc-
lerosis[123].

We demonstrated that in leukocyte cultures a
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substance with factor VIII-like activity synthesize
in normal healty donors but not in Hodgkin’s[266].

In 1965 and 1967 blood samples taken from
coronary sinus by cardiac catheterization, brachi-
al artery and vein were compared from coagulati-
on activity between normal controls and atherosc-
lerotics[276,290,310]. In normal control the coagula-
tion activity between samples showed clear diffe-
rence and arterial blood showed higher activity
than venous blood drawn from coronary sinus.
Blood passing the normal myocardium loses so-
me its activity. In normal myocard it has a regula-
tive role. In atherosclerosis there is no difference
between samples, so myocardium loss this regu-
lative role in the cases of atherosclerosis. This dif-
ference is also clearly demonstrated using throm-
boelastography.

D. Decrease of natural inhibitors activities
with/without molecular abnormalities were seen.
In the cases of atherosclerosis, there is a resis-
tance to heparin. The level of heparin decreases.
We already demonstrated this using heparin lo-
ading tests[136,137]. Heparin is produced by ba-
sophils, mast cells and EC and also EC produces
HS. The surface of EC covered by HS has a role
in nonwetable surface of EC with PGI 2.

As we will discuss later heparin produced by

EC has an inhibitory effect on platelet derived
growth factor’s effect on smooth muscle. Hepa-
rin’s antithrombotic effect enhances through the
activation of AT-III. AT-III and activated AT-III by
UF heparin inactivate dose dependently XIa, Xa,
VIIa and thrombin. On the other hand, by descrip-
tion, LMW heparin acts through on Xa. But in
practice LMW heparin also acts through AT-III but
in lesser degree and this is different from one pro-
duct to other. We can say that LMW heparins are
a group of similar proteoglycans but different
drugs due to their activities. Heparins obtained
from different tissues and different species also
show some differences structu-
rally[1,4,34,35,104,115,172, 214-216].

We found that Protein C and S slightly decre-
ases in the cases of atherosclerosis probably due
to consumption.

In new born babies some vitamin K dependent
factors are in low levels and this is more marked
in premature babies but also observed in term. Af-
ter vitamin K application the majority turn to nor-
mal levels. In some low levels persisted for a lon-
g time even months up to 6 months even more.
This may cause wrong diagno-
sis[13,73,109,178,230,282-284,301,302]. There are also
publications, related with new born thrombosis
and haemorrhage with different ca-
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Table 4. The distribution of factor deficiency among 327 patients registered in our division between 1960-
1985 (294)

ELT (Min) 
Control (n: 42) 97 + 21 41 + 19 56
Patient (n: 41) 153 + 37 134 + 38 19
F‹BR‹N PLATE
Control (n: 42) 43.6 + 9.5 93.2 + 16.4 49.6
Patient 26.8 + 11.4 47.2 + 16.6 20.4

Table 5. Fibrinogen levels of normal controls and atherosclerosis

Marker Control (n: 100) Atherosclerosis (n: 100)
PF-4 (IU/mL) 4.4 + 1.4 21.8 + 8.4 p< 0.001
ß-TG (IU/mL) 16.1 + 9.3 82.1 + 21.6 p< 0.001



uses[35,73,138,178,185, 190,282,284,302].

Molecular alterations and/or polymorphism
are demonstrated in the cases of thromboembo-
lism and vascular disorders in Turkey as well in
the literature[23,31,36-

44,54,58,76,78,82,84,85,87,89,91,92,95-98,110,111,

113,114,151,165,173-176,179,182-184,188,189,191,

198,202,207,226,230, 231,233]. Among these Leiden
anomaly, PT 21020, methylentetrahydrofolate,
NO syntase, angiotension converting enzyme
(ACE) gene variants, PAI 2 genetic distribution
etc. In 1997 Özbek and Tangün mentioned the
existence of FV Leiden in Turkish population[37].
According to Akar et al in the cases of MI, CV in-
farct and DVT, Leiden anomaly was 25% and PT
21020 9%[38]. Gürgey et al showed that 55 out of
142 adult cases with cerebral thrombosis, pulmo-
nary thrombo-embolism, mesenterium thrombosis
and DVT had molecular abnormalities such as 35
heterozygous factor V Leiden (24.6%) 6 homozy-
got cases (4.2%); 9 cases of PT 20210 (6.3%), 5
cases of combined defect of FV Leiden and
PT20210A (3.5%)[39]. Gürgey also demonstrated
in Azerbaijan 43 healthy cases (18 heterozygote
and 1 homozygote) with methylenetetrahydrofola-
te reductase C677T mutation (MTHFR C667T)
and also 6 cases with FV Leiden. These cases
were chosen from the general population and had
no history of thrombosis[40]. 

Akar et al demonstrated endothelial NO
synthase polymorphism in a Turkish patient with
DVT and cerebrovascular accident[41,44]. In anot-
her study, Sayhan et al showed a significant diffe-
rence observed in the cases of MI comparing with
normal healthy people and also a deletion of poly-
morphism in gene encoding ACE gene variants in
patients with MI and normal control existed in cer-
tain percentage and also significantly different PAI

2 genotype distribution between MI and control
group[42,43]. Also deletion polymorphism at the
converting enzyme gene in patient with coronary
artery disease, PAOD, and carotide atherosclero-
sis is published[42,43,84, 173, 204] (Table 7).

In another study made in our clinic 35 patients
with thromboembolism had 8 Protein S deficiency,
7 APC-resistance, 4 antiphospholipid antibody
syndrome, 3 Protein C deficiency and 2 AT-III de-
ficiency[58]. We also presented a family with 2 ca-
ses of homozygot AT-III deficiency. Father and
mother were relative and in the family there was 4
heterozygous AT-III deficiency[35]. Recently Akar
published the results of pediatric cases with mole-
cular alteration with thrombosis in detail[226]. In
some cases of thrombosis a mutation of Protein C
gene was demonstrated[114,285].

Some molecular abnormality was observed in
some of the cases of Buerger disease causing a
risk factor for thromboembolism[135]. Among
prothrombotic mutations of prothrombin 20210 G-
A is higher than others in Buerger diseases. This
combination aggravates vascular pathology and
possible thrombus formation. Certainly this obser-
vation needs further studies.

Vascular alterations, EC disfunction, thrombus
formation and alteration in the haemostatic sys-
tem are among the findings in the disease origi-
nally described by Hulusi Behçet in 1937 as a der-
matologic disorder[259]. There are same publicati-
on related with the alteration of EC function as
well hemostatic system in Behçet’s dise-
ase[60,129,219,251-256].

Thrombosis and hemostasis in antiphosp-
holipid syndrome[90,102,212,261]: Under this title,
there are different clinical and laboratory entities
such as Lupus anticoagulant, anticardiolipin anti-
bodies, etc. With these antibodies arterial and ve-
nous system thrombotic events occur such as ce-
rebrovascular thrombosis, transient cerebral isc-
haemic attacks, coronary artery thrombosis, reti-
nal thrombosis, venous thrombosis etc. All are ac-
quired phenomenons.

E. In Table 8 the alteration of platelet function
and biohemistry is summarized. The subject
of platelet release mechanism has been introdu-
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Table 6. von Willebrand factor levels in normal
control and atherosclerotics

Normal control Atherosclero-
sis

(n: 260) (n: 260)
Fibrinogen 207 + 32 363 + 57
(mg%) p< 0.001



ced to the literature in 1956 by Ulutin and Kara-
ca[45,46,124,159,237-239,270,277]. It has been de-
monstrated by various methods that platelet ad-
hesion, aggregation and secretion increase in at-
herosclerotic subjects[45,275]. The increase in the
platelet adhesiveness and aggregation were mo-
re pronounced in the prethrombotic stage and du-
ring transient ischaemic attacks. The alterations
of platelet in the cases of atherosclerosis with and
without thrombosis are as follows: Hyperaggrega-
tion, hypersecretion, hyperadhesion and mitogen
formation and release[45-47,59,67,70,130,234]. The al-
teration of platelets was observed during different
osmotic resistance tests[236-239,275,277,306].

Platelets do not adhere to normal endothelium
but to injured EC and to subendothelium. Platelets
also adhere to functionally altered EC. The continu-
ity of heparan sulfate layer on the surface of EC
decreases and also PGI 2 formation of EC decre-
ase so more platelets adhere to the EC surface.

Using platelet retention test, it was shown that,
more platelets adhere to the foreign surface.

Using Rebuck technique, we measured the
differential counts of platelets on formvar memb-
rane using shadow-casting technique of electron
microscope[2,4,45-47]. In normals the majority of
platelets were in dendritic form 66% and per
hundred single platelets only 4.5% small aggrega-
tes observed. On the other hand, in the cases of
atherosclerosis 12.6% small aggregates and
5.2% gross aggregates existed (Table 9). This is
also shown by Marion Barnhart and her group in
the cases of transient ischaemia and cerebrovas-
cular disorders[48]. Certain antiaggregating drugs
like aspirin normalize this pathologic alteration.
Our results of functional and biochemical alterati-
ons of platelets from atherosclerotic patients are

summarized in Table 8. And also using thin secti-
on methods of electronmicroscopy the ultrastruc-
tural alterations were of platelets were shown in
normals, in pathologic conditions as well under
certain drugs[234,277,281]. When platelets adhere
to subendothelium they release growth factors
including ß-TG, chemotactic substances, antihe-
parin (PF-4) and also procoagulants (PF-3) which
gives them a role in the pathogenesis of atherosc-
lerosis. In the cases of atherosclerosis, main func-
tions of platelets significantly increase[45,46]. This
is observed in congenital or acquired form of athe-
rosclerosis. Mammen described a congenital form
and named it as “Sticky Platelet syndrome”[49,50].
Increased spontaneous platelet aggration is a risk
factor in the thromboembolic complications in vas-
cular disorders[280]. Platelet shows hyperaggrega-
tion to the aggregating agents such as adrenalin,
ADP, collagen etc. Platelet secretion due to induc-
tion increases significantly in the majority of plate-
lets. In some cases platelets already release the-
ir materials before the induction with aggregating
agents and in these cases platelets circulate as
ghost forms[24]. Among secreted and released
factors PF-3 is a procoagulant, PF-4 is an antihe-
parin factor, Smooth muscle proliferative factor is
a mitogen factor, and ß-TG is also a mitogen fac-
tor. We showed that there is excessive secretion
by measuring ADP, PF-4, ß-TG, Platelet Fibrino-
gen, Platelet alpha-2-antiplasmin etc[45,270,279]

(Table 10). Alteration of platelet membrane
phospholipids distribution in atherosclerosis was
shown[45,51,158,300]. The total amount of membra-
ne phospholipids was increased, but each phosp-
holipid is increased in different rate. Also different
results obtained with different release inducers
(Table 11).

Some alterations and amount in the substan-
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Table 7. ACE patients with MI & controls. ACE gene variants (42,43)

Control in rest (n: 30) 1.42 + 0.38 TXB2 (P mol/mL)
Atherosclerosis (n: 62) 2.84 + 1.76 TXB2 (P mol/mL)
in rest
After effort angina or 7.32 + 2.63 TXB2 (P mol/mL)

Trait-Mill (n: 60)



ces stored in granules of platelets have been de-
monstrated in these group of cases. It has been
shown that the level of platelet AT-III, which is
stored in platelet granule and is secreted after in-
duction, is lower in the cases atherosclero-
sis[1,2,4,227,228,235]. In the cases of atherosclero-
sis, platelet AT-III and cAMP levels were decre-
ased significantly. The decrease of cAMP in unac-
tivated platelets indicate that platelets were alre-
ady activated in resting condition. So acquired
storage pool deficiency occur like chronic low gra-
de DIC[24].

On the otherhand, platelet a2-antiplasmin inc-
reases. Together with the alteration of t-PA and
PAI 1 resulted a decrease of global fibrinolytic ac-
tivity in the cases of atherosclerosis. We may also
add alteration of PAI 2 in the cases of
MI[1,2,4,27,45,46,124,125]. 

As we demonstrated in 1985, the synthesis of
PGF 2a, PGE 2, MDA, and TXA 2, are increased
in atherosclerosis compared to normal after in-
duction with collagen and ADP. At the same time
platelet cAMP level decreases[1-5,45,46,169,271].
The importance of eicosanoid metabolism on EC

and on platelets is recognized (Table 11).

We demonstrated that the active transport of
14C glucose to the platelet and red cell is defecti-
ve in the cases of atherosclerosis; both diabetic
and nondiabetic patients. In the platelets of nor-
mal subjects, 14C-glucose is transported across
the membrane both by simple diffusion and active
energy dependent mechanisms. The specific glu-
cose binding protein is absent or decreased signi-
ficantly or molecularly altered in the plateler cell
membrane of atherosclerotics[1-4,46,

52,59,67,128,130,236]. On the otherhand juvenil di-
abetic patients does not exibit this defect. 

14C glucose normally binds to the protein pe-
ak when osmotic shock is done then supernatant
is fractioned by chromatography, but it does not
bind to a protein and stays as free glucose in at-
herosclerotic cases with impaired transport.

And also in our laboratury, was studied on the
platelet membrane transport of Arachidonic acid,
Leucin transport aminoacids transport palmitic
acid transport in normal and patients and also the
effectsof certain drugs on membrane transport
system[244, 245,267-269,281].
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Table 8. Functional and biochemical alteration of platelets in the cases of atherosclerosis

Aggregation per 100 single platelets
R D I S Small Gross

Normal (n: 22) % 3.2 66.4 20 10.3 4.5 - 
Other (n: 23) % 2.1 24.6 25.1 47.4 12.6 5.2
T-test p= 0.01 p< 0.001 ns p< 0.001 p< 0.001

Table 9. Differential count of platelets from normal control and atherosclerotics on formvar membrane using
electron microscope with shadowcasting technic

Parents Young member Young control
Defective cuff test (%) 82.6 43.7 11.6
Decreased prostacyclin (%) 72.8 31.9 9.8
Hyperadhesion, hyperaggregation and 
hypersecretion of platelets (%) 85.2 22.4 8.3
Glucose transport defect (%) 84.2 32.3 4.5
Increase of ß-TG, PF-4 89.9 16.7 5.2 



Membrane transport is also found defective in
the red cell membrane in the cases of atheroscle-
rosis and diabetes mellitus[107,168, 201]. Some
drugs such as defibrotide, metformin, gliclazide
partially correct this defect and impaired mecha-
nisms. Insulin receptors also decreases in the ca-
se of atherosclerosis with or without diabetes mel-
litus[203-205] (Table 12).

The membrane transport system of Red cell
shows some similarity to platelets in normal and
pathologic conditions[107,168,201, 248,289]. 

We also demonstrated that g-glutamyl transfe-
rase activity was 50.78 + 3.37 µ/108 Platelet for
normal control but platelets obtained from athe-
rosclerotic subject g-GT activity decreased to
24.78 + 3.98 µ/108 platelets on the other hand
there was no in difference glutathion le-
vels[53,62,249].

Platelets obtained from atherosclertic patient
produce more lactate and also platelets of athe-
rosclerotic patients contained less glyco-
gen[155,250].

It also shows that galactose transport to the
platelet is normal but the incorporation of galacto-
se to the platelets increases protein and this may
explain the changes of pattern of membrane
glycoprotein in atherosclerosis[66,243,246]. 

Some of the defects presented above are also
found in the young members of atherosclerotic fa-
milies. Both parents and families had atheroscle-
rotic disease with thrombotic complications such
as MI, stroke, POAD etc. Young members of the-
se families had normal fundus oculy, normal le-
vels of serum lipids with normal distributions, and

no hypertension. Some of the haemostatic tests
showed some abnormalities such as Cuff test,
prostacyclin levels, higher aggregation curves,
increase of platelet markers and defective gluco-
se transport compared to the control of same
age[52,53]. The preliminary studies suggest that
the primary alteration is impairement of function of
the EC followed by platelet disfunction in these
young members between ages 8 to 18 (Table 13).

We are not going to discuss and summarize,
the alteration of leucocytes, smooth muscle cells
and others in detail in this short review that mainly
depends on ours and collaborators results. They
already have been partly discussed and published
in our earlier publicati-
o n s [ 3 , 4 , 6 , 9 , 1 1 , 2 5 , 2 7 , 4 3 , 4 5 , 4 6 , 5 1 , 5 2 , 5 9 ,

67,70,77,127,158,162,163,168,169,193,200,236,244,

249,250,270,277,279,281].

It is not possible to cover every part of the sub-
ject even all our work has been done during the
last 50 years on the topic related with hemostasis,
thrombosis and atherosclerosis. Coagulation, fib-
rinolysis, platelets, natural inhibitors and haemorr-
hagic disorders is not covered in this superficial
review. 

REFERENCES
1. Ulutin ON. Hemostasis and atherosclerosis. In: Le-

on Poller (ed). Recent Advances in Blood Coagula-
tion 5. Edinburgh: Churchill Livinstone, 1991;5:53-
78.

2. Ulutin ON. Haemostasis and atherosclerosis. In:
Neri Serneri GG, Gensini GF, Abbate R, Prisco D
(eds). Thrombosis an Update. Florence: Scientific
Press, 1992:61-77.

Turk J Haematol 2002;19(1):7-29 17

The Relationship of Haemostatic System to the Vessel Wall, 
Thromboembolism, Atherosclerosis from Pathogenesis and Laboratory
Standpoints Ulutin ON.

Table 10. PF-4 and ß-TG levels in normal control and in atherosclerosis

Group Receptor no Insulin bound % Glucose exchange rate 
(n.mol/mL cell/min.)

Control 477.10 + 56.46 11.00 + 0.94 1.01 + 0.02
n: 20
Athero. 231.10 + 49.77 8.15 + 1.05 0.35 + 0.08
n: 20
NIDDM 186.90 +18.50 4.50 + 1.8 0.65 + 0.09 
n: 15



3. Ulutin ON, Çizmeci G. Alteration of prostanoids in
atheroscleosis. Semin Thromb Hemos-
t 1985;11: 362-8.

4. Ulutin ON. Atherosclerosis and hemostasis. Semin
Thromb Hemos-
t 1986;12:156-74.

5. Dembinska-Kiec A, Grygewski RJ. Contribution of
arachidonic acid metabolites to atherosclerosis.
Wien Klin Wochenschr 1986;98:197-206.

6. Radomski MW, Palmer RMJ, Moncada S. Endoge-
nous nitric acid inhibits human platelets adhesion
to vascular-endothelium. Lancet 1988;2:1057-8.

7. Loscalzo J. Nitric oxide and restenosis. Clin Appl
Thrombosis/Hemostasis 1996;2:7-13.

8. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y,

Kobayashi M, Mitsui Y, Yazaki Y, Goto K, Masaki T.
A novel potent vasoconstrictor peptide produce by
vascular endothelial cells. Nature 1988; 332:411-5.

9. Takuwa Y, Yanagisawa N, Masaki T. Endothelin, its
divers biological activities and mechanisms of acti-
on. Prog Growth Factor Res 1989;1:1905-206.

10. Thiermermann C, May G, Page C, Vane J. Endot-
helin-1 inhibits platelet aggregation in vivo: A study
with Indium-labeled platelets. Brit J Pharmacol
1990;99:303-8.

11. Ulutin T, Bayram Ç, Okar I, Özlük K, Tözün N, Ulu-
tin ON. The effect of endothelin 1 on vena jugularis
thrombus model in rabbits. J Basic Clinical Physiol
Pharmacol 1995;6:295-302.

12- Taubman MB, Giesen LA, Schecter AD, Nemerson
Y. Regulation of the procoagulant response to arte-
rial injury. Thromb Haemos-
t 1999;82:801-5.

13. Altýnkaya N, Uras F, Çetin E, Ersoy Þ, Uras AR,
Ulutin ON. Plasma tissue factor pathway inhi-
bitor in newborns and infants. Haemostasis
1998;28:357.

14. Ulutin T, Bayram Ç, Bolat F, Domaniç N. T i s s u e
factor pathway inhibitor in patients with coronary
heart disease. Haemostasis 1998;28:395.

15. Soejima H, Ogawa H, Yasue H, Nishiyama K, Ka-
ikita K, Misumi K, Takazoe K, Kugiyama K, Tsuji I,
Kumeda K, Nakamura S. Plasma tissue factor inhi-
bitor and tissue factor antijen levels after administ-
ration of heparin in patient with angina pectoris.
Thromb Res 1999;93:17-25.

16. Sandset PM. The role of tissue pathway inhibitor as
a physiological anticoagulant. In: Ulutin ON (ed).
Lectures; XIIIth Meeting of ISH (European-African
Division) Ýstanbul: Meta Printing House, 1995:183-
9. 

17. Balkuv Ulutin Þ, Ulutin ON, Walenga J, Hoppenste-
ad D, Fareed J. Defibrotide mediated anti-Xa rele-
ase and heparin synergism is mediated through tis-
sue factor pathway inhibitor (TFPI). International
Angiology 1995;14(Suppl 1):280.

18. Iverson N, Abilgaard U. Role of antithrombin and

Turk J Haematol 2002;19(1):7-2918

Ulutin ON.
The Relationship of Haemostatic System to the Vessel Wall, 

Thromboembolism, Atherosclerosis from Pathogenesis and Laboratory Standpoints

Table 12. Red blood cell insulin receptors and glucose exchange rates. In normal controls, in the cases of
atherosclerosis and in the cases of NIDDM

ACE genotypes Patients (n: 66) Controls (n: 22)
DD 20 (36.3%) 12 (60%)
ID 29 (49.9%) 7 (35%)
II 13 (19.6%) 1(5%)
D 0.583 0.775
I 0.417 0.225

Table 11. The alteration of platelet membrane
phospholids in normal subjects and in the cases
of atherosclerosis

VIII deficiency 62.5%
von Willebrand disease 16.5%
IX deficiency 11.0% 
V deficiency 11.0%
VWD + thrombopathia 1.5%
VII deficiency 1.5%
II deficiency 0.9%
VII and IX deficiency 0.6%
XIII deficiency 0.6%
I deficiency 0.6%
XII deficiency 0.3%
VWD + thrombasthenia 0.3%
Angiohaemophilia 0.3%
Dysfibrinogenemia 0.6%



tissue factor pathway inhibitor in the control of
thrombosis and mediation of heparin action. Clin
Appl Thrombosis/Hemostasis 1996;2:1-6.

19. Kleesink K, Schmidt M, Götting C, Brinkman T, Pro-
haska W. A first mutation in the human tissue fac-
tor pathway inhibitor gene encoding (P151L). Blood
1998;39:76-80.

20. Soejima H, Ogawa H, Yasue H, Nishiyama K, Ka-
ikita K, Misumi K, Takazoe K, Kugiyama K, Tsuji I,
Kumeda K, Nakamura S. Plasma tissue factor
pathway inhibitor and tissue factor antigen levels
after administration of heparin in patients with angi-
na pectoris. Thromb Res 1999;93:17-25.

21. Llobet D, Falcon L, Mateo J, Vallvé C, Martinez E,
Fontcunerta J, Borrel M. Low levels of tissue factor
pathway inhibitor (TFPI) in two out three members
of a family with thrombophilia. Thromb Res
1995;80:413-8.

22. Ariens RAS, Alberio G, Moia N, Mannucci PM. Low
levels of heparin-releasable tissue factor pathway
inhibitor in young patients with thrombosis. Thromb
Haemost 1999;81:203-7.

23. Bertina RM. Molecular risk factors for thrombosis.
Thromb Haemos-
t 1999;82:601-9.

24. Ulutin OU, Ulutin ÞB. Acquired storage pool defici-
ency of platelets in chronic disseminated intravas-
cular coagulation. In: Ulutin ON, Verrier Jones J
(eds). Platelets: Recents Advancec in Basic Rese-
arch and Clinical Aspects. Amsterdam: Excerpta
Medica, 1975: 282-91 

25. Balkuv Ulutin Þ. Homeostatic regulation of fibrinoly-
sis by liver. J Clin Pathol 1972:619-20.

26. Balkuv Ulutin Þ. Physiological response to enhan-
ced fibrinolytic activity. In: Gaffney PJ, Balkuv Ulu-
tin Þ (eds). Fibrinolysis: Current Fundemantal and
Clinical Concepts. London: Academic Press,
1978:27-36.

27. Balkuv Ulutin Þ. Fibrinolytic system in atherosclero-
sis. Semin Thromb Hemost 1986;12:91-101.

28. Henschen Edman AH. Molecular basis of normal
and abnormal fibrinogen. In: Ulutin ON (ed). Lectu-
res, XIIIth Meeting ISH-European & African Div Ýs-
tanbul: Meta Printing House, 1995:153-6.

29. Henschen Edman AH. Identifying the beneficial
and the detrimental properties of fibrinogen. Lectu-
res: 15th International Congress on Thrombosis. In:
Ulutin ON (ed). Ýstanbul: META Printing and Publis-
hing House, 1998:68-72.

30. Altirei DC. Regulation of leukocytes-endothelium
interaction by fibrinogen. Thromb Haemos-
t 1999;82: 781-6.

31. Samama MM, Gerrotziafas G, Conard J, Horellou
MH Elalamy. Clinical aspects and laboratory prob-
lems in hereditary thrombophilia. Lectures: 15th In-
ternational Congress on Thrombosis. In: Ulutin ON
(ed). Ýstanbul: Meta Printing and Publishing House,
1998:7-23. 

32. Rosendaal FR. High levels of factor VIII and veno-
us thrombosis. Thromb Haemost 2000;583:1-2.

33. Kraaijenhagen RA, in’Anker PS, Koopman MMW,
Reitsma PH, Prins MH. High plasma concentration
of factor VIIIc is a major risk factor for venous throm-
boembolism. Thromb Haemost 2000;85:5-9.

34. Vinazzer H. Hereditary and acquired antithrombin
deficiency. Semin Thromb Hemos-
t 1999;25:257-63.

35. Haktan M, Deniz U, Özbay G, Ulutin ON. Two ca-
ses of homozygous antithrombin III deficiency in a
family with congenital deficiency of AT-III. In: Sin-
zinger H, Vinazzer H (eds). Thrombosis and Ha-
emorrhagic Disorders. Würzburg: Schmitt & Meyer,
1989: 177-81.

36. Dahlback B. Activated protein C resistance and
thrombosis; molecular mechanisms of hypercoagu-
lable state due to FVR506Q mutation. Semin
Thromb Hemos-
t 1999;25:273-89.

37. Özbek U, Tangün Y. Frequency of factor V Leiden
(Arg 506 Gln) in Turkey. Brit J Haemat 1997;
97:504-5.

38. Akar N, Akar E, Dalgýn G, Sözüöz A, Ömürlü K, Cin
Þ. Freqquency of factor V (1691 G-A) mutation in
Turkish population. Thromb Haemost 1997;78:
1527-8.

39. Gürgey A, Mesci L. The prevalance of factor V Le-
iden (1691 G-A) mutation in Turkey. Turk J Pediatr
1997;39:313-5.

40. Gürgey A, Rüstemov R, Parlak Balta G. Prevalan-
ce of factor V Leiden and Methylene tetrahydrofola-
te reductase C6777T mutation in Azerbaijan.
Thromb Hemost 1998;80:520-1.

41. Akar N, Aras Ö, Ömürlü K, Cin Þ. Deletion poly-
morphism at the angiotensinogen converting enzy-
me gene in Turkish patients with coronary artery di-
sease and controls. Scand J Clin Lab Invest 1998;
58:491-5.

42. Sayhan N, Gürel ÇB, Yýlmaz Þ, Ulutin T. ACE gene

Turk J Haematol 2002;19(1):7-29 19

The Relationship of Haemostatic System to the Vessel Wall, 
Thromboembolism, Atherosclerosis from Pathogenesis and Laboratory
Standpoints Ulutin ON.

Table 13. Some observations in the young members of atherosclerotics families 

Nonatherosclerotics Atherosclerotics 
Endogen heparin level 1.64 mg 1.28 mg p< 0.01
Postheparin (1 mg/kg) 7.97 mg 1.26 mg p< 0.001
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