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SUMMARY

Protein Z is a vitamin K-dependent plasma protein described in its human form in 1984. The amino acid sequence
of protein Z shows wide homology with many coagulation factors, such as VII, IX, X, and protein C. However, in
contrast to other vitamin K-dependent coagulation factors, protein Z is not a serine protease because of the lack of
the active centre in its amino acid sequence. The physiological function of protein Z has been uncertain for many
years. In vitro and in vivo studies recently suggested that protein Z plays an important role in inhibiting coagu-
lation, as it serves as cofactor for the inactivation of activated factor X by forming a complex with the plasma pro-
tein Z-dependent protease inhibitor. The role of alterations of the protein Z levels has been evaluated in different
disease states, with conflicting findings. Most of these studies were performed on ischemic vascular diseases. Re-
cently, the possible role of protein Z deficiency in the occurrence of cardiovascular diseases has been evaluated.

(Clin. Lab. 2004;50:XXX-XXX)
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INTRODUCTION

Protein Z (PZ) is a vitamin K-dependent plasma protein
synthesized by the liver. Bovine PZ was described for
the first time by Prowse & Esnouf in 1977 [1] and puri-
fication of human PZ was successfully achieved in 1984
by Broze Jr. & Miletich [2]. It is a single-chain glyco-
protein with a molecular weight of 62 kd [3]. The com-
plete amino acid sequence of human PZ shows N-ter-
minal homology with many serine proteases, such as
coagulation factors VII, IX, X, and protein C [4]. How-
ever, in contrast to other vitamin K-dependent coagula-
tion factors, PZ is not a serine protease because of the
lack of the active center in its amino acid sequence [3].

The first report on a large population of healthy subjects
showed an estimated half-life of 2-3 days and a wide
variability of plasma levels (0.6-5.7 pg/ml), with a pro-
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found decrease in patients on stable warfarin therapy
[5]- In 1998, the gene encoding PZ was localized on
chromosome 13 at band q34 where the genes of other
vitamin K-dependent proteins have been clustered, and
consists of 9 exons including one alternative exon. Gene
organization is essentially similar to that of the other
vitamin K-dependent proteins [6].

Function

Very little has been known about the physiological
function of PZ until 1991, when Hogg & Stenflo first
suggested a role for PZ as an enhancer of the coagula-
tion cascade [7]. Actually, they demonstrated that PZ
was able to increase the association of thrombin with
phospholipid vesicles in a calcium-dependent manner.
Human PZ, however, was found to bind thrombin poor-
ly (Kg=8.9 uM) with respect to the bovine form and to
have a minimal impact on thrombin association with
phospholipids [8]. In fact, it has been shown that a 36
amino acid C-terminal extension present in bovine but
absent in human PZ is responsible for the enhanced
binding of thrombin to bovine PZ [8].

A sharp shift occurred in 1998, when Han et al. demon-
strated that PZ circulates in a complex with another
plasma protein, the so-called protein Z-dependent pro-
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Figure 1: Two potential pathways of forming the Protein Z — Protein Z-dependent protease inhibitor complex
Footnote: PZ = Protein Z; ZPI = Protein Z-dependent protease inhibitor; Xa = Activated factor X

tease inhibitor (ZPI), and limits the coagulation re-
sponse acting as a co-factor for the inhibition of activat-
ed factor X (Xa) [9]. In the presence of PZ, procoagu-
lant phospholipids and calcium it produces a rapid inhi-
bition of factor Xa in a process that appears to involve
the formation of a calcium-dependent tertiary complex
containing factor Xa, PZ and ZPI at the phospholipid
surface. Two potential pathways of forming this tertiary
complex have been hypothesized (Figure 1). Whether
PZ and ZPI circulate together or form the complex just
on the phospholipid surface is still unknown, although
the first hypothesis seems to predominate.

ZPI is a 62-kd single chain protein, member of the ser-
pin superfamily of proteinase inhibitors. Besides factor
Xa, ZPI also produces a significant inhibition of activat-
ed factor XI in a reaction that does not require the pre-
sence of PZ, phospholipids or calcium [10].

To investigate the role of PZ alterations in vivo, Yin et
al., performed an experimental study by disrupting the
PZ gene in mice. PZ knock-out mice were then cross-

bred with mice homozygous for the factor V Leiden
mutation, and the potential prothrombotic risk associat-
ed with PZ deficiency was observed [11]. As a result,
the PZ (-/-) genotype was shown to increase the mor-
tality of Factor V Leiden homozygous mice, indicating
a possible role as prothrombotic factor of PZ deficiency.

Genetic control of PZ

Since PZ has a very broad range in the normal popula-
tion it has been suggested that it may be an acute-phase
protein. In 1999, a paper by Undar et al. demonstrated
an inverse correlation with interleukin-6 plasma levels
in patients with hematological malignancies, whereas
similar results were shown with interleukin-16 or tumor
necrosis factor-o [12]. However, an “in vitro” study
failed to demonstrate the influence of some inflamma-
tory cytokines on PZ biosynthesis [13]. The authors
suggested that the regulation of PZ biosynthesis might
be dependent on a genetic control.
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Several polymorphisms have been recently reported in
the PZ gene. In 2001 Rice et al screened the entire PZ
gene identifying 14 novel polymorphisms [14]. The
study was set up to genotype four important polymor-
phisms (intron Fg79a, promoter a-13g, exon 8§
Arg255His and intron C insertion/deletion) in relation
to venous thrombosis. In 564 patients with deep venous
thrombosis and in 492 age- and sex-matched controls no
significant differences of genotype frequencies were
found. More recently, Lichy et al. investigated the pos-
sible association between 2 common single nucleotide
mutations in the PZ gene (intron Fg79a and promoter
A-13g) and the risk of cerebral ischemia [15]. They
analyzed these polymorphisms in 200 young (< 50
years) patients with cerebral ischemia and in 199 con-
trol subjects, also investigating the potential role of the
PZ gene polymorphisms on PZ levels in 42 control
subjects. As a result they found a genetic control of
plasma PZ levels and a possible protective role for the
A allele of the intron polymorphism on the occurrence
of cerebral ischemia.

PZ ALTERATIONS IN CLINICAL STUDIES

Over the last years PZ has been evaluated in different
disease states, observing controversial data concerning
the alteration of levels.

PZ in bleeding tendency

The first clinical study was performed in 1995 by Kem-
kes-Matthes & Matthes who suggested a role for PZ as
a factor involved in hemorrhagic tendency. The authors
reported low PZ plasma levels in 36 patients with bleed-
ing tendency, supposing that PZ deficiency might be the
cause of the disease state [16]. By contrast, Gamba et al.
and Ravi et al. (1998), failed to detect a relationship be-
tween low PZ levels and the bleeding disorder in two
additional case-control studies on a total of 63 patients
with bleeding tendency [17,18].

PZ in ischemic stroke

According to the identification of ZPI, clinical interest
on alterations of the PZ levels moved to the assessment
of its possible association with thrombotic diseases.
Most of these studies were performed on ischemic cere-
brovascular disease, but conflicting findings have been
reported. In 2001, Kobelt et al. investigated PZ concen-
trations in 157 young patients (median age: 40 years)
with an episode of ischemic stroke that had occurred
during the previous two months, observing a higher fre-
quency of high PZ concentrations associated with an in-
creased relative risk of ischemic stroke [19]. A few
months later, Vasse et al. performed a similar case-con-
trol study in 169 young patients (<60 years) with an epi-
sode of ischemic stroke that had occurred at least three
months before the investigation [20]. In sharp contrast
to Kobelt et al. they found that low PZ levels were asso-
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ciated with the occurrence of the disease. Furthermore,
a group of 59 patients with deep venous thrombosis was
analyzed but no significant differences of the PZ plasma
levels were observed [20]. The conflicting reports have
been a topic of subsequent correspondence without re-
solution.

Recently, additional studies on the same topic have
been conducted. In 2002 Lopaciuk et al. demonstrated
no relationship between PZ plasma levels and ischemic
stroke in 99 young adults (<50 years) with a previous
episode of ischemic stroke (i.e. within the least 6
months) [21]. Moreover, there were no significant diffe-
rences of PZ concentration according to the etiology of
the disease. In the same year, Heeb et al. investigated
within 4 days the PZ levels of 154 patients (mean age:
58 years) with a first episode of ischemic stroke [22].
Low PZ levels were found to be significantly associated
with ischemic stroke (OR 2.6; 95%CI 1.5-4.3) except in
diabetic subjects and females. On this basis, low PZ
levels have been hypothesized to be a risk factor for
thrombosis.

A further step towards the identification of PZ as a risk
factor for thrombosis was determined by McQuillan et
al who conducted a case-control study on 173 patients
with a first event of ischemic stroke. PZ was measured
during the first 7 days and 3 to 6 months after the acute
event [23]. Plasma levels of PZ measured within 7 days
were significantly higher in cases than in the controls
with an odds ratio of 1.75 (95%CI 1.0-3.07). Interes-
tingly, however, this association was no longer detect-
able 3 months after the acute event. The authors conclu-
ded that elevated PZ levels were significantly associated
with ischemic stroke, and that elevated levels during the
acute phase could be explained by an acute-phase re-
sponse. More recently, a study conducted on Sneddon’s
syndrome, a syndrome characterized by ischemic cere-
brovascular events with or without antiphospholipid
antibodies (aPL), showed a higher prevalence of low PZ
values in 26 young patients (<50 years) with an aPL-
negative subset of the disease compared to control sub-
jects [24].

PZ in pathologic pregnancies

Another field of interest of PZ has been the evaluation
of its role on the pathogenesis of pathologic pregnan-
cies. In 2002, Gris et al. evaluated PZ concentrations in
three groups of women with pathologic pregnancies of
unexplained origin compared to a group of healthy
mothers [25]. Two-hundred patients had unexplained
primary recurrent miscarriage before the 8" week of
gestation, 200 had an unexplained primary episode of
early fetal death (10™-19™ week) and 50 had an unex-
plained episode of late fetal death (>20" week). This
study indicated a higher frequency of PZ deficiency in
women with early fetal loss with respect to the other
three groups, suggesting that PZ deficiency may induce
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Figure 2: Protein Z levels in patients with acute coronary syndromes
Solid line = mean values of protein Z; broken line = 5" percentile of the PZ values of healthy subjects population; ACS = acute coronary syndromes

an enhanced risk of severe placental insufficiency soon
after the connection of the maternal and the fetal circu-
lation.

A novel mechanism by which PZ can induce a throm-
botic complication during pregnancy has been hypo-
thesized by the same author in 2003 [26]. Actually, Gris
et al. investigated the incidence of anti-protein Z anti-
bodies in 216 women with abnormal pregnancies, show-
ing that high levels of these antibodies were associated
with the risk of recurrent embryo losses or fetal deaths.
However, anti-protein Z IgG and IgM antibodies were
not correlated with plasma PZ concentrations. Further-
more, it has recently been demonstrated that PZ defi-
ciency and positive anti-PZ antibodies were indepen-
dent risk factors for a poor outcome of treated pregnan-
cies in women with a positive thrombophilic pattern and
a previous unexplained fetal loss [27].

PZ in antiphospholipid antibodies syndrome

During the last few years it has also been suggested that
PZ might be associated with aPL as PZ possibly acts as
potential antigen for aPL. On this basis, Steffano et al.
evaluated PZ plasma levels in 53 patients with persis-
tent aPL and in 36 healthy subjects [28]. They found

low PZ levels in patients with aPL compared to the con-
trols, especially in those with a lupus anticoagulant acti-
vity, whereas no significant difference was found in
patients with anticardiolipin antibodies in comparison to
control subjects. This observation was confirmed by
McColl et al. who showed low PZ plasma levels in wo-
men with aPL compared to a group of female control
subjects and a group of women with a previous episode
of venous thromboembolism without evidence of aPL
[29]. The mechanism by which PZ plasma levels could
be decreased in patients with aPL is not yet known.

However, Forastiero et al. recently suggested that the
PZ/ZPI complex is commonly impaired in aPL patients
[30]. In this case-control study it was observed that fac-
tor Xa inactivation by PZ/ZPI was slightly delayed in
the presence but not in the absence of B,-glycoprotein-I
antibodies, and that concomitant PZ deficiency in sub-
jects with aPL could contribute to the development of
the clinical features associated with the aPL syndrome.

PZ in different clinical disease states

PZ alterations have been also evaluated in association
with several different clinical disorders. Increased levels
of PZ were found in patients undergoing hemodialysis
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procedures [31] whereas low PZ levels were found in
patients with nephrotic syndrome [32]. The prothrom-
botic tendency associated with low levels of PZ was
studied by Kemkes-Matthes et al. in 46 patients with
factor V Leiden mutation and a past thromboembolic
episode [33]. This study demonstrated that patients with
a concomitant PZ deficiency had experienced deep vein
thrombosis at an earlier age. PZ levels were also evalu-
ated in atrial fibrillation by Marco et al., but no signifi-
cant differences between patients and controls and ac-
cording to aspirin therapy were observed [34]. More-
over, data on the association of low PZ levels with in-
flammatory chronic diseases, such as Behget’s disease
and ischemic colitis have been recently reported [35,
36].

PZ and acute coronary syndromes

Recently, a possible association between PZ levels and
arterial thrombosis has been demonstrated [37]. In this
study the role of PZ in 223 patients with acute coronary
syndromes (ACS) referred to the Coronary Intensive
Therapy Unit of the University of Florence for coronary
angiography and in 265 healthy subjects was evaluated.
None of the patients had liver or renal dysfunction.
None was under oral anticoagulant treatment. Prothrom-
bin time was within the normal range (> 80%) in the
entire study population, and patients with positivity for
antiphospholipid antibodies were excluded from the
study. Significantly lower PZ levels in patients (1508 +
730 ng/mL) than in controls (1728 + 594 ng/mL) were
found (Figure 2). No significant differences of PZ levels
were observed when grouping the subjects for the tradi-
tional cardiovascular risk factors (smoking habit, dysli-
pidemia, hypertension, diabetes and BMI).

As PZ levels below the 5™ percentile (565 ng/mL) of
the normal distribution of values in the control subjects
was considered, a higher prevalence (15.7%) of patients
with respect to healthy subjects (4.9%) was observed.
Moreover, logistic regression analysis performed in or-
der to investigate the possible relationship between PZ
deficiency and the disease showed an increased risk of
ACS with reduced PZ levels (OR=3.6; 99%CI 1.5-8.6;
p <0.0001). From the multivariate analysis, adjusted for
all traditional cardiovascular risk factors and for fibrino-
gen, the increased susceptibility to disease with low lev-
els of PZ was confirmed (OR=3.3; 99%CI 1.1-9.7; p =
0.004). Furthermore, the contemporary presence of PZ
levels < 5™ percentile and smoking habit led to an in-
creased susceptibility of ACS (OR 9.5; 99%CI 2.4-37.2;
p < 0.0001). Also performed was a stratification of pa-
tient groups according to the different manifestations of
disease, acute myocardial infarction and unstable angi-
na, and to the number of vessels with stenosis > 75%
(monovessel and multivessel disease) but no difference
was found between the PZ levels in both groups.
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This report was the first study investigating PZ in
patients with ACS. It documented that in both mani-
festations of ACS the PZ plasma values were signifi-
cantly lower than in comparable controls, and that PZ
levels lower than the 5™ percentile were associated with
ACS, at univariate (OR=3.6) and multivariate (OR=3.3)
analysis. The observation of a higher susceptibility to
ACS associated to the contemporary presence of smok-
ing habit and low levels of PZ may stem from the wider
involvement of inflammatory reactions secondary to
smoking damage. Therefore, these results add further
weight to the possible role of PZ in the occurrence of
arterial thrombosis and stimulate the need for further
studies to investigate this protein in relation to the pro-
thrombotic state and in different phases of activity of
coronary heart disease.

CONCLUSION

Protein Z is a glycoprotein with structural similarities to
some coagulation factors. Many studies have attempted
to determine the pathophysiological role of PZ on the
occurrence of vascular diseases. Unfortunately, the cli-
nical significance of PZ remains to be determined. Re-
cent researches have shown that low PZ plasma levels
are associated with both ischemic stroke and coronary
artery disease. The explanation for the decrease of PZ
levels in patients suffering from this kind of diseases is
uncertain at present. Whether low PZ levels concur with
the hypercoagulability state documented in these pa-
tients, thus preceding the occurrence of the ischemic
event or, on the other hand, whether they are just the ex-
pression of a consumption occurring during this patho-
logic process needs to be demonstrated by additional
studies.

References

1. Prowse CV, Esnouf MP. The isolation of a new warfarin-sensi-
tive protein from bovine plasma. Biochem Soc Trans 1977; 5:
255-6.

2. Broze GJ Jr, Miletich JP. Human protein Z. J Clin Invest 1984;
73:933-8.

3. Hojrup P, Jensen MS, Petersen TE. Amino acid sequence of
bovine protein Z: a vitamin K-dependent serine protease homo-
log. FEBS Lett.1985; 184: 333-8.

4. Ichinose A, Takeya H, Espling E, Iwanaga S, Kisiel W, Davie
EW. Amino acid sequence of human protein Z, a vitamin K-de-
pendent plasma glycoprotein. Biochem Biophys Res Commun
1990; 172: 1139-44.

5. Miletich JP, Broze GJ Jr. Human plasma protein Z antigen:
range in normal subjects and effect of warfarin therapy. Blood
1987; 69: 1580-6.

6.  Fujimaki K, Yamazaki T, Taniwaki M, Ichinose A. The gene for
human protein Z is localized to chromosome 13 at band q34 and
is coded by eight regular exons and one alternative exon. Bio-
chemistry 1998; 37: 6838-46.



10.

11.

12.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

FRANCESCO SOFI et al.

Hogg PJ, Stenflo J. Interaction of vitamin K-dependent protein Z
with thrombin. Consequences for the amidolytic activity of
thrombin and the interaction of thrombin with phospholipids
vesicles. J Biol Chem 1991; 266: 10953-8.

Hogg PJ, Stenflo J. Interaction of human protein Z with throm-
bin: evaluation of the species difference in the interaction be-
tween bovine and human protein Z and thrombin. Biochem Bio-
phys Res Commun 1991; 178: 801-7.

Han X, Fiehler R, Broze GJ Jr. Isolation of a protein Z-
dependent plasma protease inhibitor. Proc Natl Acad Sci USA
1998; 95: 9250-5.

Han X, Fiehler R, Broze GJ Jr. Characterization of the protein
Z-dependent protease inhibitor. Blood 2000; 96: 3049-55.

Yin ZF, Huang ZF, Cui J, et al. Prothrombotic phenotype of
protein Z deficiency. Proc Natl Acad Sci USA 2000; 97: 6734-8.

Undar L, Karadogan I, Ozturk F. Plasma protein Z levels in-
versely correlate with plasma interleukin-6 levels in patients
with acute leukaemia and non-Hodgkin’s lymphoma. Thromb
Res 1999; 94: 131-4.

Vasse M, Denoyelle C, Legrand E, Vannier JP, Soria C. Weak
regulation of protein Z biosynthesis by inflammatory cytokines.
Thromb Haemost 2002; 87: 350-1.

Rice GI, Futers ST, Grant PJ. Identification of novel polymor-
phisms within the protein Z gene, haplotype distribution and
linkage analysis. Thromb Haemost 2001; 85: 1023-4.

Lichy C, Kropp S, Dong-Si T, et al. A commom polymorphism
of the protein Z gene is associated with protein Z plasma levels
and with risk of cerebral ischemia in the young. Stroke 2004; 35:
40-45.

Kemkes-Matthes B, Matthes KJ. Protein Z deficiency: a new
cause of bleeding tendency. Thromb Res 1995; 79: 49-55.

Gamba G, Bertolino G, Montani N, Spedini P, Balduini CL.
Bleeding tendency of unknown origin and protein Z levels.
Thromb Res 1998; 90: 291-5.

Ravi S, Mauron T, Lammle B, Wuillemin WA. Protein Z in
healthy human individuals and in patients with a bleeding ten-
dency. Br J Haematol 1998; 102: 1219-23.

Kobelt K, Biasiutti FD, Mattle HP, Lammle B, Wuillemin WA.
Protein Z in ischaemic stroke. Br J Haematol 2001; 114: 169-73.

Vasse M, Guegan-Massardier E, Borg JY, Woimant F, Soria C.
Frequency of protein Z deficiency in patients with ischaemic
stroke. Lancet 2001; 357: 933-4.

Lopaciuk S, Bykowska K, Kwiecinski H, Czlonkowska A, Kuc-
zynska-Zardzewialy A. Protein Z in young survivors of ischemic
stroke. Thromb Haemost 2002; 88: 536.

Heeb MJ, Paganini-Hill A, Griffin JH, Fisher M. Low protein Z
levels and risk of ischemic stroke: differences by diabetic status
and gender. Blood Cells Mol Dis 2002; 29: 139-44.

McQuillan A, Eikelboom J, Hankey G, et al. Protein Z in isch-
emic stroke and its etiologic subtypes. Stroke 2003; 34: 2415-9.

Ayoub N, Esposito G, Barete S, Soria C, Piette JC, Frances C.
Protein Z deficiency in antiphospholipid-negative Sneddon’s
syndrome. Stroke 2004; 35: 1329-32.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gris JC, Quere I, Dechaud E, et al. High frequency of protein Z
deficiency in patients with unexplained early fetal loss. Blood
2002; 99: 2606-8.

Gris JC, Amadio C, Mercier E, et al. Anti-protein Z antibodies
in women with pathological pregnancies. Blood 2003; 101:
4850-2.

Gris JC, Mercier E, Quere I, et al. Low-molecular-weight hepa-
rin versus low-dose aspirin in women with one fetal loss and a
constitutional thrombophilic disorder. Blood 2004; 103: 3695-9.

Steffano B, Forastiero R, Martinuzzo M, Kordich L. Low plas-
ma protein Z in patients with antiphospholipid antibodies. Blood
Coagul Fibrinolysis 2001; 12: 411-2.

McColl MD, Deans A, Maclean P, Tait RC, Greer IA, Walker
ID. Plasma protein Z deficiency is common in women with anti-
phospholipid antibodies. Br J Haematol 2003; 120: 913-4.

Forastiero RR, Martinuzzo ME, Lu L, Broze GJ Jr. Autoimmune
antiphospholipid antibodies impair the inhibition of activated
factor X by protein Z/protein Z-dependent protease inhibitor. J
Thromb Haemost 2003; 1: 1764-70.

Usalan C, Erdem Y, Altun B, et al. Protein Z levels in haemo-
dialysis patients. Int Urol Nephrol 1999; 31: 541-5.

Malyszko J, Skrzydlewska E, Malyszko S, Mysliwiec M. Pro-
tein Z, a vitamin K-dependent protein in patients with renal fail-
ure. J Thromb Haemost 2003; 1: 195-6.

Kemkes-Matthes B, Nees M, Kuhnel G, Matzdorff A, Matthes
KJ. Protein Z influences the prothrombotic phenotype in Factor
V Leiden patients. Thromb Res 2002; 106: 183-5.

Marco P, Marin F, Garcia A, Roldan V, Lip GY. Do protein Z
levels influence the prothrombotic state in atrial fibrillation?
Thromb Res 2002; 106: 269-70.

Ozturk MA, Ozbalkan Z, Onat AM, et al. Decreased protein Z
concentrations complicating the hypercoagulable state of Beh-
cet’s disease. Clin Appl Thromb Haemost 2003; 9: 259-63.

Koutroubakis I, Theodoropoulou A, Sfiridaki A, Kouroumalis E.
Low plasma protein Z levels in patients with ischemic colitis.
Dig Dis Sci 2003; 48: 1673-6.

Fedi S, Sofi F, Brogi D, et al. Low protein Z plasma levels are
independently associated with acute coronary syndromes.

Thromb Haemost 2003; 90:1173-8.

Broze GJ Jr. Protein-Z and thrombosis. Lancet 2001;357:900-1.

Correspondence: Dr. Sofi Francesco
Department of Medical and Surgical Critical Care
Thrombosis Centre

University of Florence

Viale Morgagni 85

50134, Florence

Italy

Tel. +39-055-4279420; Fax. +39-055-4279418
e-mail: frasofi@hotmail.com

Clin. Lab. 11+12/2004



