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Letter to the Editors-in-Chief

Pitavastatin attenuates the upregulation of tissue
factor in restraint-stressed mice

To the Editor:

Hypercoagulability and thrombotic tendency are
frequently induced by a variety of stressors. indeed,
the presence of psychosocial stressors has been
associated with increased risk of acute myocardial
- infarction [1]. The restraint stress model often has
been used to investigate the stress response experi-
mentally in terms of pharmacologic, physiologic, or
pathologic phenomena in vivo [2]. Tissue factor (TF} is
a key procoagulant gene because it is the primary
cellular initiator of the coagulation protease cascade
and serves as a specific cofactor for plasma factors
Vii/Vila [3]. We previously reported that a restraint
(immobilization) stress, a typical physicopsychologi-
cal stress, to mice induced the TF gene expression in
several tissues, including kidneys and adipose tissues
[4]. Statins, 3-hydroxy-methylglutaryl coenzyme A
reductase inhibitors, have been broadly used for the
prevention from cardiovascular diseases primarily
with their lowering serum cholesterol levels. Statins
also exert pleiotropic and beneficial effects on
coagulation system, which are regarded to be

0.8

THROMBOSIS
RESEARCH
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independent of cholesterol lowering action. in par-
ticular, statins have been shown to reduce the TF
expression in lipopolysaccharide-stimulated macro-
phages and smooth muscle cells in vitro, and in carotid
lesions of cholesterol-fed rabbits in vivo [5,6].

We have observed that pitavastatin attenuated
the upregulation of TF gene in restraint-stressed
mice. Eight-week-old male C57BL/6J mice were
administrated with 10 mg/kg/day of pitavastatin or
atorvastatin for 3 weeks before the animals re-
ceived restraint stress. Restraint stress, RNA ex-
traction and RT-PCR assay were performed, as
described previously [4]. All procedures were
carried out according to the protocol approved by
the Animal Care and Use Committee of Nagoya
University. Twenty hours of restraint stress to mice
caused a substantial induction of TF mRNA in the
kidney and adipose tissues [4], which has been
regarded to be a major source of TF [7]. Pitavastatin
attenuated the induction of TF mRNA by stress in
these tissues in about 50% of the control (i.e., statin
free) mice, while atorvastatin did not (Fig. 1). As
plasma cholesterol levels were not affected by
statins in these mice (not shown), pitavastatin could
suppress the upregulation of TF gene independently
of cholesterol lowering action in restraint-stressed

06

04

02

TF mRNA (pg/ug total RNA)

Kidney

Figure 1

Adipose

Eight-week-old mice had been administered with pitavastatin (10 mg/kg/day) or atorvastatin (10 mg/kg/day) for

3 weeks (n=6, respectively), followed by 20-h restraint stress. As a control group, we prepared non-stressed mice and 20-h-
stressed mice without statin therapy (n=6, respectively). Kidneys and adipose tissues were harvested and analyzed for TF mRNA
by quantitative RT-PCR. White bars: no restraint stress; black bars: only 20-h restraint stress; dark gray bars: pre-treatment with
atorvastatin followed by 20-h restraint stress; hatched bars: pre-treatment with pitavastatin followed by 20-h restraint stress.
*p<0.05; **p<0.04.

0049-3848/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.thromres.2006.07.010
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mice. The inhibition of HMG-CoA reductase by
statins leads to the decreased synthesis of choles-
terol and its associated precursors, which are
isoprenoid products (e.g., geranylgeranylpyropho-
sphates) from mevalonate. It has also been reported
that statins reduces the TF expression by suppres-
sing the formation of a geranylgeranylated proteins
required for the proper synthesis of TF [8]. Thus,
pitavastatin could attenuate the TF induction in
restraint-stressed mice through the inhibition of
geranylgeranylated protein synthesis.

Several differences are observed in pleiotropic
effects between statins. Although there have been
some reports on the inhibitory effect of atorvastatin
on the TF expression in vitro or ex vivo [9,10], its
suppressive effect in vivo is still controversial
[11,12]. Restraint stress induces inflammatory cyto-
kines (e.g., TNF-«) [4] and oxidative stress markers
(e.g., 4-hydroxynonenal and 8-hydroxy-2’-deoxy-
guanosine) [13], both of which could upregulate TF
gene expression in vivo [4,14]. In this context,
statins inhibit TNF-a-induced nuclear factor xB (NF-
kB) activation [15], which stimulates the TF expres-
sion, although they differ in their ability to block NF-
kB activation [16]. Pitavastatin could strongly
suppress the molecular responses against stress
insults, which include the induction of cytokine-
induced NF-xB and the production of oxidative stress
markers in the ischemic model in vivo in comparison
with atorvastatin [17]. Taken together, pitavastatin
would attenuate the TF expression induced by stress
through the inhibition of TNF-a-induced NF-kB
activation (i.e., anti-inflammatory) and its anti-
oxidative effect. The finding in this study suggests
that pitavastatin contributes to the prevention from
thrombotic cardiovascular diseases associated with
physicopsychological stress although additional
studies to elucidate its mechanism are required.
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Abstract

intravenous immunoglobulin (IVIG) therapy has been used for autoimmune diseases and disorders involving autoanti-
bodics, including coagulation inhibitors. In this review, we have evaluated the efficacy and safety of IVIG therapy for acquired
coagulation inhibitors, including factor VIII inhibitor, and for acquired von Willebrand syndrome on the basis of 44 reports
published between 1965 and 2005. Among 35 patients with factor VIII inhibitor, we estimated the efficacy of IVIG therapy
alone (which includes complete remissions and partial responses with a clinical benefit) to be 30% (11 cases), whereas the
response 1o combination therapy with IVIG plus immunosuppressive agents (eg, corticosteroid, cyclophosphamide) seemed to
be better (approximately 70%, 33/45 cases) than with IVIG therapy alone. In acquired von Willebrand syndrome, the efficacy
of IVIG therapy was estimated to be 30%. The response to IVIG therapy appears to occur rapidly, and coagulation inhibitors
seem Lo be neutralized immediately. Moreover, severe complications or side effects rarely occur during IVIG treatment. IVIG
therapy thus may be considered one choice for treating acquired coagulation inhibitors, although its efficacy improves when
uscd in combination with immunosuppressive agents.
Int J Hematol. 2007,85:287-293. doi: 10.1532/1JH97.06222
wy 2007 ‘The Japanese Society of Hematology

Kev words: Intravenous immunoglobulin therapy; Acquired coagulation inhibitors; Autoimmune disease; Factor VIII
inhibitor; von Willebrand syndrome

1. Introduction to include many autoimmune diseases. IVIG has been shown
to be efficacious in clinical trials for graft-versus-host disease

Intravenous immunoglobulin (IVIG), a highly purified  [5], myasthenia gravis [6], Guillain-Barré syndrome (7],
immunoglobulin G (IgG) fraction derived from pooled  Kawasaki disease [8], and chronic inflammatory demyelinat-
human plasma, is currently one of the most widely used ing polyneuropathy [9]. It has also been used to treat immune

plasma components in the world [1,2]. It was originally intro-  neutropenia and coagulation inhibitors [10-12], but its efficacy
duced as replacement therapy for patients with primary  and safety have not been firmly established.

immunaodeficiency disorders. In 1981, Imbach et al reported a Coagulation inhibitors, antibodies against individual clot-
serendipitous observation that a high-dose infusion of IVIG  ting factors, interfere with blood coagulation. The most com-
(2 g/kg of body weight infused over 5 days) was able to tran-  mon coagulation inhibitor is factor VIII inhibitor, an antibody

sicntly increase the platelet count in children with idiopathic against factor VIII that neutralizes the coagulant activity of
thrombocytopenic purpura (ITP) [3]. With the encourage-  factor VIIL. Factor VIII inhibitor develops in patients with
ment of this and other reports on ITP [4], the clinical applica-  hemophilia A as an alloantibody after replacement therapy
tions of 1VIG have increased markedly over the past 25 years ~ or spontaneously as an autoantibody in nonhemophilic
patients [13], including postpartum patients and those with
autoimmune disease, malignancy, or diabetes [14]. Once
developed in such patients, factor VIII inhibitor poses a seri-

Correspondence and reprint requests: Koji Yamamoto, ous problem for the management of bleeding episodes,
Department of Transfusion Medicine, Nagoya University because any infused factor VIII will be rapidly neutralized
Hospital, Nagoya, Japan; fax: 81-052-744-2610 (e-mail: and will not be available to induce hemostasis [15]. Although
kojiy@med.nagoya-u.ac.jp). IVIG therapy has been used as one of the immunotherapies
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for eradicating coagulation inhibitors, such an indication is
considered off label [2].

The aim of this review is to examine the efficacy and
safety of IVIG therapy in patients with acquired inhibitors
against factors VIII, IX, or V, and in patients with acquired
von Willebrand disease. Cases with lupus anticoagulant were
not included in this review. An electronic search of the
Medline/PubMed database from 1965 to 2005 was performed
to identify relevant articles. This search yielded 108 citations,
72 of which were considered appropriate and reviewed.
The bibliography of each review paper was examined to
identify articles that may have been missed by our electronic
searches.

2. History

In 1983, Nilsson et al reported an interesting observation
{11]. A patient with severe hemophilia B and factor IX
inhibitor was treated with extracorporeal protein A—-Sepharose
adsorption to remove the inhibitor, followed by the adminis-
tration of factor IX concentrate and cyclophosphamide. This
procedure produced a 15-fold increase in factor IX inhibitor on
one occasion but did not cause any increase of the inhibitor
titer on another occasion, when 5 g of IVIG was also given
to the patient to restore the reduced IgG level. The investiga-
tors suggested that the administration of IVIG appeared to
suppress antibody synthesis in hemophilia B patients with fac-
tor IX inhibitor.

Three groups of investigators reported the use of IVIG in
the management of factor VIII inhibitors in 1984 {12,16,17].
IVIG therapy combined with vincristine produced a tran-
sient disappearance of acquired factor VIII inhibitor along
with a slow rise of factor VIII activity in a 13-year-old boy
with autoimmune disease [16]. IVIG therapy was ineffective
in 2 patients with hemophilia A inhibitor {17]. Sultan et al
[12] reported that IVIG therapy (0.4 g/kg body weight per
day for 5 days) resulted in the rapid, marked, and prolonged
suppression of factor VIII inhibitor in 2 patients with
acquired factor VIII antibody (autoantibody) but that it had
little or no effect in 2 hemophilic patients with factor VIII
antibody (alloantibody). They showed by in vitro experi-
ments that IVIG preparations were able to neutralize the
anti—factor VIII activity of the patients’ plasma and the IgG
fraction of the patients’ sera. Many articles were subse-
quently published on the effect of IVIG on acquired factor
VIII inhibitors, as is discussed later.

3. Possible Mechanisms of Action

The rapid rise in the platelet count in ITP following IVIG
administration is thought to occur through binding to and
blocking Fcy receptors on macrophages, thereby preventing
the removal of antibody-coated platelets by the reticuloen-
dothelial system in the spleen and liver [4}. This mechanism,
however, does not appear to explain the effect on coagula-
tion inhibitors.

Several hypotheses on the mechanisms of action of IVIG
on factor VIII inhibitor have been put forward. Sultan et al
and Kazatchkine and Kaveri postulated that anti-idiotypic
antibodies present in IVIG preparations neutralize factor

VII autoantibodies [12.18]. F(ab"), fragments from IVIG
preparations inhibited anti-factor VIII activity in F(ab"),
fragments from the patient’s plasma. Anti—factor VIIl F(ab’),
fragments were specifically retained on an affinity column of
Sepharose-bound F(ab”), from IVIG, indicating that a direct
interaction occurred through the antibody-binding sites of
both immunoglobulins [19]. Anti-idiotypes against various
autoantibodies were shown to be present in pooled normal
human polyspecific immunoglobulin. In addition, IgG pre-
pared from elderly donors and multiparous women was
reported to contain a higher frequency of neutralizing anti-
bodies against factor VIH autoantibodies [20]. It is puzzling
that such an in vitro antibody-neutralizing effect was not
always demonstrated, even though in vivo administration of
IVIG produced a marked reduction of the inhibitor titer
[21,22].

The fall in inhibitor titer following 1VIG therapy without
simultaneous immunosuppressive treatment appears to be
rapid (within several days) in most cases [12,23,24] but is
slow (more than 10 days) in others [22,25]. There must be
slow effects of IVIG on autoantibody production. In addition
to its direct and immediate action on antibodies, IVIG has
been proposed to suppress antibody formation by B-cells, a
process mediated through the down-regulation of Fcy recep-
tors [26]. Furthermore, IVIG may induce T-cell suppressor
activity [27]. These observations taken together suggest that
IVIG exerts its effect on the inhibitor titer through more
than one mode of action.

4. Efficacy
4.1. Factor VIII Inhibitor

We extensively reviewed the international literature pub-
lished from 1965 to 2005. The typical IVIG dosage used for
treating factor VIII inhibitor was 0.4 g/kg per day for 5 con-
secutive days.

The efficacy criteria (ie, the response to IVIG therapy)
were as follows [28]: Complete remission (CR) was defined
as the disappearance of the inhibitor, partial response (PR)
was defined as a decrease in the inhibitor titer by at least
25% of the baseline value, and failure was defined as other
than CR and PR.

In Table 1, we present all of the cases in which the efficacy
of IVIG treatment alone was evaluated [12,22-25,28-40].
The response to IVIG therapy alone was failure in 11 cases
(31.4%) and PR in 21 cases (60.0%), but with a subsequent
clinical benefit in only 8 patients. Finally, 3 patients (8.6%)
achieved CR. The efficacy of IVIG therapy alone, which
includes CR and PR with a clinical benefit, among these 35
patients was estimated to be 31.4% (11 cases). In most cases
of CR or PR, the response to IVIG treatment was rapid, and
factor VIII inhibitor seemed to be neutralized immediately.

We summarize the responses to combined therapy with
IVIG plus immunosuppressive agents in Table 2 [21,25,
28,32,35,38-52]. The response to IVIG plus steroid and/or
cyclophosphamide therapy was better than to IVIG treat-
ment alone. CR was achieved in 19 (73%) of 26 patients
who were treated with IVIG plus steroid. In addition, 14
(74%) of 19 patients who received IVIG plus steroid and
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Table 1.

Evaluable Patients from the Literature with Acquired Factor ViIl Inhibitor Who Were Treated with Intravenous Immunoglobulin (IVIG)*

Inhibitor Titer, Bethesda U

Sex/Age, Associated IVIG Dosage, Clinical

No. Reference y Disease g/kg perd Before Nadir (dt)  Response Outcome
1 Hudak et al [29] F/40 Postpartum 05x5d 16 <1 (105) CR Sustained remission

Schwartz et al [25] Mm/68 CLL 1x2d 1 0(14) CR Sustained remission
3 Schwartz et al [25] F/83 Diabetes 1x2d 0.9 0 (61) CR Sustained remission
4 Sultan et al [12] M/62 Idiopathic 04x5d 25,000 550 (3) PR No dlinical benefit¥
H Sultan et al {12]) F/29 Postpartum 04x5d 10,500 1000 (3) PR No clinical benefit
6 Zimmermann et al [30] F/64 Idiopathic 0.5x8d 75 10 (25) PR Clinical benefit
7 Zimmermann et al [30] F/70 Idiopathic 05x8d 51 3.8 (9) PR Clinical benefit
8 Newland et al [22) F/71 Diabetes 04x5d 50 20 (45) PR Clinical benefit
9 Heyman et al [31] M/64 Idiopathic 0.4x5d 47 28 (17) PR No clinical benefit
10 Nishida et al [23] F/39 Idiopathic 0.4 x 5d 115 17 (3) PR No clinical benefit
11 Schwerdtfeger et al [32] F/31 Postpartum 05x%x5d 420 104 (6) PR No clinical benefit
12 Sultan et al [33] M/78 NA 04x5d 42 20 (30} PR No clinical benefit
13 Sultan et al [33] M/72 Carcinoma 04x5d 38 10 (5) PR Transient benefit
14 Schwartz et al [25) M/54 Alcoholism 1%x2d 1228 208 (7) PR No clinical benefit
15 Schwartz et al [25] F/72 Idiopathic 1x2d 880 570 (48) PR No clinical benefit
16 Schwartz et al [25] F/25 Idiopathic 1x2d 280 1.9 (57) PR Clinical benefit
17 Schwartz et al [25] F/38 Postpartum 1x2d 102 56 (22) PR Clinical benefit
18 Schwartz et al [25] M/77 Carcinoma 04x5d 39 24 (3) PR No clinical benefit
19 Schwartz et al [25]) M/60 Griseofulvin 04x5d 29 18 (19) PR No clinical benefit
20 Crenier et al 28] Mm/65 Cardiomyopathy 04x5d 120 72 (30) PR No dinical benefit
2 Crenier et al [28] M/74 Bronchitis 04x5d 24 12 (7) PR No clinical benefit
22 Michiels et al [24] F/31 Postpartum 05x%x5d 12 1(11) PR Clinical benefit
23 Lafferty et al [34] F/42 SLE 0.4x5d 500 185 (NA) PR Clinical benefit
24 Walsh et al [35) F/72 Cholecystitis 30gx1d 6 NA PR Clinical benefit
25 Hiller et al [36] M/57 Surgery 30gx5d 24 20 (2) F Transient benefit
26 Casas et al [37] M/70 Lymphoma 04x7d 8.6 35 (NA) F Transient benefit
27 Sultan et af {33]) M/45 Vasculitis 0.4x5d 25 28 (NA) F NA
’8 Pignone et al [38] F/66 RA 04x6d 13 26 (7) F NA
79 Hauser et al [39) F/29 Postpartum 04x5d 10 110 (NA) F NA
10 Mateo et al [40] F/82 CLL - 04x5d 9.5 10 (30) F NA
th Schwartz et al [25]) M/64 Diabetes 1x2d 452 340 (6) F No clinical benefit
32 Schwartz et al [25] F/83 LA 04x5d 102 96 (5) F No clinical benefit
i3 Schwartz et al [25] F/48 Idiopathic 1x2d 59 46 (2) F No clinical benefit
14 Schwartz et al [25] M/73 Carcinoma 04x5d 42 108 (5) F No clinical benefit
1 Schwartz et al [25) M/62 Idiopathic 1x2d 1.4 1.4 (1) F No clinical benefit

*CR indicates complete remission; CLL, chronic lymphocytic leukemia; PR, partial response; NA, not available; SLE, systemic lupus erythematosus;

I, treatment failure; RA, rheumatoid arthritis; LA, lupus anticoagulant.
+Number of days after starting IVIG treatment.
tSubjective evaluation by the doctors in charge.

cyclophosphamide reached CR. Only 2 cases of treatment
with 1VIG plus cyclophosphamide were reported, and these
paticnts achieved CR [52]. Conversely, 18 (75%) of 24
patients treated with steroid plus cyclophosphamide instead
ol 1IVIG achieved CR. This degree of efficacy is consistent
with the report by Green et al [45). In these reports, however,
the cvaluation of efficacy depended on the patients’ symp-
toms (ic, improvement of bleeding tendency), because the
disappcarance of inhibitors was not followed up.

Thus. the overall efficacy of IVIG therapy alone is almost
3(}%, whereas that of a combination therapy with IVIG plus
steroid and/or cyclophosphamide is approximately 70%.

Recent reports have described patients with acquired
factor VIII inhibitors who rapidly responded to immunosup-
pressive regimens including rituximab, a monoclonal anti-
body against CD20* B-cells {53,54]. These data suggest that
immunosuppressive therapy using rituximab could become a
powerful tool against coagulation inhibitors.

4.2. Acquired von Willebrand Syndrome

Acquired von Willebrand syndrome is a rare bleeding dis-
order with laboratory findings similar to those of congenital
von Willebrand disease. According to an international reg-
istry, acquired von Willebrand syndrome is primarily associ-
ated with lymphoproliferative diseases, immunologic and
cardiovascular disorders, and solid tumors. The prevalence of
acquired von Willebrand syndrome in these underlying dis-
orders is still unknown.

IVIG was also effective in stopping bleeding in acquired
von Willebrand syndrome [55]. Several groups reported that
acquired von Willebrand syndrome associated with systemic
lupus erythematosus [56], monoclonal gammopathy [57-60],
malignant lymphoma [61], and prostatomegaly {62}, and of
undefined origin [63,64] responded well to IVIG therapy.
Some patients were successfully treated with the combina-
tion of IVIG and desmopressin, but the effect was transient
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Table 2.

Responses of Patients with Acquired Factor VI Inhibitor to immunosuppressive Agents with or without Intravenous

Immunoglobulin (IVIG) Therapy

IVIG + Pr (26 Cases)

IVIG + Pr + Cy (19 Cases)

Pr+ Cy (24 cases)

Reference CR PR F CR PR F CR PR F
Green et al [41] 1

Carreras et al [21] 1

Heyman et al [31] 1t

QOiSullivan et al [42] 1

Pirner et al [43] 1

Lionett et al (44) 1

Pignone et al [38] 1

Green et ai [45] 5 5
Hauser et al [39] 1

Mateo et al {40} 1

Schwartz et al [25] 1 1

Crenier et al [28] 1 1

Lafferty et al [34] 1

Sohngen et al [46] 2

Bossi et al {471 4 1 8 1 3

Gandini et al [48] 1

Dykes et al [49] 4 1 2

Grunewald et al [50] 2 4

Mazzucconi et al [51] 3 1

Delgado et al [52] 1 3 1 2 1
Total 19 3 4 14 4 1 18 6

*Pr indicates prednisolone or dexamethasone; Cy, cyclophosphamide; CR, complete remission; PR, partial response;

F, treatment failure.
tIVIG dosage: 0.4 g/kg per d for 2 d.

in most cases. According 1o data from an international reg-
istry, the efficacy of IVIG therapy in acquired von Willebrand
syndrome was estimated to be 30% (21/63 patients) [65,66].
Of note, however, is that in most cases the efficacy of IVIG
was subjectively evaluated (ie, a good response means to stop
bleeding) by the doctors in charge. This efficacy is similar to
that for treatment with desmopressin (38/119) or with
immunosuppressive agents (23/66), but corticosteroids alone
were effective in only 19% of patients (12/63).

4.3. Other Coagulation Inhibitors (Factor V or IX
Inhibitor)

Patients with inhibitors against factor V or IX are
extremely rare. Only one report described acquired factor
IX inhibitor developing in a patient with autoimmune
polymyositis [67]. Single-agent therapy with IVIG was effec-
tive in suppressing inhibitor synthesis and in stopping bleed-
ing. Another report described acquired factor V inhibitor
developing in an 82-year-old female patient following abdom-
inal surgery [68]. Nine-day treatment with IVIG (0.4 g/kg per
day) was partially effective in suppressing the inhibitor titer
and improving the patient’s hemorrhagic diathesis.

5. Safety

Adverse reactions to IVIG therapy are usually mild and
self-limited: headache, back pain, low-grade fever, myalgia,
and chills. The IVIG preparations currently in clinical use
are also assumed to carry virtually no risk of transmitting
infectious agents. Rarely, however, serious complications can

occur. In recent years, thromboembolic complications have
occasionally been reported in patients who received IVIG.
Stroke, acute myocardial infarction, and deep vein thrombo-
sis were estimated to occur at an incidence of 3% to 5% [69].
Thromboembolism appeared to develop mainly in patients
who had other risk factors, such as an advanced age, being
bedridden, and a history of thromboembolism. What triggers
thromboembolic complications? During 5 courses of treat-
ment with IVIG (24-54 g/day), the plasma IgG concentration
was noted to increase 4-fold, and plasma viscosity increased
to beyond the normal range [70]. It appears that increased
blood viscosity after high-dose IVIG infusion is responsible
for thromboembolism. Slow infusion of IVIG (a daily dose of
0.4 g/kg in not less than 8 hours) has been recommended to
prevent thromboembolism [71].

Interestingly, our own review of the literature revealed no
thromboembolic complications in 80 patients with acquired
factor VIII inhibitor who had received IVIG. It is tempting to
speculate that the presence of a coagulation inhibitor may
counteract thrombosis formation.

6. Discussion

In general, treatments of acquired coagulation inhibitors
are divided into 2 approaches: One is to stop the present
bleeding events, and the other is to remove inhibitors by
immunomodulative therapy. In cases of acute bleeding in
patients with factor VIII inhibitors, conventional manage-
ment consists of human factor VIII concenirate or desmo-
pressin for low inhibitor levels (<5 Bethesda U) and porcine
factor VIII or bypass therapy (eg, recombinant activated



