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FIGURE 1. Transcription from LSP. TFAM binds to LSP and then recruits mitochondrial
RNA polymerase and mitochondrial transcription factor B (TFBM). The C-terminal is responsi-
ble for binding to TFBM. TFBM confers the promoter specificity to the TFAM-dependent tran-
scription. Some transcripts originating from LSP make stable RNA-DNA heteroduplexes in
the conserved sequence block (CSB). The RNA strand of the heteroduplex is processed by
an RNase and serves as a primer for DNA synthesis by DNA polymerase.

review, we focus on the essential roles of TFAM in the maintenance of mtDNA
integrity.

TFAM AS A TRANSCRIPTION FACTOR

TFAM was purified from mitochondria of human HeLa cells using transcription
activation as a marker3 and then cloned.2 TFAM is a member of an HMGB subfamily
in high-mobility group (HMG) protein families. TFAM has two HMG boxes and a
C-terminal tail composed of 25 amino acids. Each HMG box has DNA-binding ac-
tivity. Although TFAM has a higher affinity to the two promoters on mtDNA, light-
and heavy-strand promoters (LSP and HSP, respectively), it also has nonspecific
DNA-binding activity irrespective of DNA sequence. The C-terminal tail is required
for the promoter-specific transcription in vitro. Abf2p, a counterpart of TFAM in
Saccharomyces cerevisiae, also has two HMG boxes but not the C-terminal tail.# In
fact, Abf2p does not activate the transcription in vitro® or is not required in vivoe for
the expression of mtDNA genes (i.e., transcription). The current general model for
the human mitochondrial transcription is outlined in FIGURE 1. TEAM binds to LSP
and then recruits mitochondrial RNA polymerase and mitochondrial transcription
factor B (TFBM).® The C-terminal is responsible for binding to TFBM.” Without
TFBM, TFAM activates promoter-independent nonspecific transcription in the pres-
ence of RNA polymerase. TFBM confers the promoter specificity to the TFAM-
dependent transcription. However, it is still unknown how TFBM enhances the tran-
scription from LSP or, in other words, how TFBM recognizes the promoter.
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MODULATION OF REPLICATION

Some transcripts originating from LSP make stable RNA-DNA heteroduplexes in
the conserved sequence block (CSB).2? The RNA strand of the heteroduplex is pro-
cessed by an RNase and serves as a primer for DNA synthesis by DNA polymerase.
The majority of the nascent DNA-strand synthesis starting from this region termi-
nates prematurely at np 16105, about 50 nucleotides downstream of the terminating
association sequence (TAS), resulting in the formation of the triple-stranded struc-
ture, D-loop. The D-loop is composed of the parental light and heavy strands, as well
as the grematurely terminated nascent DNA strands, called D-loop strands or 7S
DNA .10 These D-loop strands have exactly the same free 5 ends as those of the na-
scent strands that exceed the termination point and therefore are considered true na-
scent strands leading to complete replication.!! In fact, the premature termination is
well correlated inversely with the replication rate, 2 suggesting that the DNA synthe-
sis starting from this region may contribute to the replication of mtDNA. Thus, the
transcription is coupled with the replication according to the classic strand asymmet-
ric replication model, and TFAM therefore is also essential for the replication of
mtDNA. Recently, multiple replication origins for the heavy strand were reported in
other than the D-loop region. In this model, called strand-coupled replication, the
role of TFAM in the replication is unclear.1314

In addition to the possible straightforward contribution via transcription, TFAM
may modulate the mtDNA replication through destabilizing the D-loop structure. As
described above, a certain portion of mtDNA molecules steadily take on the D-loop
structure. 1-Methyl-4-phenyl-pyridinium ion (MPP"), a parkinsonism-causing tox-
in, inhibits selectively the replication of mtDNA at least in part by destabilizing the
D-loop.15-18 Similarly, TFAM at a level normally existing in mitochondria also de-
stabilizes the triple-stranded structure and releases the D-loop strand.!® Mitochon-
drial single-stranded DNA-binding protein (SSB) protects the D-loop from this
destabilization caused by TFAM. The D-loop structure may be maintained under a
balance of the two proteins in vivo.

NUCLEOQOID STRUCTURE OF mtDNA

During the course of examining the D-loop destabilizing effect, we have found
that human TFAM is much more abundant than previously thought. TFAM exists
about 1,000 molecules per one mtDNA molecule.!® This amount is almost enough
to cover the entire region of mtDNA, given that TFAM occupies about 20 nucle-
otides. A similar amount of TFAM exists in Xenopus leavis oocytes.20 It has been
considered that mtDNA of higher eukaryotes is somewhat naked except for the D-
loop region.2t-2* However, in lower eukaryotes, there is good evidence that mtDNA
is packaged and forms a large mtDNA-protein complex resembling a nuclear DNA
nucleosome. 2% Such a nucleosome-like structure of mtDNA is called nucleoid.
Recent reports of our and other groups support that mtDNA of higher eukaryotes
also takes on the nucleoid structure. Considering that (i) HMG proteins have gener-
ally an ability to package DNA, (ii) human TFAM molecules are indeed mostly as-
sociated with the mtDNA-proteins complexes, and (iii) human TFAM is abundant, it
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is very likely that human TFAM makes a major contribution in the formation of the
nucleoid structure as a main component.27-28

Homozygous gene disruption of Tfam is lethal in mouse and chicken cells.29:30
The heterozygous disruption decreases the amount of TFAM by about 50%.29-30 Ex-
pression of exogenous TFAM increases the amount of mtDNA in a finely correlated
manner to the total amount of TFAM in mouse,3! chicken,? and human cells (un-
published data). When the TFAM expression was suppressed by RNA interference,
the amount of mtDNA gradually decreased with the daily decrease in the TFAM
amount after the treatment. The decrease in mtDNA was strongly correlated with the
decrease in TFAM (unpublished data). These observations of our and other groups
suggest that the TFAM amount is a major determinant of the mtDNA amount. Proba-
bly, only mtDNA in the nucleoid structure can be stably maintained in mitochondria,
and TFAM may be a dose-limiting factor for the number of nucleoids.

DAMAGE AND REPAIR

mtDNA is much more vulnerable than nuclear DNA.32-33 First, mtDNA is under
much stronger oxidative stress than nuclear DNA.3435 Mitochondria normally ac-
count for ~90% of oxygen consumption in mammalian cells. It is considered that
1-5% of the mitochondrially consumed oxygen is converted to reactive oXygen spe-
cies (ROS) due to electron leaks from the respiratory chain.36-38 mtDNA is associ-
ated with inner membranes where the ROS-generating respiratory chain exists.
Second, mtDNA is subject to chemical damage much more strongly than nuclear
DNA.* Mitochondria have a membrane potential with matrix-side negative by
which ATP synthesis is driven. Because of this membrane potential, lipophilic cat-
ions tend to accumulate in mitochondria. Mitochondria can take up lipophilic cations
from the cytosol and concentrate these cations inside up to 1000-fold.*? Unfortu-
nately, many toxic xenobiotics as well as medically beneficial drugs are also lipo-
philic and have positive charges. Thus, higher mutation rates in mtDNA than in
nuclear DNA are expected. In fact, mutation rates of human mtDNA are reported to
be several hundredfold higher than nuclear gene mutation rates.4!

The oxidative damage of mtDNA is evidenced, for example, by a fact that 8-
oxoguanine (8-0xoG), an oxidatively modified guanine base, accumulates more and
increases more rapidly in mtDNA than in nuclear DNA.3* TFAM binds more strong-
1y to DNA containing 8-0x0G than t6 normal DNA. The binding of TFAM to a C:8-
oxoG pair is stronger than that of hOGG1,%? a human functional counterpart of a
bacterial MutM that binds to C:8-0x0G and excises the 8-0x0G. Similarly, the bind-
ing of TFAM to an A:8-0x0G pair is stronger than that of h(MYH,*2 a human homo-
logue of a bacterial MutY that binds to A:8-0x0G and excises the A. Hence, it is
naturally expected that TFAM affects the repair of oxidatively damaged DNA by
those enzymes.

Human TFAM shows higher affinity to DNA with cisplatin adducts.*2 Cisplatin
is an anticancer drug that produces inter- and intrastrand DNA cross-linking. Inter-
estingly, many cisplatin-resistant cell lines overexpress TFAM than do their parental
cells,® suggesting that TFAM may play arole in protecting mtDNA from modifica-
tion by cisplatin or in enhancing the repair of cisplatin-modified mtDNA. p53, which
is a tumor suppressor and associates preferentially with damaged DNA, is transferred
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to mitochondria upon death signals.*##3 p53 physically interacts with TFAM in mito-
chondria.#3 The interaction enhances the binding of TFAM to cisplatin-modified
DNA, but conversely inhibits the binding of TFAM to DNA containing an A:8-0x0G
pair.*> These alterations in properties of TFAM-binding could affect the repair or
maintenance of mtDNA and possibly modulate the pS3-mediated apoptosis.

BRANCHED STRUCTURE

HMG proteins preferentially bind to branched structures including four-way
junctions, typical recombination intermediates.*® Abf2p promotes or stabilizes Hol-
liday recombination junction intermediates in rho+ mtDNA in Saccharomyces cere-
visiae.%” Human TFAM has about a 10-fold higher affinity to a synthesized four-way
junction than to a corresponding linear form of DNA.8 It has long been believed that
recombination reactions do not occur, or very rarely occur, in mammalian mitochon-
dria because recombined mtDNA molecules were hardly detected in mitochondria
artificially harboring hetroplasmic mtDNAs. However, fairly good recombination
activity is detected in rat mitochondrial lysates.*® Furthermore, prominent recombi-
nation intermediates are detected in human heart mtDNA.0 The presence of in-
tramolecular recombination is suggested based on the fact that partially duplicated
mtDNA molecules produced the wild-type mtDNA during cultivation by releasing
the partially duplicated parts.>! Although a physiological role of the intramolecular
recombination of mtDNA is unclear at present, the strong binding of TFAM to
branched structures may no doubt affect such recombination events. The triple-
stranded D-loop in a strand asymmetric replication model and the replication Y-folk
suggested in a strand-coupled replication model are also typical branched structures.
In this aspect, TFAM should have effects on the proceeding of DNA synthesis.

OXIDATIVE STRESS ON HEART

As described previously, mtDNA is physiologically more vulnerable than in nu-
clear DNA. In addition, mtDNA is feasibly more damaged by pathological insults as
well. For example, when isolated rat cardiomyocytes are treated with 50 uM H,0,,
the amount of intact 16 kbp mtDNA is decreased by 50% in 15 min.52 In other words,
one-half of mtDNA molecules are rapidly degraded by the 15-min H,0, exposure.
In a partial myocardial infarction model of mouse, the non-ischemic region works
harder to compensate the loss of function of infarcted myocardium. This working
overload causes oxidative stress leading to mitochondrial dysfunction. Under these
conditions, the activities of complexes I, III, and IV—all of which contain mtDNA-
encoded subunits—all declined, but the activity of complex II which does not contain
any mtDNA-encoded subunits was maintained,?3 suggesting that mtDNA is a primary
target of ROS. This mitochondrial dysfunction followed by cardiomyopathy was
largely lessened by pretreatment with antioxidants. Most importantly, this cardiac
dysfunction was almost completely prevented by the overexpression of TFAM,
strongly suggesting that TFAM has a protective effect on mtDNA from the oxidative
attack and indicating how the integrity of mtDNA is important for survival (unpub-
lished data).
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FIGURE 2. Multiple roles of TFAM in maintenance of mtDNA. Circular ring patterns
represent TFAM. Pt, cisplatin; GO, 8-oxo-guanine; ROS, reactive oxygen species.

In conclusion, mtDNA is essential for individuals to live normally. This crucial
genome, however, is very fragile. TFAM plays multiple and critical roles in the
maintenance of mtDNA (FiG. 2).
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Antithrombin (AT) is a2 58-kDa plasma glycoprotein
which is mainly synthesized in hepatocytes and
circulates at a concentration of approximately
112140 mg/t with a half-life of 2 to 3 days [1,2)].
It is composed of 432 amino acid residues with four
Asn-linked glycosylation sites [3,4]. AT belongs to
the serine proteinase inhibitor {serpin) superfamily
and plays a critical role in the regulation of the blood
coagulation systemn by inhibiting the final two pro-
teinases of factor Xa and thrombin [2,5-7]. Inhib-
ition of proteinases by AT involves interaction
between the active site of the proteinase and the
reactive center loop of the inhibitor, which leads to
aninactive and stable proteinase—inhibitor complex
[8]. The reactive center of AT is held on an exposed
peptide loop that extends from 15 residues (P15) on
the amino-terminal side of the P1 residue (Arg393)
to five residues (PY } on the carboxy-terminal side
[6—9]. After thrombin cleaves the reactive site of
Arg393—Ser394, ATundergoes a dramatic conforma-
tional change when the cognate proteinases interact
directly with the reactive center loop [6—11]. The
reactive center loop is incorporated as strand four in
the central p-sheet A when the loop interacts with
the proteinases, and induces the massive con-
formational change of AT [8,12]. Inhibition of throm-
bin by AT is ephanced at least 1000-fold in the
presence of heparin [2,13). The human AT gene is
mapped to chromosome 1g23.1—23.9 and comprises
seven excns and six introns spanning a total of 13.5
kb of genomic DNA [14].

Since the existence of AT deficiency was first
reported in 1965 [15), there has been an increasing
line of evidence that amolecular anomaly of AT isan
integral risk factor for thrombosis [16—22]. Our
laboratory has been directing efforts to identify
the causal factors that generate thrombosis by
performing a systematic haemostatic investigation
{23]. With respect to the ATanomaly, to date, all the
coding exons and intron—exon boundaries of the AT
gene were analyzed in 6 out of 22 patients having
reduced AT activity. Abnormalities of AT gene were
detected in two out of six thrombotic patients, with
one a deletion mutation and the other a missense
mutation. In the present study, we report on the
identification and characterization of two novel
mutations of the AT gene.

Materials and methods

Patients

Patient 1: A 51-year-old male patient had acute
arterial obstruction from a right common iliac
artery to a right thigh artery. He had undergone

an operation on his right leg to remove the blood
clots and a plasty in the right thigh arteries. The
patient had a medical history of deep vein throm-
bosis in both legs at the age of 38. However, there
was no suggestion of a family history of thrombosis.

Patient 2: The patient was a 64-year-old female
with deep vein thrombosis in the right leg induced
by infectious arthritis. A filling defect and deteri-
oration of blood flow in the right femoral vein were
observed by venography. She recovered from the
deep vein thrombosis by heparin/warfarin treat-
ment for a month. She has been suffering from
myeloma for 10 years and impaired function of the
liver due to chronic hepatitis B. There was no
suggestion of family history of thrombosis. We were
unable to study the hematological profile of her
family, -

Subjects

The subjects consisted of the proband and his
daughter in patient 1 and the proband in patient
2. In addition, 50 healthy individuals recruited from
the employees of our institution were subjected to
this study as normal controls. Prior to the trial,
written informed consent was individually obtained
from all of them by the attending physicians
following full explanation of the aim of the
research and guarantee of privacy.

Plasma

Peripheral blood samples collected in 3.13% sodium
citrate were centrifuged at 1500x¢ for 20 min, and
the resulting supernatant fraction was used to
perform clot-based tests, Aliquots of supematant
fractions divided into smaller portions were stored
at —80 °C for future use.

Haemostatic examination

The haemostatic profile involved measurements of
AT, protein S (PS), protein C (PC), fibrinogen, plas-
minogen, o2-plasmin inhibitor, heparin cofactor li,
lupus anticoagulant, prothrombin time (PT), acti-
vated partial thromboplastin time (APTT), throm-
botest, fibrin degradation product (FDP), thrombin—
antithrombin complex (TAT), and plasmin—plasmin
inhibitor complex {PIC) [24]). In addition, protein
levels of AT and progressive AT activity were also
assessed. AT activity was assayed by chromogenic
substrate as heparin-dependent inhibition of bovine
thrombin {heparin cofactor activity} using Testzym
AT 1l 2 kit (Daiichi Kagaku, Tokyo, Japan). The
reference interval ranged from 80% to 130%. AT
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activity independent of heparin (progressive AT
activity) was determined by chromogenic substrate
after precipitation of fibrinogen by incubating at 56
°C for 15 min as previously described [23].

DNA extraction

Genomic DNA was extracted from peripheral lym-
phocytes collected from the patients, their rela-
tives, and the healthy individuals using an
automated DNA extraction device (NA-1000, KUR-
ABQ, Osaka, Japan).

Polymerase chain reaction (PCR)

Early studies suggested that there were only six
exons but subsequent analysis revealed a 1-kb
intron within exon 3 [14]. Although we follow the
old nomenclature of AT gene as consisting of exons
1—6, the primers cover all the exons from 1 to 7.
Genomic regions of exons 1—6 of the AT gene were
each amplified using appropriate primers in a
reaction mixture containing 10 mM Tris—HCl (pH
8.0), 50 mM KCL, 2.0 mM MgCly, 200 pM 4dNTPs,
0.2-0.4 uM primer-set, 0.8—4 ng/pl template DNA,
and 0.025 U/ul Extaq (Takara Shuzo, Otsu, Japan).
A reaction cycle consisting of sequential incuba-
tions for denaturation at 94 °C for 1 min, for
annealing at 56—61 °C for 1 min, and for extension
at 72 °C for 1 min was repeated twice with
denaturation at 94 °C for an additional 4 min being
included in the first cycte. Additionally, a reaction
cycle consisting of sequential incubations for dena-
turation at 94 °C for 30 s, annealing at 56—61 °C for
30 s, and extension at 72 °C for 30 s was repeated
30 times, followed by incubation at 72 °C for 10
min. These reactions were performed in an auto-
mated device (Gene Amp PCR system 9600R, Roche
Diagnostic Systems, Basel, Switzerland). Detection
of the G20210A mutation in the prothrombin gene
and factor V Leiden was performed as described by
Finan et al. [25].

DNA sequencing

The PCR products derived from exons/introns of
the AT gene were purified through a Micro Spin™ S-
300HR column (Amersham Pharmacia Biotech,
Bucks, UK) and processed for pretreatment using
an ABI PRISM BigDye Terminator Cycle Sequencing
Ready Reaction Kit (Perkin Elmer Applied Biosys-
tems, Foster City, CA, USA) according to the
manufacturer’s instructions. The reaction products
were purified through a Centri-Step Spin column
(Perkin Elmer Applied Biosystems) and subjected to

direct sequencing in an automated sequencer (ABI
PRISM 377 sequencer, Perkin Elmer Applied Bio-
systems). To confirm the presence of mutated AT
gene in patient 1, the PCR product of exon 6 was
subcloned with the original TA cloning kit (Invitro-
gen, Carlsbad, CA, USA). For DNA sequencing, the
insert DNA was amplified by the colony PCR
method. The coltony PCR products were then used
for sequencing analysis.

Mutagenesis of AT ¢cDNA

The full-length human AT cDNA was prepared from
a human liver ¢cDNA library {Uni-ZapRXR Library,
Stratagene, CA, USA) by PCR using a mutagenic
primer set (sense sequence of 5-TGTCGACGAT-
TAGCGGCCATGTATTC-3 and antisense sequence of
5'-AACCCG GGAAGAGGTGCAAAG-3', mutagenic C,
C and CCC are underlined), by which new Sal1 and
Sma1 sites are produced in the amino-terminal
and carboxyl-terminal regions of the complete AT
coding sequence, respectively. The PCR product
was sequenced to check it had a proper sequence.
An expression vector for the wild-type AT was
constructed as follows by inserting the full-length
AT cDNA into pC1nec Mammalian Expression Vector
(Promega, WI, USA). The 1466-bp PCR product was
restricted with Sal1 and Sma1 and then ligated to
a 5466-bp Sal1—Smatl restriction fragment of
pCineo Mammalian Expression Vector with T4
DNA ligase. The wild-type AT cDNA-vector con-
struct was transformed into Epricurian Coli XL1-
Blue supercompetent cells {(Invitrogen). The
sequences of DNA from the resulting colonies were
verified to be correct by segquence analysis.
Mutations were generated by the overlap exten-
sion method [26] using the wild-type AT cDNA-
vector as a template. The final mutated PCR
fragments were also inserted into pCineo Mam-
malian Expression Vector as described above and
the mutation was confirmed by sequencing of the
resulting vector,

Stable expression of recombinant AT

Human embryo kidney 293 (HEK293) cells (Health
Science Research Resources Bank, Osaka, Japan)
were grown in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco BRL, Rockville, USA) supplemented
with 10% fetal calf serum (Gibco BRL), penicillin
and streptomycin. After 11 pg of expression vector
DNA and 3 ul/DNA pg of liposome reagent {Trans
FastTM Transfection Reagent, Promega} were com-
bined and incubated for 15 min at room temper-
ature, the mixture was added to HEK293 cells
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(3x105 per 60-mm dish). After 24 h, the medium
was replaced with DMEM containing serum and
antibiotics. After an additional 48 h, the trans-
formed cells were selected in medium to which 1
mg/ml G418 (Gibco BRL) was added. The medium
was replaced every 3 days. When the resistant cells
were grown at about 50% confluency, the concen-
tration of G418 in the medium was reduced to 0.6
mg/ml. After 2—3 weeks, the resistant cells were
grown at 80—100% confluency and the medium was
replaced with serum-free DMEM, After 48 h, the
media were harvested and centrifuged at 1500xg
for 5 min and the resulting supernatant fraction was
stored in aliquots at —80 °C for future use.

Measurement of the activity and the antigen
of recombinant AT in the culture medium

Assays of AT activity in the culture media were
performed by an amidolytic assay using Testzym AT
N 2 kit (Daiichi Kagaku). Assays of AT antigen level in
the culture media were performed by Western
blotting analysis, The supernatant of the culture
media and purified plasma AT (Sigma, Missouri, USA)
as a standard were electrophoresed on a 10%
polyacrylamide gel for 60 min at 25 mA, and trans-
ferred to a polyvinylidene difluoride (PVDF) mem-
brane (Hybond-P, Amersham Pharmacia Biotech}.
The membrane was then immersed in the blocking
buffer containing 50 mM Tris—HCl, 100 mM NaCl,
0.05% Tween 20 (pH 7.4) and 5% skimmitk for 1 h, and
incubated with goat anti-human AT antibody
{1:6000) (Enzyme Research Laboratories, Indiana,
USA) in the TBS—Tween buffer at 4 °C for 18 h. The
membranes were then washed three times for 10
min each with the TBS—Tween buffer, and incubated
for 1 h at room temperature with HRP anti-goat
immunoglobulin (1:6000) {Amersham Pharmacia
Biotech). The membranes were subsequently
washed three times for 10 min each with the TBS—
Tween buffer. Immunoreactive bands were visual-
ized with an enhanced chemiluminescence kit (ECL,
Amersham Pharmacia Biotech), and measured using
a luminoimage-analyzer {|AS-1000 plus, Fujifilm,
Tokyo, Japan).

Results

Haemostatic examination

Patient 1: AT activity in the presence or absence of
heparin in blood samples collected from the patient
was nearly half of the normal level at 48% and 49%,
respectively. The protein level was within the

normal range at 117% (Table 1). All other analytes
were within the normal range (Table 1). AT activity
of the patient’s daughter was within the normal
range (data not shown).

Patient 2: AT activity in the presence of heparin
and protein level of AT were nearly half of the
normal level at 64% and 52%, respectively (Table
1). All other analytes were within the normal
range with exception of the FDP and D-dimer,
which were 0.0153 and 0.0062 g/l, respectively
(Table 1).

Nucleotide sequence of the AT gene

Genomic DNA was extracted from peripheral blood
cells of individuals. Genomic regions of exons 1—6
and their exon/intron junctions of the AT gene
were amplified using appropriate primers and
sequenced.

Patient 1: In direct sequence analysis of the
AT gene of patient 1, additional aberrant peaks
were observed from nt 13,260 in exon 6,
suggesting heterozygous deletion or insertion
mutation (Fig. 1). As a consequence of subclon-
ing, deletion of AAG from nucleotide position
13,260 to 13,262, the mutation of which pro-
duces a deletion of Glu381, was detected in 7
out of 14 subclones. The remaining subclones
were normal implying that the patient was

Table 1 Laboratory examination of the patient
Reference Patient 1 Patient 2
interval

PT (%) >70 51 72

APTT (s) 24.0-38.0 24.7 38.6

Fbg (g/1) 2.04.0 2.49 4.26

TBT (%) >80 47 90

HPT (%) 60120 55 87

PLG (%) 85-145 127 113

axpl (%) 80-130 96 77

LAC (-} ) =)

AT (%} 80-120 48 64

PS (%) 59-128 83 93

PC (%) 75131 67 72

FDP (g/1) 0.0-0.005 0.0034 0.0153

PIC (g/1) 0.0-0.008 0.0003 0.001

D-D (3/1) 0.0-0.005 NT 0.0062

AT activity (%) 49 NT
Heparin ()

AT activity (%) 80120 48 64
Heparin {+)

AT antigen (%) 80130 17 52

PT: prothrombin time; APTT: activated partial thromboplas-
tin time; Fbg: fibrinogen; TBT: thrombotest; HPT: hepaplas-
tintest; PLG: plasminogen; a2Pl: a2 plasmin inhibitor; LAC:
lups anticoagulants; AT: antithrombin; PS: protein S; PC:
protein C; FDP: fibrincgen and fibrin degradation product;
PIC: plasmin-a2P! complex; D-D: D-dimer; NT: not tested.
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a
\GAAGGCAGTGAA GCAGCTGCAAGTACCGC
50 60 70

l

b
AGARGACAGTGMA GCHGCHGSWASYGC Y&

50 60 70

Figure 1 Nucleotide sequences of antithrombin exon 6 from patient 1. A deletion of AAG was observed in the

patient’s exon 6. {a) Normal control; (b) patient.

heterozygous for the deletion mutation. In his
daughter, no mutations were detected in the AT
gene,

Patient 2: Direct sequencing of the amplified
exon 2 of patient 2 showed a cytosine to adenine
transversion mutation at pucleotide position
2511 that converts proline-16 to histidine (P16H).
The patient was heterozygous for the mutant
(Fig. 2).

We analyzed genomic DNA from 50 heatthy
individuals for exon 2 and exon 6 of AT molecule to
exclude the possibility of the detected mutations
being polymorphisms (data not shown).

Secretion of wild-type and mutant ATs in
stably transfected HEK293 cells

Wild-type and mutant ATs were expressed in
cultured HEK293 cells to confirm whether the
identified deletion mutation or amino acid sub-
stitution causes an AT deficiency. The AT activities
and antigen levels in the culture supernatants were

a
CATTCCCATGAATCCCATGTGCATT
20 130 140

¢C

examined by an amidolytic assay and Western
blotting analysis, respectively, and expressed as
the concentrations of AT where purified plasma AT
was used as a standard.

As shown in Fig. 3, both AT mutants of E381del
and P16H were secreted normally from the
transfected HEK293 cells to media as in the case
of wild-type AT. The specific activities of wild-
type and P16H mutant were 0.99+0.22 units/ng
(mean+5.D., n=5) and 0.90+0.40 units/ng
{mean+S.D., n=b), respectively, while the activ-
ity of E381del mutant was below a detectable
level (Table 2).

Discussion

AT circulates in blood in an inactive form and
becomes active upon association with glycosami-
noglycans such as heparin and heparan sulphate
which interact with the helix D region of AT [27,28].
The unusual long N-terminus region and the carbo-

b
ACATTCMCATGAATCCCATGTGCAT
.20 130 140

¢CIA

Figure 2 Nucleotide sequences of antithrombin exon 2 from patient 2. A substitution of C to A was observed in the

patient’s exon 2. {a) Normal control; {b) patient.
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WwT Mutant Standard

N
Essidel AT G 60 (D @D 4D WD @ ==

PIGH AT .ﬂﬂnﬂﬂﬂﬂ

1 2 3 4 5 6 7 8

Figure 3 Immunaoblot analysis of antithrombin in
culture supernatant from E38tdel mutant (patient 1}
under Reducing Conditions. Five microliters of culture
supernatant (1:0—1:2 dilution) and standard plasma AT
(1.8—14.3 ng of AT} was separated by SDS-PAGE (10%
acrylamide) and the gels were electroblotted onto PVDF
membranes. Antithrombin was stained with goat anti-
human-antithrombin antibody (see Materials and meth-
ods). 1: wild; 2: wild {1:2 dilution); 3: mutant, 4: mutant
(1:2 dilution); 5—8: standard plasma AT (14.3, 7.3, 3.7,
1.8 ng of AT, respectively).

hydrate attached at Asn135 are specific in AT
among the serpin superfamily and affect the
heparin binding to AT [8]. The effect of heparin
binding to the helix D region is to expel the sheet-
inserted residue P15 (Gly379) and P14 (Ser380)
from p-sheet A, so that the whole reactive center
loop is exposed [29,30). The allosteric effect
between the hinge region (Gly379-Glu381) and
the heparin binding region is essential for the
heparin activation [31].

The AT deficiency is roughly divided into type |
and type Il deficiencies. Type | deficiency
(“Classical deficiency”) has reduced levels of immu-
nologically and functionally determined AT. Type Il
deficiency has been applied to the cases in which
the functionally determined AT is reduced. Type |l
deficiency is further divided into the heparin bind-
ing site (HBS)-type in which heparin binding is
abnormal; reactive site (RS)-type in which the
reactive center loop is abnormal; and pleiotropic
effect (PE)-type in which the influence is pleio-
tropic [32]. Patient 1 in this study was type |l
deficiency showing a normal immunological (pro-
tein) level and a reduced AT activity (Table 1), and
the E381del mutation was detected by base
sequencing (Fig. 1). Patient 2 was type | with
reduced AT level and reduced activity in plasma (),
and base sequencing detected a mutation at P16H
on the N-terminal (Fig. 2).

Expression experiments of these AT mutants
transfected into HEK293 cells indicated that both
of the mutant molecules were secreted normally
into culture media (Fig. 3). However, the E381 del
mutation had no AT activity, while the P16H mutant
had the same specific activity as that of wild type
(Table 2). Glutamic acid at 381 (P13) is in the hinge
region (P15—P8; Gly379—Thr386) of the reactive

center loop and is highly conserved to the same
extent as P12 (Ala382) in the serpin superfamily
[33,34]. The hinge region and the reactive center
loop play pivotal roles for the structural/function
relationship of AT [6,8,29,30] and A382T at P12
mutation is known as AT Hamilton or Glasgow Il
[35-37]. A glutamic acid {Glu381} in the reactive
center loop at position P13 has a central role for
the allosteric activation of AT by heparin binding
[38]. The crystal structure shows that Glu381
contacts stabilize the activated conformation
{38]. The loop in almost all the serpins is formed
by 17 residues {33] and the tight conservation of
the length of serpin reactive center loops is striking
when compared with the wide variance in the
length of surface loops for other protein families.
The inhibitory activity of AT to factor Xa depended
upon the length of the N-terminal portion of the
reactive center loop, and the deletion of one or
two residues lowered the inhibitory activity of AT as
well as PAl-1 and PAI-2 [39]. The deletion of
residues in the reactive center loop converts the
serpin into a substrate [39]. Considering these
evidence, we would safely conclude that £381 del
mutation had lost the AT activity because the
reactive center loop was shortened by deleting
glutamic acid at 381.

In the case of P16H mutant of Patient 2, the
AT level secreted into the culture media and the
specific activity were similar to those of the
wild-type (Fig. 3 and Table 2), suggesting that
both the protein processing for secretion and the
inhibitory activity were normal. Since conservation
of proline at position 16 is low in the serpin
superfamily {33}, its involvement in the retention
of the sterepstructure of AT and proteinase-inhib-
itory activity may be low. Incubation of P16H
mutant at 40°C did not demonstrate the thermal
instability compared to the wild type (data not
shown). How do we then explain the fact that
Patient 2 exhibited the phenotype of type |
deficiency (see Table 2)? In this study, we
sequenced all seven exons and the exon-intron
boundaries of AT gene by PCR {(see Materials and
methods). Our method applied in this study, how-

Table 2 AT specific activities in normal pooled
plasma and in media secreted from HEK293 cells
transfected with wild-type and mutants AT genes

Type of AT genes " Specific activity [arbitrary unit)
. {units/ng)

Wild-type 0.9910.22 (n=5)

E381-del mutant undectectable (n=3)

P16H mutant 0.90+0.40 (n=5)

Normal pooled plasma 1.35+0.33 {n=3)
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ever, is not a valid method for detecting partial
gene deletion or rearrangement, indicating that we
could not exclude a possibility of gene deletion or
rearrangement. Patient 2 was a 64-year-old female
with deep vein thrombosis in the right leg induced
by infectious arthritis. She has been suffering from
myeloma for 10 years and also suffering from liver
dysfunction due to hepatitis B. Her deep vein
thrombosis in the right leg was induced by infec-
tious arthritis in the same leg. She responded to
heparin/warfarin treatment during the course of a
month, indicating that the deep vein thrombosis
was relatively mild. The P16H missense mutation
was not due to polymorphism (see Results). Kondo
et al. analyzed the molecular deficiency mecha-
nism of heparin cofactor ll, and reported a patient
whose heparin cofactor || mutant was secreted
normally into the culture media of transfected
HEK293 cells, atthough the heparin cofactor |l level
was decreased in the pateint’s plasma [40].
Although the P16H mutant did not show the
thermal instability at 40°C, it might be possible
that the half-life is shortened due to mutation in
some reasons, thereby increasing elimination from
the circulation. Regarding the genesis of the
decreased plasma AT level in Patient 2, either the
P16H mutant may have been secreted into the
circulation, but was rapidly degraded, or the
mutation may not have been directly involved in
the reduction of AT in Patient 2. At the present
time, however, we are unable to offer a reasonable
explanation that she exhibited the phenotype of
type 1 AT deficiency. It could be due to a compli-
cation of myeloma, liver dysfunction and arthritis.
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CLINICAL INVESTIGATIONS

Relation of Serum Total Cholesterol and Other Factors
to Risk of Cerebral Infarction in Japanese Men
With Hypercholesterolemia

~— The Kyushu Lipid Intervention Study —

Mikio Iwashita, BS; Yasuyuki Matsushita, BS*t; Jun Sasaki, MD¥;
Kikuo Arakawa, MD#; Sumineri Kono, MD
for the Kyushu Lipid Intervention Study (KLIS} Group

Background Risk factors for cerebral infarction have not been well clarified, except for hypertension (HT),
and few studies have examined the risk factors in the elderly.

Methods and Results Clinical and behavioral risk factors for cerebral infarction were examined in 4,349
Japanese men aged 45-74 years with a serum total cholesterol (TC) concentration of 220 mg/dl or greater who
participated in the Kyushu Lipid Intervention Study. A total of 81 men developed definite cerebral infarction in a
5-year follow-up period. The Cox proportional hazards model was used with serum TC at baseline and during
the follow-up, serum high-density lipoprotein-cholesterol (HDL-C), HT, diabetes mellitus (DM), and other
factors as covariates. Serum TC during the follow-up, not at baseline, was positively associated with cerebral
infarction, showing a stronger association in the elderly (2635 years old) than in the middle-aged (<65 years old).
Statin use was related to a moderate decrease in the risk of cerebral infarction when follow-up TC was not con-
sidered, but the decrease was almost nullified after adjustment for follow-up TC. A low concentration of serum
HDL-C, diabetes mellitus, hypertension, and angina pectoris were each related to an increased risk. No clear
association was observed for body mass index, smoking or alcoho!l use.

Conclusions Lowering cholestero! is important in the prevention of cerebral infarction in men with moderate
hypercholesterolemia. A low concentration of HDL-C, DM, and HT are independent predictors of cerebral
infarction, (Circ J 2005;69: 1-6)

Key Words: Cerebral infarction; Diabetes mellitus; High-density lipoprotein-cholesterol; Hypercholesterole-
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mia; Japanese men

industrialized countries and of the 2 major types of

stroke, cerebral infarction predominates, although
hemorrhagic stroke remains common in Asian populations!
Risk factors for cerebral infarction have not been well clar-
ified, except for hypertension (HT)? Findings regarding the
relation between serum total cholesterol (TC) or low-densi-
ty lipoprotein-cholestero]l (LDL-C) and cerebral infarction
are inconsistent in observational studies¥1¢ whereas cho-
lesterol-lowering trials have shown a decrease in the risk of
cerebral infarction among patients assigned to statin treat-
ment!?18 The role of serum high-density lipoprotein-cho-
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lesterol (HDL-C) is receiving particular interest in the
epidemiology of cerebral infarction. Low concentrations of
serum HDL-C have been fairly consistently associated with
an increased risk of cerebral infarction®91419 Sever-
al3- 18121519 but not all3® prospective studies reported that
diabetes mellitus (DM) was associated with an increased
risk of cerebral infarction. In the study reported here, we
examined the relation of serum TC and HDL-C and other
factors to the risk of cerebral infarction using data from the
Kyushu Lipid Intervention Study (KLIS), a primary pre-
vention trial of coronary heart disease (CHD) events and
cerebral infarction in Japanese men with moderately
elevated concentrations of serum TCZ20-23 Furthermore,
because few studies have investigated the risk factors for
cerebral infarction in elderly persons$-!3.1% we examined the
association with these factors in middle-aged and elderly
men separately.

Methods

Details of the study design, patient characteristics at
baseline, and primary results of the KLIS have been de-
scribed previously2®-23 In brief, a total of 5,640 men aged
45-74 years with serum TC concentration of 220mg/dl or
greater were enrolled by 902 physictans in Kyushu District
during the period between May 1990 and September 1993.
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Table 1 Characteristics of the Study Subjects by Statin Use

IWASHITA M et al.

Mean (5D) or proportion p-value for

Statin {-) Statin (+) difference*
No. of subjects 1637 2,712 -
Age (vears) 58.1¢8.2) 580(7.9) 0.78
Baseline total cholesterol (mg/di) 244(17.9) 258(25.8) <0.000!
Follow-up total cholesterol (mg/dl) 225125.1) 219(26.7) <0.0001
Baseline HDL-cholesterol (mg/dl) 50(12.0} 49(12.0) 0.05
Body mass index (kg/m?) 23.9(2.8) 24.2(2.7) 0.068
Angina pectoris (%) 8.2 10.5 0.01
Hypertension (%) 420 445 0.24
Digbetes mellitus (%) 24.9 228 o1
Prior use of hypolipidemics (%) 7.6 143 <0.0007
Current smoking (%) 40.0 375 0.10
Daily alcohol use (%)t 41.7 396 .16

Values are mean (SD) unless otherwise specified.

*Comparison of means was based on t-test, and the chi-square test was used for proportions.

Drinking alcohol 5 days per week or more frequently.

All the patients gave consent to participate in the study.
Ineligible for the study were a history of myocardial infarc-
tion, coronary bypass surgery, coronary angioplasty, cere-
bral hemorrhage, or cerebral infarction; serum HDL-C con-
centration of 80mg/dl or greater; and a life-limiting morbid
condition such as severe renal or hepatic disease. Each
physician was instructed to randomly allocate patients to
either pravastatin treatment or conventional treatment as
specified in a sealed envelope, but participating physicians
did not necessarily follow that instruction2? The patients
were followed up until the end of 1997 for the occurrence
of coronary events and cerebral infarction. The study was
approved by the ethical committee of the principal investi-
gator’s affiliated institution.

Subjects

The present analysis included 4,349 of the 5,640 en-
rolled men; 1,291 were excluded for the following reasons:
{1) withdrawal of consent (n=147), (2) no institutional con-
tract (n=616; this category represented the lack of a written
agreement between a participating hospital or clinic and a
sponsoring pharmaceutical company, which became neces-
sary in the course of the study because of the introduction
of a new regulation for clinical trials in Japan), (3) found to
be ineligible during follow-up (n=97}, and (4) missing data
(n=431).

Laboratory and Clinical Data

Serum concentrations of TC, HDL-C, triglycerides (TG),
and other clinical and biochemical variables were deter-
mined at baseline and subsequently in the follow-up.
Laboratory measurements were done at different laborato-
ries, but each physician was requested to use the same
laboratory throughout the study period. Average serum TC
concentrations during the follow-up were determined on the
basis of periodical follow-up measurements at 3 months, 6
months, and every year thereafter; the number of measure-
ments ranged from 1 to 10 with a median of 6. Serum LDL-
C was not used in the present study because the Friedewald
method?* was not applicable for 7% of the men who even
at baseline had serum TG concentrations of 400mg/d] or
greater (n=282) or who had missing data (n=5). HDL-C
was not measured in 46 men during the follow-up.

Hypertension was defined as present if a patient had
systolic blood pressure 2160 mmHg and/or diastolic blood
pressure 285 mmHg or if was under medication for HT.

Subjects were defined as having DM if they had either
fasting plasma glucese 2140 mg/dl or hemoglobin Alc
26.5% or if they were under medication for DM. The pres-
ence of angina pectoris (AP} and prior use of hypolipidem-
ic drugs were based on the report of the study physicians,
Statin use was defined if any statin drugs were prescribed
during the follow-up period. Height and body weight were
recorded, and body mass index (kg/m?) was calculated as
an index of obesity. Current habits of smoking and alcoho!
drinking were ascertained, together with the number of
cigarettes smoked per day and frequency of alcohol drink-
ing per week.

Endpoints

Cerebral infarction was the secondary endpoint and
coronary events were the primary endpoint. Definite cere-
bral infarction was diagnosed when typical symptoms and
signs were accompanied with diagnostic findings on brain
imaging or cerebral angiography. Diagnosis based only on
clinical signs and symptoms was regarded as a suspected
caseZl These endpoints were determined by the Endpoint
and Adverse Effect Committee on the basis of periodical
reports from the study physicians and, if necessary, by
supplementary inquiry. From January to May 1998, an ad
hoc survey was carried out to ascertain the occurrence of
coronary events and cerebral infarction up to the end of
1997. Vital status was unknown for 36 men, and cerebral
infarction and coronary events were not ascertained for 97
men. A total of 81 definite cases and 10 suspected cases of
cerebral infarction were identified in an average observa-
tion period of 5.05 years. One definite case and 2 suspected
cases of cerebral infarction occurred subsequent to a coro-
nary event, None developed coronary events after cerebral
infarction. Only definite cases of cerebral infarction were
used in the present study, and the follow-up period con-
tinved until the event of a definite cerebral infarction
regardless of coronary events.

Statistical Analysis

The Cox proportional hazards model was used to exam-
ine the relation of clinical and behavioral factors to the risk
of cerebral infarction. The principal model included indi-
cator variables for age (5-year class), baseline serum TC
(<240, 240-259, >2260mg/dl), follow-up TC (<220, 220~
239, 2240mg/dl), serum HDL-C (<40, 40-59, > 60 mg/dl),
BMI (<22.5, 22.5-24.9, 225.0kg/m?), AP, HT, DM, prior
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Risk Factors for Cerebral Infarction

use of lipid-towering drugs, current smoking (0, 1-19, 220
cigarettes per day), and alcohol use (0, 1-4, 25 days per
week). The association with statin use was examined using
the model with and without follow-up TC. Adjusted rela-
tive risk and 95% confidence intervals (CI) were obtained
from a regression coefficient and standard error for the cor-
responding indicator variable. Statistical significance of the
interaction was assessed by the likelihood ratio test. Statis-
tical significance was declared when the 95%CI did not
include unity or when the two-sided p-value was less than
0.05. Statistical computations were done with the SAS soft-
ware version 8.2 (SAS Institute, Inc, Carry, NC, USA).

Results

The mean age of the study subjects was 58.0 years, and
the mean concentrations of baseline and follow-up serum
TC were 253 mg/d] and 221 mg/dl, respectively. The char-
acteristics of the study subjects are summarized by statin
use in Table 1. Serum TC concentrations were higher at
baseline and lower during the follow-up among men taking
statins than in those not taking the medication. The dif-
ferences were highly significant. The number of cerebral
infarctions was 47 (1.7%) in men taking statins and 34
(2.1%) in those who were not.

Although baseline TC was not associated with the risk of
cerebral infarction, the follow-up TC concentration was
strongly, positively associated with cerebral infarction
(Table 2). A nearly 4-fold increase in the risk was observed
for men with a follow-up serum TC 2240 mg/dl compared
with those with a concentration <220 mg/dl. High concen-
trations of serum HDL-C (=60 mg/dl) was associated with a
lower risk of cerebral infarction, although the decrease was
not statistically significant (p=0.08). Diabetes mellitus was
associated with a statistically significant increase in the risk
of cerebral infarction. Men with AP or HT alse showed a
moderate increase in the risk, and the increased risk associ-
ated with HT was statistically significant. No clear associa-
tion was observed for BMI. A statistically nonsignificant
decrease in the risk was observed for each of the intermedi-
ate categories of smoking and alcohol use.

Statin use was associated with a statistically non-signifi-
cant, moderate decrease in the risk of cerebral infarction
without adjustment for follow-up TC; adjusted relative risk
for statin use was 0.73 (95%CI 0.46-1.16) when follow-up
TC was replaced with statin use in the model used for
Table 2. When both statin use and follow-up TC were
included in the model, the adjusted relative risk for statin
use was 0.91 (95%CI 0.57-1.47), and adjusted relative
risks for the follow-up TC concentrations of <220, 220~
239, and >240mg/dl were 1.00 {referent}, 1.69 {95%CI
0.97-2.97), and 3.76 (95%CI 2.15-6.56), respectively.
Further, the association between follow-up TC and cerebral
infarction was examined by statin use. In that analysis,
follow-up TC was used as continuous variable to avoid
unstable estimation because of the smaller number of cases.
Adjusted relative risks for an increase of 10mg/dl in TC
were 1.31 (95%CI 1.14-1.51) in non-statin users and 1.11
{95%CI 0.99-1.25) in statin users. The increased risk asso-
ciated with follow-up TC seemed to be attenuated in the
fatter group, but the interaction was not statistically signifi-
cant (p=0.16).

When separate analyses were done for men aged less
than 65 years and those aged 65 years or older (Table 3),
the increased risk of cerebral infarction associated with
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Table 2 Adjusted Relative Risks of Cerebral Infarction According to
Selected Risk Factors

. No. of No. of Adjusted RR
Variable men cases (93%CH*
Baseline TC (mg/dl)

<240 1,463 21 1.00 (referent)

240-259 1,538 38 1.42 (0.83-2.46)

2260 1,348 22 0.78 (0.42-1.46)
Follow-up TC (mg/di)

<220 2,097 29 1.00 (referent)

220-239 1,318 23 L.72(0.99-3.00)

2240 9id 29 3.86(2.23-6.62)
HDL-cholesterol (mg/dl)

<40 970 22 L00 (referent)

40-59 2,485 49 0.94 (0.56-1.57)

260 894 HY 0.50(0.23-1.09}
Body mass index (kg/m?}

<225 1,197 22 1.00 (referent)

22.5-24.9 1,609 31 L15(0.66-2.01)

225.0 1,543 28 L16(0.65-2.07)
Angina pectoris

None 3,930 66 1.00 (referent}

{+) 419 15 1.74 (0.98-3.08)
Diabetes meilitus

None 3325 54 1.00 (referent}

{+) 1,024 27 1.81(1.13-2.89)
Hypertension

None 2,445 30 1.00 (referent)

{+) 1,964 5! 1.65(1.04-2.63)
Cigareites per day

4 2,679 60 1.00 (referent)

1-19 474 6 0.54(0.23-1.26)

=20 1,196 i5 0.82 (0.46-1.46)
Alcohol use (days/week)

0 1,683 44 1.00 (referent)

14 910 i0 0.50(0.25-1.01)

25 1,756 27 0.85(0.52-1.41)

RR, relative risk; CI, confidence interval; TC, total cholesterol,
*Based on the Cox proportional hazards model controlling for age {5-year
class), prior use of cholesterol-lowering drugs, and listed variables.

elevated concentrations of serum TC during the follow-up
was slightly more evident in the elderly men than in the
middle-aged men. A decreased risk associated with high
concentrations of HDL-C was more apparent in the middle-
aged men, but neither of the decreases in risk for the 2 age
groups was statistically significant. Diabetes mellitus and
AP were each associated with a statistically significant in-
crease in the risk of cerebral infarction in the elderly only.
Hypertension was statistically non-significantly associated
with an increased risk in both middle-aged and elderly men.
As regards alcohol use, a statistically significant decrease
in the risk was observed for the category of 1-4 days per
week in elderly men only.

Discussion

Methodological problems need to be clarified before
interpreting the present findings. Because the patients were
non-randomly allocated to pravastatin treatment, cardio-
vascular risk factors were generally more prevalent among
statin users, as shown in Table 1, Although statistical adjust-
ment was done for these factors, residual confounding
effects possibly remained. Statin use was strongly associ-
ated with lower concentrations of follow-up TC, and it may
be difficult to conclude which is more importantly related
to the risk of cerebral infarction on statistical grounds. All
the patients were treated for hypercholesterolemia regard-
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Table 3 Adjusted Relative Risk of Cerebral Infarction According to Selected Risk Factors in Men Aged Less Than

65 Years and Older Men
. <635 years (n=3,115) 265 years (n=1,070)
Variable
No. of cases  Adjusted RR (93%CI* No. of cases  Adjusted RR (95% Ci)*

Baseline TC (mg/di)

<240 7 1.00 (referent) 4 1.00 (referent)

240-259 16 1.91 (0.78-4.70) 22 1.15(0.57-2.31)

2260 15 1.65{0.64-4.26) 7 0.38(0.15-0.98)
Follow-up TC (mg/d})

<220 13 1.00 (referent) 16 1.00 (referent)

220-239 12 1406(0.63-3.12) 1 1.91(0.874.19)

2240 13 2.45(1.07-5.60) 16 5.26(2.53-10.95)
HDL-cholesterol (mg/dl)

<40 i2 1.00 (referent) 10 1.00 (referent)

40-59 23 0.70(0.35-143) 26 1.33(0.63-2.82)

260 3 0.33(0.09-1.18) 7 0.70(0.25-1.94)
Body mass index (kg/m?}

<22.5 7 1.00 (referent) 15 100 {referent)

22.5-24.9 4 1.26{0.51-3.15) 17 L20{0.59-2.46}

225.0 1 1.45 (0.59-3.56) 1 LOI (0.45-2.27)
Angina pectoris

Nene 34 1.00 (referent) 32 1.00 {referent)

(+) 4 0.99 (0.35-2.82) 11 2.70(1.32-5.53)
Diabetes mellitus

None 26 1.00 (referent) 28 1.00 {referent)

(+) 2 1.39(0.70-2.77) 15 242(1.25-4.68)
Hypertension

None i6 1.00 (referent) 14 1.00 (referent)

{+) 22 1.50¢0.77-2.90) 29 1.89 (0.98-3.67)
Cigarettes per day

0 27 1.00 (referent) 33 1.00 (referent)

1-19 2 0.45 (0.11-1.92) 4 0.59(0.21-1.72)

220 9 0.83 (0.38-1.81) 6 0.83(0.33-2.04)
Alcohol use (days/week)

0 17 1.00 (referent) 27 1.00 (referent)

-4 7 0.72(0.32-1.92} 3 0.28 (0.08-0.94)

25 14 0.83 (0.40-1.73) 13 0.94 (0.47-1.90)

IWASHITA M et al.

RR, relative risk; CI, confidence interval; TC, total cholesterol.

*Based on the Cox proportional hozards model controlling for age (5-year class), prior use of cholesterol-lowering drugs, and

listed variables.

less of statin use, and cardiovascular risk factors ascertained
at baseline may have changed in varying degrees. The rela-
tion of clinical risk factors at baseline to the risk of cerebral
infarction may have been attenuated because comorbid
conditions such as HT and DM were probably well treated
during the follow-up?S Finally, results from the subgroup
analysis should be interpreted cautiously. In the analysis by
statin use or by age group, the estimated relative risks were
more subject to random fluctuation because of the smaller
number of cases.

The present study demonstrated an evident, positive
association between the serum TC concentration in the fol-
low-up period, but not at bascline, and cerebral infarction,
Statin use was associated with a moderate, statistically non-
significant decrease in the risk of cerebral infarction when
follow-up TC was not taken into consideration. The magni-
tude of the decrease in the risk associated with statin use was
the same as reported for pravastatin use previously in the
KLIS?! However, the decreased risk associated with statin
use was almost nullified after adjustment for follow-up TC.
The positive association with follow-up TC remained after
adjustment for statin use. These findings indicate that
lowering cholesterol itself is important in the prevention of
cerebral infarction among men with moderate hypercholes-
terolemia,

It remains a matter of controversy whether the reduced
risk of stroke or ischemic stroke associated with use of

statins can be ascribed to the cholesterol-lowering effect of
statins or to other properties?6.27 Statins are known to ame-
liorate endothelial dysfunction, stabilize atherosclerotic
plaques, and modify inflammatory responses and thrombus
formation?® The observation that statin treatment confers
a reduced risk of ischemic stroke among hypertensive
patients with average or below-average cholesterol concen-
trations suggests a role of the nonlipid-lowering effects of
statins2? On the other hand, a meta-analysis of randomized
controlled trials indicated that the beneficial effect on
stroke incidence was seen only when the final cholesterol
concentration was <232 mg/d] (6.0 mmol/L), suggesting the
importance of lowering cholesterol?? Another meta-analysis
of 7 prospective observational studies showed a statistically
significant decrease of 15% in the risk of thromboembolic
stroke for a 1.0mmol/L. decrease in LDL-C3! In this regard,
the interaction between statin use and follow-up TC is of
particular interest. In the present study, the positive relation
between follow-up TC and cerebral infarction seemed
weaker among statin users. The findings may be interpreted
as suggestive of a protective effect of statins other than
their cholesterol-lowering effect, but it is also possible that
uncontrolled risk factors other than elevated concentrations
of serum TC may be major determinants of the risk of cere-
bral infarction among statin users because they are gen-
erally at a higher risk of cardiovascular discases on entry.
A larger study is needed to clarify the relation between
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Risk Factors for Cerebral Infarction

achieved concentrations of TC or LDL-C and cerebral
infarction among patients under treatment with different
classes of cholesterol-lowering drugs.

The positive association between serum TC in the fol-
low-up and cerebral infarction seemed to be stronger in the
elderly men than in the middle-aged men in the present
study. Not many studies have addressed the relation be-
tween cholesterol and cerebral infarction in the elderly. Ina
prospective study of those aged 60 years or older$ serum
TC was unrelated to the risk of cerebral infarction. In a
clinical trial of the elderly in Europed? statin use did not
result in a decrease in the incidence of stroke, not specifi-
cally of cerebral infarction, but there was a substantial
decrease in coronary events. On the other hand, in Japanese
men in Hawaiil? a statistically significant increase in the
risk of ischemic stroke was observed for the highest vs
lowest quartile of serum TC in men aged 60-74 years, but
not in those aged 51-59 years. The seemingly differential
association with serum TC according to age group in the
present study could be a random fluctuation as discussed
earlier, but the findings are consistent with the progression
of atherosclerosis; that is, atherosclerosis in the cerebral
arteries occurs later in life than coronary atherosclerosis!s

Although HDL-C bas been emphasized as a predictor
of coronary heart disease in Western countries®? and in
Japan? it is only very recently that low concentrations of
serum. HDL-C were found to be associated with an in-
creased risk of cerebral infarction®%1412 Qur findings on
HDL-C add to evidence for a protective association
between HDL-C and cerebral infarction. The non-HDL-C
concentration may be more useful than that of TC in
predicting the risk of cardiovascular diseases?S When the
non-HDL-C concentrations at base line and during the
follow-up, categorized at each quartile, were included in
the model used for Table2 instead of the baseline and
follow-up TC concentrations and HDL-C at baseline, the
relation between non-HDL-C concentration during the
follow-up and the risk of cerebral infarction was not as
strong as observed for follow-up TC; adjusted relative risk
for the highest (2188 mg/dl) vs lowest (<153 mg/dl) quar-
tile was 3.16 (95%CI 1.62—6.16). The role of serum TG in
the development of atherosclerotic diseases is also of
recent interest because of its relevance to metabolic syn-
drome33.35 In the present study, however, the baseline
concentrations of serum TG were unrelated to the risk of
cerebral infarction; when serum TG were additionally
included in the model used for Table2, adjusted relative
risks for triglycerides <150, 150-199, and 2200 mg/dl were
1.00 (referent), 1.17 (95%CI 0.68-2.04), and 0.95 (95%Cl
0.56-1.63), respectively.

Diabetes mellitus, HT and AP were found to be related
to an increased risk of cerebral infarction, especially among
the elderly men. Further confirmation is needed regarding
possible differential relations according to age group. The
present findings regarding smoking and alcohol use were
difficult to interpret because past smokers and past drinkers
were not distinguished from lifelong nonsmokers and
nondrinkers. Occasional alcohol use was related to a sub-
stantial decrease in the risk of cerebral infarction among
elderly men. In general, no material association between
alcohol use and cerebral infarction has been found in pro-
spective studies??10-12 Exceptionally, alcohol use was
associated with a decreased risk of atherosclerotic stroke in
a study of elderly persons!? Further studies are warranted
in view of much evidence that moderate alcohol consump-
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tion confers protection against atherosclerosis3637

In summary, in men undergoing treatment for moderately
elevated concentrations of serurn TC, higher concentrations
during the treatment, but not at baseline, were strongly
related to an increased risk of cerebral infarction and the
decreased risk associated with statin use was almost nulli-
fied when follow-up TC was taken into account. Lowering
cholesterol itself, rather than the choice of cholesterol-
lowering regimen, is important in the prevention of cere-
bral infarction in patients with hypercholesterolemia.
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