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Background and Objectives Morbidity and mortality from ABO-incompatible transfu-
sion persist as conscquences of human crror. Even so, insufficient attention has been
given (o improving (ransfusion salety within the hospital.

Materials and Methods National surveys of ABO-incompatible blood transfusions
were conducted by the Japanesc Socicty of Blood Transfusion, with support from the
Ministry of Health, Labor and Wellare. Surveys concluded in 2000 and 2005 analysed
ABO-incompatible transfusion data from the previous 5 years {January 1995 to
December 1999 and January 2000 to December 2004, respectively). The first survey
targeted 777 hospitals and the second, 1355 hospitals. Data were collected through
anonymous questionnaires.

Results The first survey achicved a 77-4% responsc rate (578 of 777 hospitals). The
second survey collected data from 251 more hospitals, but with a lower response rate
(61-2%, or 829 of 1355 hospitals). The first survey analysed 166 incidents from 578
hospitals, vs. 60 incidents from 829 hospitals in the second survey. The main cause of
ABO-incompatible transfusion was identification error belween patient and blood
product: 550% (91 of 166) in the first survey and 45% (27 of 60) in the second. Patient
outcomes included nine preventable deaths from 1995 to 1999, and cight preventable
deaths from 2000 to 2004.

Conclusion Misidentification at the bedside persists as the main cause of ABO-
incompatible transfusion.

Key words: non-infectious, transfusion complication, transfusion practices (adult),
transfusion service operations.
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Introduction

ABO-incompatible transfusion preceded Landsteiner's
discovery of human blood groups, but persists more than
100 years later as an important cause of adverse cvents due
to human error {1-3]. Haemovigilance systems in Europe and
North America target ABO-incompatible blood transfusion
[1,2,4]. In Japan, Red Cross blood centres collect hacmovig-
ilance data, but specifically target transfusion-transmitted
virus infections and immune phenomena such as allergic
reactions, transfusion-related acute lung injury, and transfusion-
associated graft-vs.-host disease [5]. Therefore, the actual
incidence of ABO-incompatible blood transfusion in our
country has been uncertain. In order to investigate and guide
methods of prevention, consecutive national surveys were
initiated by the Japanese Society of Blood Transfusion (now
the Japanese Socicty of Transfusion Medicine and Cell
Therapy) {6,7).

Materials and methods

The Japan Society of Blood Transfusion developed anonymous
questionnaires, targeting 777 hospitals from January 1995 to
December 1999, and 1355 hospitals from January 2000 to
December 2004, Data were analysed and reported in 2000
and in 2005. The first survey solicited cases arising from
whole blood (WB), red cell concentrate (RCC) and fresh frozen
plasma (FFP) transfusions at 777 hospitals, each having at
least 300 beds. The scope of the second survey expanded to
include cases arising from platelet concentrate transfusions,
and targeted 1355 hospitals, including 777 of the same
hospitals targeted in the first survey and 578 additional
hospitals with fewer than 300 beds, where at least one trans-
fusion specialist was working. Not only accidents but also
incidents {errors without adverse reactions) were solicited. In
regard to transfusion oversight, blood transfusion management
systems and laboratory testing outside of core hours were
investigated in firstsurvey (Tables 1and 2).To these, the sccond
survey added utilization of clectronic cquipment for blood
transfusion management and product testing (Tables 3
and4).

Results

A 74-4% responsce rate was achiceved in the 1995-99 survey,
corresponding to 578 of 777 hospitals. A 61-2% response rate
was achieved in the 2000-04 survey, corresponding to 829
of 1355 hospitals. From 578 participating hospitals in the
first survey came 166 case reports, vs. only 60 case reports
from the 829 hospitals participating in the second survey
including six cascs reported from hospitals with fewer 300
beds (Table 5). These cases include those without adverse
reactions. Nevertheless, the number of fatalities reported in

© 2009 The Author(s)

Table 1 ABO-incompatible blood transfusion questionnaire form 1 of the
first survey (1 January 1995 to 31 December 1999)

1. Did the ABO-incompatible blond transfusion occur in the past 5 years
{1 January 1995 to 31 December 1999)?
{The targets are whole blood, red celi concentrates, and fresh frozen plasma;
and platelets concentrates should be excluded.)
(1) Yes (Please give details using investigation form 2 on the next page.}
(2) No
1. Questions on system of blood transfusion management
3. Number of hospital beds: Select from the following:
(1) 300 to less than 400 beds
{2) 400 to fess than 500 beds
(3) 500 to tess than 600 beds
(4} 600 to fess than 700 beds
{5) 700 to less than 800 beds
{6) 800 to less than 900 beds
{7} 900 to less than 1000 beds
(8) More than 1000 beds
. Amount of transfused blood components during the last fiscal year:
Select from the following:
{1) 3000 to less than 10 000 units
(2} 10 000 to less than 20 000 units
(3) 20 000 to less than 30 000 units
(4) 36 000 to fess than 40 000 units
(5} 40 000 to less than 50 000 units
{6) Mare than 50 000 units
. Section that manages blood supply:

~N

w

{1) Biood transfusion service
(2) Laboratory
{3) Pharmacy
(4) Others
4. Pretransfusion testing out of core hours:
(1) Duty by laboratory technician
{2) The doctor takes charge
(3) Laboratory technician’s system of on call
{4} Others
5. Doctor accredited by the Japan Society of Blood Transfusion:
{1} Yes
(2) No
6. Laboratory specialist accredited by the Japan Society of Blood
Transfusion:
{1) Yes
(2) No
7. Hospital transfusion therapy committee:
(1) Yes
(2) No
8. Please describe any special method to prevent of ABO-incompatible biood
transfusion in your hospital.

each survey was nearly equal: nine in the first survey and
cight in the second. in the second survey, the mean number
of transfused blood components reported from 540 hospitals
during survey period was 14 855 bags, but in first survey
the exact number of transfused blood components was not

Journal compilation © 2009 International Society of Blood Trausfusion, Vor Senguinis (2009) 97, 240-246
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Table 2 ABO-incompatible blood transfusion questionnaires form 2 {case report] of the first survey (1 January 1995 to 31 December 1999}

1. Content of case:
(Please describe details and the reason for the discovery of ABO-incompatible blond transfusion.)
2. Persons concerned who made a mistake:
{1) Doctor
{2) Nurse
(3} Laboratory technician
(4) Others ()
3. Time period:
(1) Regutar {daylight} hours
(2} Out of core hours
. Was it an urgent blood transfusion?
{1) Yes
(2) No
Site of blood transfusion:
(1) Ward
{2) Operation room
(3)1CU
(4} Emergency room
(5) Others
Blood product:
(1) Whote blood
(2) Red cell concentrates
{3} Fresh frozen plasma
. ABO type:
Blood type of blond preparation
Patient's bload type
. Amount of blood transfusion (mi}:
. How fong did it take you to become aware of ABO-incompatible blood transfusion from the beginning of transfusion?
10. Did you explain the situation to the patient and family?
(1) Yes
(2} No
{3) Uncertain

~

L

=

~

w oo

11. Was there any symptom of shock?
(1) Yes
(2) No
(3} Unknown
12. Was there any sign of haemolysis?
{1} Yes
(2) No
(3) Unknown
13. Was there any sign of disseminated intravascular coagutation?
{1) Yes
{2) No
(3} Unknown
14. Was there any sign of renal insufficiency?
{1} Yes
{2) No
(3) Unknown
15. What kind of treatment was performed?
16. Outcome:
{1} Death
(2) Survival with adverse effects
(3) Survival without adverse effects
17. Improvement plan concerning ABO-incompatible bicod transfusion prevention adopted after the case occurred:
18. Others
{If you think there is anything eise pertinent to this case, please describe the details}

© 2009 The Author(s}
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Table 3 ABO-incompatible blood transfusion questionnaire form 1 of the
second survey (1 January 2000 to 31 December 2004)

Table 4 ABO-incompatible blood transfusion questionnaire form 2 (case
report) of the second survey (1 January 2000 to 31 December 2004)

1. Did the ABO-incompatibie binad transfusion occur in the past 5 years
{1 January 2000 to 31 December 2004)?

(The targets are whole blood, red cell concentrates, fresh frozen plasma, and
platelet concentrates.)
(1} Yes (Please give details using investigation form 2.}
{2) No

1. Questions on system of blood transfusion management

1. How many beds does your hospital have?

() beds

2. How many units of total blood transfusion products were administered
over 5 years 1 January 2000 to 31 December 20047
Whole blood
Red cell concentrates

{ ) units, ( } bags
{ ) units, ( ) bags
{ } units, { } bags
() units, ( } bags

Fresh frozen plasma
Platelets concentrates
3-8. Same as those of the first survey
9. Do you electronically verify patients and blood products before
transfusion at bedside?
(1) Yes
{2} No
(3) Only in a part of the ward
10. Is a computer-based ordering system used to request the blood supply?
{1) Yes
(2} No
(3) its introduction is scheduled
11. Is the ordering computer system used to request the pretransfusion
testing?
{1} Yes
(2) No
(3} Ws introduction is scheduled
12. lsa computer-based system used for the stock-taking and managing the
delivery of the blood products?
(1) Yes
{2} No
{3} s introduction is scheduied
13. Is an automatic blood transfusion testing machine used?
{1) Yes
(2} No
{3) its introduction is scheduled

collected. The number of reported cases of ABO-incompatible
blood transfusion according to the number of hospital beds
is shown in Fig. 1. A decrease in the number of reported cases
was recognized in large hospitals, defined as having more
than 700 beds. Table 6 shows the numbers of reported cases
according to the type of blood product. A decrease of RCC
minor mismatch and FFP was more remarkable than that of
RCC major mismatch. Outcomes in patients receiving RCC
major mismatch included nine deaths in the first survey and
cight in the second. The causc of death includes the possibility
of underlying disease in nine of 17 cases according to the

@ 2009 The Author(s)

1-18. Same as those of the first survey
19. Did it occur before introducing the portable digitai assistant to biood
transfusion confirmation at the bed side?
(1) Yes
(2) No

Table 5 Analysed data

First survey Second survey

Survey period 1 January 1995 to

31 December 1999

1 January 2000 to
31 December 2004

Target hospital 77 1355
> 300 beds 777 777"
< 300 beds 0 578
Response {%) 578 (74-4) 829 (61-2)
> 300 beds 578 {74°4) 502 (64°2)
< 300 beds 327 {557}

Reported cases”

WB + RCC + FFP* RCC + FFPY  PCC

> 300 beds 166 48 6
< 300 beds Q 4 2
Total 166 52 8

“777 hospitals the same as those targeted in the first survey.

"Reported cases including those without adverse reactions.

“Cases arising from whole blood (WB), red cell concentrate (RCC), and fresh
frozen plasma (FFP), including those arising from unknown components.
“Cases arising from RCC and FFP, including those arising from unknown
components.

*Cases arising from platelet concentrate.

Table 6 Number of reports according to the type of blood product

First survey*  Second survey”

Whole blood major mismatch 3 o
Whole blood minor mismatch 2

Red celt concentrate major mismatch 48 22
Red cell concentrate minor mismatch 38

Fresh frozen plasma n 19
Piatelet concentrate Not reported 8
Unknown 4 2
Total 166 60

#1 January 1995 to 31 December 1898,
®1 January 2000 to 31 December 2004.

contents of cases in questionnaire form 2. In six of the
remaining eight deaths, unambiguously due to ABO-incompatible
transfusion, the patients were of group O blood type. Data
from the sccond survey suggest a risk of ABO-incompatible

Journal compilation © 2009 International Suciety of Blood Transfusion, Vor Sanguinis {2009} 97, 240-246
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Fig. 1 Number of reported cases of accidental

ABO-incompatible bload transfusion of red ceil
concentrate and fresh frozen plasma according to

Number of reported cases

the number of hospital beds.
&: Number of reported cases of ABO-incompatible

blood transfusion of whole blood, red cell
concentrates, and fresh frozen plasma in the first

300~ 400~ 500~ 800~ 700- 800
400 500 800 700 800 900
beds beds beds beds neds beds

Number of hospital beds

900 > 1000
1000 beds fresh frozen plasma reported only fromt hospitals
beds having at least 300 beds in the second survey
(1 January 2000 to 31 December 2004).

survey {1 January 1995 to 31 December 1999).
1 Number of reported cases of ABO-incompatible

blood transfusion from red cell concentrates and

Number of hospitals

Table 7 Pretransfusion testing out of core hours

First survey”

Second survey”

> 300 beds (%)

> 300 beds (%)

< 300 beds (%)

Duty of laboratory specialist 347 (60-35) 476 (751}
Laboratory specialist on cail 163 (28:35) 147 (232)
The doctor takes charge 43 (7°5) 4(06)
Others 22 (3-8} 7 (11}
Total 575 (100} 634 (100)

26 (13-9)
157 {83-9)
2{(17)
2011}
187 {100)

“1 January 1995 to 31 December 1999.
"1 January 2000 to 31 December 2004.

transfusion as 1 :200 000 and a risk of the death as 1:
3 000 000. The status of pretransfusion testing out of core
hours is shown in Table 7. Electronic correlation of patients
and blood products seems to have had limited implementa-
tion in 1999, when the fust survey was exceuted, but was
reported in 88% of facilities in 2004 when the second survey
was executed,

Main causes of transfusion error

Identification error between patient and blood product
The main cause of transfusion emor was misidentification
between patient and blood product: 55% of cases (31 of 166)
in the first survey, and 45% (27 of 60} in the second (Table 8).
RCC major mismatch comprised 36 cases in the first survey

and 14 cases in the second survey, Among the reported cascs,
no technology-based identification systems were in place,

Phleboiomy error

Phiebotomy errors were reported in 2% of cases (four of 166)
in the first survey, and 3% (two of 60) in the second. All
phlebotomy errors were emergency situations where the
blood typing and cross-matching were performed on the
same specimen.

Prescription error

Prescription errors were reported in 11% of cases (19 of 166)
in the first survey, and 13% (eight of 60) in the second. In
these cascs, blood component orders of an incorrect ABO
blood group were sent to the laboratory. Fresh frozen plasma

© 2009 The Authorls)
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Table 8 Main causes of transfusion error

First survey®  Second survey”

Identification error 9N 27
Phiebotomy error 4 2
Prescription error” 19

Testing error by doctor Al 10
Laboratory error outside of core hours 12 6
Laboratory error during core hours 5 4
Other 14 3
Total 166 60

“1 January 1995 to 31 December 1998,
®1 January 2000 to 31 December 2004.
“Blond companents orders of incorrect ABO blood group.

or platelet concentrate orders of an incorrect ABO blood
group sent to the laboratory were undetected by laboratory
methods due to the omission of the minor cross-match. No
reported prescription error was associated with an RCC major
mismatch.

Testing error by doctors

Testing errors by doctors were reported in 13% of cases
{21 of 166) in the first survey, and 17% (10 of 60) in the
sccond. in hospitals where these errors arose, laboratory
services for blood transfusion were not available.

Laboratory error outside of core hours

Laboratory errors outside of core hours were reported in
7% of cases (12 of 166) in the first survey, and 10% {six of
60) in the sccond, These errors included technical testing
crrors in 10 cases, issuance of the wrong unmits in four
cases, and use of the wrong patient sample for testing in
one case, and, in four cases the details of errors were not
reported.

Laboratory error during reqular (daylight) hours
Laboratory crrors during regular (daylight] hours were
reported in 3% of cases {five of 166) in the first survey, and
7% {four of 60) in the second. These errors included technical
testing crrors in three cases, clerical crror in transcription in
one case, issuance of the wrong units in two cases, and use
of the wrong patient sample in three cases.

Other errors

In the first survey: a wrong blood type was displayed at the
bedside in one casc; 11 cases had no reports about the main
cause; and in two cases, a main cause could not be clearly
discerned. In the second survey, two ABO-incompatible bone
marrow transplant tecipients received the wrong blood,
and in one other case, incompatible FFP was taken from an
operating room refrigerator.

% 2009 The Author(s)

Discussion

Based on data from the second survey, the risk of ABO-
incompatible transfusion and that of death is about half of
those reported by Serious Hazards of Transfusion (SHOT) {1},
In Japan, at least 8000 hospitals transfuse blood, perhaps
morc if the smallest hospitals are counted, but this investiga-
tion focused on the hospitals responsible for about 80% of
the blood products transfused in Japan. The Japanese Red
Cross (JRC) is the only supplier of allogencic blood components
used in Japan. The collection of allogencic blood by a hospital
transfusion service is rare and permitted in emergency cases
if the JRC has failed to supply the blood products to hospitals.
The total amount of all blood componcents supplicd by the
JRC corresponded to the total amount of blood components
transfused in Japan. In the fiscal year of 2004, when the
second survey was dong, the total amount of blood componcats
supplied by the JRC Blood Center was 16 668 784 units, and
the total amount of blood components transfused in the
829 hospitals which responded to the sccond survey was
7 962 317 units, with about 47-8% of blood components
supplied by the blood centre.

ABO-incompatible blood transfusion ariscs from human
error [8]. Eighty per cent of ABO-incompatible blood trans-
fusions were reported from the clinical setting of a ward or
operating room and 20% were reported from a laboratory.,
No reported errors were associated with blood banking
procedures of the JRC. There were no mislabelling of units or,
weak A or B antigens typed as O, This underscores the value
of an incident reporting system that collects data from
hospitals, and provides analytical feedback to each facility
[9-11]. Identification cmrors between patients and blood
products provoke most RCC major mismatch transfusions.
Preventive efforts are important because these errors are
eminently preventable. Many hospitals had their own trans-
fusion procedural manual, including the final identification
between patients and blood products in the clinical area. In
many cases, procedural deviations occurred, including half
of the hospitals that maintained their own procedurcs.
Following the first survey, a standardized blood transfusion
procedure manual emphasizing the final identification
between patients and blood products was developed by the
Japanese Society of Blood Transfusion, and this procedure
has been widely propagated through distributing a poster
showing the procedural manual by the Japancese Socicty of
Biood Transfusion and JRC [6]. The second survey collected
only about 30% as many identification crrors as were
reported in the first survey, even with the participation of an
additional 251 hospitals. it may be that the dissemination of
a standard procedure contributed to a decrease in identification
crror. This was the main intervention undertaken to reduce
the incidence of ABO-incompatible transfusion after the first
survey. However, incorrect blood recipient identification at
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the patient’s bedside persists as the main cause of ABO-
incompatible transfusion. Education programmes may be
helpful to the extent that they reach all staff involved in
transfusion. This is challenging under the best of circumstances,
and more so where staff turnover is high. It thus behooves us
to monitor employment trends in the  healtheare  sector.
Technological interventions also  have the potential to
interdict human error, provided that the technology is not
bypassed for reasons of expediency or lack of understanding
{12-15]. The introduction of electronic correlation of patients
and blood products has progressed in large-scale hospitals.
Pretransfusion testing out of core hours is another problem.
In 7-5% of hospitals in the first survey, laboratory services for
blood transfusion out of core hours were not available, thus
forcing clinicians into the role of laboratory professionals.
The number of facilities where a doctor performs pretransfu-
sion testing outside of core hours decreased from the first
survey, and the number of facilities where laboratory staff
perform all testing increased. Even so, laboratory staff’ who
do not routinely perform transfusion-related testing are
likely to be more error prone than those who are devoted to
the blood bank or transfusion service. These were the main
differencesbetween the twosurveys.

The second national survey of ABO-incompatible blood
transfusion was completed 5 years after first survey. Ideally,
investigative data should be collected continuously and
reported at least annually, as occurs in other countrics with
formal hacmovigilance systems [1,2]. We aspire to blend the
Japanese experience described herein with international
best practices described cisewhere, with the ultimate goal of
mitigating the needless morbidity and mortality arising from
human error.

A part of this research was supported by the Ministry of
Health, Labor and Welfare.
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A novel cholesterol absorption inhibitor, ezetimibe, decreases
adipose-derived and vascular PAI-1 expression in vivo

To the Editor:

Hypercholesterolemia is an independent risk factor for the
development of atherosclerosis and cardiovascular/thrombotic dis-
eases. The increased incidence of cardiovascular disease may be
associated with elevated levels of coagulation factors and plasmino-
gen activator inhibitor-1 (PAI-1) in plasma, which is the primary
inhibitor of plasminogen activation in vivo [1]. PAI-1 levels in plasma
are elevated in hyperlipidemic and/or obese patients {2], and adipose
tissue is one of primary sources of PAI-1 production in this condition
[3]. These observations suggest that PAI-1 expression could be
substantially influenced by lipid metabolism. For example, PAI-1
expression in cultured adipocytes is strongly upregulated by gluco-
corticoids, insulin, tumor necrosis factor-e, and LDL, some of which
have been found to be frequently elevated in subjects with
hypercholesterolemia or metabolic syndrome {4},

Ezetimibe is the first cholesterol absorption inhibitor that inhibits
the absorption of biliary and dietary cholesterol from the small
intestine {5]. This agent specifically blocks the cholesterol transporter,
Niemnann-Pick like protein 1, enriched in the brush border membrane
of small intestine [6]. The consequences of cholesterol absorption
inhibition include decreased cholesterol delivery to the liver, reduced
hepatocyte cholesterol stores, increased LDL production, but still
increased LDL clearance from the serum, and subsequently, decreased
serum LDL-C levels. Although it was reported that ezetimibe was
associated with decreased platelet aggregation and LDL tendency to
peroxidation {7], the effect of ezetimibe on the coagulation or
fibrinolytic pathway has not been investigated.

To answer this question, we have investigated the effect of
ezetimibe on the expression of PAl-1 in mice in vivo. Twelve to
twenty-month-old (middle-aged) male C57BL/6] mice (n=4) were
orally administered with 5 mg/kg/day of ezetimibe for 7 days, and
then, sacrificed. This dose of ezetimibe is the lowest dose that
maximally inhibits cholesterol absorption in mice [8]. We prepared
the age-matched control group (ezetimibe naive, n=4). All proce-

Aorta

M 1 234567238

dures were carried out according to the protocol approved by the
Animal Care and Use Committee of Nagoya University. We harvested
several tissues including aorta and adipose tissues, which have been
regarded to be a major source of PAI-1 [9,10}, and then, quantitated
PAl-1 mRNA expression by competitive RT-PCR {9,10}. The intensity of
the bands resulting from competitive RT-PCR was measured by
densitometer and the concentration of target PAl-1 mRNA could be
determined by extrapolation using the competitor RNA (containing
1x 10° molecules) standard curve. The intensity of the bands for the
target PAI-1 mRNA (upper bands in each lane) was decreased in both
tissues from ezetimibe-treated mice (Fig. 1), indicating the expression
of PAl-1 gene was suppressed by this agent. After quantification of the
intensity of the bands, we found that ezetimibe decreased the
expression of PAI-1 mRNA in aortas and adipose tissues by 60-70%
of the control (i.e., ezetimibe naive) mice (aorta: 0.97 £0.29 pg PAI-
1 mRNA/ug total RNA in ezetimibe-naive mice vs. 0.27 £ 0.076 pg in
ezetimibe-treated mice; adipose: 1.34 4 0.33 pg PAl-1 mRNA/ug total
RNA in ezetimibe-npaive mice vs. 0.46 £ 0.12 pg in ezetimibe-treated
mice; in Fig. 2). As plasma cholesterol levels were not significantly
affected by 7-day-administration with ezetimibe in these mice (e.g.,
132 4£27 mg/dl in ezetimibe-naive mice vs. 125434 mg/dl in
ezetimibe-treated mice), ezetimibe could suppress the expression of
PAI-1 gene in specific tissues independently of cholesterol lowering
action. In addition, active PAl-1 antigen levels in plasma measured by
t-PA binding assay, were not significantly changed by ezetimibe in
these mice {(e.g., 3.28 & 0.74 ng/ml in ezetimibe-naive mice vs. 3.06 +
0.51 ng/ml in ezetimibe-treated mice), probably due to the observa-
tion that PAI-1 expression in the liver was not affected by such a short
period of ezetimibe treatment (e.g., 0.073 4-0.018 pg PAI-1 mRNA/ug
total RNA in ezetimibe-naive mice vs. 0.067 + 0.022 pg in ezetimibe-
treated mice).

The mechanism of PAI-1 suppression by ezetimibe in vivo remains
to be elucidated, but it could be speculated as follows. The major effect
of ezetimibe therapy is the prevention of absorption of cholesterol
from the small intestine, thus reducing the half-life of LDL in the
plasma as a result of increased uptake of the lipoprotein. This results in
the enrichment of the LDL particles with a fresh LDL population, which
is less prone to oxidative stress than the old LDL population. The LDL-
associated antioxidants are therefore less consumed by the oxidative
stress in the fresh vs. the old LDL particles, leaving lipoproteins which

Adipose

Fig. 1. Twelve to twenty-month-old mice was administered with ezetimibe (5 mg/kg/day) for one week, and the age-matched control group (ezetimibe naive) was prepared (n=4,
respectively). Aortas and adipose tissues were harvested and analyzed for PAI-f mRNA expression by competitive RT-PCR. The upper bands {540 bp) correspond to RT-PCR products
of PAI-1 mRNA and the lower bands {438 bp) correspond to those of competitor RNA {cRNA) containing 1~ 10° malecules. Lanes 1-4: control group: tanes 5-8: ezetimibe-treated
group. M: DNA Molecular Weight Marker VH1 {Roche).

0049-3848/$ - see front matter © 2009 Elsevier Lid. All rights reserved.
doi: 10.1016/).thromres.2009.05.011
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Fig. 2. Quantitative data of PAl-1 mRNA {pg/ug total tissue RNA} expressed in the aorta
and adipose tissues from control {ezetimibe naive} and ezetimibe-treated mice (n =4,
respectively). Closed bars: contro} {ezetimibe naive} group: hatched bars: ezetimibe-
treated group. The data are presented as the mean and SD. "p<0.01 {statistically
analyzed by one-way ANOVA).

are enriched with antioxidants {11]. As oxidative stress induces PAI-1
expression {12}, we speculate that antioxidants generated during
ezetimibe therapy could suppress PAl-1 expression in vascular and
adipose tissues.

Statins, which have been broadly used for lowering serum cholesterol
levels by inhibiting cholesterol biosynthesis in the liver, exert pleiotropic
and beneficial effects on coagulation and fibrinolytic systemn [ 13}, which
are regarded to be independent of cholesterol lowering action. Existing
research has demonstrated that statins can down-regulate PAI-1
expression in vive [14]. For example, four-week-administration with
atorvastatin in rabbits decreased PAI-1 expression up to 15% in adipose
tissues | 15]. A novel cholesterol absorption inhibitor, ezetimibe, may also
exert an anti-thrombotic effect by suppressing PAI-1 expression in
vascular and adipose tissues in vivo. This effect of ezetimibe should lower
the risk of thrombotic complications in patients with hypercholes-
terolemia or metabolic syndrome.
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Thromboembolism, including myocardial infarction, cere-
bral infarction, and pulmonary embolism, is frequently
induced by a variety of stressors. Indeed, mental, and
physical siressors decrease fibrinolytic activity [1] and
contribute to the occurrence of thrombotic complications.
We have already reported that plasminogen activator
inhibitor-1 (PAI-1) expression is dramatically induced by
restraint (immobilization) stress, a typical physicopsycho-
logical stress [2], with maximal induction in the adipose
tissue in vivo, a change contributing to the development of
tissue thrombosis [3]. PAI-1 regulates fibrinolysis by
inhibiting plasminogen activation and elevated levels of
plasma PAI-1 are observed in a variety of thrombotic
conditions. In obese humans, increased plasma PAI-1
levels correlated with the amounts of visceral fat, sug-
gesting that adipose tissue is the primary source of PAI-1 in
this condition [4]. Statins, 3-hydroxy-methylglutaryl
coenzyme A reductase inhibitors, have been widely used
for the prevention of cardiovascular diseases primarily with
their lowering serum cholesterol levels. Statins also exert
pleiotropic and beneficial effects on the coagulation and
fibrinolytic systems (5], which are regarded to be inde-
pendent of cholesterol-lowering action.

The study described below demonstrated that pitavastatin
attenuated the upregulation of PAI-1 gene in restraint-
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stressed mice. Twelve to sixteen-month-old male C57BL/6 J
mice weie administered orally 10 mg/kg/day of pitavastatin
or atorvastatin for 3 weeks before the animals were received
restraint stress. The dosage of agents we used is regarded to
be much excess in comparison with clinical dose because
rodents metabolize statins more rapidly than humans.
Restraint stress, plasma collection, RNA extraction and
quantitative RT-PCR assay were performed, as described
previously [3]. PAI-1 antigen levels in plasma were quan-
tified by a sandwich ELISA, as described previously [6]. 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 PAI-1 antigen in plasma and of PAI-
1 mRNA in the liver and adipose tissues, which have been
regarded as major sources of PAI-1 [3]. PAI-1 antigen in
plasma was dramatically elevated after a 20 h-restraint
stress, but this increase attenuated by 40% in mice pretreated
with pitavastatin (Fig. 1, left panel). Free PAI-1 activity
measured by t-PA binding assay was also elevated by stress
and its increase was attenuated by pretreatment with pita-
vastatin in parallel with PAI-1 antigen level (not shown).
Although t-PA antigen levels measured by ELISA were
elevated after restraint stress, the degree of elevation (by
2-fold, not shown) was much smaller than PAI-1 induction
(by 7-fold), showing that a prothrombotic state was induced
by restraint stress. Pitavastatin also suppressed the induction
of PAI-1 mRNA by restraint stress in the liver and adipose
tissues about 60% of the control (i.e., pitavastatin naive)
mice (Fig. 1, middle and right panels), while atorvastatin did
not (not shown). As plasma cholesterol levels were not
affected by statins in these mice (not shown), pitavastatin
may suppress the upregulation of PAI-1 gene independent of
its cholesterol-lowering action in restraint-stressed mice. It
has been reported that statins reduce the PAI-1 expression by
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Fig. 1 Twelve to sixteen-month-old mice were administered pita-
vastatin (10 mg/kg/day) for 3 weeks (n = 6, respectively), followed
by 20-h-restraint stress. As a control group, non-stressed mice and
20-h-stressed mice without pitavastatin administration were prepared
(n = 6, respectively). The plasma was collected and measured for
PAI-1 antigen (ng/ml) by ELISA assay. Liver and adipose tissue were

suppressing the formation of geranylgeranylated proteins
required for the proper synthesis of PAI-1 [7], and this may
be one of the mechanisms by which pitavastatin attenuates
the PAI-1 induction in restraint-stressed mice.

Several differences are observed in the pleiotropic
effects of statins. Pitavastatin may more strongly suppress
the molecular responses against stress insults, which
include the induction of cytokine-induced nuclear factor-
kB (NF-xB) and the production of oxidative stress markers
in the ischemic model, in comparison with atorvastatin
[8, 9]. The expression of PAI-1 gene is upregulated
by oxidative stress markers (e.g., 4-hydroxynonenal and
8-hydroxy-2'-deoxyguanosine) [10] and NF-«B, both of
which could be induced by stress-related inflammatory
cytokines (e.g., TNF-«). Taken together, it is speculated
that pitavastatin may attenuate the stress-induced PAI-1
expression through the inhibition of TNF-a-induced
NF-«B activation and its anti-oxidative effect. Although
there have been some reports on the inhibitory effect of
atorvastatin on PAI-1 expression in vitro or ex vivo [11],
this agent may have less anti-oxidant potential and less
ability to block NE-xB activation than pitavastatin [12],
resulting in the lack of suppressive effect on the stress-
induced PAI-1 expression. Finally, the finding in this study
suggests that pitavastatin contributes, in part, to the pre-
vention of thrombotic cardiovascular diseases associated
with physicopsychological stress although further studies
are required to elucidate its mechanism.
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Protein S {PS) is a member of the vitamin K-dependent protein family containing similar -y-carboxyglutamic
acid {Gla) domains, although only PS has a thrombin-sensitive region (TSR), which is located between the
Gla domain and the first epidermal growth factor-like domain. In this study, a novel PROST mutation was
identified at the last nucleotide in intron C (¢.260-1G:»A) in a patient suffering from recurrent deep vein
thrombosis associated with PS deficiency. To investigate the molecular mechanisms of PS deficiency caused
by the novel PROST mutation, we characterized the mutant mRNA, and the secretion and function of the

g;\(f)t;?rds. mutant PS molecule associated with the mutation. RT-PCR was used to detect the aberrant mRNA in the
protein S patient’s platelets, the amount of which was markedly reduced and lacked the region corresponding to exon
splice site mutation 4 coding the TSR of the PS molecule. The recombinant mutant PS lacking the TSR (TSR-lack PS) showed a
thrombosis markedly reduced transient expression/secretion level, 37.9% of that of wild-type (WT) PS. Activated protein
secretion

C (APC) cofactor activity assay showed that TSR-lack PS had no cofactor activity. Moreover, binding assays of
monoclonal antibodies recognizing the PS Gla domain and the Gla residues indicated that the bindings of
TSR-lack PS to both of these antibodies were clearly weaker than those of WT PS. These findings suggest that
the novel mutation leading to the absence of the TSR not only affected the secretion of mutant PS, but was
also responsible for impairment of the Gla domain conformation required for the y-carboxylation to express
APC cofactor activity.

APC cofactor activity

© 2009 Elsevier Ltd. All rights reserved.

Introduction an increased risk of venous thrombosis {1]. PS enhances the activated

protein C (APC)-dependent proteolytic inactivation of coagulation

Protein S (PS) is one of the most important natural anticoagulants,
as demonstrated by the fact that individuals with PS deficiency have

Abbreviations: PS, protein S; Gla, y-carboxyglutanic acid; TSR, thrombin-sensitive
region; WT, wild-type; APC, activated protein C; EGF, epidermal growth factor; DVT,
deep vein thrombosis; ELISA, enzyme-linked immunosorbent assay; moAb, monoclonal
antibody.
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factor Va and factor VHla [2]. PS also exhibits APC-independent
anticoagulant functions, probably through direct inhibition of both
the prothrombinase and tenase complexes {3,4], and functions as a
nonenzymatic cofactor for tissue factor pathway inhibitor in the
inhibition of factor Xa {5-7]. Recently, model mice heterozygous for
PS deficiency were generated and showed reduced PS plasma levels
and APC cofactor activity in assays of plasma coagulation and
thrombin generation {8]. It has also been reported that mice
homozygous for PS deficiency were not obtained through mating
and that the homozygous-recessive embryos died in utero, indicating
the physiological importance of PS [8].

PS is a single-chain 635-amino-acid glycoprotein with a y-
carboxyglutamic acid (Gla) domain, a thrombin-sensitive region
(TSR), four consecutive epidermal growth factor {EGF)-like domains,
and a large domain homologous to the sex-hormone-binding
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globulins. The Gla domain of PS is highly homologous to the Gla
domains of other vitamin K-dependent coagulation factors and
required to bind to the surface of negatively charged phospholipid
membranes [9]. However, in contrast to other vitamin K-dependent
factors, only PS has a unique module consisting of 29 residues,
namely, the TSR, between the Gla domain and the EGF1 domain. The
TSR is cleaved by thrombin at two sites (Arg-49 and Arg-70) and by
factor Xa at Arg-60, resulting in functional inactivation of PS {10,11}.
Although the physiological functions of the TSR are not yet fully
understood, some studies have shown that the TSR is required for the
PS Gla domain to bind to phospholipids {12]. These studies have also
indicated that the TSR is not involved in direct interactions with
phospholipids, but modulates phospholipid binding and the Gla
domain conformation in a non-specific manner {13,14].

The PS gene, PROS1T (GenelD: 5627), spans 101 kb of genomic DNA
containing 15 exons and is transcribed into about 3.3 kb of mRNA.
PROST is located near the centromere of chromosome 3q11.1-11.2. To
date, more than 200 mutations associated with PS deficiency in humans
have been reported; however, only a few studies have investigated the
molecular basis of the PROST mutations responsible for PS deficiency. In
the present study, we describe a novel splice site mutation in intron C of
PROS1 identified in a patient suffering from severe thrombotic
complications associated with PS deficiency, and characterize the
molecular effects of the mutation focusing on mutant mRNA levels,
secretion of the mutant PS molecule, and the functional role of the TSR.

Materials and methods
Patient and blood samples

Patient

The patient is a Japanese man who had experienced episodes of
recurrent deep vein thrombosis (DVT) in his legs since 45 years of age.
Following pain in his left leg due to DVT at the age of 69, he was
diagnosed with PS deficiency and has subsequently undergone
continuous warfarin treatment, The PS levels in the patient's plasma
showed total PS antigen, 30%; free PS antigen, 19%; and PS activity, <10%
under warfarin therapy.

Blood samples

This study was approved by the ethics committee of the Nagoya
University School of Medicine. Following the provision of informed
consent, venous blood samples from the patient with PS deficiency as
well as normal individuals were collected. No blood samples were
available from members of the patient's family. Genomic DNA and
total platelet RNA containing PS mRNA were isolated as previously
described [15].

Analysis of PS DNA and mRNA in platelets

PCR amplification and sequencing of PROST and PS mRNA was
done essentially as described previously elsewhere {15,16}.

Mutagenesis and construction of expression vectors

The expression vector pcDNA3 (Invitrogen, San Diego, CA, USA)
carrying a full-length WT PS cDNA was generously provided by Dr B.
Dahlbick. Mutant PS c¢DNA lacking exon 4 was generated by
recombinant PCR [17]. The mutant PS molecule was designated as
TSR-lack PS in this study.

Quantification of PS expression/secretion by ELISA and pulse-chase
analysis

Transient expression of recombinant PS molecules in COS-1 cells
and measurement of PS antigen concentration in conditioned media

by an enzyme-linked immunosorbent assay (ELISA) were performed
essentially following a previously described method [18,19]. Pulse-
chase analysis of recombinant PS by radioactive labeling, immuno-
precipitation, and electrophoresis were carried out as previously
described [20].

Determination of APC cofactor activity of recombinant PS

in order to measure APC cofactor activity, we needed a large
amount of recombinant PS. Thus, instead of transient transformants,
we established stable transformants expressing recombinant PS
molecules in HEK 293 cells as described previously [20]. The APC
cofactor activity of recombinant PS was determined by a clotting-
based assay as previously described {21}.

Binding of the recombinant PS to monoclonal antibodies (moAbs)

Briefly, a microtiter plate was coated with two moAbs: moAb
MK21 recognizing the PS Gla domain and moAb M3B recognizing the
Gla residues (kindly provided by Dr B. Dahlbdck and Dr }. Stenflo,
respectively) {22,23]. We also prepared a microtiter plate coated with
anti-PS polyclonal antibody (DAKO, Glostrup, Denmark). For the
binding assay, we prepared conditioned media containing recombi-
nant PS molecules transiently expressed in COS-1 cells. Various
concentrations of the recombinant PS were incubated in the coated
plates with various antibodies overnight at 4 °C and bound proteins
were detected by peroxidase-conjugated anti-PS polyclonal antibody
(DAKO).

Results
Gene abnormalities in the patient

The DNA-PCR products of all 15 exons, including exon-intron
boundaries, of PROST in the patient were directly sequenced. A G-to-A
substitution at the last nucleotide of intron C was identified in exon 4
of the DNA-PCR products. This novel mutation (c.260-1G>A) was
found to be heterozygous in the patient. The same mutation was not
found in the DNA samples of 114 healthy subjects {data not shown).

The total platelet RNA in the patient was tested for the presence of
mutant PS mRNA. Using the primers shown in the legend to Fig. 1, the
region including exon 4 was amplified by RT-PCR. An aberrant, small
RT-PCR product was detected in addition to a band associated with
the normal-sized product {404 bp) for the patient, but not for the
controls (Fig. 1). Furthermore, the abnormal band showed a
significantly lower intensity compared with the normal band. Each
product was purified by gel electrophoresis and directly sequenced.
The normal sized product showed only the WT sequence of PROST;
however, the sequence of the aberrant fragment completely lacked
exon 4 (¢.260_346del: p.val87_Asn115del).

The expression/secretion of recombinant PS in COS-1 cells

The failure to transcribe exon 4 causes an in-frame deletion of 29
amino acids that constitute the TSR of the PS molecule. To address the
effect of the absence of TSR in the mutant PS on its expression/
secretion from cells, transient expression studies with COS-1 cells
were performed and the culture media were analyzed for recombi-
nant PS content. To accurately quantify these recombinant PS
expression/secretion levels, the concentrations of recombinant PS in
the culture media were measured by ELISA (Fig. 2A). The quantity of
TSR-lack PS in the culture media was markedly reduced to 37.9% of
that of WT PS.

Pulse-chase analysis was carried out to compare the secretion
profile of TSR-lack PS with that of WT PS (Fig. 2B). The level of
radiolabeled WT PS rapidly decreased in the cells with a half-life of 2
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Fig. 1. Analysis of the PS mRNA of the patient with PS deficiency. Left: RT-PCR products amplified with the primer set (5-AGGCTTCACAAGTCCTGGTTAGGAAGCG-3 and 5'-
CITTGATTTGAGATTATATCTGTAGCC-3") were subjected to electrophoresis on a 2% agarose gel and stained with ethidium bromide. Right: Schematic diagram indicates the
mechanism causing the absence of exon 4 in the aberrant RT-PCR product of the patient induced by the G-to-A transition ("} at the splice site at -1 of exon 4 {c.260-1G ~A). Raw
sequencing data of the normal RT-PCR product and the aberrant RT-PCR product are not shown.

hours and immediately appeared in the culture media. In contrast,
radiolabeled TSR-lack PS slowly disappeared from the cells, with a
haif-life of approximately 8 hours, and its rate of secretion into the
culture media was lower than that of WT PS. Furthermore, the
secretion efficiency, measured as the level of PS in the media at
8 hours, was significantly reduced for TSR-lack PS (40% of the initial
value) compared with WT PS (70%). Taken together, these findings
show not only that the secretion rate of TSR-lack PS is lower than that
of WT PS, but also that the secretion efficiency of TSR-lack PS is lower.

APC cofactor activity

The APC cofactor activities of WT PS and TSR-lack PS were
examined by a clotting-based assay using the serum-free culture
media of the stable transformants. WT PS dose-dependently pro-
longed the clotting time (10-100 ng/ml), while TSR-lack PS showed
no APC cofactor activity (Fig. 3).
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Fig. 2. Transient expression/secretion of W1 PS and TSR-lack 'S in COS-1 celis. {A) ELISA
results of concentration of WT PS and TSR-lack PS, Mean value of WT PS is assigned as
100%, Values represent mean = SD of 6 transfection experiments for both WT PS and
TSR-lack PS. Comparison between TSR-lack PS and WT PS expression levels was
performed using unpaired t-test. (B} Pulse-chase analysis using transient expression in
COS-1 cells. Radiolabeled media and cell lysates were immunoprecipitated and
subjected to SDS-PAGE. The radioactivity of the PS bands on the dried gels was
measured using an image analyzer. The amount of radiocactive PS in the cell lysates at
the beginning of the experiment is assigned a value of 100%. Graphs represent
radioactivity recovered from cell lysates {#), media (W), or the total (A) at each time
point. Total radioactivity was calculated as the sum of radioactivities recovered from
media and lysates. Values represent mean-+SD of 3 (WT PS) or 4 (TSR-lack PS)
independent experiments.

Binding of recombinant PS to moAbs recognizing the PS Gla domain and
the Gla residues

Next, to identify the effect of the absence of the TSR in the PS
molecule on its Gla domain conformation and +y-carboxylation, we
performed moAbs binding assays using the serum-free culture media
of transient transformants (Fig. 4). WT PS and TSR-lack PS showed
similar binding to the anti-PS polyclonal antibody. In contrast, in the
Ca®*-dependent and conformation-dependent moAb MK21 (recog-
nizing the PS Gla domain) binding assay, the binding of TSR-lack PS
was weaker than that of WT PS, as described in previous reports {14].
In addition, the binding of TSR-lack PS to the moAb M3B (recognizing
the Gla residues) was also clearly weaker than that of WT PS,
suggesting that TSR-lack PS has impaired ~y-carboxylation.

Discussion
In the present study, the DNA analysis of a patient with PS
deficiency revealed a G-to-A transition at the last nucleotide of intron

C of PROS! (c.260-1G>A). This novel point mutation abolishes the
invariant AG dinucleotide in the acceptor splice site of intron C and
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Fig. 3. APC cofactor activity of WT PS and TSR-fack PS. WT PS and TSR-fack PS at a range
of concentrations (0-100 ng/mt) in serum-free media of stable transformants were
incubated with PS-depleted plasma, factor Va, and APC for 2 min. Clotting was initiated
by addition of CaCl,, and clotting time was measured using ST art4. Values represent
mean 45D of 6 independent experiments. (@) indicates WT PS; (M), TSR-lack PS.
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Fig. 4. Characterization of the Gla domain conformation and the y-carboxylation of
recombinant PS. The binding of WT PS (@), and TSR-lack PS (M) to polyclonal anti-PS
antibody (A). moAb MK2t recognizing the PS Gla domain that is Ca**- and
conformation-dependent (B), and the moAb M3B recognizing the Gla residues (C) in
the culture media were measured by microtiter plate assay. The bound recombinant PS
molecules were detected using peroxidase-conjugated anti-PS polycional antibody.

may subsequently induce cryptic splicing of the mutated mRNA [24].
Okamoto et al. reported that the region corresponding to exon 4 of
PROS1 containing a nonsense mutation {¢.308C>G: p.Ser103X) was
absent in mutant mRNA, and that the amount of the abnormal PS
transcript was markedly reduced in a patient with a quantitative PS
deficiency [25]. In fact, our RT-PCR analysis also revealed the presence
of aberrant mRNA lacking a section corresponding to exon 4, the
amount of which was markedly reduced in our patient. It was
supposed that this splice site mutation affected the splicing of the
aberrant pre-mRNA and impaired the mRNA processing efficiency,
and possibly also the in vivo stability of the aberrant mRNA which
could be lower than that of WT mRNA, resulting in the low mutant
mRNA level [26]. It is apparent that the reduced mRNA level
associated with the failed transcription of an exon caused by the
splice site mutation is mainly responsible for the quantitative PS
deficiency in our patient.
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The failed transcription of exon 4 causes an in-frame deletion of 29
amino acids that constitute the TSR of the PS molecule (¢.260_346del:
p.Val87_Asn115del). The complete deletion of a domain as important
as the TSR is expected to affect protein structure and function. To
demonstrate the effect of the absence of the TSR in the PS molecule on
its expression/secretion from cells, we carried out transient expres-
sion analysis using COS-1 cells. Measurement of the amount of protein
secreted into the culture media by ELISA is useful for assessing the
overall efficiency of the protein expression/secretion pathway
because an ELISA result depends on the efficiency of every step of
the expression/secretion pathway, including transcription, mRNA
stability, translation, secretion, and protein stability in the culture
medium. In addition, we performed pulse-chase analysis to focus on
the steps from primary protein synthesis to secretion in the protein
expression/secretion pathway. Our ELISA result showed that the
amount of TSR-lack PS secreted into the culture medium was
markedly reduced to 37.9% of that of WT PS, indicating that some
steps in the protein expression/secretion pathway were impaired.
Moreover, the data from pulse-chase analysis also showed that the
secretion efficiency of TSR-lack PS was significantly lower than that of
WT PS. Thus, it is considered that the absence of the TSR in the PS
molecule leads to its impaired secretion, resulting in the quantitative
PS deficiency similar to the missense mutations associated with
quantitative PS deficiency reported previously [27]. The present study
indicates that not only the decrease in the level of mutant mRNA, but
also the impairment of mutant PS secretion, is responsible for the
quantitative PS deficiency in the patient.

In some reports, the TSR of PS is described as being essential for
APC cofactor activity, because the TSR is necessary to maintain the
correct conformation of the PS Gla domain for its binding to
membranes {12,13]. Our data clearly show that TSR-lack PS has no
APC cofactor activity, in contrast to WT PS, in the clotting-based assay
(Fig. 3). In addition, the binding assay of moAb MK21 recognizing the
PS Gla domain showed that TSR-lack PS bound to MK21 with
significantiy lower affinity than WT PS, indicating that the Gla domain
might be incorrectly folded in TSR-lack PS (Fig. 4B). Furie et al
reported that the vitamin K-dependent proteins lack biological
activity if y-carboxylation is impaired {28]. We also demonstrated
that the binding affinity of TSR-lack PS to the moAb M3B. which
recognizes the Gla residues, was much lower than that of WT PS
(Fig. 4C), indicating that the y-carboxylation of TSR-lack PS was at
least partially impaired. Therefore, it was speculated that the absence
of the TSR affected the conformation of the y-carboxylase-recognizing
region near the Gla domain of the PS molecule, leading to partial
impairment of the y-carboxylation of TSR-lack PS. Our findings
suggest that the TSR of PS might have an important role in
maintaining the conformation of the Gla domain of PS required for
its proper <y-carboxylation, and that the absence of the TSR might
result in the loss of APC cofactor activity.

Unfortunately, we were unable to measure the levels of plasma PS
before the patient started warfarin therapy, which makes it difficult to
discuss the genotype-phenotype relationship in detail. However, our
observations suggest that in our patient, the plasma antigen
concentration of TSR-lack PS is very low because of the reduced
mutant mRNA fevel and the impaired secretion of TSR-lack PS.
Furthermore, even though a small amount of TSR-lack PS was
identified in the plasma, it is expected to be inactive as an APC
cofactor. Thus, we consider that the patient would have low plasma PS
antigen and activity levels even if he had not undergone the warfarin
treatment. In this study, we identified a novel splice site mutation in
PROST leading to a reduced mutant mRNA level and the absence of the
TSR in the mutant PS molecule. We also characterized the mutant TSR-
lack PS molecule to investigate the molecular effects of the mutation.
These molecular approaches could contribute to a greater under-
standing of the relationship between the genetic mutation and clinical
phenotypes.




