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GENE THERAPY FOR ORGAN GRAFTS USING RAPID INJECTION
OF NAKED DNA: APPLICATION TO THE RAT LIVER
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Background. We developed a nonviral gene transfer
method using rapid injection of naked DNA targeting
the liver and applied it in a rat model of liver
transplantation.
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Methods. Inbred Dark Agouti and Lewis rats were
used. To test the efficacy and adverse effecis of sys-
temic or local (catheter-based) injection, different vol-
umes of phosphate-buffered saline containing naked
DNA encoding g-galactosidase (tacZ) were injected.
Luciferase expression was followed by non-invasive
imaging, and a cytotoxic T-lymphocyte antigen 4-im-
munoglobulin (CTLA4Ig) protein was tested function-
ally by allogenic heart transplantation. Gene transfer
was then tested in rat auxiliary liver transplantation
(ALT) and orthotopic liver transplantation (OLT). The
timing of gene transfer was evaluated in the auxiliary
liver transplantation model, and OLT was performed
using a liver graft to which luciferase or the CTLA4Ig
gene was transferred 2 days before.

Results. LacZ was expressed extensively in a vol-
ume-dependent manner; however, a large volume of-.
ten induced recipient death. After local delivery of
CTLA4Ig cDNA to the liver, survival of Dark Agouti
heart grafis lengthened with increased CTLA4Iy se-
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rum levels. Liver grafts injected with naked DNA at
the time of donation did not survive, but livers grafted
2 days after gene transfer survived. Successful expres-
sion of luciferase and production of CTLA4Ig were
finally confirmed in the rat that underwent OLT.
Conclusions. We successfully applied a nonviral hy-
drodynamic gene transfer method to the rat liver and
showed its potential in liver grafting. The high inci.
dence of graft failure when this procedure is per-
formed on the day of organ donation is a potential limi-
tation that needs to be overcome in clinical application.

Genetic modification of a liver allograft hefore transplan-
tation using ex vivo gene transfer offers considerable scope in
modifying rejection and promoting tolerance to the graft (I-
5). Moreover, the liver is an important target organ for gene
therapy because it plays a major role in metabolism and
protein production. Recent studies have reported highly po-
tent gene transduction in liver grafts using viral vectors (2,
5-7). However, the clinical application of virus vectors for
gene transduction is limited because of eytotoxic and immune
responses (8, 9). There may he added complications in pa-
tients treated with systemic immunoesuppressive agents after
transplantation.

Several recent studies have shown that the intravascular
delivery of plasmid DNA through the vein is an effective
method for transfecting hepatocytes in rodents. Systemic
injection through a tail vein with a large volume of plasmid
DNA solution can achieve effective gene transfer into the
liver (10-16).

We recently focused on a novel methed of gene transfer to
the graft organ using an organ-selective injection technique
(I7). In the present study, we tested a protocol of rapid
injection of naked DNA into the donor hepatic vein. Marker
genes of LacZ and luciferase and the eytotoxic T-lymphocyte
antigen 4-immunoglobulin (CTLA4Ig) gene were tested, and
the approach was applied to auxiliary liver transplantation
{ALT) and orthotopic liver transplantation (OLT).

MATERIALS AND METHODS

Rats

Inbred Lewis (RT1") and Dark Agouti (DA) (RT1®) rats, weighing
180 to 250 g and originally purchased from Charles River Japan, Ine,
(Yokohama, Japan) and CLEA Japan, Inc. (Tokyo, Japan), respec-
tively, were used. Rats were maintained in our animal center. All
experiments were performed in accordance with the “Jichi Medical
School Guide for Laboratery Animals.”

Plasmid Constructs

The firefly luciferase (Photinus pyralis} expression plasmid pGL3
was obtained from Promega (Madison, WI). The g-galactosidase ex-
pression plasmid pCAG-LacZ and the CTLA4Ig expression plasmid
pCAG-CTLAA4]Ig were amplified in the DHS « strain of Escherichic
coli, and large-scale preparation of plasmid DNA was performed by
the alkaline lysis method. Closed circular plasmid DNA was then
purified twice by equilibrium centrifugation in CsCl-ethidium-bro-
mide gradients. DINA concentrations were measured by ultravielet
absorption at 260 nm.

Experiment I: Evaluation of Rapid Injection of Naked DNA into the
Systemic Circulation or Selectively into the Liver

We used & pCAG-LacZ marker gene to test gene expression in the
rat liver after systemic injection of a large volume of solution con-
taining naked DNA. Either 125 or 250 pg of pCAG-LacZ was diluted
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in five volumes of phosphate-buffered saline (PBS) (10%, 7.5%,
6.25%, 5.0%, or 2.5% of body weight) and injected into the dorsal
penile vein of Lewis rats, weighing 180 to 200 g, using a 21-G needle
and a 20-mL syringe. The injection took no longer than 12 sec. We
evaluated the adverse effects of injection and monitored the number
of rats that died or stopped breathing immediately after injection.
We attempted resuscitation of all rats with apnea using artificial
ventilation. Surviving rats were killed, and their livers were excised
3 days after transfection and fixed in 0.2% glutaraldehyde solution
before staining with g-gal solution to detect pCAG-LacZ expression.
Peripheral blood was taken at 1, 3, 5, and 7 days to determine the
levels of serum aspartate aminotransferase (AST) and alanine ami-
notransferase as indices of liver damage. As a control, peripheral
blood from normal Lewis rats without any treatment was taken (n=4).
Changes in systemic blood pressure and central venous pressure
(CVP) during systemic injection of the large-volume solution were
determined. The rats were administered ether anesthesia, and 22-G
and 14-G Teflon tubes (Surfle, Terumo Co., Ltd., Tokyo, Japan) were
used to cannulate the femoral artery and the cervical vein, respec-
tively, and connected to a pressure transducer (Life Kit, Nihon
Koden, Tokyo, Japan) to measure systemic blood pressure and CVP.
To reduce the adverse effects induced by systemic injection of
large-volume solutions, we developed a method of selectively inject-
ing the liver using a catheter, that is, catheter-based rapid injection
of large-volume solution with naked DNA (CB-RILV). After cannu-
lation using a 0.5-mm silicon tube into the inferior vena cava (IVC)
from the right common iliac vein, the supra-hepatic IVC was cross-
clamped with a Satinsky clamp, and a 40 silk suture was wrapped
around the infrahepatic IVC and microclipped. Then, four volumes of
PBS (i.e., 1.5%, 2.0%, 2.5%, and 3.0% of rat body weight)} diluted with
125 ug pCAG-LacZ were rapidly injected.
Rats transfected with LacZ were killed 3 days later, and LacZ
expression was evaluated by B-gal staining.

Experiment II: Application of the CTLA4lg Gene to Rat Liver
Using the CB-RILV Method

Adult male Lewis and DA rats, weighing 200 to 250 g, served as
recipients and donors, respectively. Two days before transplantation,
125 pg or 250 ug of pCAG-CTLA4Ig in a fixed volume of 2.6% body
weight PBS was rapidly injected into the recipient liver, as deseribed
previously. DA heart allografts were transplanted into the cervical
space of the Lewis recipient using the cuff technique reported pre-
viously (18). Recipients were divided into three groups of six animals
each: group 1, untreated control recipients; group 2, recipients in-
jected with 125 pg of pCAG-CTLA4Ig; and group 3, recipients in-
jected with 250 pg of pCAG-CTLA4Ig. Cardiac pulsation was as-
sessed daily, and graft cardiac arrest was defined as the graft
survival time. The serum CTLA4Ig level in the recipient peripheral
bleod obtained on days 0, 2, 5, and 7 and every week thereafter was
measured by enzyme-linked immunosorbent assay. Recipients
whose grafts rejected were killed for histologic study of the grafts.

Experiment III: Application to Rat Liver Transplantation

To assess the liver condition, we performed ALT by using a mod-
ified method previously reported (19). Donor Lewis rats were trans-
fected with pCAG-CTLA4Ig or pGL3 using the CB-RILV method 2
days before or 1 day before ALT; 125 ug of pCAG-CTLA4Ig or pGL3
was injected into the donor liver using the CB-RILV method.

Finally, we tested a rat OLT model using luciferase or the
CTLA4lg gene as an expression marker or soluble preduct, respec-
tively. OLT was performed with hepatic artery reconstruction using
our previously reported method (20).

Luciferase expression within the donor liver after ALT or OLT was
determined using a nen-invasive living image acquisition IVIS sys-
tem (Xenogen Inc., Alameda, CA). Serum CTLA4Ig levels in rats that
received a pCAG-CTLA4Ig-transfected liver were measured 2, 5, 7
14, 21, and 28 days after transplantation,
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Detection of LucZ Expression (-gal Staining}

The rats were killed and the livers were excised 3 days after
transfection. Samples were fixed in 0.2% glutaraldehyde solution
and stained with $-gal, and LacZ expression was observed as de-
scribed previously (21, 22).

Detection of Serum CTLA4lg Level by Enzyme-Linked
Immunosorbent Assay

CTLA4Ig levels in serum were assayed by enzyme-linked immu-
nosorbent assay. A 96-well microtiter plate (MICROTEST Flat Bot-
tom, FALCON, Becton Dickinson Labware, Franklin Lakes, NJ) was
coated with anti-mouse CTLA4lg antibody (purified mouse anti-
human monoclonal antibody, 555851, PharMingen, San Diego, CA)
and incubated for 12 hr at 4°C with 50 uL of the solution in each well.
After washing with PBS containing 0.1% Tween, 50 uL of the serum
sample was added to each well. The plate was incubated for 2 hr at
room temperature. The secondary antibedy, anti-human IgGl Fe
conjugated with horseradish peroxidase (MH1715, Dai Nihon Seiy-
aku, Osaka, Japan) diluted to 1:100 with PBS, was added to each
well and incubated for 1 hr at room temperature. Each well was
washed, and a 50-uL solution of ortho-phenylenediamine dihydro-
chloride (P-8412, Sigma Chemical Co., St. Louis, MO} solution di-
luted to 3 mg/mL with PBS and 0.15 pI/mL H,0, was added to each
well. After 2 min, 50 pL of 1 M H,50, was added to each well, and
the absorption values at 492 nm were cbtained with the Microplate
Reader. The CTLA4Ig concentration was quantified by comparing it
with the absorbance value of the control recombinant human
CTLAA4Ig sample.

In Vivo Luciferase Imaging

Expression of the luciferase gene was evaluated using the non-
invasive IVIS system (Xenogen Inc.} without killing the animals.
This system collects photons of light emitted from tissue using a
cooled charged-couple device camera. After isoflurane anesthesia
was induced, the rats that were transfected with pGL3 or rats that
received a graft liver transfected with pGL3 were injected intraperi-
toneally with 150 mg/kg bedy weight n-Luciferin potassium salt
(Xenogen Inc.) dissolved to 15 mg/ml, with PBS. Fifteen minutes
later, the levels of light emitted from the bioluminescent liver were
measured. An integration time of 1 min was used for image acqui-
sition of the luminescence. The data were digitized and displayed on
a monitor in the Living Image System (Xenogen Ine.). Signal inten-
sity was quantified as the sum of the detected photons.

RESULTS

Lae Z Expression in the Rat Liver and Adverse Effects of
Systemic Injection of a Large-Volume Solution Containing
Naked DNA

We observed the expression of 125 ug of pCAG-LacZ after
systemic rapid injection of a gene solution diluted in more
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than 6.25% of body weight volume of PBS. When pCAG-LacZ
was diluted in PBS less than 5.0%, LacZ was poorly ex-
pressed. After 10% of bedy weight volume of PBS was in-
Jected, four of five rats (80%) stopped breathing, and three
rats (60%) died. When the injected volume of PBS was lower
than 6.25% of body weight, no rats stopped breathing or died.
The serum AST level transiently increased 1 day after rapid
PBS injection and then decreased to a normal level 3 days
after injection. The peak serum AST level after injection of a
7.5% of body weight volume of PBS was approximately 400 to
510 JTU/mL, and after injection of a 5.0% volume it was less
than 145 IU/mL (Table 1). The normal AST and alanine
aminotransferase levels obtained from separate Lewis rats
without any treatment (n=4) was 78.2+10.6 IU/mL and
51.5+5.8 IU/mL, respectively (mean+standard deviation).

To clarify the hemodynamic change after systemic injec-
tion of a large-volume solution, systemic arterial pressure
and CVP were measured. The CVP during the injection of
6.25% of body weight volume of PBS was transiently elevated
to greater than 32 mm Hg and continued to increase more
than 15 mm Hg. At the same time, the mean systemic blood
pressure in the rats rapidly decreased to less than 60 mm Hg,
and the heart rate also decreased. Several minutes were
needed for the CVP, the systemic blood pressure, and the
heart rate to recover.

Because of these adverse effects, we developed a catheter-
based method to rapidly deliver a large volume of naked DNA
solution (CB-RILV method) into the rat liver. Expression of
LacZ after catheter-based rapid injection of 125 ug ¢DNA
diluted in 2.5% of body weight PBS was tested, and the
results are shown in Figure 1. Efficient LacZ expression in
the liver was observed 3 days after catheter-based injection of
125 pg DNA diluted in 2.5% of body weight volume of PBS.
However, liver damage associated with this method was not
significantly different between the group that received 2.5%
of bedy weight volume group (serum AST and alanine amino-
transferase were ~270 IU/mL and 150 IU/mL 1 day after
injection, respectively) and the other groups (data not
shown).

Production of CTLA4Ig Protein for the Rat Liver Induced
by the CB-RILV Method

To test whether the secreted serum CTLA4lg works effec-
tively, we transplanted DA cardiac allografts into Lewis re-
cipients transfected with pCAG-CTLA4Ig. The cardiac graft
survival times are shown in Table 2. In groups 2 and 3, three
of six grafts showed prolonged survival compared with the

TaBLE 1. Adverse effects of systemic injection of various volumes of solution with the naked LacZ gene

. - Vi P a
W‘){‘fﬂﬁ'@":;) No. rats Mortality (%) Aphen (%) pre Liver damage o
10 5 3/5 (60) 4/5 (80) 949 1,039
75 4 0/4 (0) 2/4 (50) 458 506.5
6.25 5 0/5 (0) 0/5 (0) NT NT
5.0 6 0/6 (0) 0/6 (0) 1325 935
25 4 0/4 (0) 0/4 (0) 110 58
-t 4 — — 78.2 51.5

¢ Peripheral blood from surviving rats was drawn on days 1, 3, 5, and 7. The peak values are indicated and expressed as the mean.
® Data of peripheral blood from normal rats without any treatment were shown.
AST, aspartate aminotransferase; ALT, alanine aminotransferase; NT, not tested.
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( x 100)

2.5% 3.0%

Ficure 1. Expression of LacZ gene in the rat liver after catheter-based selective injection of large-volume naked DNA
solution. Liver with X-gal staining after selective injection of 125 pg naked LacZ gene diluted in 3.0%, 2.5%, 2.0%, and 1.5% of
body weight phosphate-buffered saline (PBS) (A). Liver after 2.5% volume of rat body weight PBS and 125 pg naked LacZ are
stained with X-gal and eosin (B). Upper row magnification x40; lower row magnification x100.

TaBLE 2. Graft survival after heterctopic heart transplantation to pCAG CTLA4Ig-transfected recipient using the CB-RILV

method
Gene therapy Serum CTLAAIg level (pg/mLy
Group CTLAM N Graft smiival ()
Method (o) £ (mean=3D) Day 0 Day 2 Day 5
1 — 4] 5,6,6,6,6 7 NT NT NT
(6.0=0.6)

2 CB-RILV 125 6 5, 5, 6, 39, 39, 42 22.7x18.4 14.6=13.1 9.9 =113
(22.7x19.0)

3 CB-RILV 250 6 §, 5, 6, 10, 26, 32 19.7x15.3 14.5x8.6 7.3=5.6
(14.0x11.9)

2 Data are expressed as the mean*SD.
NT, not tested; SD, standard deviation; Ig, immunoglobulin; CTLA, cytotoxic T-lymphocyte antigen; CB-RILV, catheter-based rapid
injection of large volume solution with naked DNA.

control group. There was no significant difference between Application of Rat Auxiliary Liver Transplantation and

groups 2 and 3. No correlation was found between serum Orthotopic Liver Transplantation

CTLA4Tg levels on days 0, 2, and 5 and graft survival times.

There was no significant difference between groups 2 and 3 We first evaluated the timing of gene transfer to the liver
in serum CTLA4Ig levels on days 0, 2, and 5 after graft using ALT, which is associated with lower mortality
transplantation. than that of OLT. As shown in Table 3, seven of nine recip-
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TaBLE 3. Recipient survival after alanine aminotransferase using gene-transfected graft liver by the CB-RILV method

Timing of gene

Denor Recipient No. rats Recipient survival (d}
therapy
2d Lewis Lewis 3 >14.7 >20,” >237
od Lewis Lewis 9 0,0,0,0, 1, 2 4, »>21° >23°
None Lewis Lewis 5 >30, >30, >30, >30, >30
¢ Recipients were killed for histologic study.
I kmage
Min T'.§1'293 Min = .24736
Max = 2.7442e+05 Max = 30413
pisecicmA /st pisecicmi2isr
300
250
200
=
150 <,
100
50
Color Bar Color Bar
Mir = 15000 Min = 15000
Max = Je+05 Max = 3e+05]
bkg sub bkg sub
fat-fielded fiat-fielded
cosmic o cosmic
Click # SI20030529161052 Series; Click # S120030604152822 Saries:
Acq Date: 2003°'N529°4 Expariment -2 CBRILV AxLT 2day Acg Dale: 2003"N64"( Experiment AXLT NO.25 1w
Aca Time: 16:11:10, 1 min. Label: No1 Acq Time: 15:28:40, 1 min. Labe!:
Bin:M (B), FOV:25, 1 Comment: Bin:M (8), FOV:25, 1 Comment
Camera' VIS 100, SIG20EEV Analysis Comment 10min Camera: VIS 100, SIS20EEV Analysis Comment 15min

A

Ficure 2. Expression of the luciferase gene in the graft liver after anxiliary liver transplantation (ALT). Two days before
transplantation, 2.5% volume of donor body weight PBS and 125 pug of pGL3 were injected using a catheter-based selective
injection method. Efficient expression of pGL3 was observed 2 days after transplantation (A) but decreased to an undetectable

level 1 week after transplantation (B).

ients died of graft congestion or venous thrombosis 0 to 4
days after ALT when gene therapy was delivered to the graft
on the day of transplantation. All recipients survived when
gene therapy to the graft was performed 2 days preopera-
tively. The expression of pGL3 after ALT is shown in Figure
2. Gene expression in the graft liver was detected 2 days after
ALT but was undetectable 10 days after ALT.

On the basis of these results, we decided to use liver grafts
that underwent gene transfection 2 days before OLT. The
pGL3 or pCAG-CTLA4lg expression in the graft liver after
OLT is shown in Figure 3. One day after OLT, luciferase
expression was readily detected. Recipient serum CTLA4Ig
increased 2 days after transplantation and decreased to less
than 5 pug/mL 5 days after transplantation (n=4).

DISCUSSION

A combination of gene therapy for the liver and transplan-
tation is a strategy for various situations including induection
of transplant tolerance, treatment of recipients with meta-
bolie disorders, and DNA vaceination for treatment of fulmi-
nate hepatitis (23). Moreover, the nonviral gene transfer
method is beneficial for recipients who receive immunosup-
pressive agents, in whom the clinical applications of virus

vectors may be limited because of eytotoxicity and immune
responses (8, 9). Delivery of the naked DNA using an intra-
vascular route results in effective gene transfer to hepato-
eytes because the vascular system accesses every cell (15).
We investigated this method and the manner in which the
combination therapy of gene transfer and transplantation
was applied.

We found that 125 pg of naked DNA diluted with PBS in a
volume of 6.25% of body weight is the best protocal in rats for
efficient gene expression and ninimal damage te the host.
There are three important factors for systemic administra-
tion of naked DNA: retrograde injection into the liver, a large
volume of DNA solution, and rapid injection (10, 11). When
naked DNA is injected into the vein, serum DNAase rapidly
degrades the plasmid ¢cDNA within 5 min, and it is taken up
by hepatic nonparenchymal cells (24, 25). Rapid injection of a
large volume of solution may help overcome the effects of
degradation by DNAase and uptake by hepatie nonparenchy-
mal cells. Moreover, rapid injection of a large volume of
solution contributes to an increase in the hepatic venous
pressure. Song et al. (16) reported that rapid injection of a
large volume of DNA solution exceeds the cardiae output,
resulting in accumulation of DNA solution in the IVC, and
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Ficure 3. Expression of the luciferase or cytotoxic T-lymphocyte antigen 4-immunoglobulin (CTLA4Ig) gene in the graft liver
after orthotopic liver transplantation (OLT). Each gene was transfected using the same method as in Figure 2. Efficient
expression of pGL3 was observed 1 day after OLT (A). Transient production of CTLA4Ig protein was detected in recipient

peripheral blood samples (B) (n=4).

high pressure in the hepatie vein contributes to efficient gene
transfer. However, our data showed that transient increase
of CVP, which is considered to correlate with the hepatie
venous pressire, and transient cardiac failure {indicated by
decreased systemic blood pressure, elevated CVP, and tran-
sient bradycardia) occurs during and immediately after in-
jection. A direct increase in hepatic venous pressure might,
therefore, contribute to efficient DNA transfection in our
model.

Potential contamination of plasmid DNA by lipopolysac-
charides 1s an important consideration because it may alter
immune responses in transplant recipients (26}, Although we
performed CsCl ultracentrifugation during plastnid purifica-
tion, the level of lipopolysaccharide contamination might be
still substantial. However, 125 pg DNA (2.5% volume of body
weight) showed little liver damage, and AST and alanine
aminotransferase increase was minimal or negligible com-
pared with that of normal rats. In addition, the same hydro-
dynamie procedure was also applied to the muscle in our
previous study (17} without complications.

Rats injected rapidly with a solution greater than 7.5% die
from pulmonary bleeding (unpublished data) as a result of
damage to the heart and lungs. T'o reduce such damage, we
focused on perfecting the technique of selective injection of
the liver. Eastman et al. (27) recently demonstrated the
catheter-based procedure for naked DNA transfection to the
rabbit liver. With catheter-based injection, the total injection
volume can be decreased, which selectively limits the liver
damage. We established the catheter-based naked DNA
transfection method for rats without mortality and succeeded
in decreasing the injection volume to 2.5% of body weight.

We previously observed long-lasting gene expression in rat
limb transplantation after rapid injection of naked DNA (17).
However, gene expression after liver transplantation was
transient. We also observed early down-regulation in a pre-

vious study in which the gene gun was used to deliver naked
HBs gene to the graft liver (23). This phenomenon might be
specific to the liver. Damage resulting from the injection of
solution might induce liver regeneration. However, blocking
the costimulatory pathway in the early phase after trans-
plantation might be important for tolerance induction or
prolonged graft survival (28-30). As shown in the present
study, prolongation of allograft survival is achieved in recip-
ients transfected with pCAG-CTLA4Ig. However, only 50% of
grafts showed prolonged survival, and neither graft survival
nor the recipient serum CTLA4Ig level related to the quan-
tity of injected pDNA

As shown in this study, transfected ¢DNA using the CB-
RILV method was efficiently expressed in recipients after
ALT and OLT. Because of the damage to the graft liver
caused by the injection, many recipients died of graft conges-
tion or a thrombus when gene therapy was performed on the
day of transplantation, and 2 days were needed to allow the
graft to recover from liver damage after injection. However,
targeting gene therapy to a seleeted liver lobe using a cath-
eter offers a elinieally applicable approach. Immunomodifi-
cation by the CTLA4Ig gene and DNA vaccine by antiviral
genes of the graft liver are potential tools.

CONCLUSION

We applied a novel gene transduction treatment to the rat
liver using a nonviral method. This is the first study to report
successful gene expression after intravascular delivery of
naked DNA to the donor liver before liver transplantation.
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Excision of pseudotumour in a patient with haemophilia A
and inhibitor managed with recombinant factor VIla

H. TAKEDANIL* S. MIKAMI { N. KAWASAKL* Y. ABE,* M. ARAL{ H. NAKAS and A. YOSHIOKAS
*Department of Orthopaedic Surgery, National Sanatorium Fukui Hospital, Kiyama, Mikata-cho, Mikata-gun, Fuksi,
Japan; 1Department of Pediatrics, National Sanatorium Fukui Hospital, Kiyama, Mikata-cho, Mikata-gun, Fukui, Japan;
tDepartment of Laboratory Medicine, Tokyo Medical University, Tokyo, Japan; and §Department of Pediatrics, Nara

Medical University, Sijo-cbo Kashiwara Nara, Japan

Summary. We describe a patient with haemophilia A
and factor VI inhibitor who underwent surgical
excision of a large psendotumour in the left femoral
region. Haemostasis was successfully maintained
with bolus doses of recombinant factor VIIa at 2-h
intervals and anti-fibrinolytic therapy, and the pseu-
dotumour was removed. Subsequently, the dose
interval was gradually prolonged to 8 h for a total

of 18 days. Although a spontaneous haemorrhage
was observed on postoperative day 8, haemostasis
was achieved by reducing the dosage interval. No
adverse event occurred during the course of treat-
ment.

Keywords: haemophilia A, inhibitor, psendotumour,
recombinant factor VIIa, surgery

Introduction

For many years prothrombin complex concentrates
{PCC) and activated PCC have been used as haemo-
static agents for haemophilia patients with inhibi-
tors. Surgical procedures in these inhibitor patients
were challenging because no single measure provided
safe and reliable haemostasis. As recombinant factor
VIla (rFVIla) product became available, 2 number of
orthopaedic procedures including arthroscopic and
surgical synovectomy and total joint arthroplasty in
inhibitor patients managed with rFVIIa have been
reported [1-6]. However, surgical case reports of
pseudotumour resection are still limited [4,7,8].
We report the surgical removal of a pseudotumour

in the left thigh of a patient with haemophilia A and -

inhibitor managed with rFVIIa.

Case report

On 16 November 2000, a 52-year-old Japanese man
with baemophilia A and factor VIII inhibitor was
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admitted to our hospital for removal of an infected
haematoma in the left femoral region. He had had
recurrent intra-articular haemorrhage since child-
hood. It was unclear when he developed the inhibitor.
In September 1999, swelling was noted in the left
femoral region but was not treated. In May 2000, the
intramuscular haematoma in the femoral region
enlarged, and skin ulcers developed with local infec-
tion. The man was admitted to a local hospital where
a 1 BUmL™ of FVIII inhibitor was noted. After
administration of a large dose of FVIII concentrate,
the inhibitor titre increased to 108 BU mL~". He was
referred to another hospital where he was treated
with rFVIIa, resulting in some regression of the
haematoma.

On admission, the patient’s FVIII inhibitor titre
was 17.5 BUmL™ with an FVIIl activity of
0.017BUmL™. He had a pseudotumour
{20 x 10 cm) in the left femoral region with wwo
skin ulcers of 2 cm in diameter in the posteromedial
area. Serratia marcescens was isolated from exuda-
tion cultured from the skin ulcers. The patient
showed muscle weakness in the left lower extremity
due to sciatic neuroparalysis and had sensory distur-
bance in the leg. The left knee joint showed
contracture in extension with no mobility. A preop-
erative rFVIIa pharmaccokinetic study was performed
(Fig. 1). Plasma factor VII activity increased up to
71 UmL™? 10 min after the dose of rFVIla
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Fig. 1, Recombinant factor VIla (rFVIIa) administration test.
Afrer bolus administration of 6 mg (110 pg kg™") rFVIla, pro-
thrombin time {PT}, activated thromboplastin time (APTT), and
factor VII activity by one stage assay were measured over a 360-
min period.

{110 pg kg™!) and decreased with a half-life of
1.67 h. Although activated partial thromboplastin
time (APTT} shortened from 84.5 to 51.3 s and
gradually returned to 61.5s over a period of
360 min, shortening of prothrombin time (PT) did
not correspond with the level of plasma FVII activity.

Surgery was performed on 29 November 2000.
The first dose of rFVIIa (110 ug mL™') was given
immediately before intratracheal intubation. The
dose was then repeated every 2 h. Tranexamic acid
was also administered intravenously (13.6 mg kg™!
every 6 h) to inhibit fibrinolysis. Surgery began 1.5 h
after administration of the first dose of rFVIla.
Haemostasis was achieved, although profuse
haemorrhage was noted from the skin incision after
the second dose of rFVIIa. During the operation,
the sciatic nerve was not exposed in the surgical
field. Although the pseudomumour was eventually
removed, it was adherent to the soft tissue and too
massive to be evacuated en bloc. An indwelling
suction tube was placed in the incision site where a
compression a bandage was applied. The operating
time was 3 h and 14 min with intraoperative blood
loss of 1608 mL. The interval of rFVIla administra-
tion was tapered from postoperative day 3. Con-
comitant tranexamic acid was switched to oral
administration from day 3 {Table 1). On postoper-
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Table 1. Administration of rFVIIa and tranexamic acid.

Days after  Interval (h) of rFVIIa
operation administration {110 g/kg}
1-2 2
34
5-6
-
8
9-10
11-12
13-15
16-17
18
19

Dosage of tranexamic
acid at 6-h intervals

750 mg i.v.
750 mg p.o.

500 mg p.o.
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"Dosage interval was decreased for prophylactic haemostatic
coverage during stitch removal.
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Fig. 2. Prothrombin time (PT), activated thromboplastin time
(APTT), and factor VII acrivity (VIL:C) during and afrer surgery.
All values represent trough levels.

ative day 8, the patient complained of a sensation of
tension and fullness in the left femaral region, where
a haemorrhage was revealed by a computed tomog-
raphy (CT) scan. Accordingly, the interval of admin-
istration of rFVIla was shortened from 8 to 4.5 h,
resulting in the improvement of the abnormal sensa-
tion with local haemostasis. On postoperative day
18, his body temperature rose to 38 °C. Despite an
antibiotic {cefpirome) that had been given for 5 days
postoperatively, S. marcescens was isolated again
from the surgical wound. Thereafter, a combination

® 2004 Blackwell Publishing Ltd
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of three antibiotics {(cefpirome, levofloxacin and
panipenem/betamipron) was given, and the infection
subsided. On day 19, the suture stitches were
removed, and rFVIla administration was completed.
PT and APTT remained short until the dose of rFVIIa
was discontinued. Plasma FVII activity decreased as
the dosage interval was prolonged (Fig. 2). There
were no haemarological findings or systemic activa-
tion of coagulation to raise suspicion of disseminated
intravascular coagulation (DIC) during the course of
treatment. After the infection was eradicated, the
patient was discharged ambulatory with the aid of an
apparatus and a cane.

X-ray findings

Plain X-ray examination revealed that the pseudotu-
mour did not erode the femoral bone. CT scanning
disclosed a uniform, low-density haematoma with no
infiltration into the bone.

Discussion

False pseudotumours are chronic collections of blood
in the muscles that do not affect bone structure. Once
established, false pseudotumours tend to spread to
bone or soft tissue lesions that lead to further
neurovascular complications caused by vessel and
nerve compression (true pseudotumours). Several
treatment options are available for pseudotumours:
embolization, irradiation, percutaneous aspiration,
surgical evacuation and surgical excision of the
pseudotumour [9-12]. Amputation is an extreme
treatment option which is only rarely chosen even if
the pseudotumour affects the bone and disables the
extremity [13]. In the present case, although the
pseudotumour had not affected the femoral bone, we
hesitated to continue conservative therapy due to the
complications of sacral nerve palsy and infected skin
ulcers. As the patient wished to preserve the affected
extremity, we chose excision of the pseudotumour
with amputation of the affected extremity reserved as
a salvage method.
Haemostasis was successfully maintained with
bolus doses of rFVIla at 2-h intervals, and the
* pseudotumour was removed. Subsequently the length
of time between doses was prolonged over a 19-day
period. A spontaneous local haemorrhage occurred
on day 8, and the infection with S. marcescens
recurred on day 18. We assume that a small amount
of infectious tissue remained with inflammation
because the pseudotumour was not evacuated
" en bloc, resulting in the postoperative haemorrhage
in the left femoral region.

® 2004 Blackwell Publishing Ltd

In recent years, elective surgery on haemophilia
patients with inhibitor and use of rFVIla has
increased. Ingerslev et zl. reported that seven of
seven major surgical procedures in inhibitor patients
were successfully managed with rFVIla [14]. Lusher
et al. summarized 103 surgical cases managed with
tFVIIa in which haemostasis was evaluated as either
excellent or effective in 17 of 21 major surgeries {15].
These experiences suggested that major surgery of
haemophilic inhibitor patients can be performed
quite safely by management with rFVIIa. A large
number of inhibitor patients suffer from chronic
arthrosis, and some patients incidentally develop
pseudotumours, as in the present case. Potential
advantages of rFVIla in patients who need ortho-
paedic surgical procedures include its viral-free
recombinant nature and the fact that fewer adverse
events such as thrombosis or DIC have been reported
[16]. There are, however, a few reports of patients
whe developed DIC during treatment with tFVIIa.
In one case, a 21-year-old haemophilic patient with
inhibitor developed an infectious abscess in the lefe
thigh and underwent surgical management with
coverage by rFVIla. He had low-grade consumption
coagulopathy before surgery. During the surgical
procedure, he developed fatal DIC. Sabmonella
mbandaka was cultured from the wound [17]. In a
second case, a 47-year-old inhibitor patient with a
massive pseudotumour in the left abdomen and
pelvis was infected with gas-forming Clostridiae in
the haematoma. Excision of the pseudotumour was
performed with haemostasis management by rFVIla.
During the days following surgery, he developed
septic shock and DIC, which subsequently subsided
[4]. In a third case, a 39-year-old inhibitor patient
underwent removal of osteosynthesis material.
Uncontrolled bleeding occurred during the procedure
with DIC, which subsided thereafter [18]. It appears
that local infection before a surgical procedure could
have been a major cause of DIC development in the
first two of these three cases. Although our patient’s
skin ulcers were infected by S§. marcescens, no
systemic activation of coagulation was observed
during the course of rFVIla treatment.
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#& 1 Location and sequence of the oligonucleotide primers used

Exon Oligonucleotide sequence :‘:z:fde
Exon 1 FWD 5-(M1IF)YCACAGTGGCAGAAGCCCACG-3' -177 -158
REV  5-(MI3R)TTACCAACCTGCGTGCTGGC-3' 240 258
Exon2-3 FWD 5-(MI3F)ICAAAGTGTGAAGTTAACCGC-3' 6119 6137
REV 5'-(MI3R)CCTGGGGTGGAACAATGTTC-3' 6924 6943
Exond FWD 5-MI3F)ITCTACAGGGGAGGACCGGGC-3 10324 10343
REV  5-(MI3R)CATTTTCCAGTTTCAACTTG-3 10555 10574
Exon5 FWD 5-MI13F)ICATGTACTTTTTAGAAATGGS’ 17608 17627
REV  5-MI3RATGTAGGTTTGTTAAAATGGS' 17848 17867
Exon 6 FWD 5-MI3FCTGATGGCCCTGCTTCTCAG-3 20246 20265
REV 5 (MISR)CCTGGCCTGTGTCTTGCCAG-3' 20604 20623
Exon 7 FWD 5-(MI3FTCTGCAAAGCTCACATTTCC Y 29892 29911
REV  5-(MI13R)TATTAAAGAGCTAGTGGTGG?' 30184 30203
Exon 8 FWD  5-(MI3F)CAGTGGTCCCAAGTAGTCACY 36741 30760
FWD 5. (MI13F)AGGAGATAGTGGGGGACCCCC-Y 31207 31226
REV  5-MI13R)TAGTTAGTGAGAGGCCCTGT-? 31414 31433

(M13F): 5 - TGTAAAACGACGGCCAGT-3' (M13R): 5'-CAGGAAACAGCTATGACY

AXTHIZKBIAVI P =T LV RETD
7=, BEHTIZiE HITACHI SQ5500E # Wi, B
HERFL, Yoshitake 5 OWEY LHEL, Zh
FHOERPHEZ L BB LAERIX The
Haemophilia B Mutation Database-version 12% I
TREDEEHOFRIZ > EEZR LT .

EREBER DRI

F=F A= R HEBEOL > - Ala28 —
Pro, GIns0 — Lys, Leu300 —>Prold, ZH %
NAICKIG L = HIBEEFR Dpn I, Bsmal (New
England Biolabs} iZ & % GIET T T, HEEH 50
ANERAT L 2 0BERTEE L, TREBHREE
WL W 7V 2D Ala28—>Pro &,
AbOY7TO0t301562—cid, ZRhENA
TEIZClol & Dde IHIBIz2BEAT 228
Mutagenic Primer % {£ % L T PCR % {7\, #1
EeREREL .

wmOR

O FIX:C B &U FIX:Ag ORITER & FR
B2 FIXC B XU FXAg DBIERREEZ T
L7, BRORREZ, SESIH, PEEH

6, BfEM1NIFETH-7-. HELXZHELE
168 @ 35 B, 10613 CRM-reduced i #l T
Hot, ThA4Avery—2H LTk 16
AL VARV F— 6BUmM) THHY, 4k
V¥ —REFD FIX:IC L FIX:Agi2 E H121%
REOEETH 2.

@EIGTF AR

a2—F4 FEREZORTS A v SE
DFAVI P —T L/ ADESR, 2006095
BEEOERYRAELL (F2)., =7V v2
@ Ala28(gca) — Prolcca}, =27 ¥ 4@ GIn50
(cag) —> Lys{aag), T 7 ¥V ¥ 8 M Leu300(ctc)
— Prolcee), 41>+ 0¥ 7D nt.30156a—>c i3
RBEOREFEAETH-. BRULAERD
BRI THERTHD, REPHALEOE
EFEEIRDNEP-, ZORRIIR1L
BEMNI AR AEE 4BENF eV A
ZE, SHEERBAT 74 ABUTOERTH-
2. CpGFA ZZLVAFFRIFEDON
. ThoOZEBEOHER, FREAEO? Gh
Fx4vic 38, EGFHF A4 Vi 488,
BT F FIC1E88, 25U 74 7 FXA
VI SHEEE, BEFALVICHHL T 1
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#%2 Phenotype and genctype analysis of 20 Japanese patients with hemophilia B
No. g g Phemotype Location g Mutation
1 <1 <1 CRMnegative Intronl 6325 g—c Acceptor splice site (2gTT)—(acTT)
2 <1 40 CRMreduced Exon2 6424 g—a E17K
3 <1 50 CRMreduced Exon2 6449 t—¢ F255
4 <1 39 CRMreduced Exon2 6457 g—c A28P*
5 7 16 CRMreduced Exon4 10400 c—a Q50K*
6 (<l) - - Exon 5 17692 g—a G938
7 (1) - - Exon5&8 17761 c—t & 31218g—a R116X & G366E
8 1 15  CRMreduced Exon6 20413 ¢t R145C
9 1 32 CRMreduced Ezoné 20413 c—t R145C
10 12 12 CRMreduced Intron?7 30156a—c Donor splice site (agGTA)—(agGTC) *
11 3 2  CRMreduced Intron7 30818 a—g Acceptor splice site (atagGT)—(gtagGT)
12 <1 <1 CRMpegative Exon$ 30874 c—t R252X
13 2 <« CEM negative  Exon 8 30874 c—t R252X
14 (4) - - Exon 8 30970 c—g $283R
15 6 20 CRMreduced Exon 8 30993 ¢ —t A291L
16 <1 <1 CRMnegative  Exon8 31020t—c L30op*
17 <1 <1 CRMnegative Exzon 8 31051 g—a W310X"
18 <1 2 CRMupegative  Exon8 31119 g—a R333Q
19 {(<1) - - Exon 8 31133 c¢—t R338X
20 <l 20 CRMreduced Ezon$ 31218 g—a G366E

Data in the parenthesis were from medical records. *

sz ZAZER (116Arg — Stop) &
IREAER (366Gly — Glu) 2HELTRE
LTHHLE FHAve ey —%28EF7351
Fhsizdrey AER (310Tp — Stop) %
L.

OFBREZROMER

FEED 4 HOERIIH LTI HIRREEINT
Hick b ZzoMERZEREL, BEHRYEY 7
AZXLOEFE L, TR ThOERIIWEE
PHidlalele bEHENT, BVEALTZ74 X
LTCRB(ERTHL I L BHEEL -

E =

B17E, The Haemophilia B Mutation Database-
version 12° Ti3, 2511 EMD MERK B ©E
EFEENERINTED, HEEMN 22524,
NEEDTOMADPRED 106, KERIF
A AOBARRIB 9 FAHEIN T3,

+ Novel mutation

T ; Inhibitor(6 BU/ml)

Zho 3 s fHEDOBEFERLGLRD, F9
OLEBEOEZREVBTR IR TS, ZoPT, ¥
THAR7+ ¥ 7uERHE 260 FIX @ 461
7IBEREI 2EHORERILLST

IBRERBBRHIN TS, AREDOFIE
Frics T3, 20 F2ONKMB EEDLS 18
BREORLHIBETFRELZREL:E 205
i, TARTHEEICLS7 I BERTHY,
RERPFHAIL L 2BETFREEIBELE N2
7.

Arglle, Arg252, Trp310, Arg338 &\,
4FEEO e v ABEEREREL 2 — R
Frey AERPREA - REG EEET BER
i, BEFERECEREL LR 7L—00F
L HhEEHBERY R L, EEBEREYE
£y, BEREBCRZIEEIONTWS, I
o DFEFNE, RBAEDESTFRRALTWS
OB AEETHREI N FIX * B35
L, HENERICASH#THEA vy —
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#3 Amino acid sequence around Ala28 in the Gla domain of vitamin K-dependent coagulation proteins

20 28 34
Factor IX vy » K ¢ 8 F v +» A R vy V F 4 N
Factor VI vy v @ ¢ 8 F v+ » A R ¥y I F K D
Prothrombin vy y T € S Y v ¥ A F y A L 4 8§
Factor X vy » T € 8 Y v ¥y A R ¥ V F 4 D
Protein C vy v 1 € D F vy ¥y A K v I F Q N
Protein S vy ¥y L NK v vy AR  V F ¢y N
Protein Z y » I'C V Y v 4« A R ¥ V F 4 N

Numbers are amino acid residues of Factor I{. 4 : ¥ -carboxyglutamic acid

FRETIAENENHL. FRR IOV E
¥ —{REEHF D & 13, Trp3l0 — Stop 23 H
ant. AEBRRZNE TICIERD2D
WHEINTwED, wihbd et y—i3il
BHLRTVYL, ZOIEED, frEeEdy—
AR RYEERDICL SR BEBE

{Z LHSHEEI N,

IBEFOBETERDI L, 420H LW
ERPRELHE. 7720 A28 - Pro
¥, Gla FAA yATHIHENT:, F—F~—
AP 22 Ala28 In B B0 7 2/ BRERIES
DEEL R, ¥, Y Iy KEFERERE
HFRET Ala28 2REWIFE I (K3), &
VIET, SXHEF, 7074 COERER
ZIHETOBRGFEAFICE T, A28 icx
BT a7 BOREROEEN IRV, BE
DFXCIRI0%RFETH D, DO FIXAg i
V% THokI s, IOFRORERR
CRM-reduced TH -7, cho kb, Ala28 @
4378 Pro~DEBRI, Gh FA4VEXRHE
ErrLEftsval Eickh, BRELTHE
BfEEL T ENEL SN,

TV 4O Gins0— Lys i, FIKEBHED
EGF1 FAAYHRDI AL VY AERTH o F:.
EGF-1 F A4 »OEERRE, F—¥y~—-2% 12
2179 FIBFHINTVE, 209 5 Gnd0
Ti2, His & Phe "D I ALV AERL SV &
VARERPFTHREINTHS, FrerA
BREIPhedIALYAERRZHLThER
BErdh-73% HisBRTO2 SRR
HEAN TS, Spritzer 5 I3, FIX @ EGF-1

FAABBERTR -GS Y — VD
57, Aspd?, Aspdd, Asphd DEFEREDHS Ca¥'
AWM EHRL WA ERHELL TO
#, Rao 5" 1%, GIn50, Aspd7, Gly48, Asp65
MIDFOC AT ERBUELTVWEER
EGF-1 F A 4 v¥sREEcHo Il 20
ZEH 6, GInS0— Lys £RIZ L b IERY Ca*'
ogdgkbh, 25 INAEOEERLIC
YEEREZ 5 LN SN,
APy T+3OFF—=RAT 54 AGMLD
FREEZ, a2 cEERTIVEERAT T4 A
BiEEEzh, 1oy 70EBBE»S
374bp THICH BBENA 77 4 AT HENE
5, $H13, 22V AF9 ¥ INEE
BEE mRNABHERIhE LELZohi:, 88
ALENS mRNA 3 RNA BESHBRY " it k-
TERATHED P IR NS, LrL,
DEETIIFIXC & FIX:Ag 32 ¥ 12%T
bot:, TOIER, ~HIEELZRATILY
VIEHESEC TV T E R ENE Y,
SO o MmER B OBIEFHRETTIR, BETF
L ML IS k3 REEOBE S hhizR
LA, MEHRB D FIFITIHFREETED
SRTED, iz 2,500 # EoBEDEET
BEEMBAEEINRTWE, AR 206 0D
NS EEErAWEBRTH 2, 188
4 EROFLVWEREZMHBLAE, Z0C
Lk, BREADOFIOERIZFEOZHEDD
LZHHEMLRBEE b0 Thol. MERHB
BEOMEL OFEFAICEWT, FOORETFE
BETAZ LI, FrerRER, RE, BA
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A YitiEET AEEMIC B AEERL Y
F—HBRERBL, EHICHTELEEED LS
ATHBETHS, 5, SERHTLTEDN 8
35ThH S G BEETFHRECEKICAICLA, KR

B Ao iETFROmERI AR -4 2 LT o
TARTH B,

—_

—

10)
iR AR O —HBREEHER AR
Bid o4 AXMETIREEE MRFRORELZ
OEHHECTRICET MR, 2RV Tirs k.
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Eighteen point mutations in japanese patients with hemophilia B

Akihito SASAKI, Keiko NAGAIZUMI, Hiroshi INABA, Takashi SUZUKI,
Morio ARAI and Katsuyuki FUKUTAKE

Key words: Hemaphilia B, Factor IX gene, Nucleotide sequence, Point mutation, Genotype

Hemophilia B is a hereditary bleeding disorder caused by quantitative or qualitative abnormalities in
coagulation factor IX. To determine the molecular defects in 20 Japanese patients from 20 families, we
amplified and sequenced all the exons, their splice junctions, and the 5’ flanking region of the factor IX
gene. Eighteen different mutations (11 missense, 4 nonsense, and 3 splice site mutations) were identified
in samples from the 20 patients. No deletion or insertion mutation was detected. Four mutations, Ala28
— Pro, GInb0 — Lys, Leu300 — Pro, and A — C transversion at the donor splice site of intron 7, have
not been reported previously. To date, 896 genetic defects have been registered in the international
hemophilia B mutation database. These findings suggest that more hemophilia B mutations are to be
identified in the future.
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Although Japan is classified as a conntry with a low prevalence of human immunodeficiency virus type 1
(HIV-1), domestic sexual fransmission has been increasing steadily. Becanse 70% of the Japanese population
expresses HLA-A24 (genotype HLA-A*2402), we wished to assess the effect of the dominant HLA type on the
evolution and transmission of HIV-1 among the Japanese population. Twenty-three out of 25 A24-positive
Japanese patients had a Y-to-F substitution at the second position [Nef138-10(2F)] in an immunodominant
A24-restricted CTL epitope in their HIV-1 nef gene (Nef138-10). None of 12 A24-negative Japanese hemophil-
iacs but 9 out of 16 patients infected through unprotected sexmnal intercourse had Nefl38-1002F) (P < 0.01).
Two of two A24-positive but none of six A24-negative Anstralians had Nef138-10(2F). Nef138-10(2F) peptides
bounnd well to the HLA-A*2402 heavy chain; however, Nef138-10(2F) was expressed poorly on the cell surface
from the native protein. Thus, HIV-1 with Nef138-10(2F) appears to be a cytotoxic-T-lymphocyte escape mutant
and has been transmitted frequently by sexual contact ameng the highly A24-pesitive Japanese population.

While cytotoxic T lymphocytes {CTLs) exert immune pres-
sure on human immuncdeficiency virus type 1 (HEV-1) through-
out the course of primary and chronic infection (4, 24, 30),
HIV-1 escapes through a variety of immune evading mecha-
nisms such as downregulation of HLA class I molecules by Nef
(7, 32, 33, 36) and defects in differentiation and maturation of
CTLs (2, 6, 27, 35). Viral mutation also plays a crucial role in
immune escape, and CTL escape mutant viruses may appear
early or late in the clinical course of infection {5, 14, 31).
Mutations jeading to CTL escape may occur at amino acid
residues essential for major histocompatibility complex binding
(8), for T-celi-receptor recognition (10), or in flanking regions
that affect antigen processing (3, 26).

HIV-1 CTL escape mutants may be stable. One such exam-
ple at the HLA-B27-restricted Gag epitope, which is related to
slower disease progression in adults, could be transmitted ver-
tically from mother to child (12). Although significant associ-
ation between HLA alleles and polymorphism in reverse tran-
scriptase sequences in a large cohort of patients indicated
HIV-1 adaptation at a population level (28), direct horizontal
transmission of CTL escape mutants is yet 1o be shown.

Japan is classified as a country of low HIV-1 prevalence;
however, national HIV-1 and AIDS surveillance has shown a
steady increase of HIV-1 and AIDS cases mamly through un-

* Corresponding author. Mailing address: Division of Infectious
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protected sexual intercourse (USI) (84% of HIV-1 patients
and 71% of AIDS patients were infected through USI within
the country) (1). The Japanese population is less polymorphic
than other populations in that 70% express HLA-A24 (geno-
type HLA-A*2402) (13). We speculated that stable CTL es-
cape mutants from HLA-A24 might be transmitted more fre-
quently in Japan than in other countries where the prevalence
of HLA-A24 is much lower. We postu]ated that Japanese he-
mopbhiliacs with HIV-1 infection might be a good comparator
group since they were infected directly by contaminated blood
products from abroad. We therefore examined an immuno-
dominant CTL epitope in the nef gene (Nef138-10) in HLA-
AZ4-positive and -negative hemophiliacs and compared the
sequence with sequences from those patients infected through
USI (13, 18). We included Caucasian Australians infected
through USI as another control of transtission of CTL escape
mutants in a country where HLA-A24 is less prevalent (19).

MATERIALS AND METHODS

Patient samples, For sequence analysis, blood specimens were collected in
EDTA. Plasmas were separated and preserved al —80°C until use, For enzyme-
linked immunospot (ELISPOT) assay, peripheral blood mononuclear cells
(PBMCs) were separated from heparinized whole blood and wsed on the day of
the assay. Patient LA was typed serologically. In selected patients, HLA ge-
notype was determined after written informed consent was obtained. The study
was approved by institutional review boards. All patients serologically typed as
A24 positive proved to be positive for HLA-A*2402.

RNA extraction and reverse transcription. Viral RNA was extracted from 14¢
pl of plasma from patients by using the QLAamp viral RNA Mini kit (QIAGEN)
and subjected to reverse transcription according to the manufacturer’s protocol
with SuperScript I1 RNase H™ reverse transcriptase (Invitrogen) and 5 uM
random primers (Takara).
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PCR amplification and sequencing. Fifteen microliters of cDNA (a one-sixth
volume of the reverse Wranscriplion reaction) was subjected to the first PCR.
One-tenth of the first PCR was subjected to the nested PCR. PCR was per-
formed by using Ex-Taq (Takara) with 35 cycles of 30 s at 94°C, 30 5at 58°C, 305
at 72°C, and a final extension for 7 min at 72°C, The primer sets are as follows
(all nucleotide positions are in accardance with the HIV-1 SF2 strain). For the
env V3 region, first PCR primer set 1, primers CBE297P (3'-GGTAGAACAG
ATGCATGAGGAT-3") (consensus B env, nucleotides [nf] 297 to 318) and
E7668 M (5-TTCTCCAATTGTCCCTCATATCTCCTCCTCCA-3") (SF2, nt
7668 to 7636) were used; and for the second PCR primer set 1, primers E6554P
(5-ATCAGTTTATGGGATCAAAGCC-3") (SF2, nt 6554 to 6575) and E7353
M (5-ACAATTTCTGGGTCCCCTCCTGAGGA-3') (SF2, ot 7353 1o 7328)
were used. For the first PCR primer set 2, primers E6984P (5'-ACATGGAAT
TAGGCCA-3') (SF2, nt 6984 to 7000} and E7395 M (5"-TTACAGTAGAAA
AATTCCCC-3") (SF2, nt 7395 to 7375) were used; and for the second PCR
primer set 2, primers E7028P (5-GGCAGTCTAGCAGAAGAAGA-3") (SF2,
nt 7028 1o 7047) and E7353 M (5"-ACAATTTCTGGGTCCCCTCCTGAGGA-
3') (SF2, nt 7353 to 7328} were used, For the first PCR primer set 3, primers
P6951 (5'-GACCATGTACAAATGTCAGC-3') (SF2, nt 6951 to 6970} and
M7592 (5'-CTCTTGTTAATAGCAGCCCT-3) (SF2, nt 7592 to 7573) were
used; and for the second PCR primer set 3, primers E6984P (5'-ACATGGAA
TTAGGCCA-3") (SF2, nt 6984 to 7000) and E7353 M (5"-ACAATTTCTGGG
TCCCCTCCTGAGGA-3") (SF2, nt 7353 to 7328) were used.

For the Nef138-10 epitope, first PCR primer set 1, primers n226p (5-CTCA
GGTACCTTTAAGACCAATG-3') (nt 9025 to 9050} and n650m (3-GAAAG
TCCCCAGCGGAAAGTCCC-3') (nt 9474 to 9452) were used; and for the
second PCR primer set 1, primers n296p (5"-GGGACTGGAAGGGCTAATT
TGGT-3') (nt 5098 to 9120) and n564m (5"-GAAATGCTAGTITGCTGTCA
AAC-3") (nt 9387 to 9365) were used. For the first PCR primer set 2, primers
P8923 (5-TGGAAAAACATGGAGCAATCA-3") (nt 8923 to 8944) and M9250
(5"-TCCTTCATTGGCCTCTTCTAC-3") (nt 9290 to 9270) were used; and for
the second PCR primer set 2, primers P8924 (5'-GGAAAAACATGGAGCAA
TCAC-3') (nt 8924 to 8945) and M9288 (5'-CTTCATTGGCCTCTTCTACCT-
3'} (nt 5288 to 9268) were used. For the first PCR primer set 3, primers P8923
(5'-TGCAAAAACATGGAGCAATCA-3') (nt 8923 10 8944) and n694m (5'-C
AGCATCTGAGGGACGCCAC-3") {nt 9525 to 9506) were used; and for the
second PCR primer set 3, primers n226p (5-CTCAGGTACCTTTAAGACCA
ATG-3") (nt 9028 to 5050) and n532m (5"-TCTCCGCGTCCTCCATCCCA-3")
(nt 9345 10 9326) were used.

The PCR products were electrophoresed through agarose gels and purified
with a Minielute gel extraction kit (QIAGEN) before sequencing. Purified PCR
products were directly sequenced. When sequence ambiguities resulted, DNA
fragments were subcloned into the pGEM-T vector (Promega) and sequenced.
DNA sequencing was performed by using an ABI Prism dye terminator cycle
sequencing ready reaction kit (Applied Biosystems} on a Perkin-Elmer ABI-377
sequencer.

Cells and media. T2-A24, a kind gift from K. Kuzushima, was cultured in
RPMI 1640 (Sigma) supplemented with 10% heat-inactivated fetal calf serum
(FCS) (Sigma) and 0.8 mg of G418 (Invitrogen)/ml (25). We transformed
PBMCs from an HLA-A*2402-positive person with human T-cell leukemia virus
type 1 (HTLV-1) and established an HLA-A*2402- and CD4-positive-T-cell line
(KWN-T4), KWN-T4 was cultured with RPMI 1640 supplemented with 25 U of
interleukin-2 (Wako)/ml, 100 U of penicillin/m), 100 U of streptomycin (Invitro-
gen)/ml, and 10% heat-inactivated FCS (JRH Bioscience). We also established
Nef138-10-specific CTL clones as previously described (22). CTL clones were
cultured with RPMI 1640 supplemented with 50 U of interleukin-2/ml, 100 U of
penicillin/ml, 100 U of streptomycin/mt, and 10% heat-inactivated FCS.

Peptides. Synthetic peptides Nef133-10 (RYPLTFGWCF), 2F (RFPLTFGW
CF), 5C (RYPLCFGWCF), and 2F5C (RFPLCFGWCF) were purchased from
Sigma-Genosys. All peptides wera more than 95% pure as determined by high-
performance 1liquid chromatography and mass spectroscopy.

Peptide binding assays. Peptide binding to HLA-A*2402 was quantified by
using a T2-A24 stabilization assay as previously described (25). T2-A24 cells were
incubated at 26°C for 16 h, and then 2 % 10° cells were incubated with peptides
at concentrations from 10~ to 10~° M for 1 h at 4°C. After incubation for 3 h
at 37°C, the cells were stained with anti-HLA-A24 monoclenal antibody, All.l
M (11), and an R-phycoerythrin (RPE)}-conjugated F{ab"), fragment of anti-
mouse immunoglobulin (DAKC). The mean fisorescence intensity was mea-
sured by FACSCalibur (Becton Dickinson).

ELISPOT assay and functional avidity analysis. Freshly prepared PBMCs
(20,000 to 50,000) were added to 96-well multiscreen plates (Millipore} which
had been precoated with 100 pl of 5 pg of anti-gamma interferon (IFN-v)
monoclonal antibody 1-DI1K (Mabtech)/ml at room temperature for 3 h and

J. VIROL.

blocked with RPMI 1640 medium containing 10% FCS for 1 h. The cells were
cultured with synthetic peptide Nef138-10 or its derivatives at concentrations
from 107 10 1071 M for 18 h. After the plates were washed, 100 ul of 1 ug of
biotinylated anti-IFN-y monoclonal antibody 7-B6-1 (Mabtech)/m! was added
and incubated at room temperature for 90 min. Alter the plates were washed
again, 100 pl of 1:1,000-diluted streptavidin-alkaline phosphatase conjugate
{Mabtech) was added and incubated at room temperature for 60 min. Spots were
developed with an alkaline phosphatase conjugate substrate kit (Bio-Rad) and
counted with a KS ELISPOT compact (Carl Zeiss). The IFN-y responses to
peptide dilutions were expressed as a percentage of the maximal IFN-y response
seen in each individual assay.

Expression of recombinant Nef protein. Mutations were introduced inio nef
derived from HIV-1 strain SF2 by site-directed mutagenesis based on overlap
extension (16). Four proline residues in the Nef proline-rich domain that are
important for HLA class I down-regulation were replaced by alanine as de-
scribed previously (36). The wild type and various nef mutants were tagged by
His, and introduced into a Sendai virus vector (5¢V) as previously described
(36). For Western blot analysis, KWN-T4 cells were infected with various SeVs
at a multiplicity of infection of 10 and lysed 20 h after infection. Western blot
analysis was performed according to the standard procedure. Anti-His, antibody
(QIAGEN) and anti-SeV mouse anliserum were used to detect Nef and SeV
proteins, respectively.

Cr release assay. Cylotoxicity was measured with a standard *)Cr release
assay as previously described (21). Briefly, KWN-T4 was labeled with 100 uCi of
Na3iCrQ, for 2 h and washed three times with R10. Labeled cells (2 x 10*} were
added 10 a 96-well round-bottom microtiter plate with a corresponding amount
of peptide. After 1 h of incubation, Nefl138-10-specific CTL clones were added
and incubated for 4 h. When SeV-infected cells were used as targe! ¢ells, the cells
were infected with SeVs at a multiplicity of infection of 10, 20 h before adding the
CTLs.

The supernatants were collected and analyzed with a microbeta counter.
Spontaneous *'Cr release was determined by measuring counts per minute in the
supernatant of wells containing only target cells (cpm,;,). The maximum release
{CPina) Was determined by measuring the release of *'Cr from target cells in
the presence of 2% Triton X-100. Specific lysis was determined as follows:
specific lysis = {cpmy, — CPM, ) (CPMpay — Cp,y,) X 100, where cpm,,
represents the counts per minute in the supernatant of wells containing target
and effector cells.

RESULTS

Sexunal transmission of HIV-1 with stereotypic amino acid
substitution among the Japanese population. Only patients
infected with virus subtyped as B by phylogenic comparison of
envelope sequences were included to avoid potential bias in-
troduced by sequence differences across subtypes (data not
shown). We extensively sequenced the Nef138-10 epitope and
its flanking region from plasma HIV-1 RNA of 23 Japanese
hemophiliacs (11 A24-positive and 12 A24-negative ndividu-
als) and 30 Japanese (14 A24-positive and 16 A24-negative
individuals) and 8 Caucasian Australians (2 A24-positive and 6
A24-negatjve individuals) infected through USI (Table 1). Ten
out of 11 A24-positive but none of A24-pegative Japanese
hemophiliacs bad a Y-to-F amino acid substitution at the sec-
ond position {Nef138-10(2F)] (Fig. 1A} (P < 0.01), suggesting
that HLA-A24 selected for Nef138-10(2F). In the case of pa-
tients infected through USI, 13 out of 14 A24-positive and 9
out of 16 A24-negative Japanese patients had Nef138-10(2F)
by direct sequencing (Fig. 1B) (data not significant). The fre-
quency of Nefl138-10(2F) was significantly higher in Japanese
A24-negative patients infected through USI than A24-negative
hemophiliacs (P < 0.01). Two out of wwo A24-positive but
none of six A24-negative Caucasian Australians had Nef138-
10(2F) (Fig. 1C). The frequency of Nefl38-10(2F) in A24-
negative patients infected through USI was significantly higher
for Japanese patients than for Australian patients (# < 0.05),
suggesting that sexual transmission of the variant was more
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