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Table 2. Results of Interferon Treatment

Early- Late-
Intarventon Intervention
Group Group Total P

SR/N {(%)* SR/N (X})* SR/N (%)* Valuet

After short-term IFN therapy
< 1 X 10° copies/mL}

tb 6/6 (100y 4/7 (57) 10/13 (71} >.1

others 2/2 (100) 2/2 (100) 4/4 (100)

total 8/8 (100) 6/9 (67) 14/17 (8 >.1
= 1 X 10° copies/mL{

1b 4/6 (BT 0O/6 (O 4/12 (33) .061

others 1/1 (100 O/0 (0} 1/1 {100}

total 5/1 (1) O/6 (0) 5/13 (38) .021
Total 13/15 (87) 6/15 (40) 19/30 (63) .021
After follow-up IFN therapy
<1 X 10° copies/mLt

1b 6/6 (100% 5/7 (71) 11/13 (85) =>.1

others 2/2 {100y 2/2 (100) 4/4 (100)

total 8/8 (100) 7/9 (78) 15/17 (88) =>.1
= 1 X 10° gopies/mLt

1b 6/6 {100) 1/6 (17) 7/12 (58) .015

others 171 (100y O/0 () 1/1 (100)

total 7/7 (100y 1/6 (17) 8/13 {62y .005
Total 15/15 (100) 8/15 (53) 23730 (77} .006

Abbreviation: SR: sustained virological response.

*(%): Rate of sustained virological response.

1P value for the comparison of eary-intervention group to late-intervention
group by Fisher exact test (2-tailed).

$Copies/mL refers to HCV-RNA.

late-intervention group, after both initial and follow-up
therapy (P = .021 and P = .006, respectively). All pa-
tients who were considered to have a sustained virological
response were monitored for at least 2 years after treat-
ment; during this period, serum ALT levels did not exceed
the ULN in any of these patients. In addition, in these
patients HCV-RNA remained negative at the end of the
2-year period. All patients seroconverted and became
anti-HCV antibody—-positive.

Results of short-term IFN administration, stratified by
viral load and genotype, were as follows. A low viral load
in the early-intervention group was associated with a sus-
tained virological response in all patients, regardless of
genotype. In the late-intervention group, the sustained
virological response rate was 57% (4/7) for patients with
genotype 1b. In the early-intervention group, among pa-
tients with a high viral load, a sustained virological re-
sponse occurred in 5 of 7 (71%) patients and in 4 of 6
(67%) of those with genotype 1b. In the late-intervention
group, sustained virological responses did not occur in
any patient with a high viral load. Thus, the sustained
virological response rate was significantly higher in the
early-intervention group than in the late-intervention
group (P = .021).

After follow-up IFN therapy, sustained virological re-
sponses occurred in the 2 patients with a high viral load in
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the early-intervention group, so that sustained virological
responses eventually occurred in all patients in this group.
In the late-intervention group, a sustained virological re-
sponse occurred after follow-up therapy in 1 patient with
a low viral load and 1 patient with a high viral load.
Results after follow-up indicated that the sustained viro-
logical response rate for patients with a high viral load in
the early-intervention group was significantly higher than
that in the late-intervention group (P = .005).

The presence or absence of symptoms at the onset of
heparitis and the efficacy of IEN therapy were investi-
gated. In the early-intervention group, 8 patients were
symptomatic and 7 patients were asymptomatic. There
was no difference in the sustained virological response rate
berween symptomatic patients (88%, 7 out of 8 patients)
and asymptomatic patients (86%, 6 out of 7 patients)
after short-term therapy. In the late-intervention group, 9
patients were symptomatic and 6 patients were asymp-
tomatic. After short-term therapy, the sustained virologi-
cal response rate was higher in the sympromatic patients
(56 %, 5 out of 9 patients) than in the asymptomatic
patients (17%, 1 out of 6 patients), but the difference was
not significant. After additional therapy, the sustained
virological response rate was higher in the symptomatic
patients (67%, 6 out of 9 patients) than in the asymprom-
atic patients (33%, 2 out of 6 patients), but the difference
was not significant. There was, therefore, no relationship
between the presence or absence of symptoms at the onset
of hepatitis and the efficacy of IFN therapy.

Sustained Virological Response and Eradication of
HCV-RNA During Initial Therapy. Table 3 shows the
virological state of patients who became negative for
HCV-RNA during initial IFN therapy. HCV-RNA be-
came negative at Week 1 after the start of treatment in 13

Table 3. Patients Becoming HCV-RNA Negative During Short-
Term Therapy and Sustained Virologlcal Response

Eary- Late-
Intervention Intervention
Group Group Total
N=15 N =15 N =30

HCV-RNA negative at Week 1 after

starting treatment 13+ 5* 18
HCV-RNA negative at Week 2 after

starting treatment 15¢* g+ 23
HCV-RNA negative at the completion

of 4-week treatment 15+ g+ 23
SR (%)}t after short-term therapy 13 (87%) 6 (40%) 19 (63%)
SR (%}t after follow-up therapy 15(100%) 8({53%) 23(T7T%)

Abbreviation: SR, sustained virolagical response.

*p = (08 for the comparison of early-intervention group to late-intervention
group by the Fisher exact test (2-tailed)

**p = (06 for the comparison of early-intervention group to late-intervention
group by the Fisher exact test (2-tailed).

1{%): Rate of sustained virclogical response.
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Table 4. Efficacy of Initial Interferon Treatment Classified
According to Factor

Sustalned
Viratoglcal
Response No Response P
N =19 N=11 Value®
Age (y, mean X SD) 40 + 12 378 467
Gender (male/female) 14/5 5/6 238
Baseline test values
(before IFN therapy)
Serum ALT
{IU/L, mean *+ SD) 493 + 201 406 * 143 218
HCV load {low/high)t 14/5 3/8 023
(10% copies/mL, mean * SD)t 178 224 440+281 .009
Genotype (1b/others) 14/5 11/0 129
Time of treatment initiation
(early-intervention group/
fate-intervention group) 13/6 2/9 021
HCV-RNA at Week 1
(negative/ positive) 18/1 0/11 <.001

Abbreviation: y, years.

*P value for comparison with sustained virological response to nonresponse by
the Fisher exact test (2-talled) or the unpaired Student I test.

THCV load: low (< 1 % 105 copies/mL), high (= 1 X 105 copies/mL).

$Copies/mL refers to HCV-RNA,

patients in the early-intervention group and in 5 patients
in the late-intervention group; the higher conversion rate
for the early-intervention group was significant (P =
.008). A sustained virological response occurred after ini-
tial treatment in all 18 patients who tested negative for
HCV-RNA at Week 1. An additional 5 patients were
negative for HCV-RNA at Week 2. Of these, 1 patient
from the late-intervention group underwent a sustained
virological response at the completion of the initial ther-
apy; a recrudescence of disease occurred in the other 4
patients. After follow-up therapy, all 4 of these patients
also underwent a sustained virological response. All 7 pa-
tients who continued to be positive for HCV-RNA at
Week 2 were in the late-intervention group. These 7 pa-
tients continued to be HCV-RNA positive after comple-
tion of the inital treatment and continued to be
virological nonresponders after follow-up therapy.

Factors Influencing the Efficacy of Initial IFN
Treatment. Table 4 shows the resules of inirial IFN treat-
ment classified according to various factors. Univariable
analysis of sustained virological response after initial ther-
apy yielded the following results: age (P = .467), gender
(P = .238), pretreatment serum ALT levels (P = .218),
HCV load (P = .009), genotype (P = .129), timing of
initial treatment (P = .021), and loss of HCV-RNA by
Week 1 (P < .001). Significant facrors were viral load
(low viral load group), the timing of initial treatment
(early-intervention group), and loss of HCV-RNA by
Week 1.
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Discussion

Our randomized controlled trial in patients with acute
heparitis C demonstrates that short-term (4 weeks) IFN
therapy is effective when the treatment is initiated 8 weeks
after the onsct of acute hepatitis, In this study, to demon-
strate the efficacy of short-term IFN therapy for acute
hepatitis C, we applied strict criteria for the diagnosis;
patients with posttransfusion hepatitis were excluded. As
substantiated by our study, acute hepatitis C is associated
with a few subjective symptoms that are easily overlooked
by many patients. Diagnosis requires finding elevated se-
rum ALT levels, and conversion from HCV-RNA nega-
tive to HCV-RNA posirtive.

There are no standard methods for treatment of acute
hepatitis C. Both IFN-alfa3-513.15-17 and [FN-bera!2.14
have been used. Previous studies have involved predomi-
nantly asymptomatic patients with posttransfusion hepa-
titis.!>-15 Recent studies by European researchers*> have
shown that 75% or 68% of patients have jaundice at the
onset of acute hepatitis C, but Japanese studies have
found thar few patients have jaundice at the onser.!21?
The latter finding is consistent with the results of this
study, in which only 3 of 34 patients had jaundice. The
reason for this difference in the incidence of jaundice at
the onset of acute hepatitis C between Europeans and
Japanese is unclear. A recent study of the natural history of
acute hepatitis C found spontancous viral clearance
within 5 weeks of the onset of symptoms in a high pro-
portion of patients with symptomatic hepatitis.4 As a 24-
week course of IFN therapy starting immediately after the
onset of acute hepatitis C was very effective (sustained
response of 95%),? deciding when to start IFN therapy is
important; spontancous clearance of HCV may occur
within 5 weeks of the onset of acute hepatitis C. In addi-
tion, asymptomatic acute hepatitis C is common in Japan.
Therefore, in this study we monitored serum ALT levels
and HCV-RNA for 8 weeks before initiating of IFN ther-
apy. Clearance of HCV occurred within this 8-week pe-
riod in 4 of 34 patients. All patients in the lare-
intervention group underwent some changes in serum
ALT levels during the 1-year period of observation, but
none of these patients became HCV-RNA negative after 1
year.

Recent reports of European studies** indicated a high
rate {67%-68%) of spontaneous HCV clearance within
12 weeks of the onset of acute hepatitis C, but the corre-
sponding rate was low in out study (12%). The reason for
this difference is unclear, but the fact that we observed our
patients for only an 8-week period may have been a con-
tributing factor. In Japan, patients are often referred to a
specialist hospital by the doctor who made the inidal di-
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agnosis of acute hepatitis, if trearment is considered to be
necessary. Since most patients referred do require treat-
ment, it is possible that patients in whom hepatitis re-
solves spontaneously would have been excluded.
Spontaneous clearance of HCV should be investigated in
a large group of patients who have been followed from the
time of infection to the onset of acute hepatitis C. In our
study, spontaneous clearance of HCV was not observed in
any patients who had a needle-stick injury and who had
been followed from the time of the infection to the onset
of acure hepatitis C. The natural history of acute heparitis
C in the Japanese seems to be different from that in Eu-
ropeans, but there are no data available to indicare
whether this is the case.

We found no relationship between the presence or ab-
sence of symptoms at the onset of hepatitis and the efh-
cacy of IFN therapy, although spontaneous clearance of
HCV occurred in many patients with symptoms at the
onset.*> In this study, short-term daily IFN therapy was
associated with a high (87%) sustained virological re-
sponse rate. When a recrudescence of disease occurred in
the early-intervention group, patients received an addi-
tional 20-week course of follow-up therapy; sustained vi-
rological responses occurred in all patients. In this respect
our results are similar to those reported by Jaeckel eral.? It
appears that IFN therapy is more effective in acute hepa-
titis C than in chronic hepatitis C. Due to IFN treat-
ment’s high cost and frequency of adverse events, ir is
desirable to shorten the duration of treatment with IFN as
much as is practicable.

When we studied the efficacy of IFN therapy in patients
in whom HCV-RNA became negative during short-term (4
weeks) treacment, we found that it was necessary for patients
to become HCV-RNA negative within the first week of
treatment for a sustained virological response to occur. A
sustained virological response occurred in all 18 patients, in
whom this early event occurred; monitoring for at least the
following 2 years indicated that no recurrence of HCV-RNA
positivity and no relapse of elevated serum ALT levels oc-
curred in any of these patients. In IFN therapy for chronic
hepatitis C, the sustained virological response rate is low if
the HCV load does not decrease early after the start of ther-
apy.20 These findings suggest that short-term IEN therapy
may be associated with satisfactory results in acute hepatitis
C, if patients become HCV-RNA negative within the first
week of treatment. Conversion from HCV-RNA positive to
HCV-RNA negative within 2 weeks of the start of IFN ther-
apy is one indicator that treatment of chronic hepatitis C
may be efficacious.?!22 We also found that a 20-week course
of follow-up IFN therapy may be associated with a sustained
virological response in patients who are HCV-RNA negative
within 2 weeks of starting treatment.
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In this study, significant predictive factors were viral
load (low viral load), timing of initial treatment (early-
intervention group), and conversion to HCV-RNA neg-
ative at Week 1. Although viral load is the best predictor
of the efficacy of IFN therapy for chronic hepatitis C, 10!
it was also found to be a significant predictor of a sus-
tained virological response in patients with acute hepatitis
C. Qur results suggest that a short course (4 weeks) of IFN
therapy for acute hepatitis C may be associated with sat-
isfactory results in patients who have low viral loads, by
whom IFN therapy is started early, or who become HCV-
RNA negative within one week of the initiation of treat-
ment.

In chronic cases that had been menitored for 1 year,
the viral elimination rate was also high for those with a
low viral load. As fulminant hepatic failure is rare in acute
hepatitis C, it was previously believed that spontaneous
clearance of HCV would occur after the hepatitis had
spontaneously subsided. Accordingly, patients were fol-
lowed for 1 year, rather than having costly IFN trearment
at an early stage of the disease. However, in this study we
found that IFN therapy was more effective when the
trearment was initiated at an early stage after the onser of
acute hepatitis. We studied 2 groups; treatment was ini-
tiated after 8 weeks of monitoring in the early-interven-
tion group and after observation for a year or more in the
late-intervention group. However, we were unable 1o in-
vestigate the timing of initiation of IFN therapy after the
onser of acute hepatitis C. Hofer et al.4 reported that
patients with acute hepatitis C had a high rate of sponta-
neous viral clearance within one month of onset of symp-
toms, and that IFN therapy was indicated in patients who
failed to clear the virus within 35 days of the onser of
symptoms. Gerlach et al.® observed that spontaneous
clearance of HCV usually occurs within 12 weeks of the
onser of symptoms; no spontaneous clearance of HCV
occurred after 16 weeks. The timing of IFN therapy for
acute hepatitis C should, therefore, be investigated in a
larger study.

In conclusion, short-term (4 weeks) IFN therapy at an
early stage of acute hepatitis C may be associated with
satisfactory results, especially when HCV-RNA becomes
negative within the first week of treatment. If the patient
remains HCV-RNA positive after Week 1 of IFN treat-
ment, a 24-week course of IFN therapy is recommended
to try to achieve a satisfactory result.
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ABSTRACT - This study investigates the demographics that are predictive of
acceptance of dying and the timeframe of acceptance of dying in a group of end-
stage AIDS patients. Subjects were thirty-five end-stage AIDS patients (20
hemophiliacs, 15 non-hemophiliacs). Two physicians evaluated each patient’s
acceptance of dying by reviewing nursing records of their final week of life. A
piecewise linear logistic regression analysis was applied to the demographic and
timeframe factors. Based on the patients” behavior recorded by nurses, age at
death and number of days before death were significantly related to the
acceptance of dying. Over time, the patients’ acceptance of dying increased to
40% between the sixth and fourth days before death, but then drastically
decreased to 15%, regardless of age, in the last four days. Knowledge of this
timeframe may be useful for psychological strategies during a patient’s final
week.

Key Words: Dying, AIDS, Acceptance, Terminal Ilness

A patient at the end of life requires careful, active attention to his or her
psychological status for the purposes of dying with dignity, being as comfortable
and calm as possible, and accepting death. During this critical time, the
psychological status of patients varies considerably (Tataryn & Chochinov,
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University of South Carolina; 135 Cannon Street, Suite 302G; PO Box 250835;
Charleston, SC 29425, U.S.A;.makie@musc.edu (email).
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2002; Morris, Suissa, Sherwood, Wright, & Greer, 1986), and this is especially
true when the patient is burdened with an incurable disease. Consequently, in
order to administer the most humane care possible, attending medical staff must
recognize the factors that affect terminal patients. In this study, demographic and
timeframe factors were examined in end-stage acquired immunodeficiency
syndrome (AIDS) patients. This patient group was selected because they had
lived under individually and socially complicated circumstances for the duration
of their illnesses (Nichols 1985; Jones, Garsia, Wu, Job, & Dunn, 1995; Drotar,
Agle, Eckl, & Thompson, 1995) and because the debilitating effects of these
circumstances almost always reduce the quality of life (Ragsdale & Morrow,
1990; Wachtel et al., 1992; Schag, Ganz, Kahn, & Petersen, 1992; Lenderling et
al., 1994). Yates, Chalmer, St. James, Follansbee, and McKegney (1981)
discussed how demographic factors are related to acceptance of death. However,
the timeframe over which patients’ psychological status is measured has received
little attention, likely because patients at the end-stage of disease have difficulty
participating in interviews and psychological tests due to their deteriorating
physical and psychological status. In the present study, our objective was to
examine demographics in relation to acceptance of dying and how the timeframe
affects acceptance of dying in end-stage AIDS patients. To do so, we examined
the nursing records of conversations between nurses and end-stage AIDS
patients during the final week of the patients’ lives.

Method

Participants and Materials

The participants were 42 end-stage AIDS patients who had been hospitalized
for more than one week prior to death at one of eight hospitals (Kyushu
University Hospital, Hiroshima University Hospital, Fukuoka University
Hospital, Kansai Medical University Hospital, Nara' Medical University
Hospital, Nagoya National Hospital, Higashi-Saitama National Hospital, and
Tokyo Metropolitan Fuchu Hospital) between July 1987 and April 1999. After
excluding seven cases of HIV encephalopathy, the data from 35 patients (20-29
years (8); 30-39 years (9); 40-49 years (9); and 50 and over (9)) were analyzed.
Of'these 35, 20 were hemophiliacs and 15 were non-hemophiliacs (33 males and
2 females). The causes of death were respiratory failure (16), organ hemorrhage
(10), waste syndrome (5), lymphoma, (2) and infectious encephalitis (2).

Design and Procedure

The nursing care provided to these end-stage patients was grouped into three
time blocks (block 1, 0000—-0800 hours (h); block 2, 08001600 h; and block 3,
1600-2400 h). The time of death was operationally defined as the time of the
final conversation before death. Twenty-one nursing records (7 days x 3
records/day) for each patient over the week before the final conversation were
used in the analysis. Two physicians independently judged each entry of all 21
records as either "having accepted dying" (displaying positive affect or behavior
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suggesting that the patient was facing death willingly) or as "not having accepted
dying" (displaying negative affect or behavior suggesting that the patient was not
facing death willingly) (Felton and Revenson, 1984). However, some nursing
records were excluded from this study because the physicians regarded the
records as incomplete. Missing records for patients who had left the hospital or
remained at home were also excluded from this study.

To evaluate the reliability of the nursing records, two nurses chosen at random
from the attendant nurses simultaneously observed the same patients,
independently created nursing records of them, and judged their records
regarding the patients' acceptance of dying.

Analyses

The demographic factors used in the statistical analysis were the patients' age
at death (years), marital status (0 for unmarried and 1 for married), parental
status (0 for no children and 1 for one or more children), whether the patient had
experienced a family member's death (0 for no and 1 for experienced), the length
of illness (years), the final CD4 lymphocyte (CD4) counts (1 for<10, 2 for
10-99, and 3 for 100+), the date of death (1 for<1990, 2 for 1990-1993, and 3
for 1994-1999), and the infection route (0 for non-hemophilia and 1 for
hemophilia). In this study, "family" was defined as people who lived with the
patient. .

The timeframe factors included as explanatory variables were nursing time
blocks (0—1 dummy variables) and number of days before death (6, 5,4, 3,2, 1,
0). Hereafter, for the sake of brevity, we define a dummy variable "Day to death”
as taking a valuen at Day n, forn =6, 5, 4, 3, 2, 1, or 0. A piecewise linear
logistic regression analysis (Gallant and Fuller, 1973; Gathery 1974; Ertel and
Forkles, 1976; Nakamura 1986) was performed to determine the demographic
and timeframe factors that were significantly associated with acceptance of
dying. The response variable was acceptance of dying (0 for non-acceptance and
1 foracceptance). To performthis piecewise linear regression analysis, candidate
change points, or knots, for intersecting line segments were specified. For age
at death, the intersecting line segments were described as 10-year intervals, and
for Day n, they were each distinct value 5, 4, 3, 2, or 1. The piecewise linear
variables corresponding to the change points were denoted by MAX (Age-30,0),
MAX (Age-40,0), MAX (Age-50,0) and MAX (Day-n, 0), forn=5,4,3, 2, and
1, respectively, (Nakamura 1986; Akazawa, Nakamura, & Palesch 1997). The
logistic regression analysis was performed in a stepwise manner.

A two-sided p<0.05 was considered statistically significant. The statistical
computation was carried out by SAS (1999) on a UNIX workstation (Sun
Microsystems Sparc Station 20, OS; Japanese Solaris 2.5.1).

Results

There were 648 (158 acceptance and 490 non-acceptance) valid records,
excluding 14 missing and 73 incomplete records. The percentage of agreement
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and the Kappa statistics between the two nurses was 90.7% and r = 0.81 (n =
107, p<0.001), respectively. According to Landis and Koch’s report (1977), the
agreement indicated by the Kappa statistics is excellent for the nursing records
of two nurses chosen at random. The judgment of the nursing records by the two
physicians were 92.1% and r = 0.85 (n = 735, p<0.001). The agreement shown
by the Kappa statistics for the judgment of the two physicians is also excellent.

Table 1
Results of Stepwise Logistic Regression Analysis

Background factors Initial step Last step Odds ratio (95% P value
2 score y? score confidence limits)

Age at death (Age) 4.74 479 1.002-1.032 0.029
MAX (Age-30, 0) 4.44 0.09 -— 0.767
MAX (Age—40, 0) 2.20 2.11 — 0.146
MAX (Age-50,0) 2.34 0.05 — 0.817
Length of illness 2.067 0.35 — 0.554
Final CD, counts 0.65 0.20 — 0.657
Date-of-death 240 0.91 — 0.340
Infection route 2.77 044 — 0.508
Marital status 0.65 0.04 — 0.834
Children 0.10 0.36 — 0.546
Family member's death 1.58 0.38 0.538
Nursing time, 1* block reference reference 1.000-1.000

Nursing time, 2" block 0.77 0.81 — 0.369
Nursing time, 3* block 2.78 2.81 — 0.094
Day n (DAY) 6.44 13.57 1.142 -1.542 <0.001
MAX (DAY -1, 0) 513 036 — 0.550
MAX (DAY -2, 0) 3.77 0.03 — 0.875
MAX (DAY -3, 0) 1.49 0.00 — 0974
MAX (DAY —4, 0) 0.08 7.74 0.383-0.847 0.005
MAX (DAY -5, 0) 0.11 0.07 — 0.817

Note 1: P(x**10.83) = 0.001, P(x**6. 63) = 0. 01, P(x*>3. 84) = 0. 05
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Figure 1
The Observed Incidence of Acceptance of Dying by Day n and Age at Death

60%

——20-29yr-0ld
,., f\ ~=—30-39yr-old -+ 50%
—- 40-49yr-old

—0—50- yr-old T 40%
Ad/\ B/A\,\ 30%
(@) 10%

{ } } f t ; 0%
Day6 Day5 Day4 Day3 Day2 Dayl Day0
Day

Observed incidence of acceptan

Figure 2
The Predicted Probability of Acceptance of Dying by the Logistic Equation
with Significant Factors in Table 1 and Significant Interaction Term
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Note: Predicted probability = exp(Y)/(1+exp(Y)). Y = -2.482-0.017(Age) + 0.283(DAY) - 0.563
MAX(DAY-4,0).

Figure 1 demonstrates the observed incidence of acceptance of dying by Day
and age at death. Between Days 6 and 4, there was a clear trend relating
acceptance of dying with patient’s age. That is, early in their final week, older
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patients were more likely to be judged as having accepted that they were dying.
However, age effects were not apparent in the last three days. From Figure 1, it
is also evident that three age groups, 20-29 years old, 40-49 years old and 50 or
older, showed a similar trend. For all three groups, the incidence of acceptance
of dying increased between Days 6 and 4, and then decreased to approximately
15% for the last three days. The remaining age group, 30-39 years old, did not
show any clear trend in terms of the incidence of acceptance of dying, which
remained over 20% for all days except the final day.

The results of the logistic regression analysis with the chi-square scores for
each of the factors considered in the initial and last steps are shown in Table 1.
Acceptance of dying was significantly associated with age at death, DAY », and
MAX (DAY-4, 0). The chi-square score for both Length of illness and Infection
route differed drastically between the initial and last steps (2.06 - 0.35 and 2.77
~ 0.44, respectively). The changes indicate that these factors did not emerge as
significant when the effects of the three significant factors are adjusted in the
logistic regression analysis (see Table 1). Conversely, the scores for Nursing
time, the 3 block, changed very little with the significant factors (2.78 - 2.81).
A large sample size required to consider the significance of this factor. The
predicted probability based on the equation also indicated that older patients
accepted dying on Day 6. The trend of the probability with Day based on the
equation reproduces those seen in Figure 1 well, except for the age group 30-39
years old (see Figure 2). The probability of acceptance of dying also changed
drastically from an upward to a downward trend on Day 4. After Day 4, the
probability decreased rapidly to approximately 15% on Day 0.

Discussion

Considerable psychological research has been conducted with patients in the
process of developing AIDS (Ragsdale & Morrow, 1990; Wachtel et al., 1992;
Schag et al.,1992; Lenderking et al., 1994); however, from the perspective of
medical staff, psychological factors are also critical for helping patients to die
with dignity, stay as comfortable and calm as possible, and accept their
approaching death. Examination of these end-stage psychological factors posed
two main difficulties in this study. First, HIV infection by non-heated blood
products has been a serious social issue in Japan (Ross 1993; Swinbanks 1994;
Hoshino 1995). Consequently, most hospitals in which HIV patients were treated
are hesitant to disclose clinical records, making it difficult to obtain sufficient
reliable data on the psychological status of patients under special care for
statistical analysis. Second, we were not allowed to risk any additional
psychological or physical examinations of patients, which might have worsened
their psychological or physical status. Therefore, we chose nursing records for
our analysis, as each patient's psychological status was observed by nurses as
part of their routine work.

Despite the possible biases incidental to these subjective observations, our
findings that age at death and timeframe are significantly related to acceptance
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of dying are what most attending physicians would expect, and this may lend
support to the reliability of our model. The results of this study should be
regarded as the first step toward psychological research using statistical methods
to understand and benefit HIV patients.

Our first main finding was that acceptance of dying is significantly associated
with age at death; one week before death, there was a strong correlation between
the two. Similar results have been reported in research on end-stage cancer
patients (Yates etal. 1981; Morris, Mor et al. 1986; Morris, Suissa, 1986; Felton
& Revenson 1987). Confirmatory studies would be possible in any hospital
caring for end-stage patients where medical records similar to the nursing records
that we used are available.

Our second main result was that in the dying process, acceptance of dying
often has a fixed timeframe. This timeframe is indicative of a pattern in patients'
capacity to communicate with persons close to them. The optimal day for this
communication is typically followed by days during which communication is
virtually impossible. Once a doctor feels that a patient's death is near, staff need
to observe the patient carefully, and be conscious of this timeframe. In the week
preceding death, it may be difficult to recognize a patient's improving
psychological status; however, the likelihood of identifying this improving status
can be increased by examining serial information received from staff. If medical
staff understand the timeframe, they will then be aware of the timing for
administering appropriate intervention for the patient. The persons closest to the
patient also need to understand the patient's final timeframe, since this
"normalization” can help them to cope with the situation.

The research design described in this study is potentially helpful to detect the
treatment effects of psychotherapeutic drugs and psychological intervention,
since piecewise-linear logistic analysis can reveal not only its effectiveness but
also its timeframe, after the administration of psychotherapeutic drugs or
intervention. The potential bias introduced by the subjective nature of nurses'
notes and doctor's judgments is a limitation of this method, and this issue will be
addressed in a carefully designed prospective study. It is also expected that
acceptance of death may be dependent on the cause of death, the medical
treatment, and whether the patient has hemophilia, and we leave these questions
for future research.
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Abstract

Background: Interferon (IFN) retreatment for hepatitis C virus {HCV) relapsers has been effective under some conditions. We conducted
a randomized, controlled trial of IFN B retreatment for HCV relapsers after IFN o Patients and methods: We gave JEN p 6MIU therapy to
43 patients who had relapse of HCV after the 24 weeks IFN a monotherapy. The 43 patients were randomly assigned to two groups: Group
A started retreatment within 4 weeks after relapse: and Group B starled retreatment 24 weeks or more after relapse. Results; Nine patients
showed sustained virological response (SR) 10 the retreatment. All of these patients were in a low viral Joad subgroup. The SR rate in Group
A (8/22. 36%) was significantly higher than in Group B (1/21, 5%) (P = 0.0128). Among patients with lower viral load, the SR rate in Group
A {810, 80%) was also significantly higher than in Group B (1/8, 13%) (P = 0.0076). Conclusion: The retreatment with IFN B is effective
for patients with HCV low viral load, and the sooner after the relapse the retreatment is started, the better the clinical results will be.

© 2003 Elsevier B.V. All rights reserved,

Keywords: Interferon o; Interferon 3; Retreatinent; Chronic hepatitis C, Genotype 1b

1. Introduction

Chronic hepatitis due to persistent infection with the
hepatitis C virus (HCV) often progresses to cirrhosis and
hepatocellular carcinoma [1]. Interferon (IFN) represents
an effective therapy for many patients with chronic hep-
atitis C {2,3]. A sustained virological response (SR) with
IFN treatment depends on many factors, including viral
genotype, viral load, presence of hepatic fibrosis, age, gen-
der, and mutations in IFN susceptibility determinants in the
nonstructural SA (NSSA) region of the virus [4-7]. HCV
genotype and viral load are particularly important factors
in predicting treatment response [2,4,5,8].

Resistance of the HCV genotype 1b Lo treatment with
IFN has been frequently reported in Japan [8-10]. Many

* Corresponding author. Tel.: +81-93-571-0553;
fax: +81-93-591-1031.
E-mail address: h-nomura@shin-kokura.gr.jp (H. Nomura).
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patients infected with genotype 1b fail to eliminate HCV
after treatment with [FN monotherapy. In addition, many
patients eliminate HCV during the treatment but can not
prevent later relapse. Alberti et al. reviewed several prospec-
tive studies [11]. Their report generally described patients
other than genotype 1b {genotype 1b, 11%; other, 41%),
significantly higher alanine aminotransferase (ALT) levels
at time of retreatment, treatment with IFN for at least 12
months, and retreatment with IFN in patients who relapsed.

Recently, a combination of IFNa2b and ribavirin has
been used for retreatment of patients who relapsed after
initial treatment with IFN alone. This combination has been
proven more effective than IFNo2b monotherapy [12]. How-
ever, this combination therapy is limited because ribavirin
is contraindicated in many patients [13].

This study is suggesting an effective new retreatment
regimen. The study evaluated differences in efficacy of reat-
tempting therapies, one was starting immediately after the
telapse and the other was starting after 24 weeks, in patients
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who relapsed after initial treatment. All patients were diag-
nosed as chronic hepatitis C with genotype 1b and were ini-
tially treated with natural IFNa. Patients with relapse were
then randomly assigned to two groups. One group began re-
treatment with a 6 week course of natural IFNB starting im-
mediately after relapse. The other began retreatment with the
same regimen starting 24 weeks after relapse. We now report
on the significant differences in the treatment responses.

2. Patients and methods
2.1. Selection of patients

The patients involved in this study were treated at
ShinKokura Hospital from January 1997 to December 1999.
Each patient was positive for HCV-RNA based on reverse
transcription nested polymerase chain reaction {RT-nested
PCR) test [14] and diagnosed as chronic hepatitis C from
findings on a liver biopsy performed within 3 months. Only
adult patients with HCV genotype 1b were eligible for this
study. Patients with cirrhosis, autoimmune hepatitis, alco-
holic liver diseases, or hepatitis B surface antigen positives
by an enzymelinked immunosorbent assay (Abbott Japan,
Co. Ltd., Tokye, Japan) were also excluded. Patients ranged
in age from 20 1o 69 years. The study design and IFN treat-
ment were explained, and written informed consent was
obtained from all of the patients prior to enrollment. All
procedures in this study were conducted in accordance with
the Helsinki Declaration of 1975 {1983 revision).

2.2. Study design and treatment regimens

Natural IFNa (Sumiferon, Sumitomo Pharmaceutical
Industries Inc., Osaka, Japan} was used as the initial treat-
ment. The dose was 6 million international units (MIU)
by intramuscular injection, administered once daily for 2
weeks, followed by three times a week for 22 weeks (to-
tal dose: 480 MIU). Patients who were HCV negative at
completion of the initial treatment but who later experi-
enced relapse were randomized into one of two treatment
groups by using an enveloped enrcllment sheet method. In
Group A, retreatment was initiated within 4 weeks after
relapse. In Group B, retreatment was started 24 weeks or
more after relapse. Twenty two of the 43 relapsed patients
after injtial treatment were assigned to Group A (low viral
load: 10 patients) and the others were assigned to Group B
(low viral load: 8 patients). Table 1 shows the baseline of
clinical profiles of the patients. No statistically significant
differences in any baseline profiles were observed between
Groups A and B. Measurement of viral load prior to retreat-
ment demonstrated low viral load in 18 of the 43 patients.
The retreatment regimen was natural IFNf (6 MIU per day)
(Feron, Toray Industries Inc., Tokyo, Japan), administered
once daily by intravenous injection for 6 weeks (total dose:
252 MIU).

Table 1
Clinical characteristics of patients receiving retreatment
Group A Group B Total
(n=22) (n=2I1) (n =43
Age (years)
21-49 13 i1 24
50-69 9 10 19
Gender
Male i5 13 28
Female 7 8 15
Viral loads
<100 (kcopies/ml) 10 8 18
>100 (keopies/ml) 12 13 25
Liver tissue
Mild hepatitis 1 16 27
Severe hepatitis 11 5 16
Serum ALT value
<2 x ULN 14 16 30
=2 x ULN 8 5 13

This table shows the clinical characteristics of patients before retreatment
with IFNQ. Patients were randomly assigned to Group A or Group B, and
classified into subgroups based on liver histology: mild hepatitis (HAI
score < 10) and severe hepatitis (HAI score > 11). ULN: the upper limit
of the normal range (4G 1UA). HAL: histological activity index.

SR was defined as serum ALT levels below the upper
limits of the normal level (ULN: 40IU/L) and negative
HCV-RNA at 24 weeks after retreatment. Any clinical find-
ings other than SR were considered nonresponse (NR). The
subsequent followup period was 1 year.

HCV viral load was measured just before the start of
retreatment. Viral load was measured with Amplicor-HCV
monitor assay (Roche Molecular Diagnostics, Tokyo, Japan)
[15]. Low viral load was defined as <100kcopies/ml, and
high viral load as >100kcopies/ml. Serum ALT levels,
hemoglobin concentration, white blood cell count, and
platelet count were measured at 4-week intervals from the
start of treatment until 24 weeks after completion of retreat-
ment. If serum ALT levels again increased to >2 x ULN
after completion of treatment, HCV-RNA was assayed.
Hepatic inflammation and fibrosis were assessed using the
Knodell histological activity index (HAI). Patients were
classified into two subgroups: mild hepatitis (HAL < 10)
and severe hepatitis (HAI = 11) [16]. Treatment with IFN
was discontinued if the hemoglobin concentration decreased
below 9.0g/dl, if the white blood cell count decreased
below 1500mm™3, if the platelet count decreased below
50,000 mm™3, or if symptoms such as severe malaise was
observed.

2.3. Swatistical analysis

Differences between the groups were analyzed with
Fisher's exact test. In the determination of predictive fac-
tors for IFN retreatment efficacy, simple logistic regression
analysis was performed. Logistic analysis was performed
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for age (21-49 years versus 5069 years), gender (male
versus female), time of starting retreatment (Group A ver-
sus Group B), HCV-RNA level (<100kcopies/m! versus
> 100 kcopies/ml), liver histology (HAI score 2-10 ver-
sus 11-22), and serum ALT value (< 2 x ULN versus
> 2 x ULN). Probability values of <0.05 stands for statis-
tically significant.

3. Results

3.1. Relationship between predictive factors and efficacy
of IFN retreatment

The results of univariate analysis for predictive factors as-
sociated with SR in the 43 retreated patients were: age (P =
0.2607), gender (P = 0.2185), time of starting retrecatment
(P = 0.0482), viral load (P = 0.0020), hepatic histology
(P = 0.3910), and serum ALT leve} (P = 0.6043). Both
“viral Joad” and “time of starting retreatment” were signifi-
cant predictive factors (Table 2).

3.2. Results of IFN retreatment by viral loads
Table 3 shows the results of [FN retreatment by viral

loads. SR was observed in nine retreated patients (21%), all
of whom had low viral load prior to retreatment. The SR

Table 2

Results of univariate analysis for predict faclor of retreatment

Factor Chi-Square  P-value Odd ratio 95% Confidence

limits

Age 1.2648 02607 0385 0.073-2.034

Gender 1.5039 02185 3356 0.488-23.084

Time of starting 39016 0.0482 5970 1.014-35.147
retreatment :

Virus loads 95104 0.0020 18.86 2.915-125.102

Histology 0.7358 03910  1.959 0.421-9.110

Serum ALT level 0.2686 0.6043  1.527 0.308-7.569

Cutoff values for liver histology were HAI score of 11 and viral load of
100 keopies/ml. Patients were divided into Group A or Group B based
on lime of starting retreatment.

Table 3
Results of sustained virclogic response rate for interferon retreatment by
viral loads

Group A Group B Total
(n=122) (=21} (1 = 43)
SR/n (%) SR/n (%) SR/n (%)
Viral loads
<100 (kcopies/ml) 8/10 (BOY** 1/8 (13)** 9/18 (50)
=100 (kcopies/ml) /12 (O) /13 (0) 0/25 ()
Total 8/22 (36)* 1721 (5)° 9/43 (21)

This table summarized analysis of data from Fisher's exact test. SR:
Sustained virologic response, (%):Sustained virclogic response rate.

** P <0.01 (Group A vs. Group B).

* P <005 (Group A vs. Group B).

rate was significantly higher in Group A (8/22, 36%) than
in Group B (1/21, 5%} (P = 0.0128). Among the patients
with low viral load, SR was observed in 8 of 10 patients in
Group A (80%) but only in 1 of 8 patients in Group B (13%,
P = 0.0076). Serum ALT at 24 weeks after retreatment was
below ULN in 10 patients in Group A (45%}), but only in
3 patients in Group B (14%, p = 0.0279). In evaluation
after retreatment (24 weeks after completion of retreatment),
among the HCV-RNA positive patients, 4 of 5 with serum
ALT below ULN eventually had a rise in serum ALT to
above ULN the during followup for 1 year. However, no
patients with SR had a relapse during 1 year of followup
after retreatment.

No discontinuations or withdrawals occurred during the
6 weeks of retreatment with IFNPB.

3.3. Safety

No clinically significant decreases in hemoglobin con-
centrations, white blood cell counts or platelet counts were
observed during initial treatment and retreatment. No symp-
toms such as severe malaise or adverse reactions requiring
discontinuation of JFN treatment were observed.

4. Discussion

Our study was characterized by [I] time of startling
retreatment (2], change to a different types of IFN for re-
treatment [3], short duration of retreatment and small total
dose (252 MIU), and [4] absence of any treatment discon-
tinuations or withdrawals. Based on data from previous
studies evaluating efficacy of retreatment [11-13,17], the
present study targeted retreatment in HCV relapsers after
IEN therapy.

Genotype 1b chronic hepatitis C is often resistant to IFN
treatment. All patients in this study were initially treated
with IFNa. Only the HCV relapsers were retreated with
IFNB. For patients with fow viral load, the SR rate with
retreatment early after relapse (Group A) was about 80%.
Unfortunately, as in previous reports [18], the response rate
was poor when retreatment was initiated after 24 weeks or
more from the relapse. Our data supports that retreatment
should be started after HCV recurrence as soon as possible
for patients with low viral load. HCV load may rise from
4 to 8 weeks after completing treatment with IFN but then
decrease {19]. Retreatment in Group A was probably started
at a time of decreased HCV load, thus resulting in a high
SR rate, In Group B, however, retreatment was started 24
weeks or more after HCV recurrence. This resulted in a low
SR rate, like those reported with other retreatment regimens.

Not only IFNa, but IFNB is also used for treatment of
chronic hepatitis C in Japan. The IFNP standard regimen is
daily administration for 6-8 weeks. The IFNa regimen is
a combination of daily administration followed by intermit-
tent administration for a total of 24 weeks. SR rates for each
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regimen are almost the same in chronic hepatitis C treat-
ment [17]. Barbaro et al. compared IFNP monotherapy to a
combination of IFN«x and ribavirin for retreatment of IFNa
nonresponders, and found that the HCV negative rate was
higher with IFNB [21]. In another study, patients who did
nat convert to HCV-RNA negative during treatment with
IFNwo later did convert to HCV-RNA negative after treat-
ment was switched to IFNR [22). Thus, a switch to a dif-
ferent type of IFN (e.g., IFNB) can be effective in patients
with no response to IFNa.

IFNB demonstrates a potent antiviral effect against HCV.,
A short 6-week course of [FNS shows an HCV-RNA neg-
ative turning ratio of about 90%, but the rate of recurrence
is high [20]. Therefore, a longer course of therapy has been
tried in genotype 1b patients resistant to IFN {23,24)]. Watan-
abe et al. reported that IFNB and IFNo sequential therapy
has better results than IFNo« monotherapy [25]. However,
IFNP costs more than IFNa in Japan, and longterm treat-
ment can become a considerable financial burden on patients
[24]. Our results show that higher efficacy can be achieved
over a short period (6 weeks) and with a small total dose
{252 MIU) for patients with fow viral load if retreatment is
started sooner after relapse. In addition, the shorter duration
of therapy increases patient quality of life and helps to re-
duce the financial burden from the perspective of insurance
coverage.

A combination of IFN and ribavirin has been used for
retreatment of patients with genotype 1b HCV. However,
the use of ribavirin in many patients is limited because of
contraindications and adverse effects. In our study on IFNa
and [FNB, no clinically significant decreases in hemoglobin
concentrations, white blood cell counts or platelet counts
were observed, and no serious adverse reactions requiring
discontinuation of treatment were noted.

In this randomized controlled study, combination use of
two types of IFN provided effective treatment for patients
with low viral load HCV genotype 1b, if we start sooner
after the relapse of HCV. Retreatment in our study was rel-
atively short term, using a small total dose, and was highly
tolerable. This retreatment regimen shows promise for ef-
fective treatment and improving quality of life in patients
with low viral load HCV genotype 1b.

5. Conclusion

In this study, we show that retreatment with IFN-8 is
effective in fow viral load genotype 1b patients, if we start
sooner after the relapse of HCV,
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Constitutive nitric oxide production in bovine aortic and
brain microvascular endothelial cells: a comparative study
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Vascular endothelium constitutively generates nitric oxide (NO) in large vessels and induces
a relaxation of smooth muscle cells. However, little is known about the production of NO in
microvessels, where smooth muscle layers are thin or absent. In this study, we have compared
the constitutive production of NO in bovine brain microvascular endothelial cells (BBECs) with
that in bovine aortic endothelial cells (BAECs). ATP, acetylcholine (ACh) and A23187 induced
Ca?* transients both in BBECs and BAECs. In contrast, although ATP and A23187 evoked a
similar degree of [Ca®*]; increase in both types of cell, they failed to induce NO production in
BBECs, as measured with an NO-sensitive fluorescent dye DAF-2, whereas in BAECs there was
an increase in DAF-2 fluorescence. Hypotonic stress induced ATP release and subsequent NO
production in BAECs, but not in BBECs. We have developed an in vitro model vessel system
that consists of aortic smooth muscle cells embedded in a collagen gel lattice and overlaid with
endothelial cells. Precontracted gels showed relaxation in response to ACh, when BAECs were
overlaid. However, ACh-induced relaxation was not observed in BBEC-overlaid gels. Expression
of eNOS protein as well as cellular uptake of L-{*H]arginine were significantly lower in BBECs
than in BAECs. These results indicate that Ca?* -dependent NO production is at an undetectable
level in BBEC, for which at least two factors, i.e. low levels of eNOS expression and 1-arginine
uptake, are responsible.
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Nitric oxide (NO) plays various physiological and
pathological roles in variety of cell types (Moncada
et al 1991). It is well documented that vascular
endothelium constitutively generates NO in response
to the elevation of the intracellular Ca®* concentration
([Ca?*);}. Ca** binds to calmodulin thereby stimulating
endothelial NO synthase (eNOS) to produce NO, in
combination with other cofactors such as NADPH
and tetrahydrobiopterin (Lopez-Jaramillo et al. 1990).
Endothelium-derived NO induces a relaxation of vascular
smooth muscle cells, and prevents atherosclerosis and
cell adhesion (Moncada et al. 1991). However, this view
has been mainly developed in larger conducting vessels,
and the relatively greater importance of endothelium-
derived hyperpolarizing factor (EDHF) rather than NO
has been suggested in smaller resistance arteries (Garland
et al. 1995). Furthermore, a neural rather than an
endothelial source of NO has been considered to regulate
vascular flow in rat mesenteric arterioles (Kashiwagi et al.
2002).

© The Physiological Society 2003

1t has been reported in cultured human cerebral
microvascular endothelial cells that an exogenously
applied NO donor inhibits endothelin-1-induced Ca**
transients and down-regulates actin reorganization (Chen
et al 2003). Other reports have also shown that
eNOS protein is expressed in rat brain microvascular
endothelium and its expression level is altered by
pathophysiological stimuli such as oestrogen (McNeill
et al. 1999), perinuclear EP3 receptor stimulation {Gobeil
et al. 2002) or angiotensin II (Yamakawa et al. 2003).
However, if NO is constitutively generated by eNOS in
cerebrocortical microvascular endothelium, it would affect
the functions of neighbouring neurones directly or by
changing cerebrocortical blood flow. Actually there has
been no direct evidence reported so far showing the
constitutive production of NO in cerebral microvascular
endothelium. Furthermore, a recent report has shown
that control of cerebral microcirculation is obtained by
neurone-to-glia signals but not by vascular signals (Zonta
et al. 2003).
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The aim of this study was to clarify whether NO is
constitutively generated in bovine brain microvascular
endothelial cells (BBECs) or not. We have used two
methods to detect NO production in BBECs and
bovine aortic endothelial cells (BAECs). Firstly we
measured the intracellular NO production with an NO-
sensitive fluorescent dye, DAF-2 (Kojima et al 1998).
Secondly, we have developed a novel method to detect
cultured endothelium-dependent vasorelaxation. We have
previously reported that vascular smooth muscle cells
embedded in collagen gels show contraction in response
to Ca** mobilizing stimuli (Kimura et al 2002). We
therefore considered that the endothelial functions could
be examined by overlaying cultured endothelium onto
smooth muscle cell-embedded collagen gel. The results
obtained indicate that Ca?*-dependent NO production
is detectable using these methods in BAECs, but not in
BBECs.

Methods
Cell culture

Thoracic aortas and brains of 1-year-old calves were
obtained from the local slaughterhouse. BAECs were
scraped off from the intima with the edge of a razor (Oike
et al. 2000). BBECs were prepared following a Percoll
gradient separation method as previously described
(Kimura et al. 1998b). Both BAECs and BBECs were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Life Technologies, Rockville, MD, USA) supplemented
with 10% fetal bovine serum (FBS, PAA Laboratories, Linz,
Austria). Cells from primary cultures were subcultured
at a split ratio of 1 : 3, and the harvested subcultured
cells were used for the present experiments. Cells were
grown on coverslips, which were coated with collagen
type IA {Nitta Gelatin Inc., Osaka, Japan), for measuring
[Ca**]; and NO production. Endothelial identification
of BAECs was confirmed by the specific uptake of
fluorescence-labelled acetylated low-density lipoprotein
(Dil-Ac-LDL) as previously reported (Kimura et al
2001a). BBECs exhibited immunohistochemical staining
for antifactor VIII antibody, indicating their endothelial
nature. Endothelial cells obtained from 12 aortas and four
brains were used in the present study.

Bovine aortic smooth muscle cells (BASMCs) from
thoracic aortas were cultured in DMEM with 10% FBS
by the explant method as previously described (Kimura
et al. 2002), Cells grown to confluency were harvested
by trypsin digestion and stored at -80°C after one-step
subculture. Smooth muscle -actin was stained to confirm
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that the cells retained the nature of smooth muscle cells
(not shown). The cells were embedded in collagen gel
lattice for the gel contraction assay as described below.
Smooth muscle cells from five aortas were used in the
present study.

Measurement of [Cazt];

[Ca**}; was measured from non-confluent BBECs and
BAECs with fura-2 using an Attofluor digital fluorescence
microscopy system (Atto Instruments, Rockville, MD,
USA), as previously described (Oike et al. 2000).

Measurement of intracellular production of NO

For the measurement of NO with DAE-2, an NO-sensitive

flucrescent dye (Kojima et al. 1998}, non-confluent cells

grown on coverslips were incubated with a diacetylated

form of DAF-2 (10 uM, Datichi Pure Chemicals, Co.

Ltd, Tokyo, Japan) for 20 min at room temperature and

for a subsequent 20 min at 37°C. DAF-2 was excited at

a wavelength of 490 nm and emitted fluorescence at a

wavelength of 515 nm was measured with an Attofluor-
fluorescence microscopy system. Since DAF-2 has single

excitation and single emission wavelengths, conversion of
DAF-2 fluorescence into intracellular NO concentrations

is impossible (Kojima et al 1998). However, since

DAF-2 fluorescence increases almost linearly with NO

concentration {Kojima et al. 1998), we have expressed the

DAF-2 fluorescence relative to its initial values. Because

NOS generates O, instead of NO in the absence of
L-arginine (Xia et al 1998), we added an excess

concentration of L-arginine (3 mu) to all solutions used

for NO measurement, except for the experiment with N7 -

nitro-r-arginine methyl ester (L-NAME)-treated cells,

where L-NAME (0.1 mm) was added during the last 30 min

of the DAF-2 incubation period,

Gel contraction assay

Endothelial NO production was also assessed in an in
vitro model vessel, which consists of a BASMC-embedded
collagen gel and an overlaid endothelium, Cultured
BASMCs were re-suspended in DMEM containing 0.2%
collagen type IA at a density of 4 x 10° cells mi~!, poured
into a 24-well culture plate and allowed to form a gel for
10 min at 37°C, as previously described. DMEM with 10%
FBS was then poured on to the gel. After culturing for 24 h
at 37°C, BBECs or BAECs were overlaid on the gel at a

density of 2 x 10* cells cm™2,
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