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Treatment With Anti-Tumor Necrosis Factor
Biologic Agents in Human T Lymphotropic
Virus Type I-Positive Patients With
Rheumatoid Arthritis

KUNIHIKO UMEKITA,' TOSHIHIKO HIDAKA,? SHUNICHI MIYAUCHI,' SHIRO UENO,*
KAZUYOSHI KUBO,' ICHIRO TAKAJO,' YAYOI HASHIBA,? YASUFUMI KAIL?
YASUHIRO NAGATOMO," anp AKTHIKO OKAYAMA'

Objective. To investigate the response to and safety of anti-tumor necrosis factor (anti-TNF) therapy in human T
lymphotropic virus type I (HTLV-I)-positive patients with rheumatoid arthritis (RA).

Methods. Therapeutic response was evaluated in 10 HTLV-I-positive and 20 HTLV-I-negative patients with RA (sex and
age matched) at 3 months after the beginning of anti-TNF therapy using the European League Against Rheumatism
improvement criteria. As secondary end points, the discontinuation rate of anti-TNF therapy and its safety, especially the
development of adult T cell leukemia (ATL), were evaluated over a 2-year period.

Results. Significantly higher baseline levels of C-reactive protein (CRP) were observed in HTLV-I-positive patients than
in HTLV-I-negative patients (P = 0.0003). The response rate to anti-TNF therapy was lower in HTLV-I-positive patients
than in HTLV-I-negative patients. The median CRP level, erythrocyte sedimentation rate, and Disease Activity Score in
28 joints at 3 months after anti-TNF treatment in HTLV-I-positive patients were significantly higher than in HTLV-I-
negative patients (P = 0.003, P = 0.03, and P = 0.003, respectively). The discontinuation rate due to insufficient response
was significantly higher in HTLV-I-positive patients than in HTLV-I-negative patients (P = 0.013). During the 2-year
observation period, no patients developed ATL.

Conclusion. These data suggest that HTLV-I-positive patients with RA had higher inflammation and greater resistance
to anti-TNF treatment than HTLV-I-negative patients. Further study is necessary to determine whether HTLV-I infection
should be measured when anti-TNF agents are administered to patients with RA, especially in areas were HTLV-I is
endemic.

Introduction agents, which target proinflammatory cytokines such as
Rheumatoid arthritis (RA) is characterized by systemic tumor necrosis factor (TNF), interleukin-1 (IL‘l), and IL-B,
inflammation with proliferation of synovial cells and de- has revolutionized the treatment of RA; however, studies
struction of joint bone. The effectiveness of biologic have noted a less efficient response to biologic agents in

~30% of patients with RA (1). Patients with advanced and
active RA tend to be resistant to biologic agents; however,
the mechanism remains unclear.

Human T lymphotropic virus type I (HTLV-I) is a caus-
ative agent of adult T cell leukemia (ATL). The number of
HTLV-I carriers within the global population is estimated
at 20 million. HTLV-I is endemic to Japan, and a recent
study reported the number of carriers to be 1 million (2).
Chronic inflammatory diseases, such as myelopathy, uve-
itis, Sjogren’s syndrome, arthritis, bronchoalveolitis, and
polymyositis, have been reported to be related to HTLV-I
infection (3,4). A study in Nagasaki, Japan showed the
HTLV-I positive rate in patients with RA was higher than
in blood donors (5). There are studies that have reported
HTLV-I-associated arthropathy, which has unique clinical
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Significance & Innovations

o It is important to know whether preexisting infec-
tions influence the effect of treatment with bio-
logic agents in rheumatoid arthritis (RA). To date,
however, few studies have been published on this
point.

We hypothesized that human T lymphotropic vi-
rus type I (HTLV-I), which has been known to
modify the function of T cells, influences the effect
of anti-tumor necrosis factor (anti-TNF) biologic
agents,

The present study showed that inflammatory
markers were higher in HTLV-I-positive patients
with RA than in HTLV-I-negative patients. More-
over, anti-TNF biologic agents showed lower effi-
cacy in HTLV-I-positive patients than in HTLV-I-
negative patients.

These results raise the important question of

whether we should test HTLV-I when we begin
anti-TNF treatment in HTLV-I-endemic areas.

characteristics, such as the involvement of large joints,
marked inflammation, and extraarticular symptoms (4,6).
Recently, we reported 2 HTLV-I-positive patients with RA
treated with anti-TNF agents showing lower effectiveness
(7).

These data suggest the possibility that RA patients with
HTLV-I infection may have clinical features and responses
to antirheumatic treatment that differ from HTLV-I-nega-

tive RA patients. Therefore, we performed a small retro-
spective study to evaluate the clinical response of 10
HTLV-I-positive and 20 HTLV-I-negative RA patients
treated with anti-TNF agents. Moreover, as secondary end
points, the discontinuation rate of anti-TNF therapy and
its safety (development of HTLV-I-associated diseases, es-
pecially ATL) were also evaluated over a 2-year period.

Patients and methods

Patients. We retrospectively evaluated 124 Japanese pa-
tients with RA who were treated with one of the following
anti-TNF therapies as first biologic agents: infliximab
(IFX), etanercept (ETN), or adalimumab (ADA). The initial
diagnosis of RA was based on the 1987 American College
of Rheumatology (ACR) diagnostic criteria (8). It was al-
ready known that 3 patients were positive for HTLV-I
antibody before the beginning of anti-TNF treatment. Se-
rum samples from the other 121 patients were tested for
HTLV-I antibody using Lumipulse HTLV-1 (Fujirebio) af-
ter obtaining informed consent, and 7 of these samples
tested positive. Therefore, a total of 10 patients with RA
were positive for HTLV-I antibody. Subsequently, 2 age-
(within 5 years) and anti-TNF agent-matched HTLV-I-
negative patients were selected for each HTLV-I-positive
patient as controls in this cohort. Therefore, 10 HTLV-I-
positive and 20 HTLV-I-negative patients with RA were
included in this study. The study protocol was approved
by the Institutional Review Board of the University of
Miyazaki.

The characteristics of these patients before anti-TNF
therapy are shown in Table 1. All of the patients were
women. Only 1 HTLV-I-positive patient was negative for

Table 1. Patient characteristics before anti-TNF therapy*

HTLV-I positive HTLV-I negative
(n = 10) (n = 20) P

Age, median (IQR) years 70.0 (8.5) 68.5 (11.7) 0.98
Disease duration, median (IQR) years 5.0 (5.0) 9.0 (19.5) 0.21
Disease activity markers

CRP level, median (IQR) mg/dl 4.1 (4.2) 0.7 (1.3) 0.0003

ESR, median (IQR) mm/hour 74.5 (37.5) 65.0 (34.5) 0.15

TJC28, median (IQR) 4.5 (4.3) 4.5 (4.0) 0.72

SJC28, median (IQR) 4.5 (3.8) 2.0 (5.0) 0.35

DAS28, median (IQR) 5.8 (0.8) 5.2 (0.8) 0.18
Disease activity according to EULAR criteria, %

High disease activity (DAS28 >5.1) 80 70 -

Moderate disease activity (DAS28 3.2-5.1) 20 25 -

Low disease activity (DAS28 <3.2) 0 5 -
Serologic markers, %

RF positive 80 80 > 0.99

ACPA positive 90 100 0.33
Treatment

DMARDs, % 33 45 > 0.99

Methotrexate, median (IQR [%]) mg/week 10 (2.0 [50]) 8.0 (2.5 [75]) 0.23

Prednisolone, median (IQR [%]) mg/day 5.5 (2.0 [90]) 3.5 (3.0 [70]) 0.37

disease-modifying antirheumatic drugs.

* Anti-TNF = anti—tumor necrosis factor; HTLV-I = human T lymphotropic virus type I; IQR = interquartile range; CRP = C-reactive protein; ESR =
erythrocyte sedimentation rate; TJC28 = tender joint count in 28 joints; SJC = swollen joint count in 28 joints; DAS28 = Disease Activity Score in 28
joints; EULAR = European League Against Rheumatism; RF = rheumatoid factor; ACPA = anti—citrullinated protein antibody; DMARDs
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anti—citrullinated protein antibody (ACPA); however, she
had polyarthritis, and radiographs showed progressive
bone erosion. Her clinical features fulfilled the 1987 ACR
criteria for RA. In HTLV-I-positive patients, the anti-TNF
agents IFX, ETN, and ADA were administered in 3 pa-
tients, 6 patients, and 1 patient, respectively.

Methods. The differences in background characteristics
and clinical outcomes after anti-TNF treatment were eval-
uated between HTLV-I-positive and HTLV-I-negative pa-
tients. The European League Against Rheumatism
(EULAR) improvement criteria were used to evaluate clin-
ical responses and disease activity. The patients were cat-
egorized into high disease activity, moderate disease ac-
tivity, low disease activity, and remission when the
Disease Activity Score in 28 joints (DAS28) calculated
using the erythrocyte sedimentation rate (ESR) was >5.1,
=3.2 to =5.1, =2.6 to <3.2, and <2.6, respectively. At 3
months after the beginning of anti-TNF therapy, DAS28
scores were evaluated and the patients were categorized
into good responders, moderate responders, or nonre-
sponders based on changes in the DAS28 and the level of
DAS28 reached. Good responders were defined as patients
who had a decrease in DAS28 from baseline (ADAS28) of
>1.2 and a DAS28 at 3 months of <3.2, moderate respond-
ers were defined as having either a ADAS28 of >1.2 and a
DAS28 at 3 months of =3.2 or a ADAS28 of 0.6-1.2 and a
DAS28 at 3 months of =5.1, and nonresponders were
defined as having either a ADAS28 of <0.6 or a DAS28 at
3 months of >5.1.

As secondary end points, the discontinuation rate of
anti-TNF therapy and its safety (development of HTLV-I-
associated diseases, especially ATL) were also evaluated
during the 2-year period.

Statistical analysis. The results are expressed as the
median with the interquartile range (IQR). A nonparamet-
ric test (Mann-Whitney U test) was used to compare dis-
ease activity markers, such as C-reactive protein (CRP)
level, elevated ESR, tender joint count in 28 joints (TJC28),
swollen joint count in 28 joints (SJC28), and DAS28 be-
tween HTLV-I-positive and HTLV-I-negative patients
with RA at baseline and after anti-TNF treatment. Fisher’s
exact test was used to compare the positive rates of rheu-
matoid factor, those of ACPA, and frequency of pred-
nisolone and methotrexate use between HTLV-I-positive
and HTLV-I-negative patients. A nonparametric test (Wi-
lcoxon’s signed rank test) was also used to compare the
change in disease activity markers before and after anti-
TNF therapy. The log rank test was used to compare the
difference of the continuation periods of anti-TNF treat-
ment between HTLV-I-positive and HTLV-I-negative pa-
tients. P values less than 0.05 were considered statistically
significant. The data were analyzed by GraphPad Prism 5
for Windows, version 5.04.

Results

Background characteristics of patients prior to anti-
TNF therapy. The level of serum CRP was higher in
HTLV-I-positive patients than in HTLV-I-negative pa-
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tients (median 4.1 mg/dl [IQR 4.2] versus 0.7 mg/dl [IQR
1.3]; P = 0.0003) (Table 1). TJC28, SJC28, and DAS28 did
not differ between HTLV-I-positive and HTLV-I-negative
patients. There were no differences in disease activity,
including low disease activity/remission rate according to
the EULAR improvement criteria between HTLV-I—posi-
tive and HTLV-I-negative patients.

Efficacy of anti-TNF treatment. The efficacy of anti-
TNF treatment was assessed at 3 months after the begin-
ning of treatment (Figure 1). The rate of good response in
HTLV-I-positive patients was lower than that in HTLV-I-
negative patients (10% versus 50%) and the rate of no
response in HTLV-I-positive patients was higher than that
in HTLV-I-negative patients (30% versus 5%) (Figure 1A).
The rate of low disease activity/remission in HTLV-I-
negative patients was higher than that in HTLV-I-positive
patients (50% versus 10%) (Figure 1B).

The CRP level, ESR, and DAS28 at 3 months after anti-
TNF therapy were significantly decreased in HTLV-I-neg-
ative patients (CRP level: median 0.7 mg/dl [IQR 1.3] ver-
sus 0.1 mg/dl [IQR 0.3]; P = 0.0002, ESR: median 65.0
mm/hour [IQR 34.5] versus 34.5 mm/hour [IQR 25.7]; P =
0.0004, and DAS28: median 5.2 [IQR 0.8] versus 3.2 [IQR
0.8]; P < 0.0001). Conversely, in HTLV-I-positive patients,
the CRP level and ESR at 3 months after anti-TNF therapy
were lower than before therapy (CRP level: median 4.1
mg/dl [IQR 4.2] versus 1.3 mg/dl [IQR 3.4]; P = 0.0645 and
ESR: median 74.5 mm/hour [IQR 37.5] versus 62.0 mm/
hour [IQR 44.5]; P = 0.425); however, these values did not
reach statistical significance. The DAS28 in HTLV-I-posi-
tive patients after therapy was significantly lower than
before treatment (median 5.8 [IQR 0.8] versus 4.4 [IQR 1.1];
P = 0.0137). The median CRP level, ESR, and DAS28 at 3
months after anti-TNF treatment in HTLV-I-positive pa-
tients were significantly higher than in HTLV-I-negative
patients (P = 0.003, P = 0.03, and P = 0.003, respectively)
(Figure 1C).

During the 2-year observation period, anti-TNF therapy
was discontinued in 6 HTLV-I-positive patients (2 cases
due to adverse reactions and 4 cases due to lack of effi-
cacy). Conversely, anti-TNF therapy was discontinued in
only 3 HTLV-I-negative patients (2 cases due to adverse
reactions and 1 case due to lack of efficacy). The discon-
tinuation rates due to any reason and due to an insufficient
effect were significantly higher in HTLV-I-positive pa-
tients (60% and 40%, respectively) than in HTLV-I-nega-
tive patients (15% and 5%; P = 0.0053 and P = 0.013,
respectively) (Figure 2). Signs, symptoms, and laboratory
data showed no indication of the development of ATL in
HTLV-I-positive patients during the 2-year observation
period.

Discussion

The background levels of CRP in HTLV-I-positive patients
with RA were higher than those in HTLV-I-negative pa-
tients with RA in the present study. The HTLV-I Tax
protein has been reported to promote the production of
IL-6 (9,10). Production of IL-6 from synovial cells has been
reported to be up-regulated in HTLV-I-positive patients



Anti-TNF Therapy in HTLV-I-Positive RA Patients

791

A) By
160+ 100
e Gerats B
foel 56
40 4
20~ 25
HTLVA (4) HTLY-S (4 HTLW {4
C) P=0,003 P=0.03 P=0.003
H 1 { H i i
P=0.0645  P=00002 P=0426  P=00004 P=00137  Pe00D0s
124 S N 160- T | g [ [
104
= g _g 1201 6+
=
g NS
£ 8 £
by £ 80 g 4
2, \ s
© w
w
2 x § 401 2
-
v v v ¥ Qe v v v Gmr ¥ ¥ -
& 3
QP& '54\ KO& "b% gog "ﬁ 4‘9@ ’g&s g\ée ’g@ v@@ "$
F <F <F <F <F
HTLV-1{#) HTLV-1{-} HTLV-1 {(+}  HTLV-1(-) HTLW(+)  HTLV-1{-}

Figure 1. Efficacy of anti-tumor necrosis factor (anti-TNF) therapy 3 months after the beginning
of treatment. A, Response rate of human T lymphotropic virus type I (HTLV-1)-positive (n = 10)
and —negative (n = 20) patients with rheumatoid arthritis (RA) according to the European League
Against Rheumatism (EULAR) improvement criteria. B, Disease activity of HTLV-1-positive (n =
10) and —negative (n = 20) patients with RA according to the EULAR improvement criteria. C,
Changes in the C-reactive protein (CRP) level, erythrocyte sedimentation rate (ESR), and Disease
Activity Score in 28 joints (DAS28) at 3 months after anti-TNF therapy. REM = remission; LDA =
low disease activity; MDA = moderate disease activity; HDA = high disease activity.

with osteoarthritis (11). These data suggest that production
of IL-6 could be up-regulated by HTLV-I infection and may
account for the high inflammation.

Moderate or better responses have been reported in 70—
80% of Japanese patients with RA who received treatment
with IFX or ETN (12-14). In the present study, the re-
sponse rate (moderate or better) to anti-TNF treatment in
HTLV-I-negative RA patients was 95%, which is consis-
tent with the rates reported in previous studies. In con-
trast, in HTLV-I-positive patients, the decrease in CRP
level and ESR at 3 months after anti-TNF therapy did not
reach statistical significance. The CRP level, ESR, and
DAS28 in HTLV-I-positive patients were significantly
higher than in HTLV-I-negative patients. According to the
EULAR improvement criteria, the rate of low disease ac-
tivity and remission in HTLV-I-positive patients was
much lower than that in HTLV-I-negative patients (10%
versus 50%). Therefore, we suggest that HTLV-I-positive
patients with RA are resistant to anti-TNF therapy.

High serum levels of CRP have been reported as a factor
in insufficient response to anti-TNF treatment in RA pa-
tients (15). Therefore, it is still not clear whether the low
response to anti-TNF therapy in HTLV-I-positive patients
was due to high inflammation or due to the HTLV-I posi-
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Figure 2. Continuation rate of anti~tumor necrosis factor ther-
apy in human T lymphotropic virus type I (HTLV-1)-positive (n =
10) and —negative (n = 20) patients with rheumatoid arthritis.
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tivity itself. To clarify this question, a greater number of
HTLV-I patients with RA must be classified according to
CRP level to examine the response to anti-TNF therapy
based on the level of CRP. It was also not clear whether
HTLV-I-positive patients with RA showed insufficient re-
sponse only to anti-TNF agents. Future studies to clarify
these questions are necessary.

During the 2-year observation period, there were no
signs, symptoms, or laboratory data suggesting that HTLV-
I-positive patients developed ATL. Viral markers, such as
HTLV-I proviral loads or clonality of HTLV-I-infected
cells, were not measured in this study; however, a previ-
ous study of 2 HTLV-I-positive cases showed no change in
these viral markers after administration of anti-TNF agents
(7).

This retrospective study has a number of limitations.
The numbers of HTLV-I-positive and HTLV-I-negative
patients were only 10 and 20, respectively, and therefore
were too small to reach a conclusion about the difference
in response to anti-TNF therapy. Because the incidence of
ATL among HTLV-I carriers has been reported as only 1
case per 1,000 person-years, a prospective study including
a greater number of HTLV-I-positive patients and with
Ionger observation periods would be necessary to clarify
the risk of ATL. At the same time, proviral loads and
clonality of HTLV-I-infected cells should be measured.

The results of this study raise the question of whether
HTLV-I infection should be measured when anti-TNF
agents are administered in patients with RA, especially in
areas were HTLV-I is endemic. Further study including a
greater number of patients with longer periods of observa-
tion is necessary to reach a definite conclusion.
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Abstract: In our previous report, an 80% ethanol bitter gourd seed extract (BGSE) was
found to suppress proliferation of adult T-cell leukemia (ATL) cell lines. The present study
aimed to identify the bioactive compounds from BGSE specific against ATL. From the
result of an HPLC-MS analysis, o-eleostearic acid (a-ESA) was present in BGSE at
0.68% = 0.0022% (£SD, n = 5). In the cell proliferation test, a-ESA potently suppressed
proliferation of two ATL cell lines (ED and Su9TO01; ICso = 8.9 and 29.3 uM, respectively)
more than several other octadecanoic acids. However, a-ESA moderately inhibited
phytohemagglutinin-activated human peripheral blood mononuclear cells (PBMC;
ICso = 31.0 uM). These results suggest that BGSE-derived a-ESA has potential as a
functional food constituent because of its activity against ATL, particularly against ED
cells. Moreover, a-ESA might be effective for the prevention of moderate adverse effects
of ATL on normal T cells.

Keywords: adult T-cell leukemia; bitter gourd seed extract; a-eleostearic acid;
phytohemagglutinin-activated human peripheral blood mononuclear cell

1. Introduction

Adult T-cell leukemia (ATL) occurs in a small population of human T-cell leukemia virus type I
(HTLV-I) infected individuals. After transmission of HTLV-I, 2%—5% of carriers are likely to develop
ATL after a long latency period (30-50 years) [1]. These patients have been frequently identified as
being from a restricted area of tropical regions [2]. It is currently very difficult to effectively treat
patients with ATL using existing therapeutic methods, and most clinical trials focus on chemotherapeutic
treatment and allogeneic hematopoietic stem cell transplantation. Therefore, it is important to find
appropriate therapeutic methods to prevent the development of ATL or to prolong survival after
its occurrence.

In our previous report, we screened 52 agricultural plant samples for their ability to inhibit
proliferation in seven kinds of ATL related cell lines to start structure of a study for finding
potential drug candidates with the prevention of ATL. We found that an 80% ethanol bitter gourd
(Momordica charantia L.) seed extract (BGSE) showed an inhibitory effect on the proliferation of
ATL-related human leukemia cells [3].

Bitter gourd belongs to the Cucurbitaceae family and is cultivated worldwide as a vegetable crop.
The fruit is not only used as a food, but also for its medicinal properties, such as anti-microbial,
anti-diabetic, anti-HIV and anti-tumor activities, which were described in a recent review [4]. BGSE
has also been reported to have anti-leukemic potential on human acute myelogenous leukemia cells
(HL-60) [5]. However, HL-60 and ATL cell lines comprise different types of leukemia cells, and as
there have been no reports about bioactive compounds from BGSE active against ATL, the effect of
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BGSE on ATL cell proliferation requires elucidation. The aim of the present study was to identify
bioactive compounds in BGSE exhibiting activity against ATL.

2. Results and Discussion
2.1. Identification of Active Compounds in BGSE

Figure 1a,b show the HPLC-DAD chromatogram (a) and HPLC-MS-total ion chromatogram (TIC)
(b) of BGSE. As shown in Figure la, a major peak (peak 1: retention time (RT) = 8.570 min,
A =270 nm) was detected for BGSE. The TIC showed several peaks (Figure 1b). Figure 1c shows the
MS spectrum of the peak with the RT: 8.570 min. in Figure 1b, which shows a deprotonated molecular
ion signal at m/z 277. This compound was estimated to be C;3sH»90, and was proposed to be a-ESA on
the basis of reference data [6]. a-ESA was analyzed using the same method. Figure 1d—f shows the
HPLC-DAD chromatogram (d), TIC (e) and MS spectrum (f) of a-ESA. a-ESA (50 pg/mL) showed a
clear peak at 270 nm (Figure 1d, peak 2) and the same RT of peak 1 in Figure 1a (BGSE). The RT
(8.570 min.) of the highest peak in TIC for a-ESA (Figure le, peak 2) was the same as peak 1 in
Figure 1b. The MS spectrum of a-ESA (Figure 1f) showed the same result as the analysis of BGSE
(Figure 1c). From these results, peak 1 in Figure 1 was determined to be a-ESA, and a-ESA is the
main compound in BGSE.

We also attempted to quantitatively determine a-ESA in BGSE. Figure 2 shows the a-ESA
calibration curve. The calibration curve showed good linearity (R* = 0.9977). a-ESA was contained in
the concentration range of 34.0 and 34.2 pg/5 mg of freeze-dried bitter gourd seeds (0.68% =+ 0.0022%,
+SD, n = 5). In our previous report, BGSE suppressed the proliferation of ATL cell lines [3]. The
current study shows the presence of a-ESA in BGSE. Tsuzuki ef al. reported that a-ESA accounted for
about 60% of the total fatty acid composition of bitter gourd seed oil [7]. Therefore, a-ESA might have
greatly contributed to suppressing the proliferation of ATL cell lines.

2.2. The Inhibitory Effects of Octadecanoic Acid Analogs on ATL Cell Lines

Of the octadecanoic acids, conjugated linoleic acids (CLA), which includes o-ESA, has been
acknowledged to have numerous biological activities, such as anti-obesity, anti-diabetes, anti-cancer,
anti-arthritis, anti-asthma, and anti-cardiovascular disease effects [8]. However, no study has yet
reported the anti-leukemic effects of a-ESA on ATL cell lines. We examined the inhibitory effects of
related compounds, seven octadecanoic acid groups, on the proliferation of two types of ATL cell lines
(ED and Su9T01). As shown in Table 1, a-ESA (C18:3, n-5), y-linolenic acid (C18:3, n-6), and
a-linolenic acid (C18:3, n-3), which belong to the triunsaturated fatty acid group, substantially
inhibited ED cell growth (ICso values of 8.9, 61.3 and 129.9 puM, respectively) and Su9TO01 cell growth
(ICsp values of 29.3, 174.3 and 167.4 uM, respectively). Linoleic acid (C18:2, n-6), which belongs to
the diunsaturated fatty acid group, inhibited ED and Su9TO01 cell growth (ICso values of 100.7 and
180.1 puM, respectively). In ED cells, these compounds exhibited higher activity than EGCG, which
was used as the positive control [9] (ICso = 152.7 uM). On the other hand, in Su9TO01 cells, only
a~-ESA exhibited higher inhibitory activity than EGCG (ICso = 166.0 uM). We cannot calculate the
exactly ICsy values of monounsaturated fatty acid group (oleic acid (C18:1, n-9) and elaidic acid
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(C18:1, n-9)) and saturated fatty acid (stearic acid (C18:0)) in both cell lines. This assay was employed
to compare the effects of octadecanoic acids on ED and Su9TO01 cell growth; a-ESA showed the
highest inhibitory activity. ICso values decreased roughly in proportion to the number of double bonds;
therefore, the number of double bonds was an important determinant of anti-proliferation activity.
Indeed, the triunsaturated fatty acid group was more potent than EGCG.

Figure 1. HPLC-DAD and MS chromatograms of BGSE and o-ESA. (a,d) HPLC-DAD
chromatograms (270 nm) of BGSE (a) and o-ESA (d). (b,e) Total ion chromatograms
(TIC) of BGSE (b) and a-ESA (e). (¢) MS spectrum (negative-ion spectra) of peak 1 of
BGSE in Figure 1b. (f) MS spectrum (negative-ion spectra) of peak 2 of a-ESA in Figure le.
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Figure 2. Calibration curve of a-ESA.
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Table 1. Relationship between octadecanoic acid structure and inhibition of adult T-cell
leukemia (ATL) cell line proliferation.

Compounds ICs (M)
ED Su9TO01
a-ESA (C18:3, n-5) 8.9 29.3
v-linolenic acid (C18:3, n-6) 61.3 174.3
a-linolenic acid (C18:3,n-3) 129.9 167.4
linoleic acid (C18:2, n-6) 100.7 180.1
oleic acid (C18:1,n-9) 500.0-166.7 500.0-166.7
elaidic acid (C18:1,n-9) >500.0 >500.0
stearic acid (C18:0) 500.0-166.7 >500.0
EGCG (Positive Control) 152.7 166.0

ATL cells (ED and Su9T01) were incubated for 72 h in RPMI-1640 medium containing each compound.
Viable cells were detected using a WST-8 assay kit. The concentration at which cell proliferation is inhibited

by 50% compared to untreated control is expressed as ICsy.

2.3. The Effect of a-ESA on ATL Cell Line and Phytohemagglutinin-Activated Human Peripheral
Blood Mononuclear Cell (PBMC) Proliferation

22

As shown in Figure 3, we compared the suppressive effect of a-ESA on ED, Su9T01 cells and
PBMCs. PBMCs are commonly used as the healthy/normal cell model in comparison to cancer cell

lines. Significant differences were observed between ED cells and PBMCs treated at 6, 19 and 56 uM

a-ESA (p < 0.05). Su9TO01 cells and PBMCs treated with between 1 and 500 pM a-ESA were not

significantly different. These results confirmed that the a-ESA strongly and selectively inhibited ED

cells and moderately inhibited PBMCs, which are healthy normal T cells. a-ESA at 166 and 500 uM
significantly decreased proliferation of all cell types. a-ESA showed inhibitory effects on ED, Su9T01
cells and PBMCs (ICsq 0of 8.9, 29.3 and 31.0 uM, respectively).
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Figure 3. Effect of a-ESA on ATL cell and PBMC proliferation.
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A comparison of the dose-dependent effects of a-ESA on ED, Su9TO01 cells and PBMCs. Each mark
represents the mean + SD of three independent tests (Student’s #-test). Significantly different between ED
cells and PBMCs: p < 0.05 (*).

Tsuzuki et al. and Kobori ef al. reported that bitter gourd seed oil and its constituent a-ESA had
anti-leukemic potential in HL-60 cells [5,10]. While HL-60 and ATL (ED and Su9T01) are leukemia
cell lines, they differ in origin and whether they are a result of viral infection. The antiproliferative
properties of unsaturated fatty acids are well known. For example, Wendel et al. reported that the
unsaturated fatty acids (mainly omega-3 fatty acids and derivatives) like conjugated eicosapentaenoic
acid as important nutritional adjuvant therapeutics in the management of various human cancer
diseases and the impact of nutritional omega-3 fatty acids on cancer prevention [11]. 0-ESA also may
have similar potential with nutritional function for cancer prevention. The present study is the first to
show the inhibitory effects of a-ESA on ATL cells in vitro. Specifically, a-ESA showed an inhibitory
effect in the rank order: ED cells > Su9TO01 cells > PBMCs. Sasaki et al. reported that tumor suppressor
in lung cancer 1 (TSLCI) gene expression was different between ED and Su9TO01 cells [12,13].
Therefore, using gene expression analysis, future studies should investigate the regulatory mechanism
of TSLCI and its DNA methylation, as well as the possible role of a-ESA in the inhibition of ED and
Su9TO01 proliferation and TSLC! expression.

3. Experimental
3.1. Chemicals

a-Eleostearic acid (a-ESA) was obtained from Larodan Fine Chemicals AB, Malmo, Sweden and
Cayman Chemical, Ann Arbor, MI, USA. y-Linolenic acid, linoleic acid, a-linolenic acid, and elaidic
acid were purchased from Cayman Chemical. Stearic acid and oleic acid were purchased from Wako,
Osaka, Japan. Epigallocatechin-3-gallate (EGCG) was purchased from Nagara Science Co., Gifu,
Japan. Ficoll was purchased from GE Healthcare, Uppsala, Sweden. Phytohemagglutinin (M Form)
was purchased from Invitrogen, Carlsbad, CA, USA. IL-2 was purchased from R&D Systems,
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Minneapolis, MN, USA. A 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2 H-
tetrazolium monosodium salt (WST-8) assay kit was purchased from Dojindo, Kumamoto, Japan.

3.2. Identification of Compounds in BGSE

The freeze-dried powder of bitter gourd seeds (5 mg) was extracted with 80% EtOH (0.5 mL) by
vortexing for 30 s, followed by centrifugation at 1,500 rpm for 3 min. The supernatant was used for
high performance liquid chromatography-diode array detector (HPLC-DAD) and mass spectrometry
(MS) analysis. The a-ESA HPLC analysis method was a modification of the methods of Amakura et al.
and Rezanka et al. [6,14]. The HPLC-DAD and MS analysis consisted of a Shimadzu HPLC System
(LC-20A Prominence, Shimadzu, Kyoto, Japan) coupled to a SPD-20A (DAD; Shimadzu, Kyoto,
Japan) and an LC/MS-ion trap-time of flight (LC/MS-IT-TOF, Shimadzu, Kyoto, Japan) fitted with an
atmospheric pressure chemical ionization (APCI) source. HPLC separation was performed on a
reverse-phase column (Atlantis T3, 2.1 mm L.D. $100 mm, 3 pm; Waters, Milford, MA, USA). The
column was maintained at 40 °C. The mobile phase consisted of eluent A (0.1% acetic acid and
MeOH)/eluent B (0.1% acetic acid and 10% MeOH aq.) = 90:10 at a flow rate of 0.10 mL/min. The
injection volume was 10 pL. APCI conditions were recorded from m/z = 50 to 400 in negative ion
mode. The other MS conditions were as follows: nebulizer N, gas, 2.5 L/min; APCI interface
temperature, 400.0 °C; curved desolvation line (CDL) temperature, 250.0 °C; heat block temperature,
200.0 °C; detector voltage, 1.80 kV.

3.3. a-ESA Calibration Curve

The o-ESA standard was dissolved in 80% ethanol and serial dilutions were analyzed by
HPLC-DAD. o-ESA content was calculated using the following linear equation based on the
calibration curve: ¥ = 215772X + 493606, R* = 0.9977. Y is the area detected by DAD (270 nm), and
X is the a-ESA content in pug/mL.

3.4. ATL Cell Proliferation Assay

We used two ATL cell lines (ED and Su9TO1) that are highly sensitive to inhibition of cell
proliferation, as determined in our previous study [3]. ED cells were kindly provided by Dr. M. Maeda
(Kyoto University, Kyoto, Japan) and Su9TOl cells were kindly provided by Dr. N. Arima
(Kagoshima University, Kagoshima, Japan). The test compounds were dissolved in dimethyl sulfoxide
and subjected to assay screening. The method of ATL assay is described in a previous report [3]. ICs
calculation was some curve fitted onto the determined proliferation inhibition points.

3.5. Isolation and Culture of PBMCs

The method of isolation and culture of PBMC:s is as follows. Heparinised blood (5 mL) was diluted
by adding 5 mL of PBS. The diluted blood samples were divided into four equal parts, loaded on 4 mL
of Ficoll and centrifuged at 400 x g for 30 min. The PBMC layer was located within the interphase
between the Ficoll and plasma. The Ficoll contained the erythrocytes and most of the granulocytes.
The plasma was removed using a pipette until ~5 mL above the PBMC interphase. The cells were
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washed three times with PBS (centrifuged at 200 % g for 15 min) and resuspended in RPMI
1640 medium supplemented with 10% foetal bovine serum containing 100 U/mL penicillin G,
100 pg/mL streptomycin, 2 ng/mL IL-2 and 128-fold dilution of phytohemagglutinin to a final cell
density of 1 x 10° cells/mL. The PBMC proliferation assay was conducted using the same method as
for the ATL proliferation assay [3].

3.6. Statistics

Each experiment was conducted at least three times. All data are expressed as the mean + standard
deviation (SD) of three independent experiments. Statistically significant differences were calculated
by Student’s z-test.

4. Conclusions

a-ESA was shown to be the main bioactive compound in BGSE, and contributes to the inhibition of
ED cell differentiation and proliferation without damaging normal cells, leading to the disruption of
ATL pathogenesis.
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