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Table L. 'H and "C NMR data of methyl-3¢,.23-dihydroxy-17,14-

friedolanstan-8,14,24-trien-26-o0at isolated from G. celebica

leaves.

HCNMR 'H NMR

No. Chemical shift Position Chemical shift Position

1 168.7 C-26

2 1489 Co14

3 144.6 C-9

4 142.6 C-24 6.72 H-24 (1H,¢d, }=75 &
1.5 Hz)

N 127.3 C-25

6 1231 C-8

7 1160 C-15 526 H-15 (1H.5)

8 76.0 c3 343 H-3 (IH, br s)

9 67.1 C-23 4,57 H-23 (1H. ddd . =107,
7.5 & 2.5 Hz)

10 52.1 OMe 375 OMe (3H. s)

t 50.2 C-17

12 48.2 C13

13 457 C-16 223215 H-16,H-20 CH.m)

1.99-1.94  H-16 (1H, )

14 44.6 C-5

15 397 C-11

16 380 C-10

17 378 C-4

18 336 C-20

19 30.3 C-1 177-156  2x H-1, H2 H3,
2x H-6,2x H-12. H-11
(OH.n1}

20 294 -2 1.16-1.10 H-2 H-11 CHonn

21 28.2 C-28 0.98 Me-28 (3H. 5}

22 269 C-7 2.37-231 H-7.H-7 2H.m)

23 258 C-12

24 229 22 208205 2x H-22 2H.m

25 224 C-29 089 Me-29 (3H. 5)

26 19.2 C-30 1.0} Me-30 (3H. 9

27 18.3 C-6

28 17.3 C-19 0.90 Me-19 (3H. 5)

29 158 C-18 0.76 Me-18 (3H, 5

30 1546 C-21 0.94 Me-21 (3H, d.
=7.5 Hz)

31 12,93 C-27 1.87 Me-27 (3H. 4,
J=1.5Hz)

profiferation. Methyl-3a, 23-dihydroxy-17.14-fricdolanstan-8.

14.24-trien-26-0at was evaluated for its effect on the prolif-
eration of MCF-7 breast cancer cell lines by the MTT assay.
The evaluation resulted in a time- and dose-dependent manner
inhibition of the compound on the cell proliferation (Fig. 2).
The compound strongly inhibited the MCF-7 cell line prolif-
eration in 24 and 48 h treatments, with the 1C,, value of 82 and
70 M in the 24 and 48 h measurements, respectively.

Proapoptotic activity of methyl-30,23-diliydroxy-17.14-
friedolanstan-8,14,24-tri¢n-26-0at through PARP
protein activation. The MTT assay showed strong
inhibitory activity of methyl-3¢.23-dihydroxy-17.14-frie-

79-82. 2016 81

\{/\\g//\/wwfﬁ

Nﬁé\v ~/

VAN

Figure 1. Methyl-36,23-dihydroxy-17,14-friedolanstan-8, 14, 24 trien-26-0ut
isolated from G. celebica leaves,

oliferation inhibition (%)

Coaccatration (M)
o 24 K el 45 s
Fiaure 2, Effects of 24 and 48 h treatments of methyl-3¢,23-dihydroxy-17.

14-fricdolanstan-8.14 24-trien-26-0at obtained from the G. celebica Jeaves
on the proliferation of MCE-7 breast cancer celf lines.

8,14,24-trien-26-0at

Fult-sized PARP| 2 < 116 kD2

Ko §9 KD

s 1 KDDa

8 < 2kDa

Figure 3. Pro-apoptotic activity of methyl-3a 23-dibydroxy-17.14-fricdolunstan-
§.14.24-trien-26-0at obtained from the G. celebica leaves.

dolanstan-8.14,24-trien-26-o0at against the MCF-7 cell line
proliferation, thus, the compound was further examined for its
proapoptotic activity through PARP protein activation within
24 and 48 h of treatment. The inhibition of MCF-7 human
breast cancer cells proliferation by the compound was medi-
ated by the induction of apoptosis, marked by PARP protein
activation. which is one of the most optimal biomarkers of
apoptosis. Furthermore. the compound also inhibited the
expression of Akt oncogene (Fig. 3).

Discussion

Traditional medicinal plants have long been regarded as
a source of potential therapeutic agents. and the search for
new drugs is usually based on this approach (13). In drug
discovery, our previous studies recently applied a new
approach of selecting plants based on the use of those plants
by primates (3.5). In our previous study. the extracts of the
G. celebica leaves were strongly cytotoxic to the MCF-7 breast
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cancer cell fine (6). Thus, these extracts had the potential for
further investigation.

The present study was focused on identifying an antiprolifer-
ative compound from the G. celebica leaves. This study resulted
in the isolation of a friedolanostane triterpenoid, methyl-3a,
23-dihydroxy-17.14-fricdolanstan-8,14.24-trien-26-o0at, which
strongly inhibited the MCF-7 cell line proliferation in a time-
and dose-dependent manner, with IC,, values of 82 and 70 #M
in the 24 and 48 h treatments. respectively.

This compound has not been reported previously in connec-
tion with its cytotoxicity in these cancer cell lines. Through
investigating the anticancer activities of Gareinia plants,
numerous studies have focused on xanthone derivatives, which
are the main compounds of any Garcinia species (14-16).
These findings will thus be valuable supporting information
for revealing the efficacy of Garcinig species as a potential
anticancer source.

In the present study, this compound was also found to
induce the apoptosis of MCF-7 cells, which was indicated by
the changes in the expression levels of PARP, The expression
fevels of PARP were analyzed after 24 and 48 h of treatment.
The N-terminal fragment of PARP, which is an 89-kDa peptide
cleaved from full-length PARP (116 kDa), was detected as early
as 24 h after treatment of the MCF-7 cells with methyl-3a,
23-dihydroxy-17,14-friedolanstan-8.14,24-trien-26-oal. Akt,
as ope of the most important survival signaling pathways
in malignancy, has an important role in determining the
chemosensitivity of cancer cells. These survival signaling
proteins were decreased by treatment with methyl-3¢.23-dihy-
droxy-17.14-friedolanstan-8,14.24-trien-26-o0ut, as shown by
the reduced expression of the Akt protein,

However, the present study is not without limitations, A
detailed mechanism regarding the effect of methyl-3a,23-
dihydroxy-17.14-friedolanstan-8,14.24-trien-26-0at on the
expression of several proteins that may directly be affected
were not performed. including pro- or anti-apoptotic, estrogen
receptor ¢ and phosphorylated Akt (Serd73) proteins.

In conclusion, the present results suggest that methyl-30,23-
dibydroxy-17.14-friedolanstan-8.14.24-trien-26-0at inhibited the
growth of MCF-7 cells through the induction of apoptosis and
downregulation of the oncogene Akt. Further evaluation of its
toxicity and detailed mechanisms of its antiproliferative action
is required to provide a scientific basis for its chemopreventive
and chemotherapeutic application in breast cancer management.
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Abstract

Background  Although laparoscopic liver resection (LLR)
is now considered a standard procedure in peripheral seg-
ments, there are few reports on laparoscopic segment |
(Sgl) resection. The aim of this study was to assess both
safety and feasibility of Sgl LLR.

Methods  From 2000 to 2014, all patients who underwent
LLR were identified from a prospective database. Patients
with resection of Sgl (Sgl group) were compared with
those with resection of anteroinferior segments (Al group:
segments 3, 4b, 5, 6) or posterosuperior segments (PS
group: segments 4a, 7, 8), in terms of tumor characteristics,
surgical treatment, and short-term outcomes.

Results  There were 15, 151, and 67 patients in Sgl, Al
and PS groups. Tumor size and tumor number were similar
between the three groups (p = 0.139, p = 0.102). Opera-
tive time was significantly shorter in Sg1 (150 min) and Al
group (135 min) compared with PS group (180 min)
(p = 0.021). Median blood loss was notably higher in P§
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group (140 ml) compared with Sgl group (75 mi) and Al
group (10 mb) (p = 0.001). No mortality was observed in
all groups. Postoperative complication rate was 20.0 %
with Sgl group. 14.6 % with Al group, and 20.9 % with PS
group (p = 0.060). The rate of major complication was
significantly higher in Sgl group (13.3 %) and PS group
(11.9 %) compared with Al group (4.0 %) (p = 0.042).
Resection margins were clear in all Sgi and PS group
patients, whereas two (1.3 %) patients in Al group had R1
margins (p = 0.586).

Conclusion  The laparoscopic approach of isolated
resection located in the caudate lobe is a feasible and
curative surgical option in selected patients.

Keywords Laparoscopic liver resection - Caudate lobe -
Anteroinferior lesion - Posterosuperior lesion - Caudal
approach

The caudate lobe (Couinaud’s segment 1: Sgl) is a small
liver segment consisting of three parts: Spiegel’s lobe,
paracaval portion, and caudate process. Sgi is anatomically
unique in that it is situated posteriorly in the liver and
directly over the inferior vena cava (IVC), which makes
this lobe not directly visible and less accessible for sur-
geons. In addition, Sgl contains several thin hepatic veins
draining directly into IVC, which increases the risk of
bleeding in dissecting the attachment between Sgl and IVC
[1]. Due to these anatomical characteristics, local excision
of Sgi is technically demanding and requires different
surgical strategies for each individual case {2].

Despite diffusion of laparoscopic liver resection (LLR),
there have been a few reports on laparoscopic Sgl resec-
tion [3, 4]. The aim of this study was to assess the safety
and feasibility of the procedure by comparing its outcomes

)] Springer
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to those after laparoscopic resection of anteroinferior and
posterosuperior segment,

Materials and methods
Study population

From January 2000 to December 2014, all patients who
underwent LLR at author’s institution were identified from
a prospective database, and their data were retrospectively
reviewed, Patients with resection of segment 1 (Sg1 group)
were compared with those with resection of anteroinferior
segments (Al group: segment 3, 4b, 5, 6) or posterosuperior
segments (PS group: segment 4a, 7, §), in terms of tumor
characteristics, surgical treatment, and short-term out-
comes. Suitability for the laparoscopic approach was based
on tumor size and location, type of planned resection, and
patient comorbidities. Except unusual cases with limited
tumor abutment on IVC, direct involvement of IVC on
preoperative imaging was considered as a contraindication
to laparoscopic approach.

Preoperative evaluation

Preoperative investigations included blood and liver func-
tion tests, as well as routine cardiorespiratory evaluations.
Computed tomography imaging of the thorax, abdomen,
and pelvis was obtained routinely. In recent years, mag-
netic resonance imaging of the liver was routinely per-
formed. No specific evaluation was required for Sgl
resection, but special attention was payed on contact
between the tumor and TVC.

Surgical procedures

The surgical technique of LLR, including the positioning of
the trocars, has been previously described [3, 6]. Intra-
abdominal pressure was maintained at 12 mmHg. Liver
resectability was routinely confirmed by intra-operative
ultrasonography [7]. The gastrohepatic ligament is divided
to approach segment I, preserving the accessory left hepatic
artery. The hepatoduodenal ligament is dissected posteri-
orly. and the portal pedicles going toward segment 1 are
identified, dissected free, and divided. The caudate lobe is
mobilized from the left side and also along the anterior
aspect of the IVC, dividing the short hepatic veins, The
hepatic veins are usually coagulated without any clip and/
or suture, The confluence of the left and middle hepatic
vein with the IVC is exposed after division of the segment |
hepatic vein; the duct of Arantius is cut or preserved
depending on the tumor location. Then. the liver par-
enchyma is dissected from the caudal side toward the 1VC,

&) springer

exposing the posterior aspect of the middle hepatic vein
[8]. For all procedures, tissue dissection and hemostasis
were performed using an ultrasonic dissector, such as the
Harmonic scalpel (Ethicon Endo-Surgery, Inc., Cincinnati,
OH) or, more recently, the Thunderbeat™ (Olympus Co,
Tokyo): Gayet bipolar forceps (MicroFrance CEV134,
Medtronic, Minneapolis, MN) provided retraction and
rescue hemostasis. All intra-operative parameters, includ-
ing type and duration of vascular clamping, blood loss with
subsequent intraoperative blood transfusion, and duration
of surgery, were recorded. The overall surgical policy was
10 attempt radical anatomic or wedge resection, sparing the
greatest amount of liver parenchyma feasible.

Postoperative outcomes

Postoperative complications after LLR were stratified
according to the Dindo-Clavien classification, and major
complications were defined as a grade > 1 [9]. If a patient
had two or more complications, the most severe was taken
in account. Liver-specific complications were detailed as
follows: Liver failure was defined according to the *50-50
criteria” on postoperative day 5 [10], ascites was defined as
abdominal drainage output of >10 ml per kg per day after
postoperative day 3, and biliary leakage was defined as a
bilirubin concentration in the drainage fluid of more than
threefold that in serum [11]. Complications and operative
mortality were considered if they occurred within 90 days
of surgery or at any time during the postoperative hospital
stay.

Statistical analysis

Patient baseline characteristics were expressed as mean
(SD) for continuous data and numbers with percentages for
categorical data. Preoperative, operative, and postoperative
characteristics were compared. Chi-square test was used o
identify differences in categorical variables, and ANOVA
was used to compare differences in categorical variables.
Cumulative overall survival rates were determined using
the Kaplan-Meier method and compared using the log-
rank test. All statistical analyses were performed using
SPSS for Windows version 21.0 (SPSS Inc.), and statistical
significance was accepted at the 0.05 level.

Results
Preoperative characteristics
Of 233 patients included in this study cohort, there were

15, 151, and 67 patients in the Sgl, Al, and PS groups.
respectively. Preoperative characteristics of these patients
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are detailed in Table 1. The three groups did not differ
significantly in terms of demographics and tumor charac-
teristics. The rate of previous abdominal surgery was sig-
nificantly higher in PS group (73.1 %) compared with Sgl
(46.6 %) and Al groups (48.3 %) (p = 0.002). Tumor
characteristics including indication and tumor number were
similar in each group, and tumor diameter was also similar
in each group: Sgi group (19.5 mm), Al group (20.0 mm),
and PS group (25.0 mm), respectively (p = 0.139). There
was no difference in the proportion of patients having
previous hepatectomy (133 vs. 146 vs. 239 %,
p = 0.220).

Intra-operative characteristics
The number of patients who underwent anatomical liver

resection was 3 (20.0 %) in the Sgl group, 26 (17.2 %) in
the AT group, and 20 (29.9 %) in the PS group (p = 0.590).

Table 1 Preoperative characteristics

There was no difference in the extra-hepatic procedures
performed. No patient required vascular reconstruction.
Operative time was shorter in the Sgl (150 min) and Al
group (135 min) compared with PS group (180 min)
(p = 0.021). Median blood loss was larger in the PS group
(140 ml, range 0-1500 ml)y compared with Sgl group
(75 ml, range 0~500 ml) and AI group (10 ml, range
0-1100 ml) (p = 0.001) (Table 2). There was no signifi-
cant difference in use of intra-operative transfusion. Two
patients required conversion in the PS group (3.0 %) and
none in Sgl and Al groups. Resection margins were clear
in all Sg1 and PS group patients, whereas two (1.3 %)
patients had R1 margins in Al group (p = 0.586).

Postoperative outcomes

There was no mortality in the three groups. Three (20.0 %)
patients in  Sgl group experienced postoperative

N (%) P value
Sgl group (N = 15) Al group (¥ = 151) PS group (N = 67)

Age. year, mean = SD 64 4 9 59 £ 15 62 %13 0.624
Male gender 7 (46.6) 84 (55.6) 38 (56.7) 0.944
BMI, kg/m*, mean = SD 253447 254 4+ 4.4 26.2 4 5.0 0.700
Aleohol 3 (20.0) 33219 12179 0.624
Smoking 3(20.0) 22 (14.6) (64 0.664
Comorbidities

Diabetes mellitus 1(6.6) 8¢5.3) 9 (13.4) 0.109

Hypertension 3200y 27 (17.9) 17 254) 0.374

Dyslipidemia 2(133) 23(15.2) 10 (14.9) 0.760

Ischemic heart disease 0 (0) 10 (6.6) 4 {6.0) 0.632

corPd 1 (6.6) 4(2.6) 2.0 0.601
Preoperative chemotherapy 3200y 41 Q7Y 11 (16.4) 0.236
Viral status

HBV 0 10.7) 1(1.5) 0.776

HCV 0 2(L3 1(1.5) 0.907
Diagnosis

CRLM 10 (66.6) 93 (61.6) 43 (64.2) 0.168

Other metastases 2(13.3) 25 (16.6) 9 (13.4) 1.514

HCC 1(6.6) 9 6.0y 7(104) 0.465

Cholangiocarcinoma 0 42.6) 010 0.349

Benign discase 2(13.3) 20 (13.2) 8 (11.9) 0.187
Previous abdominal surgery 7 (46.6) 73 (48.3) 49 (73.h) 0.002
Previous hepatectomy 2(13.3) 22 (14.6) 16 (23.9) 0.220
Tumor size, mm, median (range) 19.5 (2-50) 20.0 (5-160) 25.0 (8-140) 0.139
Tumor number, median (range) 1.0 (1-2) 1O (1-8) 1O (14 0.102

BMI body mas
liver metastases.

, HCC hepatocellular carcinoma

index, COPD, chronic obstructive pulmonary disease, HBV hepatitis B virus, HCV hepatitis C viras, CRLM. coloreetal cancer
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Table 2 Intra-operative characteristics

N (%) p value
Sel group (N = 15) Al group (¥ = I51) PS group (N = 67)
Surgical procedures
Pure laparoscopy 13 (86.7) 123 (81.5) 59 (88.1) 0.492
Anatomical resection 3 (20.0) 26 (17.2) 20299 0.590
Use of Pringle maneuver 0 2(1.3) 0 0.590
Blood loss, ml, median (range) 75 (0-500) 10 (0-1100) 140 (0-1300) 0.001
Operative time, min. median (range) 150 (60-480) 135 (60-480) 180 (60~600) 0.021
Intraoperative transfusion 0 0 3.5 0.022
Conversion 0 4] 2(3.0) 0.082
Abdominal drainage 0 5(3.% 2.0 0.801

complications, 22 (14.6 %) of the Al group. and 14
(20.9 %) of the PS group (p = 0.060) (Table 3). The rate
of major complication was significantly higher in the Sgl
group (13.3 %, N=2) and PS group (119 %. N = §)
compared with Al group (4.0 %, N = 6) (p = 0.042). One
Sgl patient who underwent combined lymphadencctomy
developed pancreatic fistula, and this patient needed
reoperation for management of this complication. Three
patients in Al group and one patient in PS group required
reoperation for a complication in relation to simultaneous
colorectal resection. Bile leakage was observed in one
patient in the AT group (0.7 %) and two PS group patients
(3.0 %) {p = 0.218), managed by abdominal drainage.
Biliary stenosis was occurred in one patient in the Sgl
group (6.6 %), successfully treated by endoscopic stenting.
The length of hospital stay was significantly longer in Sgl
group (8.0 £ 6.5 days) and PS group (8.3 &+ 7.3 days)
compared with Al group (6.7 £ 5.1 days) (p = 0.008).

As shown in Table 4, Sgl resection was not identified as
an independent factor associated with postoperative major
morbidity unlike PS resection. Based on multivariate
analysis, COPD was found to be an independent predictor
for major complication,

Discussion

As a result of this unique anatomical location, caudate lobe
resection is technically challenging, because it is easy o
damage the bile ducts and an error in dissecting the pos-
terior part of the caudate lobe can cause uncontrolled
bleeding from the IVC [12]. However, precise anatomical
knowledge of the caudate segment, improvements in
perioperative care, and refined surgical technigue for cau-
date lobectomy in open surgery have resulted in more
widespread use of this procedure. Until recently, the most

&) Springer

favorable locations for LLR have been the peripheral liver
segments [13]. However, the limitations associated with
the procedure have gradually diminished with the accu-
mulation of surgical experience in LLR. Although the
reports are limited, LLR has been shown to be a feasible
option for lesions located in the posterior and superior
segments [14-16]. In laparoscopic view, the surgical field
is visualized and accessed from the caudal side to the
cranial side using a laparoscope, known as the ‘caudal
approach.” Thus, laparoscopic approach for caudate lobe
has advantage of easy access to this location compared
with approach for cranial side, such as posterosuperior
segments [17-19]. However, the Sgl is close to the liver
hilum, major hepatic veins, and IVC, and is still considered
theoretically as a  contraindication for laparoscopic
approach. Indeed, parenchymal transection near these
major vessels poses greater risk of injury, and once such an
injury occurs, the complications may be difficult to control
laparoscopically.

The present study represents the first series reporting the
results of laparoscopic Sgl resection and the analysis
compared with other lesions. Indeed, this study suggests
that LLR can be safely performed for Sgl tumors without
open conversion or mortality. When compared with Al and
PS groups. the Sg1 group showed a similar operative time,
a significant reduction in blood loss, and a similar rate of
intraoperative transfusion.

Although the danger in resection of the caudate lobe
may arise from massive bleeding from the anterior part of
the IVC and posterior part of the middle hepatic vein,
laparoscopy has the significant advantages of providing
excellent view and access to these parts behind the liver by
‘caudal approach’ [17-19]. Indeed, the laparoscopic
approach allows precise dissection upward along the IVC.
At this level, short hepatic veins for Sgl are meticulously
coagulated with the bipolar forceps and then divided rather
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Table 3 Comparisons between postoperative outcomes

N (%) p value
Sgi group (N = 135) Al group (N = 151) PS group (N = 67)

Postoperative mortality 0 0 0 -
Overall complication” 3(20.0) 22 (14.6) 14 (20.9) 0.060
Infectious complications 2{13.3) 7 (4.6) 8§{11.9) 0.021
Major complication” 2(13.3) 6 {4.0) 8 (119 0.042
Overall complication
Liver-specific complication

Biliary leakage 4] 1 (0.7) 230 0.336

Intra-abdominal abscess ] 4 2.6y 5(7.5) 0.172

Biliary stenosis 1(6.6) 0 0 0.001
Postoperative bleeding 0 0 (LS 0.293
Pancreatic fistula 1 (6.6) 0 0 0.001
Pulmonary complication 0 1(0.7y 1(L5) 0.487
Pleural effusion 0 1(0.7) 2 (3.0} 0.344
Heus 1 (6.0) 4 2.6} ] 0.172
Anastomotic leakage 0 1(0.7) a 0.766
General complication 0 10 (6.6) 3{4.5 0.542
Postoperative major complication®
Liver-specific complication

Biliary leakage 0 1 (0.7 2.0 0.336

Intra-abdominal abscess 0 2(1.3) {4.5) 0.472

Biliary stenosis 1{6.6) 0 4} 0.001
Postoperative bleeding 4] 0 I (1.5) 0.293
Pancreatic fistula I (6.6) 0 0 0.001
Pulmonary complication 0 0 1(1.5) 0.293
Pleural effusion 4] 0 1(1.5) 0.293
Anastomotic leakage 0 1(0.7) [} 0.766
Stenosis of stomach 0 107 0 0.766
Heus 0 1{0.7) 0 0.766
Reoperation 1 (6.6) 320 1(1.5) 0.364
Length of hospital stay, days, mean = SD 80 £ 65 6.7 £ 5.1 83£73 0.008

* Postoperative complications were stratified according to the Clavien-Dindo classification, which defines major complications by grade 11 or

more

than clipped. We believe that clips, even locked clips,
could easily slip when applied on very short veins. The
posterior part of the middle hepatic vein is more inacces-
sible. Improved laparoscopic vision (particularly via three-
dimensional camera) and the flexibility of the camera
further facilitate meticulous dissection of the liver par-
enchyma even in the narrow surgical field at the front of the
IVC and behind the liver [20].

Additionally, postoperative complications were com-
parable in the three groups. However, we observed
nonsignificant higher rates of infectious complications
and reoperation after Sgl resection. This absence of
significance may be explained by the limited sample

size. However, even though Sgl resection is scarce
uncommon, we observed complications could be
assigned specifically to Sgl resection; this was the case
of a postoperative biliary stricture developed by a patient
six weeks after caudate lobectomy and successfully
treated by biliary stenting. Indeed, we have to keep in
mind that biliary drainage for Sgl includes small tribu-
taries to the right but occurs predominantly through the
left hepatic duct [21]. Postoperative morbidity after Sgl
resection is similar to those observed after PS resection
and higher than those observed after Al resec-
tion. Therefore, we should consider Sgl as arduous
location for laparoscopic approach.

@ Springer
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Table 4 Logistic regression analysis for the risk of major complication

Risk factors Variables Univariate analysis Multivariate analysis
pvalue  Odds ratio 95 % Cl pvalue  Odds ratio 95 % ClI

Age (years) <65 versus »635 0.134 2.824 0.727-10.973
Gender Muale versus Female 0.597 0.708 0.256-1.962
BMI (kg/m”) <30 versus >30 0.803 1.333 0.139-12.758
Preoperative complication

Diabetes mellitus Negative versus positive  0.808 0.773 0.096-6.209

Hypertension Negative versus positive  0.897 0.918 0.250~-3.364

Dyslipidemia Negative versus positive  0.338 0.366 0.047-2.863

Ischemic heart disease Negative versus positive 0,999 0.000 -

CoPD Negative versus positive  0.043 5.943 1.057-33.415  0.033 7.319 1.178-45.480
Preoperative chemotherapy Negative versus positive 0,128 2209 0.795-6.136
Previous abdominal surgery  Negative versus positive  0.129 2462 0.769-7.878
Previous hepatectomy Negative versus positive  0.249 0.299 0.038-2.333
Tumor size (mm) <30 versus >30 0428 0.987 0.956-1.019
Anatomical resection negative versus positive 0331 1.734 0.572-5.256
Operation time (min) <300 versus >300 0414 1.003 0.996-1.009
Blood loss (mb) <500 versus >500 0.055 1.001 1.000-1.003 0.221 1.001 0.999-1.003
Sgl group Negative versus positive  0.233 0.377 0.076-1.871
PS group Negative versus positive  0.063 0.378 0.136-1.054 0.076 0.334 0.100-1.122

BMI body mass index. COPD chronic obstructive pulmonary discase

Another concern about the application of LLR for
tumors located in Sgl is the ability to obtain a safe
resection margin. Indeed, LLR for tumors close to both the
hilum and the major hepatic veins are technically chal-
lenging procedures because it may be difficult to obtain
adequate surgical margins, even in open liver resection
[13]. The present study emphasizes that en bloc complete
caudate Jobectomy involving the caudate lobe is not
appropriate in all cases since all 15 patients who underwent
Sgl resection had clear surgical margins. In addition,
laparoscopic ultrasound should be widely used during the
procedure in order to provide a precise evaluation of tumor
location and its relationship with the adjacent vascular
structures |7].

The limitations of the present series include both the
limited number of patients who underwent Sgl resection
and the relative heterogeneity of the tumors. Additionally,
patients were highly selected given only one had cirrhosis
and all tumor diameters were under 3 cm. Even though it
would have been ideal to compare intra- and postoperative
outcomes between laparoscopic and open Sgl resection,
our institute has high volume number of LLR: the total
number of Sgl liver resection is very fow. We assume that
it is a limitation of this study. Furthermore, we emphasize
that surgeons should have experienced technique of LLR
when considering laparoscopic Sgl resection.

@ Springer

In conclusion, this study suggests that the laparoscopic
approach is a feasible and curative surgical option for
resection of tumors located in the caudate lobe with
acceptable operative time, postoperative outcomes, and
tumor-free margins in selected patients.
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P critoneal dissemination is a major cause of recurrence in
patients with colorectal, gastric. pancre utic and ovarian
cancers and is associated mth a poor prognosis. To improve
outcomes in patients with peritoneal dissemination, clinical
studies are focusing on systemic v, dmmmhuap\ and/or
jocal ip. chemotherapy.” ™ However, ongoing investigation
of novel drugs and treatment protocols is warranted.

A number of peritoneal dissemination models have been
developed 1o evaluate drug efficacy and toxicity in living ani-
mals with peritoneal metastasis. QI However, in these mod-
els,  disseminated  wmor  cells  cannot be  observed
macroscopically. Therefore. it is necessary to kill the model
animals to evaluate tumor spread using mesenteric weight. To
reduce the need of killing experimental animals, a novel model
of peritoneal dissemination w evaluate tumor spread quickly
and accurately in living animals is needed.

We used the luciferase to evaluate the peritoneal
tumors in living anima se-expressing cancer cells
are luminous. and the luciferase assay is useful to detect living
cancer cells in the puimneal cavity with high sensitivity and
reproducibility. Pr tudies have reported the effective-
ness  of luciferase  assay  in macroscopically  observable
peritoneal tumors,™* ¥ However, the assay has not been used

© 2015 The Authors. Cancer Stience published by John Wiley & Sons Australia, Led
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Crestive Commons
Attribution-NonCommaercial-NoDerivs License, which permits use and distribution
in any medium, provided the original work is properly cited, the use is non-
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formation and to evaluate drug efficacy without killing mice.

to investigate undetectable peritoneal  micrometastasis.  We
previously reported that the adhesion of cancer cells to the
peritoneum occurs within 24 b7 ag the first stage of peri-
toneal  dissemination.  Therefore. i invisible  peritoneal
microdissemination at 24 h after wmor inoculation could be
detected using luciferase assay. drog efficacy against peritoneal
dissemination could be quickly and accurately assessed in
in vive mouse models,

In this study. we developed a novel method using luciferase
assay 1o ev altate peritoneal microdissemination and drug effi-
cacy in a mouse model. We validated the optimal luciferin
concentration that did not cause cell damage and identified a
positive correlation between luminescence in in vive luciferase
assay and the extent of tumor dissemination. With this method,
it is possible to evaluate tumorigenesis quickly and accurately
and at a low cost, with reduced need to kill experimental ani-
mals.

Materials and Methods

Cell line. Colon 26-luc cells, mouse rectal carcinoma cell
lines transfected with pMSCV-lue, were kindly gifted by
Dr. Murakami (Division of Bioimaging Sciences, Center for

Cancer Sci | March 2016 | vol 107 | ne. 3 | 341-346

552



Original Article
A novel method using luciferase assay

Molecular Medicine, Jichi Medical University, Tochigi. Japan)
in 2010, The cells were cultured in RPMI-1640 medium
(Sigma-Aldrich, Tokyo, Japan) containing 10% FBS, 50 U/mL
penicillin, 50 pg/mlL streptomycin (Pen strep; Gibeo, Thermo
Fisher Scientific, Tokyo. Japan), and 10 pg/ml puromycin
(Sigma-Aldrich) at 37°C in a humid atmosphere with 5% COy,

Concentration of lfuciferin, fn virro and in vive luciferase
assays were carried out to determine the optimal administration
concentration of luciferin (leda Trading. Tokyo. Japan). For the
in vitro luciferase assay, 1.0 x 10% colon 26-luc cells in 50 ul
medium were seeded into each well of a 96-well plate and incu-
bated at 37°C for 24 h. Next, 50 pl/well luciferin was added at
concentrations ranging from 0.008 mg/mL 1o 80 mg/mL. and
images were captured after 10 min. For the in vive luciferase
assay, BALB/c mice were i.p. inoculated with 1.0 x 10" colon
26-luc cells in 0.5 ml PBS. On day 7, luciferin at 0.5, 1.0, or
1.5 mg/0.5 mL was injected and luminescence was observed.

Luciferin toxicity assay. To assess the toxicity of luciferin by
WST-8 assay. 1.0 x 107 colon 26-luc cells in 100 yL. medium
were sceded into each well of a 96-well plate and incubated at
37°C for 24 k. Next, 50 pL/well luciferin at 0.25, 0.5, 1.0,
2.0, or 4.0 mg/mL was added. Sixty minutes later. luciferin
was removed and culture medium (RPMI-1640) was added,
and the plate was incubated at 37°C for 24 h. Cell viability
was determined using a cell counting kit-8 (Dojindo, Kuma-
moto, Japan). Cell viability was determined by measuring the
absorbance of the cells at 450 nm with the reference wave-
length at 630 nm, using a Multiskan FC microplate reader
(Thermo Fisher Scientific, Tokyo, Japan).

Animals. Inbred female BALB/cCrSle mice (Japan SLC,
Shizuoka. Japan) were obtained at 5 weeks of age and main-
tained under specific pathogen-free conditions. They were used
for experiments at 6-7 weeks of age. All experiments and pro-
cedures for care and treatment of animals in this study were
carried out in accordance with the requirements of the Gunma
University Animal Care and Experimentation Committee
(Experimental Protocol No.14-026) (Gunma University, Mae-
bashi, Japan).

Intraperitoneal microdissemination model. As described in
our previcus studies, peritoneal dissemination was investigated
in mice models."'?" Twenty BALB/¢ mice (nos. 1-20) were
i.p. inoculated with 1.0 x 10° colon 26-luc cells in 0.5 mL
PBS (day 0). On tumor implantation, cells were injected in the
left lower abdomen of mice, and needies were replaced in each
mouse. Twenty-four hours after injection (day 1), microdis-
semination was observed by in vive luciferase assay. Mice
with luminescence observed through the intact abdominal wall,
as described below, were randomly divided into three groups:
no reatment  group, cisplatin (CDDP. 10 mgr/kg:  Sigma-
Aldrich) treated group, and gemcitabine (240 mg/kg: Eli Lilly.
Hyogo. Japan) treated group. Both CDDP and gemcitabine in
PBS were ip. injected into the mice on day 1. Body weights
were measured on days 103, 7, and 10,

In vivo luciferase assay and setting. /n vivo peritoneal
microdissemination was examined using the OptimaShot CL-
420z chemiluminescence  imaging system (Wako, Osaka,
Japan). On day . model mice were anesthetized with 2-5%
isoflurane (Abbott Japan, Tokyo. Japan) in a custom-made box
(Alfabio, Gunma, Japan; Fig. S1), and 0.5 mg luciferin (0.5 mg/
ml.) was injected i.p. Up to 12 mice could be placed in the box at
the same time but the mice were separated by partitions to prevent
interference from luminescence of neighboring mice. Luciferase
assay was started within 5 min of injection of luciferin and lumi-
nescence from microdissemination was captured for 20 min. The

© 2015 The Authors. Cancer Science published by John Wiley & Sors Australia, Ltd
on behslf of Japanese Cancer Association.
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assay was repeated on day 10, and fuminescence was captured for
10 min. Luminescence intensity was caleulated using Image J soft-
ware (Rasband, W.S., U. S. National Institutes of Health,
Bethesda, MD, USA).

Ex vivo luciferase assay and setting. On day 10, ex vive luci-
ferase assay and mesenteric weight measurement were carried
out to evaluate the accuracy of the in vivo luciferase assay. Fol-
lowing the in vivo luciferase assay, mice were killed by injuring
the abdominal aorta under sufficient anesthesia. Upper. lower.
and left side abdominal walls were dissected and the gastroin-
testinal tract from the esophagus to the rectum, and liver were
resected. Ex vivo luciferase assay was immediately started fol-
lowing dissection, and Iuminescence was observed in four areas,
the gastrointestinal tract and mesenterium, abdominal wall,
retroperitoneunt, and liver (Fig. $2). Luciferin 1.0 mg (1.0 mg/
mL) was equally applied to the four arcas and then luminescence
was captured for 10 min. The number of luminescent spots was
counted. Finally, the mesenteric weights were measured.

Statistical analysis. When the results of ANOVA were signif-
icant, Dunnett’s multiple comparisen tests were used to 58
differences in Juminescence intensity, pumbers of luminescen
spots, and body weight among the three groups. The statistical
correlation between luminescence intensity, numbers of lumi-
nescent spots, and mesenteric weight was tested using Spear-
man's correlation coefficient. All differences were considered
statistically significant if 2 < 0.05, Statistical analyses were
carried out using the JMP S for Windows software package
{SAS Institute, Tokyo, Japan).

Results

Optimal luciferin concentration was determined by in vitro and
in vivo luciferase assay. /n vifro luciferase assay showed that
optimal luminescence was observed at 0.5 mg/mL (Fig. la).
In in vivo luciferase assay, luminescence intensity was similar
at each injection dose of luciferin (0.5, 1O, and 1.5 mg:
Fig. 1b). Cell viability was inhibited at luciferin concentrations
=1.0 mg/mL (Fig. lc).

Evaluation of tumor transplantation by in vivo luciferase assay.
In in vivo luciferase ay, on day 1, luminescence was
observed through the intact abdominal wall in 13720 mice
(65%; Fig. 2). Mice with luminescence were randomly divided
into three groups. The no treatment group included mouse no,
7.9, 10, and 17: the CDDP (10 mg/kg) group included mouse
no. 4, 6, 16, and 18; and the gemcitabine (240 mg/kg) group
mctuded mouse no. 3, 8. 12, 13, and 14. On day 10, all mice
with luminescence on day 1 had peritoneal dissemination vali-
dated by pathological findings, in vive luciferase assay. and
ex vive luciferase assay. Mouse no. 10 mouse died of peri-
toneal dissemination on day 9.

On day 10, seven mice with no luminescence on day 1 were
reexamined. Luminescence was observed in 3/7 (71.4%) of
those mice (no. 1. 5. 11, 19, and 20: Fig. $3). Mouse no. 5
died on day 10: no. 11 died on day 211 and no.l. 19, and 20
died on day 24. Mouse no. 2 and 15 did not have lumines-
cence on day 10, but mouse no. 15 died on day 28, A wmor
nodule was observed in her left lower abdominal wall. On day
30, in vive luciferase assay was repeated in mouse no. 2. No
luminescence was observed, and no tumor nodules were
observed on dissection. Therefore, the final tumor implantation
rate of colon 26-luc cells was 95% (19720},

Evaluation of drug efficacy by in vivo luciferase assay. In
in vivo luciferase assay, on day 10, luminescence was observed
in all three of the surviving mice in the no treatment group, in

Cencer Sci | March 2016 | vol. 107 | no.3 | 342
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Fig. 1. Determination of the optimal
concentration of luciferin for luciferase assay. (a) In
vitro luciferase  assay with  concentrations  of
luciferin ranging from 0.008 to 8.0 mg/mL. Optimal
luminescence was observed at 0.5 mg/mL. (b) In
vive luciferase assay in peritoneal dissemination
model mice, Luminescence intensity was similar
following Lp. injection of 05 1.0, and 1.5mg
luciferin,  {¢) WST-8 assay showed that cell
proliferation  was  inhibited  at  luciferin
concentrations >1.0 mg/mlL.

Fig. 2. In vivo luciferase assay 1o evaluate
peritoneal dissemination on day 1. Mice were
anesthetized with 2-5% isoflurane, and 0.5 mg
tuciferin was injected ip. Luciferase assay was
carried out within 5 min of injection, and images
were captured after 20 min. Luminescence was
observed in mouse no. 3, 4, 6, 7, 8,9, 10, 11, 12, 13,
16, 17, and 18.

Fig. 3. In vivo luciferase assay to evaluate drug
efficacy on day 10, (a) Intense luminescence was
observed in the no treatment (no treat) group.
Mouse no. 10 in this group died on day 9. White
arrows show areas of luminescence. In the cispiatin
(CODP) group, luminescence was observed in mouse
no. 6, 16, and 18 but not in mouse no, 4. in the
gemcitabine group, luminescence was observed in
mouse no, 3, 8, and 14. (b) Luminescence intensity
was calculated by Image ) software. Luminescence
intensity was significantly stronger in the no
treatment group than that in the CODP and
gemcitabine groups.

Cancer Si | March 2016 | vol 107 | no. 3 | 343
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three of the four mice in the CDDP group (Fig. 3a), and in
three of the five mice in the gemcitabine group. Luminescence
intensity in the no treatment group was significantly stronger
than that in the CDDP and gemcitabine groups (Fig. 3b).
Evaluation of drug efficacy by ex vivo luciferase assay. Ex vive
luciferase assay was carried out on day 10 to evaluate the

www.wileyonlinelibrary.com/journal/cas

efficacy of ip. injected anticancer agents. Luminescent spots
were observed in all four arcas in all three groups (Fig. 4a,
Table 1). However, the total number of spots was significantly
higher in the no treatment group than that in both the CDDP
and gemcitabine groups. On evaluation by area, there were
significantly more fuminescent spots in the no treatment group

(@) No treat Gemcitabine 240 mg/kg

CDDP 10 mg/kg

Mesenteric
Gastrointestinal

tractand

Total spot number
Liver 200 o

3 2% Retroperitoneum 1

N.S.

Fig. 4. Ex vivo luciferase assay on day 10. (a) Mice were killed under sufficient anesthesia. The abdomen was opened and divided into four
areas: the abdominal wall, retroperitoneum, liver, and gastrointestinal tract and mesenterium. Luciferin {1.0 mg) was applied evenly over the
four areas. Luminescence was captured for 10 min. Luminescent spots were observed in all areas in all groups. Compared with the no treatment
{no treat) group, luminescent spots were reduced in groups treated with cisplatin (CDDP) or gemcitabine. (b) The number of luminescent spots
was counted in each area in each group. In groups treated with CDDP or gemcitabine, the total number and the number of luminescent spots in
all areas except the abdominal wall area were significantly reduced compared with the no treatment group. (¢} Mesenteric weight was signifi-
cantly heavier in the no treatment group than that in the CDDP and gemcitabine groups. *P < 0.05. N.S., not significant.

Table 1. Number of luminescent spots in each freatment group of mice, by area and in total in ex vivo luciferase assay and mesenteric
weights, to evaluate peritoneal microdissemination and therapeutic effect

No. Treatment Abdominal wall  Retroperitoneum  Liver  Gastrointestinal tract and mesenterium  Jotal  Mesenteric weight, g
7 No treat 3 18 8 90 118 1.9
9 No treat 8 19 13 147 187 1.44
17 No treat 2 16 6 60 84 132
4 <DDP 1 0 0 ] 1 0.38
CbopP 1 4 0 1 6 0.53
16 DDP 1 1 1 4 7 0.4
18 CoDP 1 0 G 0 1 0.46
3 Gemcitabine 4 6 2 7 19 0.35
8 Gemcitabine 1 2 1 4 8 .47
12 Gemcitabine [+ 0 [ 1 1 0.42
13 Gemcitabine 4 0 0 6 10 0.54
14 Gemcitabine [ 0 0 1 1 .47

Mice were grouped according to treatment: no treatment {no treat); 10 mgrkg cisplatin (CODP); and gemcitabine 240 mg-kg.

© 2015 The Authors, Cancer Science published by John Wiley & Sons Australia, tid
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Fig. 5. Positive  correlation  of  luminescence
intensity with total luminescent spot number and
mesenteric  weight.  {a, B) In each group,
luminescence intensity in in vive luciferase assay
was positively correlated with the total number of
luminescent spots in ex vivo luciferase assay. {¢, d)
in each group, luminescence intensity was positively
correlated with mesenteric weight, CDDP, displating
o treat, no treatment.

compared with those in the treatment groups for all arcas
except the abdominal wall (Fig. 4b). Mesenteric weight was
significantly heavier in the no treatment group than that in the
treatment groups (Fig. 4¢). There was no significant difference
in body weight among the three groups at any time point
(Fig. 84).

Luminescence intensity positively correlated with total number
of luminescent spots and mesenteric weight, In each group,
there was a positive correlation between luminescence inten-
sity in in vive luciferase assay and the total number of lumi-
nescent  spots in  ex  yive luciferase  assay  (Fig. Sa,b),
Furthermore, there was a positive correlation between lumines-
cence intensity in in vive luciferase assay and mesenteric
weight (Fig, 5c.d) and between the tota) number of lumines-
cent spots in ex vive luciferase assay and mesenieric weight.

Discussion

In this study, we developed a novel peritoneal microdissemina-
tion mouse model using luciferase assay. This model has a
number of advantages over previously reported mouse models
of peritoneal dissemination. First, the optimal luciferin concen-
tration that reduced cell viability was validated for in vive luci-
ferase assay. Second, peritoneal microdissemination could be
quantitatively evaluated using in vive luciferase assay. Finally,
the model showed a positive correlation between luminescence
in i vive luciferase assay and the extent of tumor spread eval-
uated by ex vive lucifer say and mesenteric weight.

Previous studies have used 2.0-3.0 mg luciferin i.p. m;ec(s.d
for in vive lucifi ay to evaluate twmor extent in the
peritoneal cavity.
m\rut\' for peritoneal tumor clusters aml} ed by luciferase
assay.’ 21 However, it remained unclear whether luciferin had a
cytotoxic effect on colon 26-luc cells. Therefore, we investi-
gated the optimal concentration and found that the dose of
luciferin used in previous studies reduced cell viability in
colon 26-luc cells, An ip. injection of 0.5 mg luciferin was
sufficient to produce optimal luminescent intensity.

We focused on the detection of muacroscopically invisible
peritoneal  microdissemination using luciferase assay. The

as
9 uciferin is thought to have low cyto-
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diameter of peritoneally disseminated tumors is usually hetero-
geneous. Therefore, small clusters of cancer cells might be
affected by the eytotoxic effect of the high concentrations of
luciferin used in previous models. We believe that the model
developed in the present study can more accurately evalnate
the efficacy of therapeutic drugs. particularly for peritoneal
micrometastasis.

The lrmwpiantutiw} rate of colon 26-luc cells by i.p. inocula-
tion was 95% in this study. Although this was sufficient, a rate
of 100% is ideal. Experimental bias relating to tumor implan-
tation is one reason why large numbers of experimental ani-
mals are needed for in vive studies of anticancer drug efficacy.
To address this problem, it is important to idemtify which
expertmental animals have successfully been implanted with
peritoneal tumors. Therefore. we used the in vivo luciferase
assay not only to evaluate anticancer drug efficacy but also to
identify successfully tumor-implanted mice for the study. In
vivo luciferase assay before treatument was useful to confirm
the engraftment of invisible micrometastasis in a setting where
tumor clusters could not be detected by conventional methods.,
such as macroscopic observation. This strategy resulted in a
transplantation rate of 100% in mice that were included in the
experiment and provides an effective approach to reduce the
number of laboratory animals for drug efficacy assays.

In previous studies, tests of drug cfflmcy were carried out
after day 14199 we .p. injected anticancer agents on day 1.
and evaluated drug efficacy on day 10 using luciferase assay
and mesenteric weight. Therefore, our mouse model reduced
the required experimental period with confirmation of wmor
engraftment on day 1 and assessment of microdissemination
on day 10,

First, we validated the correlation between in vive lucifer-
ase activity and peritoneal tumor extent as determined by
mesenteric weight and the number of luminescent spots in
ex vivo luciferase assay. This is very important data to con-
firm the accuracy and usefulness of experimental mouse mod-

cls of peritoneal  dissemination. However. few previous
studies  have investigated  whether  luminescent  intensity

viewed through the intact abdominal wall could be used to
evaluate the extent of peritoneal dissemination. Therefore, our

@ 2015 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Associstion,
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method to quantitatively evaluate peritoneal  dissemination
in vivo provides an important advance over previous methods
using luciferase assay. Incidentally, in ex vivo luciferase
assay, the number of luminescent spots in the abdominal wall
arep did not significantly reduce in the treatment group.
Based on the luminescence in this area, abdominal wall
metastasis may be mixed as well as peritoneal dissemination.
Therefore, it was suggested that enough efficacy against
abdominal wall metastasis was not provided by ip. adminis-
tration of drugs.

Most previous studies have used the in vive imaging system
(IVIS) 1o cvaluate luminescence.'*'” The IVIS s)slcm is
widely used for in vivo imaging by luciferase assay because of
its high sensitivity, high throughput, and high resolution. How-
ever. this system I8 expensive for individual laboratories. In
this study. we used the l()\ur -priced Opum'xShm CL-420u sys-
tem and a custom-made box for 12 mice. This makes the
model applicable to a wide range of experimental settings.

In summary, we established a novel method to evaluate
tumorigenesis and drug efficacy using a mouse model of peri-
toncal microdissemination and luciferase assay. New drugs and
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Abstract

Background The natural history of human T-cell leukemia virus type 1 (HTLV-1). which
causes adult T-cell leukemia (ATL) or HTLV-1 associated myelopathy, after liver transplan-
tation is unclear.

Methods  We conducted a nationwide survey to investigate the impact of HTLV-1 status on
living donor liver transplantation (LDLT) in Japan. We analyzed the cases of 82 HTLV-1-
positive recipients and six HTLV-1-negative-before-LDLT recipients who received a
hepatic graft from HTLV-1-positive donors.

Results  Adult T-cell leukemia developed in five recipients who ultimately died. Of these
five, two received grafts from HTLVY-1-positive donors and three from HTLV-1-negative
donors. The 1-, 3-, and 3-year ATL development rates were 4.5%, 6.5%, and 9.2%, respec-
tively. Fulminant hepatic failure as a pre-transplant diagnosis was identified as an indepen-
dent risk factor for ATL development (2 = 0.001). The |-, 3-. and S-year survival rates for
HTLV-i-positive recipients who received grafts from HTLV-I-negative donors were
79.9%. 66.1%. and 66.1%, and from HTLV-I-positive donors were 83.3%, 83.3%. and
60.8%. respectively. The 1-year survival rate for HTLV-1-negative recipients who received
grafts from HTLV-1-positive donors was 33.3%.

Conclusions  Fulminant hepatic failure is an independent risk factor for ATL development
in HTLV-1-positive recipients. Grafts from HTLV-I-positive living donors can be
transplanted into selected patients.

Keywords  Adult T-cell leukemia « Human T-cell leukemia virus type | - Living donor
liver transplantation

Introduction

Human T-cell leukemia virus type 1 (MTLV-1)1s aretrovirus that is endemic in southwestern
Japan and causes adult T-cell leukemia (ATL) or HTLV-1 associated myelopathy (HAM) in
a minority of carriers, although most carriers remain asymptomatic, HTLV-i-infected recip-
ients who are concurrently treated with immunosuppressive drugs following organ or bone
marrow transplantations might exhibit an accelerated or altered developmental course of
HTLV-1-associated diseases [1]. We previously reported on the impact of HTLV-1 status
in living donor liver transplantation (LDLT) as a single-center experience {2, 3]. From that
study, we concluded that pre-transplant fulminant hepatic failure (FHF) is a risk factor for
ATL development in HTLV-1-positive recipients [2]. HTLV-1 is vertically uansmitted from
mothers to infants, and the virus is maintained within the infant’s family [4]. In Japan. living
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donors are limited to the blood relatives or spouse of the
intended recipient, except in very rare cases. Therefore, some-
times both the donor candidate and the recipient are HTLV-1
positive.

Approximately 1.1 million individuals in Japan are
mfected with HTLV-1 [5]. and 30% of HTLV-1 carriers live
in southwestern Japan. The Japan Organ Transplant Network
recommends against using organs from HTLV-I-positive
donors even for recipients with a pre-existing HTLV-1
infection. In contrast, most transplant centers do accept
HTLV-1-positive carriers as living donors. There is a
widening gap between the need for livers and the availability
of livers donated by deceased individuals in most countries.
The use of HTLV-1-positive donors is increasing owing to
the growing disparity between organ availability and demand
{6}, There are many recipients with an urgent need for
transplant, especially older individuals, and, to fill this
demand, tivers from HTLV-1-positive donors could be con-
sidered for use in recipients who are already HTLV-1
positive.

Because Japan is located in an HTLV-1 endemic area, we
collected data to report the nationwide figures on HTLV-1-
positive donors or recipients who underwent LDLT. Our data
show HTLV-1 transmission in a liver tansplantation (LT)
setting and provide important information for tansplant
surgeons performing LT with HTLV-1 positive donors or
recipients.

Patients and methods
Recipients

As a retrospective survey, we analyzed the cases of 82
recipients who were HTLV-1 positive before LDLT and
of six recipients who were HTLV-1 negative before
LDLT, all of whom received hepatic grafts from
HTLV-1-positive donors. These recipients underwent
LDLT at the following 13 institutions prior to or during
October 2014: Kyushu University (32 recipients). Kyoto
University (19 recipients), Nagasaki University (12 recip-
ients), Kumamoto University (12 recipients), Kvoto
Prefectural University of Medicine (two recipients), Keio
University (two recipients), Tohoku University (two re-
¢ipients). Hiroshima University (two recipients), Ehime
University (one recipient), National Center for Child
Health  and  Development  (one  recipient),  Nagoya
University (one recipienty, The University of Tokyo
(one recipient), and Osaka City University (one recipi-
ent). This study was conducted in collaboration with
the Japanese Society of Hepato-Biliary-Pancreatic Sur-
gery and the Japanese Liver Transplantation Society.
The institutional review boards of each institution

approved this study (Representative Institution: Kyushu
University 25-298}. The primary diagnoses requiring
LDLT for the 82 HTLV-I-positive recipients were as
follows: hepatitis C virus (HCV) in 33 recipients (19
had hepatocellular carcinoma, HCC), FHF in 12 recipi-
ents, primary biliary cirrhosis in seven recipients (one
had HCC), biliary atresia in seven recipients, cryptogenic
in six recipients (one had HCC), hepatitis B virus (HBV)
in three recipients (one had HCC), autoimmune hepatitis
in three recipients (one had HCCQ), primary sclerosing
cholangitis in two recipients, and HBV + HCV with
HCC, secondary biliary cirrhosis, idiopathic portal hyper-
tension with cholangiocellular carcinoma. alcohol abuse,
nonalcoholic  steatohepatitis. polyeystic  liver  disease,
extrahepatic portal stenosis, graft failure, and chronic
rejection in one recipient each (Table 1). The primary
diagnoses requiring LDLT for the six HTLV-l-negative
recipients transplanted with grafis from HTLV-1-positive
donors were as follows: alcohol abuse in three, HCV in
two, and FHF in one recipient(s) (Table 2).

Donors

Donors were selected from candidates who volunteered to be
living donors. The donors for the HTLV-1-positive recipients
were children in 39, siblings in 15, spouses in 13, parents in
cight, uncles in two, siblings-in-law in two, a daughter-in-
law in one, a niece in one, and a domino transplant in one
case(s). The HTLV-l-positive donors for the HTLV-L-
negative recipients were siblings in three. spouses in two,
and a father in one case(s) (Table 2).

Graft type

The selection of graft type depended on the criteria for
each institution. The graft types for the HTLV-1-positive
recipients were right lobe in 36, extended left lobe in 21,
left Tobe in 13, right posterior sector in four, left lateral
segment in two. dual graft in one, domino whole liver
eraft in one, and reduced S2 graft in one case(s). The
graft types from the HTLV-l-positive donors for the
HTLV-I-negative recipients were right lobe in five and
extended left lobe with caudate lobe in one case(s).

Splenectomy

Simultaneous  splenectomy  during LDLT was performed
under the criteria of each institution. This procedure was
typically performed to decrease portal pressure or to improve
pancytopenia.
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Table 1 Characteristics of human T-celf leukemia virus type 1 (HTLV-
1)-positive recipients at living donor liver transplantation (LDLT)

Variables Cases (1 = 82)

Recipient age (years, range) 50.2 (4 months-74

yeurs)
Recipient gender ¢male, %) 37{43.0
Primary dingnosis
Liver ¢irthos
Hepatitis C/Hepatitis B/Hepatitis B + C 33341
Cryptogenic/Alcohol/NASH/ATH 6/1/1/3

Fulminant hepatic failure 12

Cholestatic disease: PBC/BAPSC/Secondary  7/7/241

bitiary cirrhosis

Others* 4
Recipient height (em. range) 157 (60-183)
Recipient weight tke SR (5.4-94)
MELD score (range] 19.0 (4-42)
Spleneciomy (y 36.(45.6)°

816 (437-1407)
7934 (217-60860)

Recipient operation time (min, range)
Recipient blood loss (ml, range)

Calcineurin ishibitor (tacrotimus, %) 67 (81.7)

MMF or mizorbine {ves, %) 46 (56.1)

Donor HTLY-1 positive (yes, %) 1201500

Graft {right, %) 36439
GWISLW ratio (%, range) 47.5(23.6-131.5)
GW-BW ratio (%. range) 0,96 (0.44-497)
ABO tidenticalicompatible/incampatible) 4912449

Blood wlative donor (yes, %) 64 (78.0)

39.7 (18-65)
45 (5.3

437 (226-738)
541 (70-3500)

Donor age (years. range)

Donor gender imale. %)

Doner operation time (min, range)
Denor blood loss iml. range)

Al autoimmune hepatitis, 84 bifinry atresia, BW body weight, GW araft
weight, MELD model for end-stage Tiver discase. NASH non-alcoholic
steatobepatitis, PBC primary biliary cirthosis, PSC primary sclerosing
cholangitis, SLW standard liver weight caleulated by 706.2 x body sur-
face area + 2.4

“ Others included polycystic fiver disease. extrahepatic portal stenosis,
graft failure and chronic rejection

P Unknown in three recipients

© HTLA-1 status was unknown in two donors

4 One patient got dual grafts from two donors

Immunosuppression regimen

Initial immunosuppression was started with either tacroli-
mus or eyclosporine A in combination with steroid and/or
mycophenolate mofetil (MMF) or mizoribine. For the
HTLV-1-positive recipients. tacrolimus was used in 67
recipients, and cyclosporine A in 14 recipients. A calcine-
urin inhibitor was used in all but one recipient. Steroids
were used in 77 recipients. MMF was used in 44 recipients,
and mizoribine in two recipients. An anti-IL-2 receptor
antibody was used in 13 recipients, and rituximab was used

in five recipients. For HTLV-1-negative recipients who re-
ceived HTLV-1-positive grafts, tacrolimus was used in five
recipients. and cyclosporine A in one recipient. Steroids
were used in all but one recipient, mizoribine was used in
one recipient, and antibodies were not used in any recipi-
ents (Table 2).

Follow-up

The mean follow-up period was 1,643 days, with 360 days
andd 2.897 days as the 25th and 75th percentiles, respectively.
Recipient survival was defined as the time period between
LDLT and recipient death.

Statistical analyses

Recipient survival rates and ATL development rates were
calculated by the Kaplan-Meier product-limited method.
Information about the recipients was collected on their day
of death when a recipient died from a disease other than
ATL to caleulate the ATL development rate. Variables that
were included in the univariate analysis by a Fisher's exact
test were recipient age. donor age. etiology of liver disease,
donor HTLV-1 sttus, splenectomy, graft weight (GW)-
standard fiver weight (SLW) ratio, graft type, model for
end-stage liver disease (MELD) score, recipient sex, donor
sex. blood type compatibility. presence of blood relative
between donor and recipient, tacrolimus or cyclosporine A
use, and MMF use. For the multivariate analysis, an exact
logistic regression  analysis  was  performed.  Data  are
expressed as means x standard deviation. All statistical
analyses were performed using IMP 110 software (SAS,
Inc., Cary, NC, USA) A P-value of <0.03 is considered
significant.

Results

There were 37 male and 45 female HTLV-1-positive
recipients, and their mean age was 30.2 vears (range:
4 months-74 vears). Their mean MELD score was 19.0
(range: 4-42), and their mean GW-SLW ratio was 47.5
(range: 23.6-131.5). Their mean GW-recipient body weight
ratio was (.96 (range: 0.44-4.97). Forty-five donors were
male and 36 were female, and they had a mean age of
39,7 years (range: 18-65). One recipient was transplanted
with dual grafts from male and female donors. Sixty-four
(78.0%) donors were blood relatives with their recipients.
Twelve of the 82 donors were HTL V-1 positive. The clinical
courses of these 12 donors were uneventful after hepatec-
tomy. No donors developed ATL or HAM afier the surgery.
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Table 2 Characteristics of human T-cell leukemia visus type 1 (HTLV-1) negative recipients who received grafis from HTLV-1 positive donors and

their outcome after living donor liver tansplantation (LDLT)

Variables I 2 3 4 5 6
Recipient age 41 44 57 48 i3 59
Recipient gender M M F M F M
Diagnosis Alcohot LC-C Aleohol LC-C FHF Alcohol
MELD 1 19 23 23 28 NA
Splenectomy No Yes No NA No NA
Initial CNI TAC TAC TAC CYA TAC TAC
Steroid Yes Yes Yes Yes Yes No
MMF or mizoribine No Ne Neo Mizoribine No No
Donor age 43 39 55 a4 49 35
Donor gender F F F M M F

Graft RL RL RL LL+C RL RL
GW-SLW (%3 448 500 56.7 377 634 410
GW-BW (%) 076 1.01 [N 0.75 134 0.83
ABO Compatible Identical Identical Identical Tdentical Tdentical
Relation 1o recipient Sibling Spouse Sibling Sibling Father Spouse
ATL No No Na No No No
HAM No No No No No No
Survival time (days) 3457 39 19 22 3612 26
Alive Alive Ne No No Alive® No

Cause of death - Heart failure

Graft infarction

Graft infurction -~ Cerebral hemorrhage

ATL adult T-cell leukemia, CYA cyclosporine A. FHF fulminant hepatic failure, GW graft weight, HAM HTLV-1 associated myelopathy, LC-C liver
cirrhosis type C, LL + C extended left Jobe with caudate lobe graft, RL right lobe graft, SLW standard liver weight, TAC tacrolimus

¢ Patient #5 underwent a re-transplantation due to chronic rejection

The HTLV-1 statuses of two of the donors were unknown.
The characteristics of the HTLV-I-positive recipients and
their donors at LDLT are shown in Table 1.

Adult T-cell leukemia developed in five recipients (Table 3).
The intervals between LDLT and ATL development for
these five recipients were 181 days. 291 days, 257 days,
823 days, and 1,315 days. Two of the ATL recipients received
grafts from HTLV-1 carriers and three received them from
non-carriers (Table 3). Fluorescent in sine hybridization
revealed that the development of ATL in two of the recipients
was owing to the recipient having HTLV-1 (2]

The I-. 3-, and S-year ATL development rates in the
HTLV-I-positive recipients were 4.3%, 6.5%, and 9.2%,
respectively (Fig. 13. Four recipients died despite chemother-
apy owing o ATL. One recipient with ATL died of chronic
rejection owing to the withdrawal of treatment with a calcine-
urin inhibitor {2]. The intervals between ATL development
and recipient death for these five recipients were 15 days,
3 months, 5 months, 15 months, and 27 months. The overall
survival rate based on recipient and donor HTLV-{ status is
shown in Figure 1. The 1-, 3-, 5-, and 10-year survival rates
for HTLV-1-positive recipients who received grafts from
HTLV-I-negative donors were 79.9%. 66.1%, 66.1%, and
59.7%, respectively. The causes of death that were unrelated

to ATL were sepsis in 10, HCC recurrence in four, graft
failure in four, graft infarction in one, and CCC recurrence
in one recipient(s). We were unable to obtain follow-up data
for one recipient. In contrast, the 1-, 3-, 5 and 10-year
survival rates for the HTLV-I-positive recipients who
received grafts from HTLV-I-positive donors were 83.3%.
83.3%, 60.8%, and 48.6%. respectively. The three recipients
whose deaths were unrelated to ATL died from post-
transplant Iymphoproliferative disorder (PTLD) in the brain,
heart {ailure, and suicide (one recipient each).

Six HTLV-l-negative recipients received grafts from
HTLV-1-positive donors (Table 2). Four of these six
recipients died within 2 months after LDLT. Therefore,
the l-year survival rate after LDLT for these patients

3% (Fig. 1). Their causes of death were graft

was 33.3%
infarction in two recipients. heart failure in one recipient,
and cerebral hemorrhage in one recipient, Furthermore,
one recipient underwent re-transplantation  hecause of
chronic rejection (Table 2).

Univariate analyses revealed that, in this study, both
FHF as a pre-transplant diagnosis and a lack of splenec-
tomy were risk factors for ATL development (7 < 0.001
and P = 0.013. respectively: Table 4). Other {fuctors,
including donor HTLV-1 status, were not found to be
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Table 3 Characieristics and outcome of recipients who developed adult T-cell leukemiz (ATL} after living donor liver transplantation (LDLT)
Variables i 2 3 4 5
Recipient age at LDLT 39 45 67 48 59
Recipient gender E M M M F
Recipient HTLV-1 Positive Positive Positive Positive Positive
Diagnosis FHF FHF FHF FHF FHE
MELD 23 2 22 25 32
Splenectomy No No No No No
Initial CNI TAC TAC TAC CYA TAC
Steroid Yes Yes Yes Yes Yes
MMF or mizoribine No No No No No
Donor age at LDLT 46 36 34 20 28
Donor gender M F M M F

Donor HTLY-1 Pasitive Positive Negative Negative Negative
Graft LL L RIL RL RL
GW-SLW (%) 35.1 42.6 549 50.2 376
GW-BW (%) 0.64 0.89 1060 0.89 0.79
ABO Identical Compatible Compatible Identical Identical
Relation 1o recipient Sibling Sibling Son Son Daughter
HAM No No No No No
Survival time (days) 195 1273 432 2107 360
Alive No No No No No
Cause of death ATL Chronic rejection ATL ATL ATL

CYA eyclosporine A, FHF fulminant hepatic failure, GW graft weight, HAM HTLV - assoviated myelopathy. LL left lobe graft. RL right fobe graft, SLW

standard liver weight, TAC 1acrolimus

risks for ATL development. A multivariate analysis
revealed that FHF was an independent risk factor for
ATL development (7 = 0.001, Table 5).

HTLV-1 associated myelopathy developed in two
recipients, and both were HTLV-1 positive before LDLT,
The primary diaguosis for both of these two recipients
was HCV. The donor was HTLV-1-positive for one of
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these two recipients [7]1. A simultaneous splenectomy
was performed in one recipient. The intervals between
LDLT and HAM development for these two palients
were 15 months and 46 months. One recipient died
because of chronic rejection § months after HAM devel-
opment, and the other was still alive 101 months after
HAM development.
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