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Fig. 3 Microscopic findings. The tumor in S6 was of the scirrhous type of moderately differentiated hepatocellular carcinoma (a) H&E
stain (X20) (b) Azan-Mallory stain (X10). 58-A and S8-C lesions were combined HCC-CC. (c) Component of HCC (X20).
(d) Component of CCC (X10). S8-B was of the scirrhous type of moderately differentiated hepatocellular carcinoma (indicated by white

arrows in loupe observation [e]). 58-D was an early hepatocellular carcinoma (indicated by white arrows in loupe observation [e]). The
broken line indicates a borderline between carcinoma in S8-D (left side) and normal area (right side). (f) (X15).
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Fig. 4 Locations and pathologic features of 5 hepatic tumors.

In addition, S8-D was thought to be an eHCC.
Therefore, we assume that our patient had 5
different coexisting hepatic cancers, of which 4 were
primary cancers that arose multicentrically with
multiple pathologic features and one was an
intrahepatic metastasis.

Scirrthous HCC and combined HCC-CC are rare
primary liver cancers, and in Japan, their frequencies
have been reported to be approximately 4.6% and
0.54%, respectively, of prlmary liver cancers.>® Most of
the synchronous double primary hepatic cancers are a
combination of HCC and CCC, and the frequency of
the combination of scirrhous HCC and combined
HCC-CC is extremely low. Our patient had 5 tumors, 1
combined HCC tumor with an intrahepatic metastasis,
2 scirrhous HCC-CC tumors, and 1 eHCC tumor. To
our knowledge, this is the first published report of the
coexistence of 5 hepatic cancers composed of 4
primary cancers with 3 different types of pathologic
features in a single patient.

Accuracy and feasibility of preoperative diagno-
sis for primary hepatic cancers are of great interest.
In our patient, 3 tumors (56, S8-A, and S8-B) were
preoperatively identified by CT and MRI, but 2
tumors (58-C, 6 mm and S8-D, 4 mm) could not be
identified, even by the retrospective assessment of
the preoperative CT and MRI data. It is sometimes
difficult to detect such tiny tumors using the
currently available diagnostic devices. With regard
to the 3 identified tumors, the preoperative diagno-
ses were not correct. The 56 and S8-B tumors were
preoperatively diagnosed as classic HCC, but were
in fact histologically a rare variant of HCC, scirrhous
HCC. One of the characteristic features of scirrhous

Int Surg 2012;97
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HCC is prolonged enhancement in the late phase
in CT and MRI imaging,” but the feature varies
depending on individual tumors. In addition, the
finding of prolonged enhancement in the late phase
is not specific to scirrhous HCC, and is frequently
seen in CCC and metastatic tumors. Therefore, it is
usually difficult to preoperatively diagnose scir-
rhous HCC. The preoperative CT findings of these 2
tumors showed early enhancement and washout (or
isodensity) and were not consistent with the typical
features or any features that are strongly associated
with scirrhous HCC, suggesting that they were
typical HCCs. We have to be aware that tumors with
features that closely resemble the typical findings of
HCC could also be differentially diagnosed as a rare
variant of scirrhous HCC. The S8-A tumor was in
fact histologically combined HCC-CC. The diagnosis
of CCC or combined HCC-CC requires extra
attention because additional operative procedures,
such as lymph node dissection, may be necessary.
However, definitive preoperative diagnosis of com-
bined HCC-CC, in particular, seems to be challeng-
ing.® In our patient, although combined HCC-CC
was included in the preoperative differential diag-
nosis of the S8-A tumor based on CT and MRI
findings, we could not pinpoint the diagnosis to
combined HCC-CC before surgery. Nakamura et al’
hypothesized that a hypervascular tumor with high
CEA and CA19-9 levels or a hypovascular tumor
with a high level of AFP may indicate a preoperative
diagnosis of combined HCC-CC, but these features
did not correspond to our patient. Further advances
in diagnostic devices or markers are needed to
differentiate relatively rare hepatic cancers, such
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as scirrhous HCC and combined HCC-CC, from
typical HCCs.

Surgical intervention is another point of interest
for primary hepatic cancers with multiple patholog-
ic features, especially if CCC or combined HCC-CC
is involved. The necessity of hilar lymph node
dissection for combined HCC-CC is still under
debate>'° At our institute, hilar lymph node
dissection is performed for preoperatively diag-
nosed combined HCC-CC in cases where the hilar
lymph nodes appear metastatic from the preopera-
tive imaging diagnosis or observation during sur-
gery. In our patient, because the lymph nodes were
not preoperatively and intraoperatively suspected
to be metastatic, lymph node dissection was not
performed. Postsurgical care, such as additional
treatments including lymph node dissection or
adjuvant chemotherapy, could be necessary in the
future considering the possible recurrence in lymph
nodes from the combined HCC-CC tumors in S8-A
and S-8C. We have no immediate plans to do so
because postoperative CT and serum tumor markers
have not indicated any signs of recurrence at
present, and we need to consider that the appear-
ance of another tumor may not be lymph node
metastasis but instead may be a multicentric
occurrence of a new HCC. Considering the patho-
logic features of this patient, the possibility of a new
HCC occurrence in the future is high. We will
continue examining this patient by CT and tumor
markers every 6 months so we can immediately plan
the appropriate treatments for any recurrence such
as lymph node metastasis or new HCC.

We reported a very rare case of 5 different
coexisting hepatic cancers, whose pathologic features
included scirrhous HCC and combined HCC-CC.
Because of rarity and the diseases’ natural characters,
definite preoperative diagnoses were difficult in this
patient. Special attention should always be given
when encountering patients in whom unexpected
tumors or whose tumor features are different from
the preoperative diagnosis. The postoperative course
of this patient is pathophysiologically interesting
because the multiple pathologic features could have

22
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various patterns of recurrence. Considering the
pathophysiologic characters of each tumor, long-
term observation of the patient is necessary.
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Abstract A 58-year-old man was transferred to us from
"his local hospital because of failure to control his gastro-
intestinal bleeding by endoscopic hemostasis. Abdominal
imaging suggested a hypervascular tumor of the pancreatic
head (36 mm diameter), and laboratory testing showed an
elevated serum gastrin level (17,800 pg/mL). Gastroduo-
denal endoscopy revealed multiple duodenal ulcers and
active bleeding from the ampulla of Vater. The selective
arterial secretagogue injection test suggested a gastrinoma
in the pancreatic head, but no gastrinoma in the pancreatic
tail. The patient was diagnosed with solitary pancreatic
head gastrinoma complicated by hemosuccus pancreaticus,
and pancreaticoduodenectomy was performed. Intraopera-
tively, the diagnosis was changed to primary peripancreatic
lymph node gastrinoma without pancreatic involvement.
The gastrointestinal bleeding stopped postoperatively and
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serum gastrin levels returned to normal. Histological
examination of the surgical specimens revealed a small
submucosal gastrinoma in the duodenum (7 mm diameter).
The final diagnosis was microgastrinoma of the duodenum
with peripancreatic lymph node metastasis. The cause of
bleeding from the ampulla of Vater was initially obscure,
but eventually a hemorrhagic erosion with moderate atypia
was found in the common bile duct, indicating biliary
intraepithelial neoplasia (BilIN). This is the first report of
hemobilia due to BilIN with gastrinoma.

Keywords Biliary intraepithelial neoplasia - Hemobilia -
Gastrinoma - Zollinger—Ellison syndrome - GI bleeding

Introduction

Zollinger—Ellison syndrome (ZES) was first described in
1955 by Robert Zollinger and Edwin Ellison, surgeons at
Ohio State University, USA. This syndrome presents with a
triad of acid hypersecretion, severe peptic ulceration, and
gastrinoma (non-beta islet cell tumor of the pancreas that
secretes large amounts of gastrin) [1]. ZES is rare, with an
incidence of about 1 case per million people per year in the
USA. Solitary lesions are located in the duodenum in
50-70 % of cases and in the pancreas in 20-40 % of cases.
More than 90 % of gastrinomas are found in the anatomical
triangle referred to as the gastrinoma triangle, which has
vertices at (a) the confluence of the cystic and common bile
ducts, (b) the junction of the second and third portions of
the duodenum, and (c) the junction of the neck and body of
the pancreas [2]. Duodenal gastrinomas are usually much
smaller than pancreatic gastrinomas. When the primary
lesion is not located in either the pancreas or the duode-
num, primary lymph node gastrinoma is diagnosed.
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In 2005, Zen et al. [3] proposed 3 grades of biliary
intraepithelial neoplasia (BilIN) after analyzing atypical/
proliferative lesions of the intrahepatic bile ducts in
patients with hepatolithiasis. BilIN occurs in cases of
cholelithiasis, familial adenomatous polyposis, sclerosing
cholangitis, and pancreatobiliary reflux, and is categorized
into 3 types (BilIN-1, low-grade; BilIN-2, intermediate-
grade; and BilIN-3, high-grade/carcinoma in situ) [4].
BilIN is characterized by atypical epithelial cells with
multilayering of nuclei and micropapillary projections into
the lumen, and is believed to play a major role in the
development of cholangiocarcinoma through a dysplasia-
to-carcinoma sequence. Expression of TP53 is helpful in
identifying dysplastic changes, which are more common
and extensive in BilIN than in reactive epithelium.

Bleeding from the ampulla of Vater is a rare type of
gastrointestinal (GI) bleeding, and can be caused by dis-
eases of the ampulla of Vater, the pancreatic duct, or the
biliary duct. Hemosuccus pancreaticus is bleeding from
the pancreatic duct, pancreas, and structures adjacent to
the pancreas. Hemobilia is a manifestation of hepatobiliary
disease, and is most commonly caused by medical inter-
ventions such as liver surgery or by blunt abdominal
trauma, and less commonly by hepatobiliary diseases such
as hepatic artery aneurysm or biliary tract neoplasm. Here
we report a case of ZES with active bleeding from the
ampulla of Vater, which was initially diagnosed as
hemosuccus pancreaticus due to pancreatic gastrinoma.
After surgical resection of the structures in the gastrinoma
triangle, histological examination of the resected speci-
mens revealed microgastrinoma of the duodenum with
metastasis to a peripancreatic lymph node, and a hemor-
rhagic erosion in the common bile duct with atypical
epithelial cells indicating BilIN. Although several cases of

hemobilia due to carcinoma have been reported [5, 6], this
is the first report of hemobilia due to BilIN in a patient
with ZES.

Case report

A 58-year-old man was transferred from his local hospital
to our hospital with uncontrolled GI bleeding from multiple
duodenal ulcers. He had visited his local hospital com-
plaining of melena and faintness 10 days previously, and
gastroduodenal endoscopy had revealed active bleeding
from duodenal ulcers. Although he underwent two sessions
to achieve endoscopic hemostasis with hemoclipping and
ethanol injection, the GI bleeding continued and he
required multiple blood transfusions. He had a history of
watery diarrhea of undetermined cause for one year. The
laboratory data obtained at our hospital are shown in
Table {. Abdominal ultrasonography (US), computed
tomography (CT), and magnetic resonance imaging (MRI)
showed a hypervascular mass measuring 36 x 28 mm
(Fig. 1), which was reported to be suggestive of a neuro-
endocrine tumor in the pancreatic head. As serum gastrin
level was elevated (17800 pg/mL), ZES was diagnosed.
Gastroduodenal endoscopic examination revealed multiple
duodenal ulcer scars, and hemoclips which had been placed
at his local hospital. No active bleeding was observed from
the duodenal mucosa, but fresh bleeding was observed
from the ampulla of Vater (Fig. 2). We diagnosed hemo-
succus pancreaticus due to pancreatic gastrinoma and
explained to the patient that treatment would require
resection. To determine the operability and location of the
gastrinoma, angiography and the selective arterial secre-
tagogue injection (SASI) test were performed. The SASI

Table 1 Laboratory data

TP 3.9 g/dL Glu 132 mg/dL
Alb 2.2 g/dL TG 129 mg/dL
B 0.3 mg/dL HDL-C 24 mg/dL
BUN 16.1 mg/dL LDL-C 69 mg/dL
Crtnn 1.06 mg/dL AMY 88 IU/L
UA 7.9 mg/dL CRP 0.02 mg/dL
Na 139 mEq/L Fe 114 pg/dL
K 4.3 mEq/L TIBC 339 pg/dL
Cl 108 mEq/L PTH-intact 45 pg/mL
Ca 7.4 mg/dL Calcitonin 30 pg/mL
P 2.7 mg/dL IRI 11 pU/mL
AST 18 IU/L C-peptide 5.5 ng/mL
ALT 26 TU/L Gastrin 17,800 pg/mL
LDH 150 TU/L

ALP 143 TU/L.

y-GTP 14 TU/L

obtained on admission to our WBC 6,500/mL
hospital Seg 82 %
Lymph 15 %
Mono 3%
RBC 283 x 10%/mL
Hb 8.6 g/dL
Hct 273 %
Pt 40 x 10%mL
APTT 26.6s
PT 102 s
PT-INR 0.97
FNG 275 mg/dL
@ Springer
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Fig. 1 Abdominal images. a Ultrasonography showed a hyperechoic magnetic resonance imaging (MRI) showed a low-intensity tumor.
tumor (36 x 28 mm) in the pancreatic head. b Doppler imaging f T2-weighted MRI showed a high-intensity tumor. g Diffusion-
showed a vascular signal in the mass. ¢ Computed tomography weighted MRI showed a high-intensity tumor. The arrowheads
showed an isodense tumor in the pancreatic head. d Contrast indicate the tumor

enhancement showed the vascularity of the tumor. e Tl-weighted

Fig. 2 Images obtained by
gastroduodenal endoscopy.
a The hemoclip which was
attached to the second portion of
the duodenum opposite the
ampulla of Vater at the patient’s
local hospital. b Active bleeding
from the ampulla of Vater

test gave positive results for celiac, superior mesenteric,  injection (Table 2), indicating gastrinoma in the pancreatic
and inferior pancreaticoduodenal artery injection, but  head but not in the pancreatic tail. Pancreaticoduodenec-
negative results for splenic and transverse pancreatic artery ~ tomy was performed.
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Table 2 Selective arterial secretagogue injection test (SASI) results

0s 30 s 60 s 90 s 120 s 180 s
CA 8,650 27,800 16,000 14,700 12,000 14,700
SMA 9,150 46,400 27,000 22,000 20,600 21,200
IPDA 10,800 61,500 31,700 26,300 26,300 18,000
TPA 9,100 8,810 10,100 12,100 95,300 11,700
SA 14,000 13,200 12,800 16,100 14,700 13,300

Blood samples were taken from the hepatic vein at 0, 30, 60, 90, 120, and 180 s after injection of calcium solution (1 mEq), and gastrin levels

were measured (pg/mL)

CA celiac artery, SMA superior mesenteric artery, /[PDA inferior pancreaticoduodenal artery, TPA transverse pancreatic artery, SA splenic artery

s

Fig. 3 Surgically excised tissues. a Macroscopic appearance of the
excised peripancreatic tumor and the head of the pancreas. The
duodenal tumor is shown in the rectangle at the left. b Microscopic
appearance of the peripancreatic tumor stained with hematoxylin and
eosin (H&E) (x20), showing that the tumor was a lymph node
metastasis. ¢ The metastatic lymph node showed positive staining for
gastrin (x20). d Macroscopic appearance of the submucosal micro-
tumor in the second portion of the duodenum. e Loupe image of the
submucosal microtumor in the second portion of the duodenum.
f Microscopic appearance of the tumor in the second portion of the
duodenum stained with H&E (x20). g The tumor in the second
portion of the duodenum showed positive staining for gastrin

Pathological examination of the excised tissues revealed
that the gastrinoma was not located in the pancreas, but in a
lymph node measuring 30 x 28 x 23 mm near the

@ Springer

common hepatic artery at the head of the pancreas (Fig. 3).
A small submucosal tumor (7 mm diameter) was found in
the second portion of the duodenum. Immunohistochemical
studies for gastrin showed the same pattern of positive
staining in the duodenal tumor and in the affected lymph
node. The final diagnosis was duodenal microgastrinoma
with metastasis to a peripancreatic lymph node. The
mitotic count was 3 per 10 high-power fields and the Ki67
index was 2-3 %, giving a World Health Organization
classification of NET G2. Postoperative review of the CT,
MRI, and US scans indicated that the mass detected on
preoperative images was compatible with a peripancreatic
tumor. Review of the angiography and SASI test results
could not distinguish between pancreatic and peripancre-
atic tumor.

No bleeding lesions were observed in the pancreas or the
ampulla of Vater, but a hemorrhagic erosion was detected
in the bile duct, associated with atypical biliary epithelial
cells with multilayering of nuclei and micropapillary pro-
jections into the lumen. There was an abrupt transition
between the area of cellular abnormalities and the normal
biliary epithelium, indicating BilIN rather than reactive
changes (Fig. 4). Immunohistochemical analysis demon-
strated strongly positive immunolabeling for Ki-67 and
positive staining for TP53. No stromal invasion or severe
atypia regarded as carcinoma was observed. The patho-
logical change in the bile duct was diagnosed as BilIN-
2/3 with hemorrhagic erosion. The gastrin level decreased
back to normal postoperatively (39 pg/mL), and the
patient’s anemia resolved without further need for blood
transfusion.

Discussion

To the best of our knowledge, this is the first report of
hemobilia due to BilIN in a patient with ZES. The clinical
features of hemobilia include upper abdominal pain, upper
GI hemorrhage, and jaundice, and all three may be present
in up to 22 % of cases [7]. Hemobilia is most commonly
reported when there is a history of liver injury or
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Fig. 4 a Loupe image of the hemorrhagic erosion in the bile duct.
b Microscopic appearance of the hemorrhagic erosion in the bile duct
(H&E staining, x10). ¢ Dysplastic biliary epithelial cells with
multilayering of nuclei and micropapillary projections into the lumen

instrumentation, such as percutaneous biliary drainage
(19 % of cases), liver biopsy (13 %), or cholecystectomy
(13 %). Cholangiocarcinoma is not a major cause of
hemobilia and is present in only 3 % of cases. The present
case had GI bleeding but no abdominal pain or jaundice.
The duodenal ulceration due to ZES initially masked the
hemorrhage from the biliary tract, and bleeding from the
ampulla of Vater was found during endoscopic examina-
tion for recurrent duodenal ulcer bleeding.

In our patient, the initial impression was of a solitary
gastrinoma in the pancreatic head with hemorrhage at the
ampulla of Vater. The preoperative diagnosis was therefore
hemosuccus pancreaticus due to a hypervascular gastrin-
oma of the pancreas. We did not perform endoscopic
retrograde cholangiopancreatography or endoscopic US,
because repeated blood transfusions were required to treat
the anemia and it was necessary to operate as soon as
possible. The multiple duodenal ulcers which had required
hemoclipping also increased the risk of rebleeding during
endoscopic US. However, the postoperative diagnosis was
microgastrinoma of the duodenum with peripancreatic
Iymph node metastasis but no pancreatic invasion. Con-
ventional imaging studies fail to identify the exact location

(x10). The green arrows indicate an abrupt transition between the
dysplastic and normal epithelial cells. d, e Immunostaining of serial
sections for TP53 and Ki-67. The black arrows indicate the borders
between the dysplastic and normal epithelial cells (x20)

of 80 % of microgastrinomas of the duodenum because of
their small size. Postoperative review of the duodenoscopy
images did not detect the primary lesion. Primary lymph
node gastrinomas are not particularly rare, accounting for
approximately 10 % of sporadic cases [8]. Somatostatin
receptor scintigraphy (SRS), a procedure commonly used
to detect duodenal gastrinomas in other countries but not
currently approved for use by the Japanese Ministry of
Health, Labour and Welfare, is reportedly helpful in
detecting occult primary gastrinomas >10 mm in diameter.
As the tumor in this case was only 7 mm it might not have
been detectable by SRS. Hepatic metastasis is the most
important predictor of poor survival, because the lymph
nodes in the gastrinoma triangle can be removed with a
standard pancreaticoduodenectomy [9]. As there were no
hepatic lesions in this case, no additional therapy was
given.

In our case, BilIN was associated with gastrinoma.
Gastrin directly stimulates the parietal cells of the stomach
to secrete hydrochloric acid, and also indirectly stimu-
lates hydrochloric acid secretion by binding to the chole-
cystokinin-B receptors on the enterochromaffin cells in
the stomach, thereby causing histamine release which
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stimulates the parietal cells. Gastrin has also been shown to
have additional functions such as stimulating pancreatic
secretion and gallbladder emptying [10]. However, there
are no published reports describing a relationship between
gastrinoma and bile duct neoplasia. Further studies are
needed to evaluate the potential biliary stress caused by
gastrin oversecretion. In this case, we found an erosive
hemorrhagic lesion with dysplasia in the bile duct. As
BilIN is limited to the mucosal layer, it seems unlikely that
it would cause bleeding. Although we tried to find a rela-
tionship between the BilIN lesion and the source of
bleeding histopathologically, we were unable to find one
from the excised tissues. However, there have been several
reports of other mucosal lesions causing bleeding, such as
gastric hyperplastic polyp [11], colon adenoma [12], and
bladder dysplasia [13]. Expression of TP53 has been
reported to be low in early BilIN and significantly
increased in invasive cholangiocarcinoma [14]. The rela-
tively high positivity for TP53 staining in this case is
highly suspicious of a carcinomatous lesion.

In conclusion, we experienced a rare case of hemobilia
due to BilIN associated with ZES, which was difficult to
diagnose. Surgery for gastrinoma must include complete
resection of the gastrinoma triangle by pancreaticoduo-
denectomy, and hemobilia associated with a bile duct
neoplasm should be considered as a cause of GI bleeding
that is difficult to control.

Conflict of interest The authors declare that they have no conflict
of interest.
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Transforming growth factor-p (TGF-) is involved in the regulation
of cell proliferation, differentiation, and apoptosis and is associ-
ated with epithelial-mesenchymal transition (EMT). Inhibition of
the TGF-p pathway is an attractive strategy for the treatment of
cancer. We recently screened for novel TGF-B inhibitors among
commercially available drugs and identified protein-bound poly-
saccharide (PSK) as a strong inhibitor of the TGF-g-induced reporter
activity of 3TP-lux, a TGF-p1-responsive luciferase reporter.
Protein-bound polysaccharide is used as a non-specific immuno-
stimulant for the treatment of gastric and colorectal cancers in
Japan. The anticancer activity of this agent may involve direct reg-
ulation of growth factor production and enzyme activity in tumors
in addition to its immunomodulatory effect. Although several clini-
cal studies have shown the beneficial therapeutic effects of PSK on
various types of tumors, its mechanism of action is not clear. In the
present study, Western blot analysis showed that PSK suppressed
the phosphorylation and nuclear localization of the Smad2 pro-
tein, thereby suggesting that PSK inhibits the Smad and MAPK
pathways. Quantitative PCR analysis showed that PSK decreased
the expression of several TGF-p pathway target genes. E-cadherin
and vimentin immunohistochemistry showed that PSK suppressed
TGF-B1-induced EMT, and FACS analysis showed that PSK inhibited
the EMT-mediated generation of CD44*/CD24" cells. These data
provide new insights into the mechanisms mediating the TGF-p-
inhibiting activity of PSK and suggest that PSK can effectively treat
diseases associated with TGF-p signaling. (Cancer Sci 2012; 103:
317-324)

T ransforming growth factor-B (TGF-B) is involved in vari-
ous biological activities, such as cell proliferation, differen-
tiation, and apoptosis'’~ and is also considered a major inducer
of epithelial-mesenchymal transition (EMT) during develop-
ment.“> Inactivation of the TGF-p pathway during the early
stages of carcinoma may contribute to carcinogenesis because
TGF- signaliné% is implicated in the negative regulation of cell
proliferation.*®’ Paradoxically, TGF-P is often overexpressed in
malignant cells and alters tumor-specific cell fates and facilitates
immunosuppression, deposition of ECM proteins, and angio-
genesis.”"® Cancer cells overexpressing active TGF-B1 showed
increased metastatic ability,(g) and targeting of TGF-f signaling
prevented metastasis in several neoplastic tumors including
breast, prostate, and colorectal cancers.">'" Furthermore,
recent studies have suggested new roles for TGF-B signaling
in the tumor microenvironment associated with the regulation
of cancer stem cells and their niches.'*'® Clinical studies
have shown a positive correlation between TGF-B1 expression
and metastasis and poor prognosis in gastric, breast, and colo-
rectal carcinomas."*'® Thus, the inhibition of invasion and
metastasis through inhibition of the TGF-B pathway could be a
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promising treatment strategy. However, the application of inhib-
itors in standard cancer therapy requires both careful evaluation
of the clinical benefits and the development of effective strate-
gies to overcome the side-effects associated with the toxicity of
these agents.

A previous study suggested that protein-bound polysaccharide
(PSK) modulates the biological activity of TGF-B1 and B2 by
binding to their active forms."'” Protein-bound polysaccharide
obtained from Basidiomycetes has been used as an agent in the
treatment of cancer in Asia for over 30 years. 202D The antican-
cer activity of PSK, which is derived from the fungus Coriolus
versicolor, has been documented in experimental models
in vitro®? and in human clinical trials. Several randomized
clinical trials have shown that PSK has anticancer potential in
adjuvant cancer therapy, with positive results in the treatment of
gastric, esophageal, colorectal, breast, and lung cancers.**~%9
These studies suggest that the efficacy of PSK is due to its abil-
ity to act as an immunomodulator of biological responses, but
the mechanism of action of PSK has not been fully elucidated.

We recently screened for TGF-B inhibitors among commer-
cially available drugs and identified PSK as a strong inhibitor of
3TP-lux, a TGF-B-responsive luciferase reporter. The present
study investigated the inhibitory effect of PSK on the TGF-B
pathway and TGF-B-induced EMT as possible mechanisms that
mediate the anticancer activity of PSK.

Materials and Methods

Cell culture. The human breast epithelial cell line MCF10A
was a kind gift from Dr. S. Maheswaran from the Massachusetts
General Hospital Cancer Center (Charlestown, MA, USA). The
human colorectal cancer cell line SW837, human pancreatic
cancer cell line PANC-1, human stomach cancer cell line
MKN45, human embryonic kidney cell line HEK293, and mon-
key kidney cell line COS-1 were obtained from ATCC (Rock-
ville, MD, USA). The -culture conditions used for the
maintenance of these cell lines have been described previ-
ously.®” Briefly, human pancreatic adenocarcinoma PANC-1,
human kidney HEK293, and monkey kidney COS-1 cells were
maintained in DMEM (Invitrogen, Carlsbad, CA, USA). Human
mammary epithelial MCF10A cells were maintained in
DMEM/F12, human gastric cancer MKN-45 cells were main-
tained in RPMI-1640, and human colorectal cancer SW837 cells
were maintained in Leibovitz’s L-15 Medium (Invitrogen). All
cell culture media were supplemented with 10% FBS (BioWest,
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Nuaillé, France) and 1% penicillin—streptomycin (Invitrogen).
Cells were grown in a 5% CO, atmosphere at 37°C.

Reagents. Protein-bound polysaccharide, which was supplied
by Kureha (Tokyo, Japan), was dissolved with sterilized physio-
logical saline and diluted to the indicated concentrations in the
corresponding culture media. Human recombinant TGF-B1 was
purchased from R&D Systems (Minneapolis, MN, USA).

Luciferase reporter assay. HEK293 or COS-1 cells (2 x 10°)
were seeded onto 24-well plates 24 h before transfection. Cells
were transiently transfected with the p3TP-lux reporter plasmid
(Addgene, Cambridge, MA, USA) and the phRL-TK vector
(Promega, Madison, WI, USA) using FuGENE6 (Roche Diag-
nostics, Indianapolis, IN, USA). After 24 h, the cells were trea-
ted with or without 10 ng/mL TGF-B1 for 1 h then cultured in
fresh medium in the presence of 0-500 pg/mL PSK. Cell
lysates were prepared 24 h later and luciferase activity was
assayed by the Dual-Luciferase Reporter System (Promega) and
Lumat LB 9501 (Berthold Technologies, Bad Wildbad,
Germany). Results were obtained from duplicate wells for each
experimental condition and all experiments were carried out in
triplicate. p3TP-lux luciferase activity was normalized to that of
the control phRL-TK vector.

In order to assay the effects of the constitutively active TGF-
B type I receptor, COS-1 cells were seeded at 10 000 cells/well
in a 24-well plate and transfected with the p3TP-lux reporter
plasmid, the phRL-TK vector, and the pRK5-mutated-TGF [
type 1 receptor (T202D) (Addgene) using FuGENEG6. Alterna-
tively, cells were transfected with the p3TP-lux reporter plas-
mid, the phRL-TK vector, and pRKS5 (Addgene) for the negative
control. Culture medium was replaced 24 h after transfection
and cells were treated with different concentrations of PSK
overnight. Cells were harvested after treatment and luciferase
assays were carried out. All assays were carried out in triplicate.

Western blot analysis. SW837, MCF10A, PANC-1, and
MKN-45 cells were serum-starved for 24 h before treatment
with 10 ng/mL TGF-B for 1 h. The cells were subsequently
washed and treated with 50-100 pg/mL PSK. After 4 h, cells
were lysed in RIPA buffer (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) supplemented with a protease inhibitor cocktail
(Nacalai Tesque, Kyoto, Japan) and Halt Phosphatase Inhibitor
Cocktail (ThermoFisher Scientific, Fremont, CA, USA).

Total protein extracts were analyzed by SDS-PAGE and
Whlot analysis with anti-Smad2 (L.16D3), anti-phospho-Smad2
(Serd65/467), anti c-Jun (60AS8), anti-vimentin (V9) (Abcam,
Cambridge, MA, USA), anti-E-cadherin (SHE78-7) (Takara
Bio, Shiga, Japan), and anti-phospho-c-Jun (D47G9) antibodies
(Cell Signaling Technology, Danvers, MA, USA). Actin, which
was used as an internal control, was detected using an anti-actin
antibody (C4) (BD Biosciences, San Jose, CA, USA). Immuno-
reactive proteins were visualized using the ECL Advanced
Western Blotting Detection kit (GE Healthcare, Chalfont St
Giles, UK).

Quantitative real-time PCR analysis. SW837, MCF10A, and
PANC-1 cells were serum-starved for 24 h and subsequently
treated with 10 ng/mL TGF-B for 1 h. The cells were washed
and cultured in medium containing 50-100 pg/mL PSK for
24 h. Total RNAs were purified from cultured cells using Isogen
(Nippon Gene, Tokyo, Japan). First-strand cDNAs were synthe-
sized using the PrimeScript RT reagent kit (Takara Bio) for
RT-PCR. Quantitative real-time PCR analysis was carried out
using SYBR Premix Ex Taq and the Thermal Cycler Dice Real
Time System (Takara Bio).

The following primer sequences were used: human serpin
peptidase inhibitor, clade E, member 1 (SERPINEI), forward,
5-CATTACTACGACATCCTGGAACTG-3’, reverse, 5'-AAT-
GTTGGTGAGGGCAGAGAG-3’; human collagen, typel,
alphal (COLIAI), forward, 5-GTGCTAAAGGTGCCAAT-
GGT-3, reverse, 5'-ACCAGGTTCACCGCTGTTAC-3’; human
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transgelin  (TAGLN), forward, 5-TCCAGGTCTGGCTGA-
AGAAT-3", reverse, 5-TGCCTTCAAAGAGGTCAACA-3";
human fibronectin 1 (FNI), forward, 5-ACGAGGAAATC-
TGCACAACC-3’ reverse, 5'-ACACACGTGCACCTCATCAT-
3’; and human GAPDH, forward, 5'-GCACCGTCAAGGCTG-
AGAAC-3’, reverse, 5-TGGTGAAGACGCCAGTGGA-3".
Human GAPDH was used for normalization. All experiments
were carried out in duplicate.

Microscopy. MCF10A cells were cultured in the absence or
presence of 2.5 ng/mL TGF-f1 and 500 pg/mL PSK for
11 days. Morphological changes were assessed by an inverted
microscope (CKX41; Olympus, Tokyo, Japan) and the images
were recorded at x40 magnification.

Immunohistochemistry. MCF10A cells were cultured in the
absence or presence of 2.5 ng/mL TGF-B1 and 50-500 pg/mL
PSK for 7 days. Formalin-fixed cells were quenched with Dako
REAL  peroxidase-blocking solution (Dako, Glostrup,
Denmark). Cells were then blocked with Dako Cytomation Pro-
tein Block Serum-Free (Dako) and stained with anti-vimentin
(V9) (Abcam) or anti-E-cadherin (SHE78-7) (Takara Bio)
antibodies, followed by incubation with HRP anti-mouse and
anti-rabbit labeled polymers (Dako). Reaction sites were visual-
ized with the EnVision+ kit/HRP (DAB) (Dako) and counter-
stained with hematoxylin. Images of stained cells were obtained
using a digital microscope (VHX-600; Keyence, Osaka, Japan).

Wound healing assay. MCF10A cells were cultured in
serum-free medium prior to wounding. Cells that had reached
80% confluency were scratched with a pipette tip, followed by
treatment with 10 ng/mL TGF-$ and 0-50 pg/mL PSK for 7 h.
Phase contrast images were obtained using an inverted micro-
scope (CKX41; Olympus) at a magnification of x450.

Flow cytometry analysis. MCF10A cells were cultured in the
presence or absence of 2.5 ng/mL TGF-B1 and 500 pg/mL
PSK for 21 days. Cells were dissociated using PBS-based
enzyme-free dissociation buffer (Invitrogen) and centrifuged.
Cells were resuspended and stained with anti-CD44-allophyco-
cyanin (APC) mouse monoclonal and anti-CD24-phycoerythrin
(PE) (BD Biosciences) antibodies on ice for 30 min. Samples
were then resuspended in PBS containing 2% FBS and exam-
ined using a FACSCalibur flow cytometer (BD Biosciences).
APC-IgG and PE-IgG antibodies were used as controls. No-
antibody and single-antibody controls were used to normalize
the sample readings and to designate quadrants. The results were
analyzed using CellQuest software (BD Biosciences).

Mammosphere culture. MCF10A cells were cultured in
DMEM/F12 media with or without 10 ng/mL TGF-1 or
500 pg/mL PSK for 12 days. Single-cell suspension cultures
were prepared at a densities of 40 000, 20 000, 10 000, 5000,
2500, and 1250 cells per well in DMEM/F-12 supplemented
with 2% B27 (Invitrogen), 20 ng/mL epidermal growth factor,
and 20 ng/mL basic fibroblast growth factor (BD Biosciences)
and seeded into six-well ultra low attachment plates (2.5 mL per
plate). Culture medium was fed on day 4 and day 6, and the
number of mammosg)heres was recorded 9 days after the start of
the culture period.®>??

Statistical analysis. Statistical differences were determined
for in vitro assays by Student’s z-test. Data were analyzed using
spss software (SPSS, Chicago, IL, USA). We considered values
of P <0.05 statistically significant and values of P < 0.01
highly significant.

Results

Inhibition of the TGF-p-responsive luciferase reporter by PSK
treatment. Protein-bound polysaccharide-induced inhibition of
the TGF-B pathway was investigated in HEK293 and COS-1
cells using the 3TP-lux luciferase reporter assay. 3TP-lux is a
TGF-B1-responsive luciferase reporter gene that contains three
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consecutive tetradecanoylphorbol acetate response elements and
a portion of the plasmino%en activator inhibitor 1 (PAI-1/SER-
PINE1) promoter region.( ) The signal intensity was normalized
by Renilla luciferase. After 24 h of serum starvation, the lucifer-
ase activities of 3TP-lux were increased in both cell lines after
treatment with TGF-f1; however, 3TP-lux activity was sup-
pressed in response to PSK treatment in a dose-dependent man-
ner (Fig. 1A). Moreover, we examined the 3TP-lux activity of
COS-1 cells that expressed the constitutively active mutant of
TGF-B type I receptor (active TGF-BRI). As expected, 3TP-lux
activity was increased by transfection of active TGF-BRI as well
as by TGF-B1 treatment; however, 3TP-lux activity was sup-
pressed after PSK treatment (Fig. 1B). It was previously
reported that PSK selectively binds and reduces the active form
of TGF-P1.°" However, our results suggest that PSK inhibits
signaling downstream of TGF-f receptors in addition to neutral-
izing TGF-B1.

Protein-bound polysaccharide inhibits Smad signaling and
expression of TGF-f-signaling target genes. To determine
whether PSK suppresses the Smad pathway,(32) SW837,
MCF10A, PANC-1, and MKN45 cell lines with normal Smad2
expression and non-mutated TGF-f3 recc:—:ptors(33 34 were treated
with TGF-B1 after 24 h of serum starvation. Cells were subse-
quently treated with several concentrations of PSK for 4 h after
TGF-B1 depletion and Smad2 phosphorylation was examined by

immunoblotting. Western blot analysis showed a trend of PSK
suppression of TGF-Bl-induced Smad2 phosphorylation in a
dose-dependent manner (Fig. 1C).

Transforming growth factor-p signaling activates target genes
such as FNI, SERPINEI, TAGLN, and COLIAI. FNI plays an
important role in development and wound healing by promoting
cell adhesion, migration, and cytoskeletal organization.®> SER-
PINE] regulates tumor cell invasion through the precise regula-
tion of the peritumoral proteolytic microenvironment. TAGLN
expression is required for epithelial cell proliferation and migra-
tion and is implicated in the regulation of fibrosis.*® COLIAI
is the major fibrous colla%en synthesized by wound fibroblasts
during the repair process.®” In the present study, the mRNA
levels of FNI, SERPINEI, TAGLN, and COLIA] were deter-
mined by quantitative RT-PCR. The mRNA levels of these
downstream target genes of TGF-B1 signaling were elevated by
TGF-B1 treatment after 24 h serum starvation in SW837,
MCF10A, and PANC-1 cells. Treatment with PSK showed a
dose-dependent tendency to decrease the mRNA levels of these
target genes (Fig. 2, Fig. S1).

In addition to its effect on Smad signaling, TGF-$1 also acti-
vates the MAPK pathway, including ERK, JNK, and p38
kinase.*®3% SW837 cells were serum-starved for 24 h, treated
with TGF-B1, and treated with several concentrations of PSK for
4 h after TGF-B1 depletion. c-Jun phosphorylation was
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Fig. 1.

(A,B) Protein-bound polysaccharide (PSK) inhibits transforming growth factor-p (TGF-B) activity. (A) HEK293 and COS-1 cells were seeded

in 24-well plates and transiently transfected with the p3TP-lux reporter plasmid. (B) COS-1 cells were seeded in 24-well plates and transfected
with the p3TP-lux reporter plasmid, the phRL-TK vector, and the pRK5-mutated-TGF-f type | receptor (T202D). After 24 h, cells were treated with
or without TGF-B1 for 1 h before treatment with various concentrations of PSK for 24 h. Cells were then harvested for analysis of luciferase
activity. The results were obtained from duplicate wells and the data points are the averages of three independent experiments. The error bars
represent SD. Differences in the TGF-B* and PSK™ groups were compared by Student’s t-test; statistically significant at *P < 0.05 or **P < 0.01. (C)
PSK suppresses TGF-B-activated p-Smad2. Colon (SW837), breast (MCF10A), pancreatic (PANC-1), and gastric cancer (MKN45) cell lines expressing
normal levels of Smad2 and wild-type TGF-B receptor were treated with TGF-1 for 1 h after 24 h of serum starvation. Smad2 phosphorylation
was examined by immunoblotting after 4 h of treatment with several concentrations of PSK.
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Fig. 2. Protein-bound polysaccharide (PSK) represses the expression of transforming growth factor-p (TGF-B) target mRNAs. The transcript levels
of TGF-B target genes were measured in SW837 and MCF10A cells using quantitative real-time PCR. Cells were treated with or without TGF-B1
and various concentrations of PSK. The mRNA levels of FN1, SERPINE1, TAGLIN, and COLTAT were repressed by PSK treatment in a dose-

dependent manner. The data are reported as the mean = SD.

subsequently examined by immunoblotting. Unexpectedly,
TGF-B1 treatment increased the levels of both c-Jun and phos-
phorylated c-Jun; however, PSK treatment decreased both c-Jun
and phosphorylated c-Jun levels in a dose-dependent manner
(Fig. S2).

Protein-bound polysaccharide inhibits EMT induced by activation
of TGF-g pathway. The EMT process, which is a crucial step in
tumor progression, can be induced by several cytokines and
chemokines, including TGF-B.“? After 7 days of treatment with
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TGF-B1, immortalized human mammary epithelial MCF10A
cells showed a change in phenotype, becoming spindle-shaped
with loose cell-cell contacts. However, MCF10A cells co-cul-
tured with TGF-B1 and PSK did not show phenotypic changes
and maintained epithelial characteristics (Fig. 3A).
Immunohistochemical analysis showed that E-cadherin
expression was inhibited in TGF-B1-treated MCF10A cells after
7 days, but no changes in expression were detected when the
cells were co-cultured with PSK. Moreover, the TGEF-
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Fig. 3. (A) Protein-bound polysaccharide (PSK) inhibits transforming growth factor-p (TGF-B)-mediated epithelial-mesenchymal transition.
Treatment with TGF-B1 for 7 days in MCF10A cells resulted in phenotypic changes. The TGF-B1-treated MCF10A cells were spindle-shaped with
loose cell-cell contacts, whereas MCF10A cells co-cultured with TGF-B1 and PSK did not show phenotypic changes and showed a typical
cobblestone appearance. (B,C) immunohistochemical detection of vimentin and E-cadherin in MCF10A cells in the absence or presence of TGF-B1
and various concentrations of PSK for 7 days in serum-free medium. (D) Vimentin and E-cadherin expression were examined by immunoblotting
after 4 h of treatment with TGF-B and/or PSK in MCF10A cells. (E}) Migratory behavior of MCF10A cells in the absence or presence of TGF-p and
PSK. MCF10A cells were stimulated with or without TGF-B or various concentrations of PSK and migratory behavior was analyzed in an in vitro
wound model. Cells grown to 80% confluency were scratched by a pipette tip and photographs were taken immediately after the incision and

after 7 h.

B1-induced upregulation of vimentin expression was diminished  fluency were pretreated with mitomycin C and scratched with a
by PSK (Fig. 3B,C). Western blot analysis showed that PSK  pipette tip, and the length of the wound was measured immedi-
treatment inhibited both the TGF-B1 treatment-induced downre-  ately after the incision and after 7 h of incubation with
gulation of E-cadherin expression and the upregulation of vi- 10 ng/mL TGF-$ and 0-50 pg/mL PSK (Fig. 3E). MCF10A
mentin expression, suggesting that PSK suppresses TGF-B1-  cells did not show any migratory ability in the absence of
induced EMT (Fig. 3D). EMT.?? These results showed that MCF10A cells acquired a

The migratory ability of MCF10A cells stimulated with or  higher migratory ability in response to TGF-B1 treatment and
without TGF-B or various concentrations of PSK was analyzed  this ability was abolished when these cells were treated with
using a wound healing assay. Cultured cells reaching 80% con-  PSK.
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Mani er al.® reported that the induction of EMT factors
such as TGF-B1 in human mammary epithelial cells was associ-
ated with the acquisition of mesenchymal morphology and the
expression of mesenchymal markers. This phenotypic EMT
change increased the CD44"/CD24~ cell subpopulation, which
showed the properties of their mammary epithelial progenitors
and an enhanced mammosphere-forming ability. In the present
study, FACS analysis of the cell-surface markers CD44 and
CD24 in the mammary epithelial cell line MCF10A showed
that TGF-B1 treatment increased the CD44*/CD24” cell pop-
ulation from 1.98% to 18.6%. However, the CD44*/CD24"
cell population did not change in MCF10A cells co-cultured
with PSK (Fig. 4A), indicating that PSK inhibits the EMT-
mediated generation of the CD44%/CD24~ population. The
mammosphere formation assay in MCFI10A cells showed that
TGEF-B1 treatment triggered the formation of mammospheres,
whereas mammosphere formation was decreased in cells that
were not treated with TGF-B1 or co-treated with TGF-B1 and
PSK (Fig. 4B).

Discussion

Protein-bound polysaccharide has been used as a non-specific
immunostimulant for the treatment of cancer patients in Japan
for more than 30 years without the occurrence of adverse side-
effects. The antitumor activity of PSK has been documented in
various experimental models and beneficial therapeutic effects
were shown in several types of tumors in clinical studies. The
addition of PSK to adjuvant chemotherapy significantly
prolonged survival after curative surgery in a lar%e grospective
trial of patients with gastric and colorectal cancer. ) Protein-
bound polysaccharide is a non-specific immunopotentiator that
exerts immunomodulatory action by inducing the production of
interleukin-2 and vy-interferon, thereby stimulating lymphokme-
activated killer cells and enhancing natural killer cells.*

Proetin-bound polysaccharide also has a favorable effect on the
act1vat10n of leukocyte chemotactic locomotion and phagocytic
activity.*>*» Moreover, it was recently revealed that PSK is a
specific Toll-like receptor 2 agonist and has potent antitumor
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(A) Fluorescence-activated cell sorting analysis of the cell-surface markers CD44 and CD24 in the MCF10A mammary epithelial cell line.

(B) In vitro quantification of mammospheres formed by MCF10A cells. The data are reported as the number of mammospheres formed/various
numbers of seeded cells after 9 days of treatment with transforming growth factor-p (TGF-B) and/or protein-bound polysaccharide (PSK). The
data are reported as the mean % SD. Differences in the TGF-B(+) and PSK(-) groups were compared by Student’s t-test. There were statistically

significant differences at a P-value of <0.05.
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effects through stimulation of both CD8" T cells and natural
killer cells.**

The anticancer effect of PSK might involve a direct regula-
tory action on growth factor production and enzyme activity in
tumors in addition to the immunomodulatory activities men-
tioned above. Zhang et al.®" reported that PSK selectively
bound and reduced the active form of TGF-B1, thereby inhibit-
ing tumor invasiveness through direct inhibition of TGF-B1 pro-
duction, MMPs, and the urokinase-type plasminogen activator
system. In this study, we showed the inhibitory effect of PSK on
the TGF-B pathway and TGF-p-induced EMT.

In the present study, PSK inhibited the Smad pathway, the
major regulator of TGE-P signaling,®® by suppressing Smad2
protein phosphorylation. Protein-bound polysaccharide also
decreased the levels of both c-Jun and phosphorylated c-Jun,
which were increased by TGF-B1 treatment, suggesting that
the effect of PSK involves the MAPK pathway. Treatment
with PSK inhibited the expression of several TGF-f pathway
target genes and prevented TGF-Bl-induced EMT. These
findings indicate that PSK inhibits TGF-B-associated path-
ways such as Smad and MAPK signaling even if these path-
ways have been activated, and the ability of PSK to inhibit
these pathways suggests that it acts upstream of Smad and
MAPK signaling. Although the interaction between PSK and
TGF-B receptors was evaluated by immunoprecipitation, the
results were inconclusive because the PSK extracted from the
fungus C. versicolor exists as a glycoprotein complex rather
than a single molecule. Thus, an additional study should be
undertaken to clarify the biological mechanism of PSK
action.

Various TGF-P signaling inhibitors, including antisense oli-
gonucleotides against TGF-B2,“°*” mAb against TGE-p, %

9 and small molecule inhibitors,”" have recently been devel-
oped. Among them, a soluble antisense oligonucleotide that is
specific for human TGF-$2 mRNA, AP12009, has been used
to target the TGF-B pathway in vivo and is currently in clini-
cal trials for malignant gliomas.“>*® A phase II study of Be-
lagenpumatucel-L, a TGF-B2 antisense gene-modified
allogeneic tumor cell vaccine for non-small-cell lung cancer,
suggested that this compound provided a survival advantage
and was well tolerated; therefore, this agent should be investi-
gated further. In addition, mAbs to TGF-f are currently in
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clinical trials including CAT-152, which is used to prevent the
progression of fibrosis after trabeculectomy for primary open-
angle or chronic angle-closure glaucoma,“® and CAT-192,
which is used to treat early-stage diffuse cutaneous systemic
sclerosis.“”

Although the results obtained with TGF- inhibitors in clini-
cal trials are promising, TGF-B-based therapeutic strategies
must be carefully considered in each case. Because a large num-
ber of cellular context-dependent factors contribute to the
dynamic regulatory roles of TGF-f signaling, an alteration of
this balance could have a significant effect on the characteristics
of certain cells and induce oncogenic transformation. The poten-
tially deleterious effects of these strategies in normal tissues
must be considered.

In the 30-year history of its clinical use, PSK has not shown
severe side-effects, and it has prolonged the survival of cancer
patients and reduced the recurrence of tumors.***> The anti-
cancer activities of PSK are reportedly derived from its immu-
nomodulatory effects and its inhibitory effect on TGF-B. The
present data, which confirm the inhibition of the TGF-} pathway
by PSK, suggest that this agent is not only effective as an anti-
cancer drug but could also be applied as a TGF-f inhibitor in
diseases caused by the aberrant activation of the TGF- pathway
such as primary open-angle glaucoma, diffuse cutaneous sys-
temic sclerosis, and pulmonary fibrosis.

In conclusion, the present results show the effect of PSK on
TGF-B pathway inhibition and indicate that PSK could be a
promising new agent for the treatment of diseases associated
with alterations in TGF-f signaling.
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Summary. Background: We undertook a retrospective
assessment of risk factors for biliary stricture after adult
living donor liver transplantation (LDLT) and evaluated
risk reduction following the implementation of modified
surgical procedures.

Methods: Between June 1997 and December 2009,
85 adult patients underwent LDLT. Up to September
20086, we performed duct-to-duct hepaticocholedochost-
omy (D-D) in 38 patients and Roux-en-Y hepaticojeju-
nostomy (R-Y} in 24 patients. Risk factors for biliary
stricture were analyzed for these patients. We then per-
formed D-D in 23 patients using modified procedures and
assessed the resultant outcomes.

Resulrs: D-D was a significant risk factor in the 62
patients who underwent LDLT before September 2006.
Despite this result, we decided to employ only D-D for
subsequent cases. Since the presence of multiple graft
bile duct orifices was a significant risk factor in the 38
patients who underwent D-D, we used modified proce-
dures after October 2006 to address grafts with multiple
bile duct orifices. The procedures included: 1) inserting a
biliary tube from the common bile duct; 2) placing the tip
of tube beyond the anastomosis; 3) inserting the tubes in
all the anastomoses if multiple; and 4) maintaining the
tube for 6 months postoperatively. The incidence of
biliary stricture after D-D was significantly less frequent
with the use of these procedures (before: 36%; after: 13%).

Conclusions: In our early experience, D-D was a
significant risk factor for biliary stricture after adult LDLT.
Although we are now employing only D-D, our procedur-
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gery, Keio University School of Medicine, 35 Shinanomachi, Shinju-
ku-ku, Tokyo 160-8582, Japan.
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al modifications seem promising for preventing biliary
stricture after D-D. "

Keywords: Biliary stricture, living donor liver transplan-
tation, risk factor, biliary tube.

Abbreviations

LDLT living donor liver transplantation

D-D duct-to-duct hepaticocholedochostomy
R-Y Roux-en-Y hepaticojejunostomy
GW/RBW graft-to-recipient weight ratio

PDS polydioxanone suture

Introduction

Biliary stricture is one of the most serious complications
that can atise after living donor liver transplantation
(LDLT). In our initial LDLT cases, we employed both
duct-to-duct hepaticocholedochostomy (D-D) and
Roux-en-Y hepaticojejunostomy (R-Y) for biliary recon-
struction, and found that the incidence of biliary stricture
in patients that underwent D-D was higher than in those
that underwent R-Y in 2002 [1]. For these initial cases, we
paid attention to various possible complications and did
not focus on biliary stricture in particular. In light of the
higher incidence of biliary stricture in patients with D-D,
we began to pay greater attention to the prevention of
biliary stricture. Our chief considerations at that point
included selection of the biliary reconstruction method,
procedures for placing the biliary drainage tube, and
postoperative management of the tube. Subsequently,
we modified our surgical procedure based on these con-
siderations. However, as of 2006, these modifications had
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not resulted in any noticeable improvements in the inci-
dence of biliary stricture. In 2006, we retrospectively
analyzed risk factors for biliary stricture after adult LDLT
to obtain evidence that could serve to identify strategies
to reduce the incidence of biliary stricture, and we further
modified our procedures for biliary tube placement and
postoperative management based on the result of these
analyses. In this study, we present the results of the risk
factor analysis for patients enrolled before 2006 and
assess whether the subsequent procedural modifications
resulted in an improvement in the incidence of biliary
stricture.

Patients and methods

Risk factor analyses

Between June 1997 and December 2009, 85 adult patients
underwent LDLT at Keio University Hospital, Japan, and
survived more than 1 month after the operation. Up to

Tab. 1: Charadteristics of the 62 paﬁents subjected to risk factor analysis

September 2006, we performed 62 LDLTs, employing D-
D in 38 patients and R-Y in 24 patients. The patient
characteristics are shown in Table 1. In these 62 patients,
the relationship between biliary stricture and the follow-
ing factors was analyzed: recipient age, donor age, graft-
to-recipient weight ratio (GW/RBW), ABO blood type
incompatibility, post-operative anastomotic bile leakage,
post-operative acute cellular rejection, post-operative
intra-abdominal bleeding, recipient gender, method of
biliary reconstruction, type of graft, and number of or-
ifices in the graft. We performed the same analyses
employing only the 38 patients for whom we performed
D-D; the relationship between biliary stricture and the
factors above, except biliary reconstruction, was
analyzed.

Diagnosis of biliary stricture

A diagnosis of anastomotic biliary stricture was reached if
both elevation of serum fransaminases and stenosis were

20069 -

~2006.9 - -=2006.9
Total (n=62) D-D (n=38) R-Y (n=24)
Recipient gender - Male -3 (5"8%)_..; s 22 (SS%) et e - 14 (5B%)
SR T E AN ST S R Lo (42%) 16(42%) T . 10 (42%)

Mean recipient age {y)

7 44.4+12.2 (19-64)

L 46.4+11.5 (21 -64) 411129 (19-60)

Mean donor age (v}

41.0+141 (19-85) "+

T 42.0:16.4 (19-64)

Mean follow-up period {m)

'40.3£12.5 (120-65)
 B7.7£32.2 (12-116)

445+298 (3-116)

38.0426.0 (3-80)

Disease Liver cirrhosis {virl, alcoholic) 28 19, 7
.. oute liver failure 2 1 1
- .~ Primary biliary cirhosis 10 B 4
... Primary sclerosing chofangitis 3. o 3
© " iliary afresia 3 0 3
* Secondary biliary cirthosis 2 0 2
* Autg-immune hepatitis’ 1 0 1
Familial amyloid polyneuropathy 1 0 1
Nonalcoholic steatohepatitis 1 R 0
Caroli's syndrome o 1 0 : 1
_ Metastatic liver tumor 1 -0 1
: * Wilson's disedse 1. 0 1
ABO compatibility .. Not-incompatible 51 (82%) 30 (79%) © 21 (88%)
- . - Incompatible 11 (18%) "B (21%) 3 (12%)
Graft = - leftlobe 31 (50%) 20 {53%) 11 (46%)
L Right lobe 31 (50%) - 18{47%) 13 (54%)
GW/RBW (%) . =08 44 (71%) 26 (68%) 18 (75%)
TR . <08 18 (29%) 12 (32%) 6 (25%)
Bile duct orifices in graft * - ©*Muliiple 14 (22%) 7 (18%) 7 (29%)
ST TR gingle 49 (79%) 32 (84%) 17 (71%)
Bile duct reconstrugtion DD " 38 (61%) 38 (100%) 0 (0%)
e RY 24 {39%) 0 {0%) 24 (100%)
Post-operative complications Bile leak 13 (21%) 7 (18%) 6 (25%)
Post-op. bleeding 11 (18%) 5 (13%) B (26%)
Acute celfular rejection 12 (10%) 7 (18%) 5 (21%)
Biliary stricture 15 (24%) 12 (32%) 3 (12%)

GW/RBW = graft-to-recipient weight ratio, D-D = duct-to-duct hepaticocholedochostomy, R-Y = Roux-en-Y hepaticojejunostomy.
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Tab. 2: Technical procedures for biliary reconstruction and biliary tube placement

~2006.9
(n=238)

Sutare

5 0 or 6-0 PDS, mierrupted or cummuous

Perihiliary plexus . <" . Preserved

Biiary reconstruction DD orRY

y f,Cntena for selechon cluded: numher'and size of blle duct orifice,”

Biliary.tube

. iensron atihe anastomosm, and dlstance between the onnces in graﬂ

+ Route

5) Common.bile duct to orifice

-'ﬁp".‘i“ :

 Beyond the anastomosis in all cases

« Allorifices or not

4 dn all orifices

Removal of the ube -

6 months after operation

BeforeSeptember ”06 the btllarytube rouie,(1)
in cases of right labe graft.

PDS = polydioxanone suture, D-D = duct- to duct hepaﬂcocholednchostomy, R-Y= Roux en'Y hepatlco;ejunostomy

confirmed. Stenosis was detected by CT scan,
magnetic resonance cholangiography, endoscopic retro-
grade cholangiography, or percutaneous transphepatic
cholangiography.

Surgical procedures before and after September 2006

Surgical procedures for biliary reconstruction and place-
ment of biliary tubes before and after September 2006 are
summarized in Table 2. Details of the procedures are as
follows.

Between June 1997 and September 2006

We employed both R-Y and D-D. Between June 1997 and
January 2002, R-Y was the first choice, but D-D was used
when the bile duct orifice was single, the size of the
recipient’s bile duct seemed to match that of the donor’s
bile duct, and no tension was applied to the anastomo-
sis. Between February 2002 and September 2006, the
criteria for applying D-D was gradually extended, and
D-D was used even in cases of multiple duct orifices or
when there was a size mismatch between the bile ducts.
We did not encounter any grafts with more than 3 bile
duct orifices, and all grafts had single or double orifice
(s). The double orifices were formed into a single duct,
in cases where doing so was feasible, and the newly
formed duct was then anastomosed to the recipient’s
bile duct. R-Y was still used in cases where it was not

feasible to form multiple bile duct orifices in a graft into
a single duct.

For R-Y, the bile duct was anastomosed to the R-Y
limb of the jejunum using 5-0 or 6-0 polydioxanone
suture (PDS) in an interrupted or continuous fashion. A
biliary tube was routinely used and introduced through
the R-Y limb of the jejunum.

For D-D, an end-to-end hepaticocholedochostomy
was performed using 5-0 or 6-0 PDS in an interrupted or
continuous fashion. In both the recipient and donor
operations, careful attention was paid to preserving the
vascular plexus around the bile duct. In donor surgery, we
avoided dissection of connective tissues around the bile
duct and cut the bile duct after dissection of all paren-
chymal tissue. The bile duct of the recipient was also
prepared carefully with minimal dissection so that the
blood supply to the bile duct was maintained. As a biliary
drainage tube, a C-tube was inserted from the cystic duct
to the recipient’s common bile duct routinely between
June 1997 and January 2002 (route [1] in Table 2). The tip
of C-tube was not placed beyond the anastomosis. After
January 2002, a biliary tube was inserted from the com-
mon bile duct (route {2] and [3] in Table 2) or on the
opposite side of the hepatic duct (route [4] in Table 2}; this
necessitated placing the tip beyond the anastomosis so
that the tube served as a stent (schernes are shown in
Table 2). When the bile ducts of the graft were double and
formed in a single duct, the tube was inserted in 1 of the
ducts through the formed anastomosis. The biliary tube
was removed 3 months after operation.
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