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FIG. 1.

Alanine aminopeptidase (APN) in bile samples. (A) APN protein expression at POD1, 4, 14 in patients with ACR. Top: Ratio of pro-

tein expression (right ordinate, ratio) based on POD1. The plot shows the relative amount of APN in bile measured by MALDI MS/MS analysis.
The bar represents the Western blot band volume of APN analyzed by image software (left ordinate). Data are the amounts estimated by West-
ern blotting and image analysis. Bottom: Western blot of APN. APN in bile increased at POD4, and then returned to the baseline. (B) Serial
changes in APN activity in bile samples obtained from a single patient with ACR and measured by Western blot analysis. ACR was diagnosed
at POD7. The band plot represents Western blot band volume analyzed by the image software (left ordinate) and the line plot represents APN
enzyme activity (right ordinate, U/g protein). (C) Two-dimensional plot of APN enzyme activity and western blot band volume. Note the strong

correlation between the two variables (r = 0.883, P < 0.0001).

determined the amount APN in the bile sample by mea-
suring its enzyme activity, which is a simpler and easier
for clinical application.

Bile APN Enzyme Activity Correlates with ACR
After Liver Transplantation

Based on the inclusion criteria used in this study, re-
cipients who were eligible for enrollment in this study
were only 9 among 53 liver transplant recipients. Five
of the nine recipients had biopsy-proven ACR, while
the other four recipients did not have ACR (LD group).
Based on the histologic diagnosis of liver biopsy,
the nine recipients were classified as the ACR group
(n = 5) and LD group (n = 4).

Table 2 summarizes the clinical characteristics of the
nine live donors and nine liver transplant recipients.
Liver biopsies at the time of donor surgery showed no

fatty changes or any other histopathologic abnormali-
ties in the nine graft livers. The cause of liver dysfunc-
tion in the LD group included small-for-size graft
(n = 1), mild cholestasis after ABO incompatible liver
transplantation (n = 1), and nonspecific hepatitis
(n =2). The bile APN enzyme activity in the nine donors
was uniformly low (40.9 = 20.1, range, 14.7-69.3 mU/
mg protein).

Figure 2 shows the serial changes in APN enzyme
activity in the study recipients. In the ACR group,
APN activity was low after liver transplantation
and, in three (60%) of five recipients of the ACR
group, it gradually increased to above 500 mU/mg
protein before the diagnosis of ACR, then returned
to baseline after treatment of ACR with immunosup-
pressants and steroids. On the other hand, in two of
the five recipients of the ACR group, the APN activ-
ity remained as low as that in the donor bile. In

— 120 —



KIM ET AL.: APN IN BILE IN THE DIAGNOSIS OF ACUTE CELLULAR REJECTION

TABLE 2

Clinical Characteristics of Recipients

ACR cases (n = 5) LD cases (n =4)

Age (y) (range) 44 (19-59) 53 (40-61)
Gender (male/female) 3/2 1/3
Primary diagnosis

HBV 1

HBV-+HCC 1

HCV+HCC 1
Primary biliary cirrhosis 1 2
Fulminant hepatitis 1
Autoimmune hepatitis 1

Biliary atresia 1

Preoperative MELD score 20 (14-27) 28 (7-57)
Graft (right lobe/left lobe) 2/3 2/2
Operation time (min) 902 (642-1390) 739 (5656-940)
Blood loss (mL) 3116 (1920-4400) 5800 (3350-9150)

For each variable, the mean (range) is shown.

HBYV = hepatitis B virus; HCV = hepatitis C virus; HCC = hepato-
cellular carcinoma; ACR = acute cellular rejection; LD = liver dys-
function without ACR.

contrast, the bile APN activity remained low (<500
mU/mg protein) throughout the period in all recipi-
ents of the LD group (n = 4) (Fig. 2B).

Analysis of the time course of APN activity in bile of
the ACR group showed that it increased 3 to 4 d before
the ACR event (Fig. 2A). Therefore, APN activity within
3 d before ACR was compared with that of recipients
who did not develop ACR. Available for analysis were
10 bile samples within 3 d before the ACR event and
49 bile samples outside these time periods in the ACR
group (n = b), while there were 47 bile samples
that were not associated with ACR in the LD group
(n = 4). APN enzyme activity in bile samples of LDLT
recipients of the ACR group within 3 d before the
biopsy-confirmed ACR (n = 10) was significantly higher
(5684 + 434 U/g protein) than in bile samples of recipi-
ents free of ACR (n = 96, 301 = 271 U/g protein, P =
0.004, Fig. 2C).

Localization of APN Along Bile Canaliculi and Its
Overexpression in ACR

Immunohistochemical staining for APN in liver bi-
opsy specimens from the donor showed APN staining
in the bile canaliculi and small bile ducts. The APN ex-
pression levels in serial liver biopsy specimens from all
patients of the ACR group were almost identical to that
of the donor at the time of post-reperfusion, increased in
the bile canaliculi and small bile ducts at ACR, then re-
turned to the baseline after treatment of ACR and sta-
ble allograft function (Fig. 3). The lymphocyte
aggregates around the portal triads did not stain for
APN in the ACR group. On the other hand, the APN ex-
pression level in the LD group remained low at baseline
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level throughout the study period. Quantification of the
immunohistochemical signal showed a significantly
stronger APN staining in the ACR group at the time
of ACR than all other time periods and the staining in-
tensity in the LD group (Fig. 4).

DISCUSSION

Allograft dysfunction after liver transplantation in-
fluences post-transplant prognosis, but accurate diag-
nosis of this state is limited due to the risk of
morbidities associated with liver biopsy and possible
misinterpretation of histopathological findings. Recur-
rent hepatitis and ACR are often present simul-
taneously in clinical settings in recipients with
hepatitis. Thus, it would be ideal to have an accurate,
reproducible, and noninvasive method to diagnose the
cause of allograft dysfunction after liver transplanta-
tion. We approached this issue previously using tran-
scriptome analysis of liver biopsy and peripheral
blood using both an animal model [19] and human sam-
ples [20, 21] and identified candidate markers associ-
ated with ACR. These studies should be continued for
further validation of these candidate genes in liver
and peripheral blood.

In kidney transplantation, urinary enzymes and low
molecular weight proteins were reported to be useful for
the diagnosis of acute rejection after the early post-
transplantation phase [4-6]. The analogy of “urine” ex-
creted from the transplanted kidney is “bile” from the
allograft liver. In this study, we analyzed human bile
samples using proteomic analysis to identify bile pro-
teins that can be used as biomarkers for ACR and differ-
entiate this condition from other causes of allograft
dysfunction.

Duct-to-duct anastomosis is currently widely per-
formed as a standard method of bile duct reconstruction
in liver transplantation. Biliary drainage is quite im-
portant in order to know the amount, color, and other
properties of bile output from the liver allograft as
well as reducing bile duct complication [22-24]. Fur-
thermore, it is also customary in certain cases to esti-
mate graft function by analyzing bile bilirubin [25],
bile acid [26], and other biomarkers. More importantly,
bile duct reconstruction is also reported to be one of the
key determinants of low morbidity in living donor liver
transplantation [27, 28]. Bile is basically human waste
and usually dumped without any analysis. However, it
could provide a wealth of information, when another
point of view is taken. The importance of biliary
interleukin-6 (IL-6) in association with ACR after liver
transplantation in rats [16] and deceased liver trans-
plantation in human [17], as well as biliary ICAM-1
[8, 9] has already been reported. With this background,
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FIG. 2. Time course of biliary APN activity. (A), (B) Serial changes in biliary APN activity and serum total bilirubin level in five patients
with ACR (A) and four patients with LD (B); (C) APN enzyme activity in bile samples of LDLT recipients of the ACR group within 3 d before
biopsy-confirmed ACR (n = 10) was significantly higher than that in bile samples of patients free of ACR (n = 96) (P = 0.004). Bars indicate

standard error of the mean (SEM).
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we decided to assay bile samples to determine the use-
fulness of bile analysis in providing clinically important
information on ACR after liver transplantation.

Proteomic analysis has been used recently in the field
of human clinical science such as the identification of
markers for the diagnosis and/or prognosis of various
malignancies [29-32]. To our knowledge, however, pro-
teomic analysis of human bile has not yet been reported
except in a limited number of studies [33, 34]. We used
the technique of relative quantitative protein analysis
using the 80 labeling method, which allows compre-
hensive comparative analysis of bile proteins.

Taking this approach, we found 78 proteins that were
commonly identified in all three bile samples from one
recipient with ACR (obtained at POD1, 4, and 14).
Among these proteins, APN (also known as CD13)
was one protein whose level increased in the bile sam-
ple collected at POD4 compared with that collected at
POD1 and POD14 (Fig. 1A). APN is a 150-kD trans-
membrane protein localized in the bile canaliculi,
epithelia of the bile ducts, apical membranes of hepato-
cytes, mucosal cells of the gall bladder [35], peripheral
blood monocytes, granulocytes [36], immature myeloid
cells, epithelial cells of the intestine, synaptic mem-
branes in the central nervous system, fibroblasts, endo-
thelial cells, and the brush border membranes of the
proximal renal tubular cells [6-8]. APN plays a patho-
logic role in cholelithiasis [35], biliary atresia in infants
[37], and ecytomegalovirus infection [38]. It was also con-
sidered as a marker of hepatocellular carcinoma, to dis-
tinguish it from metastatic tumors of the liver [39], and
as a marker of cancer stem cells in hepatocellular carci-
noma [40]. APN staining in the canaliculi is reported to
be a highly specific marker of hepatocyte differentiation
[41]. On the other hand, Jung et al. [4] reported that uri-
nary APN is a significant protein associated with ACR
in kidney transplantation. Surprisingly, APN was
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ACR
(n=10)

(continued).

also found to correlate with liver ACR. That both bile
from the liver allograft and urine from the kidney graft
were linked to ACR, suggests that the mechanisms of
ACR in both the liver and kidney transplants probably
involve APN-related immunological and/or inflamma-
tory processes. Further studies are necessary to estab-
lish the exact mechanism(s) of ACR, including the
APN-related pathways. The amount of APN in bile de-
tected by Western blot analysis correlated with the
APN enzyme activity (Fig 1B, C). Therefore, we evalu-
ated APN by its enzymatic activity rather than by West-
ern blot analysis, considering its clinical applicability.
Uniformly low levels of APN activity were noted in
the bile samples of all donors, suggesting minimal
APN activity in bile at baseline condition in the absence
of liver dysfunction or ACR. Interestingly, changes in
APN activity in liver transplant recipients did not
correlate with other biochemical parameters such as se-
rum bilirubin, AST, ALT, and y-glutamyl aminotrans-
ferase (data not shown).

We classified the nine recipients into two groups; five
recipients with ACR episode (ACR group) and four re-
cipients with liver dysfunction but without ACR (LD
group). We evaluated the APN activity in the patients
in relation to the clinical course in both groups. As
shown in Figure 2, APN activity increased above 500
mU/mg protein in a couple of days before the diagnosis
of ACR in three of the five recipients of the ACR group.
In contrast, APN level remained low similar to the base-
line in all recipients of the LD group. Furthermore, the
time course studies of APN level showed that APN in-
creased 3—4 d before confirming the ACR by biopsy ex-
amination. Furthermore, the mean APN activity in
bile samples of the LDLT recipients obtained within
3 d before ACR (n = 10) was significantly higher than
that without ACR event (n = 96) (P = 0.004) (Fig. 2C).
These results suggest that a high level of APN in the
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FIG. 8. Immunohistochemistry of APN in liver biopsy specimens.(A) A representative case of ACR: (a) Donor liver biopsy, (b) post-
reperfusion, (¢) ACR, (d) Stable allograft function (POD 90). Note the high expression of APN in patients with ACR. Note also the similarity
in APN expression pattern between the donor and recipient at stable allograft function (X100, inset X400). PV = portal vein, CV = central

vein. (B) A representative case of liver dysfunction (LD): (e) Donor liver biopsy, (f) post-reperfusion, (g) liver dysfunction without ACR, (h) Sta-
ble allograft function (POD 90). Note the low APN expression compared with the patient with ACR (X400).
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FIG.4. Resultsofimage analysis of APN in graft liver specimens. Data are mean = SD of APN expression in five patients with ACR and four
with LD. There was a significant difference in APN expression between the ACR and LD groups (*P < 0.05). The APN expression levels in liver
biopsy specimens obtained 1 h after reperfusion and in the protocol liver biopsy specimens were similar, and they were significantly lower than
those of the ACR group at ACR event (P < 0.05). Data are mean * SD.

bile is a potentially suitable biomarker for the predic-
tion and diagnosis of ACR.

Immunohistochemical evaluation of APN in liver bi-
opsy samples showed the expression of APN in bile ca-
naliculi and epithelia of the bile ducts. Furthermore,
APN expression increased after liver transplantation,
and such increase coincided with the confirmation of
ACR by biopsy in all patients of the ACR group. Con-
firming the association of APN and ACR was the return
of the expression level to the baseline level after treat-
ment of ACR. In contrast, the APN expression level in
recipients of the LD group did not change at all in pa-
tients with liver dysfunction as well as those with stable
allograft function (Fig. 3). One possible explanation for
these findings is that accumulation of active lympho-
cytes in the liver can induce injury of bile duct cells
and, hence, can also interfere with the flow of bile
stream in the bile canaliculi, which causes further in-
jury of the bile canaliculi. This could then induce APN
overexpression in the membrane of bile canaliculi cells.

The number of the recipients in this study is small,
because we limited the study to recipients with con-
firmed histopathologic diagnosis upon liver dysfunc-
tion, excluding other recipients who had no liver
biopsy, so that a definitive diagnosis could be made
for liver dysfunction; ACR versus nonACR. Our study
showed that APN level increased in the bile in associ-
ation with ACR episode after liver transplantation.
Furthermore, serial monitoring of APN level in the
bile samples from these recipients (n = 106) also dem-
onstrated increases in APN expression levels in the

bile within 3 d before ACR, suggesting that biliary
APN could be used as a predictor of latent and sub-
clinical ACR, which becomes clinically apparent in
the next few days. Thus, it is feasible to conclude
that APN (CD13) in bile seems to be a useful and
noninvasively measurable biomarker for ACR after
liver transplantation.

CONCLUSION

We identified 78 proteins in bile from a liver trans-
plant recipient by quantitative proteomic analysis
based on the 20 labeling method. Among these bile
proteins, the expression levels of APN in bile were
increased within 3 d before the development of ACR,
suggesting that a high biliary APN level is a biomarker
for ACR after liver transplantation.
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We report a case of multiple primary hepatic cancers exhibiting different pathologic
features coexisting in a patient with chronic hepatitis C. Computed tomography showed
2 tumors in segment 8, 20 mm (S8-A) and 5 mm (S8-B) in diameter, and a 10-mm tumor in
segment 6 (S6). Based on the images, the S8-A lesion was diagnosed as cholangiocellular
carcinoma or combined hepatocellular carcinoma and cholangiocarcinoma (combined
HCC-CC). The other 2 tumors were diagnosed as HCC. The patient underwent partial
resections of segments 6 and 8. We found 2 more tumors (S8-C was 6 mm in diameter and
S8-D was 4 mm) in the resected segment 8 specimen. Histopathologic examination
revealed that the S8-A and S8-C tumors were combined HCC-CC, the S8-B and S6 lesions
were scirthous HCC, and the S8-D tumor was an early HCC. This is a very rare case in
which different hepatic cancers with multiple pathologic features coexisted.
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In patients with chronic hepatitis or liver cirrhosis  HCV, the rates of occurrence and multicentricity of
caused by hepatitis C (HCV) or hepatitis B virus HCC are particularly high.>* We present a very rare
infection, hepatocellular carcinoma (HCC) can be case in which 5 hepatic cancers composed of 4
multicentric.' When liver cirrhosis is caused by primary cancers with 3 different types of pathologic
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features coexisted and occurred after 10 years of
sustained virologic response to HCV.

Case Report

A 67-year-old Japanese man was referred to our
hospital with liver tumors in segments 6 (56) and 8
(58), which had been detected during a routine
check-up ultrasound for hepatitis C. This patient
had been treated for hepatitis C using interferon
therapy 10 years earlier, which resulted in a
sustained virologic response. On referral to our
hospital, he had no symptoms, and physical
examinations showed no abnormal findings. Labo-
ratory data on admission were as follows: white
blood cell count, 5300/mm?; red blood cell count,
442 x 10*/mm?; platelet count, 16.7 X 10*/mm?;
prothrombin time, 100%; albumin, 4.8 g/dL; total
bilirubin, 0.6 mg/dL; aspartate aminotransferase,
29 IU/L; alanine aminotransferase, 28 IU/L; alkaline
phosphatase, 308 IU/L; y-glutamyl transpeptidase,
45 IU/L; cholinesterase, 406 IU/L; and indocyanine
green retention rate at 15 minutes, 21.3%. Serologic
analyses for viruses were as follows: hepatitis B
virus surface antigen, negative; hepatitis B virus
core antibody, negative; HCV antibody, positive;
and HCV RNA (polymerase chain reaction), not
detected. The tumor markers prothrombin induced
by vitamin K absence or antagonist II (34 mAU/
mL), alpha-fetoprotein (AFP, 5 ng/mL), carcinoem-
bryonic antigen (CEA, 1.6 ng/mL), and carbohy-
drate antigen 19-9 (CA19-9, 10 U/mL) were all
within normal limits.

Ultrasonography disclosed two hypoechoic tu-
mors, one 10 mm in size in S6, and the other 20 mm
in diameter in S8. Contrast-enhanced computed
tomography (CT) revealed three tumors: one in S6
measuring 10 mm, and two in S8, measuring 5 mm
and 20 mm in diameter. The 5-mm tumor in S8
showed an enhancement in the arterial phase and
isodensity in the late phase (Fig. 1a and 1b). The 20-
mm tumor in S8 showed a heterogeneous and
peripheral enhancement in the arterial phase and
no washout in the late phase (Fig. 1c and 1d). The
10-mm tumor in S6 showed an enhancement in the
early phase and a washout in the late phase (Fig. 1e
and 1f). Contrast-enhanced magnetic resonance
imaging (MRI) with gadoxetic acid disodium (Pri-
movist; Bayer Schering Pharma, Berlin, Germany)
showed defects in the hepatobiliary phase in all
tumors. Based on these imaging findings, the 5-mm
tumor in S8 and the 10-mm tumor in S6 were
diagnosed as typical HCC. However, the 20-mm
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Fig. 1 Contrast-enhanced computed tomography. Three tumors

were detected, measuring 5 mm (a, b) and 20 mm (c, d) in diameter
in 88, and 10 mm (e, f) in S6. Early phase (a, ¢, and e) and late phase
(b, d, and f) findings are shown. Arrows indicate tumors.

tumor in S8 was more difficult to diagnose, and its
differential diagnosis included HCC with necrotic
component, metastatic tumor, cholangiocellular
carcinoma (CCC), as well as combined hepatocellu-
lar carcinoma and cholangiocarcinoma (combined
HCC-CC). Because upper gastrointestinal endosco-
py and total colonoscopy showed no possible
primary lesions, and there was also a retraction
around the 20-mm tumor in S8, we narrowed down
the possibilities to CCC or combined HCC-CC.

In light of these findings, we carried out partial
hepatic resections of S6 and S8. The resected S6 and
S8 specimens weighed 30 and 70 g, respectively. On
gross examination, there were in total 5 hepatic
tumors. The resected specimen of segment 6
contained a tumor, 12 mm in diameter, which
showed a white lobular-shaped firm mass without
capsule formation (Fig. 2a). The segment 8 specimen
contained 4 tumors: 22 mm (S8-A), 10 mm
(S8-B), 6 mm (S8-C), and 4 mm (S8-D) in size, all
of which presented as a white firm mass without

Int Surg 2012,97
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Fig. 2 Macroscopic findings of the resected specimens. The specimens of segment 6 (a) and segment 8 (b) are shown.

capsule formation (Fig. 2b). Histopathologic exami-
nation of the two tumors in 56 and S8-B revealed
carcinoma cells that were arranged in an irregular
moderate trabecular pattern with scirrhous growth
features as characterized by fibrosis along the
sinusoid-like blood spaces. This indicates that these
tumors were of the scirrhous type, moderately
differentiated hepatocellular carcinomas (Fig. 3a
and 3b). These two scirrhous HCCs had no vascular
and biliary invasions. On the other hand, the tumors
in S8-A and S8-C showed two different histologic
patterns and cell types that were intermixed—a
hepatocellular carcinoma component composed of
trabecular structures and a cholangiocellular carci-
noma component made up of glandular structures
with intraluminal mucin—indicating that these
tumors were combined HCC-CC (Fig. 3¢ and 3d).
The tumor in S8-A was accompanied by biliary
and portal invasions. In addition, S8-D showed a
vaguely nodular lesion with microscopically in-
creased cell density. There were portal tracts within
the lesion, but the tumor cells with increased nuclear
cytoplasmic ratio were arranged in an irregular thin
trabecular pattern and had focally invaded into
the stromal tissue. Because of these findings, S8-D
was considered an early hepatocellular carcinoma
(eHCC) (Fig. 3e and 3f). The background liver
showed mild periportal fibrosis and lymphatic
infiltration, which were compatible with chronic
hepatitis associated with HCV. In addition, mild
pericellular and perivenular fibrosis with mild
centrolobular fatty changes were observed. The
locations and pathologic features of these 5 hepatic

Int Surg 2012;97

tumors are described in a schematic diagram
(Fig. 4). Preoperative CT and MRI findings were
retrospectively examined by 2 radiologists after
pathologic examination was completed. The S8-A
and S8-B tumors in the resected specimen were
considered to correspond to the S8 lesions that were
preoperatively detected by CT and MRI, but the S8-
C and S8-D tumors in the resected specimen could
not be found even by retrospective assessment of the
preoperative CT and MRI images. Recurrence has
not been observed at a follow-up at 15 months after
the operation.

Discussion

In Japan, patients with chronic hepatitis or liver
cirrhosis caused by HCV infection develop most
HCCs.! When liver cirrhosis is caused by HCV
infection, synchronous or asynchronous multiple
tumors can affect the entire liver. These multiple
lesions are caused by two mechanisms: intrahepatic
hematogeneous tumor cell spread (intrahepatic
metastasis) and de novo tumor development (multi-
centric occurrence). Although determining the car-
cinogenic mechanism for each tumor is difficult, in
our patient, S8-C was thought to be an intrahepatic
metastasis of S8-A, as the latter was microscopically
accompanied by portal vein invasion, and both
tumors existed closely in the same segment of the
liver. On the other hand, the tumors in S6 and S8-B,
both of which were scirrhous HCC, were thought to
be multicentric because they showed no portal vein
invasion and existed in distant segments of the liver.
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Fig.3 Microscopic findings. The tumor in 56 was of the scirrhous type of moderately differentiated hepatocellular carcinoma (a) H&E
stain (X20) (b) Azan-Mallory stain (X10). S8-A and S8-C lesions were combined HCC-CC. () 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]). $8-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.

Scirrhous 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 primary 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 (S6, S8-A, and S8-B) were
preoperatively identified by CT and MRI, but 2
tumors (S8-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 S6 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 scirthous 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 exira
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 ef 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
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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
Iymph 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 1. 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

obtained on admission to our WBC 6,500/mL
hospital Seg 82 %
Lymph 15 %
Mono 39
RBC 283 x 10%mL
Hb 8.6 g/dL
Het 273 %
Plt 40 x 10%mL
APTT 26.6 s
PT 102 s
PT-INR 0.97
ENG 275 mg/dL

TP 3.9 g/dL Glu 132 mg/dL
Alb 2.2 g/dL TG 129 mg/dL
TB 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 TU/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 mEqg/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 TU/L C-peptide 5.5 ng/mL
ALT 26 IU/L Gastrin 17,800 pg/mL
LDH 150 IU/L

ALP 143 TU/L

y-GTP 14 TU/L
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Fig. 1 Abdominal images. a Ultrasonography showed a hyperechoic
tumor (36 x 28 mm) in the pancreatic head. b Doppler imaging
showed a vascular signal in the mass. ¢ Computed tomography
showed an isodense tumor in the pancreatic head. d Contrast
enhancement showed the vascularity of the tumor. e T1-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,
and inferior pancreaticoduodenal artery injection, but
negative results for splenic and transverse pancreatic artery

magnetic resonance imaging (MRI) showed a low-intensity tumor.
f T2-weighted MRI showed a high-intensity tumor. g Diffusion-
weighted MRI showed a high-intensity tumor. The arrowheads
indicate the tumor

injection (Table 2), indicating gastrinoma in the pancreatic
head but not in the pancreatic tail. Pancreaticoduodenec-
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, I[PDA inferior pancreaticoduodenal artery, TPA transverse pancreatic artery, SA splenic artery

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
lymph 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.
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Transforming growth factor-p (TGF-p) 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-§ inhibitors among
commercially available drugs and identified protein-bound poly-
saccharide (PSK) as a strong inhibitor of the TGF-p-induced reporter
activity of 3TP-lux, a TGF-B1-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-p1-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-g-
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-B pathway during the early
stages of carcinoma may contribute to carcinogenesis because
TGF-B signaliné% is implicated in the negative regulation of cell
proliferation.*® Paradoxically, TGF- 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,’ and targeting of TGF-B signaling
prevented metastasis in several neoplastic tumors including
breast, prostate, and colorectal cancers.""!" Furthermore,
recent studies have suggested new roles for TGF-§ 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

doi: 10.1111/j.1349-7006.2011.02133.x
© 2011 Japanese Cancer Association

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 2 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.?**" 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.**2%
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-f 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-§
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 MCFI0A 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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