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CD44s Regulates the TGF-p-Mediated Mesenchymal
Phenotype and Is Associated with Poor Prognosis in Patients
with Hepatocellular Carcinoma

Kosuke Mima’, Hirohisa Okabe', Takatsugu Ishimoto’, Hiromitsu Hayashi', Shigeki Nakagawa',

Hideyuki Kuroki', Masayuki Watanabe', Toru Beppu', Mayumi Tamada®, Osamu Nagano?,
Hideyuki Saya®, and Hideo Baba'

The prognosis lor individuals diagnosed with hepatocellulur carcinoma (HCC) remains poor because of the
high frequency of invasive tumor growth. intrahepatic spread. and extrahepatic metastasis. Here,we investigated
the role of the standard isoform of CD44 (CD-1Hs). a major adhesion molecule of the extracellular matrix and a
cancer stem celt marker. in the TGF-B~mediated mesenchymal phenotype ol HHCC. We found that CD-Hs was the
dominant form of CD<4-F mRNA expressed in HCC cells. Overexpression of CD<4s promoted tumor invasiveness
and increased the expression of vimentin, a mesenchymal marker. in HCC cells. Loss of CD-Hs abrogated these
changes. Also in the selling of CD4s overexpression. trealment with TGF-B1 induced the mesenchymal
phenotype of HCC cells. which was characterized by low E-cadherin and high vimentin expression. Loss of
CD-s inhibited TGF-B-mediated vimentin expression. mesenchvmal spindle-like morphology. and tumor
invasiveness. Clinically. overexpression of CD+s was associated with fow expression of E-cadherin. high
expression of vimentin. a high percentage of phospho-Smad2-positive nuclei. and poor prognosis in HCC
patients. including reduced discase-free and overall survival, Together. our findings suggest that CD-Hs plays a
critical role in the TGF-B-mediated mesenchvmal phenotype and therefore represents a potential therapeutic
2012 AACR.

target for HCC. Cancer Res: 72(13): 3-41-1-23

their polarity and acquire the migratory properties of mesen-
chymal cells in the developmental process. In recent melas-
lasis researches. EMT is also shown Lo play animportant role in
stem-like properties (8).

CD-H. a major adhesion molecule of the extracellular matrix.
has been implicated in a wide variety of physiologic processes.
including leukocvte homing and activation. wound healing.
and cell migration (9. 10). Cells produce CD-H protein isoforms
through the process of alternative mRNA splicing. The CD-4
standard isoform (CD-Hs) is expressed predominantly in
hematopoietic cells and normal epithelial cell subsets. whereas
the variant isoform (CD-1Hv) is expressed by some epithelial
cells during embryonic development. daring lvmphoceyte mat-
uration and activation. and by several types of carcinoma cells.
Recently. cancer stem cells (CSC) in many tumors have been
identified by positive expression of CD--. either individually or
in combination with other markers. and these cells have been
shown to be involved in tumor progression and melastasis
(10-16). Although TGF-f signaling is a major regulator ol EMT

Heputocellular carcinoma (HCC) is the fifth most prevalent
and the third most deadly type of cancer worldwide. In fact. it is
diagnosed in more than hall a million people worldwide each
year (1). Surgical resection and liver transplantation are avail-
able options for the treatment ol early-stage 1HCC: however. the
prognosis of HCC remains poor because of a high level of tumor
invasiveness. frequent intrahepatic  spread.  extrahepatic
melastasis. and resistance lo chemotherapy (2).

Epithelial-mesenchymal transition (EMT) has been shown
to be a pivotal mechanism contributing to cancer invasion and
metastasis including HCC (3-7) because epithelial cells lose
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and it maintains the mesenchymal phenotype and stem cell
states in an autocrine fashion in cancer (17). the underlying
molecular mechanisms that integrate the mesenchymal phe-
notype with the ENT process and with CSC properties still
remain unknown. Therefore. we hypothesize that CD<HLa CSC
marker. plays an important role in inducing EMT or in main-
laining the mesenchymal phenotype in HCC.
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Cell lines, culture conditions, and reagents

The human HCC lines PLC/PRF/5. HuHl, HLF. and HLE
were purchased [rom the Japanese Collection of Research
Bioresources. SK HEP-1 cells were purchased from American
Type Culture Collection. The cells were routinely maintained in
Dulbecco’s Modified Eagle's Medium (Invitrogen) supplemen-
ted with 10% FBS (Invitrogen). The cells were incubated at 37°C
in u 5% CO, air-humidified atmosphere. Purified recombinunt
human TGF-B1 (R&D Systems) was reconstituted in sterile -
mmol/L. HCl containing 1 mg/ml. bovine serum albumin
(Sigma). TGF-BI was used at the indicaled concentrations in
serum-free medium.

Plasmids and siRNA transfection

The ¢DNA corresponding to human CD<s was introduced
into the peDNA3.1 expression plasmid (Invitrogen: ref. 18).
PLC/PRFE/5 cells were transfected with the resulting plasmids
using Lipofectamine 2000 (Invitrogen). CD44 expression was
transiently downregulated using a predesigned siRNA duplex
directed against CD44. and a nontargeting siRNA was used as a
negative control. The sequences of the siRNA (chimeric RNA-
DNA) duplexes (Jupan Bioservice) were as follows (18): CD44
SIRNA. 5-AAAUGGUCGCUACAGCAUCTT-3 and 5'-GAUG-
CUGUAGCGACCAUUUTT-3', and control siRNA, 5'-CGUACG-
CGGAAUACUUCGATT-3" and 5'-UCGAAGUAUUCCGCGUA-
CGTT-3". HCC cells were translected with the anncaled siRNA
for 2 to 72 hours using Lipofectamine 2000,

Protein extraction and Western blot analysis

Protein extraction from cultivated cells and Western blot
analyses were carried out as previously deseribed (19. 20).
Briefly, the cells were lysed in cell lysis buffer containing
25 numol/L Tris (pH 7.4), 100 mmol/L NaCl. and 1% Tween
20. Equal amount of proteins were loaded onto 10% gels and
sepuarated using SDS-PAGE. The resolved proteins were elec-
trophoretically transferred to polyvinylidene fluoride mem-
branes (Bio-Rad. Inc.). The membranes were blocked with 5%
tow-fat dry milk in TBS-T |25 mmol/LTris (pH 7.4). 125 mmol/L.
NaCl. 0.4% Tween 20] for | hour at room temperature. follow-
ed by incubation with a primary antibody at 4°C overnight. The
blots were extensively washed with TBS-T and incubated with
an horseradish peroxidase (HRP)-conjugated secondary anti-
body diluted 1:2,000 in TBS-T for I hour at room temperature.
The membranes were washed and visnalized using a Chemi-
luminescent Detection Reagent Kit (ECL: GE Healthcare
Corp.). Primary antibodies for E-cadherin (1:1.000 dilution:
BD Transduction Laboratories). vimentin (1:1,000 dilution:
Santa Cruz). CD44s (1:1.000 dilution: Bender MedSystems).
phospho-Smad?2 (1:500 dilution: Cell Signaling). Smad2/3
(1:1.000 dilution: Cell Signaling). and B-actin (1:1.000 dilution:
Cell Signaling) were used for this study.

RNA extraction and quantitative reverse lranscription
PCR

Total RNA extraction. ¢DINA synthesis. and quantitative
reverse transcription PCR (qRT-PCR) were carried out as

previously described (19. 20). Total cellular RNA was extracted
using the RNeasy Mini Kit (Qiagen). and cDNA was synthesized
with the SuperSeript 11 Transeriptor First Strand ¢DNA Syn-
thesis System for RT-PCR (Invitrogen) according to the man-
ufacturers’ instructions. gqRT-PCR was carried out using a
LightCycler 80 11 instrument (Roche). To determine the
differences in the gene expression levels belween specimens.
the 27 method was used to measure the fold changes
among the samples (21). To carry out gRT-PCR. primers were
designed using the Universal Probe Library (Roche) following
the manufacturer's recommendations. The primer sequences
and probes used forreal-time PCR were as follows: E-cadherin.
5 -TTGACGCCGAGAGCTACAC-3". 5'-GTCGACCGGTGCAAT-
CTT-3'. and universal probe #80: vimentin, 5-TACAG-
SAAGCTGCTGGAAGG-3. 5-ACCAGAGGGAGTGAATCCAG-
3. and universal probe #13: CD-4L 5'-GCAGTCAACAGTCGAA-
GAAGG-3, 5-TGTCCTCCACAGCTCCATT-3, and universal
probe  #29; glyceraldehvde-3-phosphate  dehydrogenase
(GAPDH), 5-AGCCACATCGCTCAGACAC-3'. 5-GCCCAA-
TACGACCAAATCC-3. and universal probe #60: EpCAM. 5'-
AGTTGGTGCACAAAATACTGTCAT-3'.  5-TCCCAAGTTTT-
GAGCCATTC-3". and universal probe #8: CD133. 5'-TCCACA-
SAAATTTACCTACATTGG-3. 5'-CAGCAGAGAGCAGATGA-
CCA-3. and universal probe £83: Bmil. 5'-TTCTTTGACCA-
GAACAGATTGG-3. 5-GCATCACAGTCATTGCTGCT-3', and
universal probe #63: CD13. 5'-TTGCCTACCAGAACACCATCT-
3 5-GTTGGATGGACCGGTTGTT-3" and universal probe #75:
and CD90. 5-CAGAACGTCACAGTGCTCAGA-Y, 5-GAG-
GAGGGAGAGGGAGAGC-3', and universal probe =66. To ana-
lyze the CD- splice variants in human HCC cell lines. the
following human primer sets (forward and reverse. respective-
ly) were used: CD44. 5'-TCCCAGACGAAGACAGTCCCTGGAT-
3 and 5-CACTGGGGTGGAATGTGTCTTGGTC-3, and GAP-
DH. 5-AGCCACATCGCTCAGACAC-3" and §-GCCCAATAC-
GACCAAATCC-3'.

Invasion assay

An in vitro cell invasion assay was done as previously
described (20). Briefly. the invasion rate of tumor cells that
migrated through transwell inserts (8-{um pore size) with a
uniform layer of BD Matrigel basement membrane matrix
(BD Biosciences) was assessed according to the manul-
acturer's recommended protocol. The cells were seeded
(5 % 10" in 500 pl. of serum-free medium into the upper
chamber of the insert. and medinm containing 10% FBS was
added to the lower chamber. After 22 hours, the noninvading
cells were removed with a cotton swab. and the invading
cells were stained with 1% toluidine blue and counted under
a microscope.

Patients and treatment

Among the 235 consecutive patients who had undergone
curative hepatic resection belween 2004 and 2007 in the
Department  of  Gastroenterological  Surgery.  Graduate
School of Medical Sciences. Kumamoto University. 150
primary 11CC samples were analyzed in this study. None
of the patients received any preoperative anlicancer lreat-
ment. The pathologic diagnoses and the clinicopathologic

www.aacrjournals.org
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factors were established based on the general guideline for
primary liver cancer as defined by the Liver Cancer Study
Group of Japan {22, 23} and the American Joint Commilttee
on Cancer (AJCC)/International Union  Against Cancer
(UICC) staging svstem (2+). The median follow-up duration
after surgery was -+ months. This study was approved by
the Human Ethices Review Committee of the Gradoate
School ol Medicine. Kumamoto University (Kumamaoto,

Japan).

Immunohistochemistry and scoring

The sample processing and immunohistochemistry (1HC)
procedures were carried oul as described in a previous report
(20). Endogenous peroxidase activity was blocked using 3%
hvdrogen peroxide. and the sections were incubated with
diluted antibodies. A subsequent reaction was carried oul with
a biotin-free HRP enzyme-labeled polymer from the Envision
Plus detection system (Dako Co.). Phospho-Smad2 antibody
binding was detected using the Vectastain ABC Elite avidin/
biotin/peroxidase kit (Vector Laboratories Inc.). A positive
isualized with the addition of diaminobenzidine
solution. which was followed by counterstaining with Mayer’s

reaction was

hematoxylin, Primary antibodies for E-cadherin (1:100 dilution:

BD). vimentin (1:50 dilution: Santa Cruz). CD-Hs (1300 dita-
tion: Bender MedSvstems). and phospho-Smad2 (1:100 dilu-
tion: Cell Signaling) were used for this study. All ol the
immunohistochemical staining resulls were independenth
scored by 2 pathologists. The membranous E-cadherin. eyvto-
plasmic vimentin, and membranous CD-4s expressions were
interpreted according to the guidelines published in previous

studies (5. 25, 26). For membranous F-cadherin. cyloplasmic
vimentin. membranous CD-Hs. and phospho-Smad2-positive
nuclei. we graded the results into categories from 0 lo 34 as
follows: 0. no staining: 4. 1% Lo 25% staining: 2+. 26 Lo 50%
3. >50% of the specimen was stained. For membra-

slaining
nous F-cadherin. the 24+ and 34 samples were defined as
positive  immunohistochemical  results.  For  cvtoplasmic
vimentin, membranous CD-Hs. and phospho-Smad2-positive
nuclei. the 34 specimens were defined as positive immuno-

histochemical results.

Statistical analyses

Al of the experiments were carried out in triplicate. and the
data shown are representative of the results. The data are
presented as the means &= SD. Independent Student £ tests were
used to compare the continuous variables between the 2
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groups. and categorical variables were compared using the y
test. Overall survival and discase-free survival were caleulated
using the Kaplan-Meier method and compared using the log-
rank test. Statistical analyses were carried out as indicated with
a statistical analysis software program (Excel Statistics. Social
Survey Research Information Co.). Differences were considered
to be significant il P < 0.05.

{2

CD44 standard isoform expression is associated with a
mesenchymal phenotype in hepatocellular carcinoma
cells

We examined the expression of CD--band its association
with EMT markers (E-cadherin and vimentin) in 5 HCC cell
lines (PLC/PRE/5. HuH). HLF. HLE. and SK HEP-1). At the
mRNA level, the high CD- expressing cell lines HLF. HLE. and
SK HEP-1 showed high expression levels of vimentin. whereas
the low CD44 expressing cell lines PLC/PRFE/5 and Hulll
showed high expression levels ol E-cadherin. as determined
by real-time PCR (Fig. 1A). Recently, we showed that the CD44
isoform expressed in the tumor cells of Gan mice. as well as in

human gastrointestinal cell lines. consists mostly of variant
isoforms (CD-4-v8-10) containing amino acids derived from
exons §to 10(18.27). To determine the predominant isoform of
CD44 expressed in the HCC cell lines. we examined the
expression levels of the different isoforms using RT-PCR
according to the same method. Unlike in human colon cancer
cell lines. our RT-PCR analvsis revealed that CD44s mRNA.
rather than CD-HV8-10mRNA. was the dominant form present
in the human HCC cell lines HLF. HLE. and SK HEP-1 (Fig. 1B).
We confirmed the associations of CD-Hs with E-cadherin and
vimentin expression al the protein level (Fig. 1C). These results
suggested that high levels of CDHHs expression are refated to a
mesenchymal phenotype. which includes downregulation of
E-cadherin and upregulation of vimentin. in HCC cells. We also
examined the expression of other CSC markers that were
previously reported in HCC (12. 28-31) and compared them
with the expression of E-cadherin and vimentin. However. no
correlations were observed that were similar to that of CD-4
and vimentin. In addition. the expression levels of EpCAM.
CDI33, and CD13 seemed Lo be similar to the expression level
of E-cadherin (Supplementary Fig, S1).
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with controi cells. The datarepresent themeans + SD(n » 3; P« 0.001). B, the expression levels of CD44s. E-cadherin, and vimentin proteins in PLC/PRF/S
cells overexpressing CD44s compared with control cells. C. the invasive capacity of PLC/PRF/5 cells overexpressing CD44s compared with control
cells. The dala represent the means + SD (n = 3; , P < 0.05). D, the relative expression levels of vimentin mBNA in HLF cells transfected with siRNA targeted
against CD44 compared with control cells. The data represent the means = SD (n == 3; ", P < 0.001). E. the expression levels of CD44s and vimentin
protein in HLF cells transfected with siRNA targeted against CD44 or transfected with both siRNA largeted against CD44 and an hCD44s expression vector
compared with control cells. F, the invasive capacity of HLF cells transfected with siRNA targeted against CD44 compared with control cells. The data

represent the means = SD (n = 3; *, P < 0.05).
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Overexpression of CD4.s promotes the expression of
vimentin and tumor invasiveness of hepatocellular
carcinoma cells. whereas the knockdown of CD44s
attenuales these changes

To investigate whether CD-Hs regulates the mesenchymal
phenotype of HCC cells. we transiently transfected PLC/PRE/S
cells with o human CD-Hs expression vector, The overexpres-
sion of CD-Ms increased the expression of vimentin but did not
decrease the expression of E-cadherin (Fig, 2A and B). Fur-
thermore. the overexpression of CD-4s increased the in vitro
invasion of the transfected cells by 7-fold (Fig. 2C). Next. we
examined the effect of the siRNA knockdown of CD-in HLF
celis, which normally have high CD-I expression. to determine
whether Chibs is essential for the expression of vimentin in
HCC cells. CD-4 siRNA attenualed the expression of vimentin
at the mRNA and protein levels (Fig, 2D and E). Furthermore. in
HLEF cells pretreated with CD4 siRNA. the addition of a CD-Hs
expression vector reversibly increased the expression of vimen-
tin (Fig. 2E). The results from an iz vitro invasion assay revealed
that HLE cells transfected with CD-4 siRNA - exhibited a
decrease in invasion compared with cells transfected with a
control siRNA (Fig. 2F). We observed similar results in high
CDHds expressing HLE and SK HEP-1 cells (Supplementary
Fig. §2). Overexpression of CDdHs in PLC/PRE/5 cells did
not decrease the expression of E-cadherin. Moreover. we
could not detect the upregulation of E-cadherin in the CD-H

knockdown cells. These results suggested that CD-IHs regulates
the expression of vimentin and tumor cell invasion in HCC

cells.

CD44s is induced by TGF-$ and regulates the TGF-
p-mediated mesenchymal phenotype in hepatocellular
carcinoma cells

TGF-B signaling is central to tumorigenesis and tumor
progression because iU regulates many critical cellufur pro-
cesses. including cell proliferation. EMT. and stem cell muain-
tenance (32). HLF and HLE cells express detectable levels of
phosphorviated Smad2. and the expression of E-cadherin was
increased after incubation with a TGFR type | receptor kinase
inhibitor in HLF and HLE cells. suggesting that TGF-B signaling
plays a crucial role in EMT in HCC cells (33). TGF-B1 is
overexpressed in tumor cells. and this overexpression corre-
lates with a poor prognosis in patients with HCC (3-1. 35). Thus.
we investigated the role of CD4 in TGF-B signaling. We
sereened the activation status of TGF-f signaling by measuring
phosphorviated Smad?2 (phospho-Smad?2) expression in the 5
HCC cell lines. As reported previously. HLF und HLE cells
expressed detectable levels of phosphorylated Smad2 whereas
SK HEP-1 cells did not (Fig. 3A). The precise mechanism of
CDH- expression in SK HEP-1 cells with low phospho-Smad2
expression is unclear from our study. SK HEP-1 cells are
ariginally derived from endothelial cells, which express CD-
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0 min

30min 60min 90min 120min 24h Time -

+ 24n

@, o e #m o= | DHOSPHO-SMaA2

mn‘ phospho-Smad2

» Smad2/3

e G s e et R | Smad2r3

e g e mCD‘“S

M B-Actin

o QU S €W CUTD e | =-CACNETN

D E

HLF

Conlrol sSiRNA CD44 siRNA

- + - +  TGF-B15ng/mb

e CANEED wwumew s \/imentin

TGF-p1
5 ng/mL

GEEP |Vimenlin
’[LAckin
HLF HLF
Control siRNA CD44 siRNA 25 *%k
s 2
. I
15

Invasion
Fold change

T e I < (-Actin

*% *%
0.5 - N
. H B
TGE-R1 + . +
5 ng/mL
Control siRNA

CD44 siRNA

CDdd4s is induced by TGF-31 and regulates the TGF--medialed mesenchymal phenotype in hepatocellular carcinoma cells. A, the expression of
phosphorylated Smad2 (phospho-Smad2) in the 5 HCC cell lines, as determined by Western blot analysis. B, immunablot analysis of phospho-Smad2
and the expression levels of CD44s, E-cadherin, and vimentin following TGF-31 (5 ng/mL) treatiment in PLC/PRF/5 celis. C. immunoblot analysis of
phospho-Smad2 and the expression level of vimentin following TGF-31 (5 ng/mL) treatment in HLF cells. D. immunoblot analysis of the expression levels of
CD44s and vimentin with or without TGF-1 (5 ng/mL) treatment for 24 hours in HLF cells transfected with siRNA targeted against CD44 compared
with control cells. E. phase-contrast images with or without TGF-1 (5 ng/mL) treatment for 24 hours in the HLF cells transfected with sSiRNA targeted against
CD44 compared with control cells, Scale bars, 200 um. F, the invasive capacity of HLF celis with or without TGF-§31 (5 ng/mL) treatment for 24 hours after
transfection with siRNA targeted against CD44 compared with untreated control celis. The data represent the means = SD (0 ~ 3; *. P < 0.01).
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(36. 37). In human endothelial cells. other growth factors. such
as basic tibroblast growth factor. VEl
factor/scatter factor (HGF
CDH4 (87, 38). Therefore. an alternative mechanism may be
associated with the expression of CD-Hin SK HEP-1 cells. We
next examined the role of CDH in the TGF-B-mediated
mesenchymal phenotype of HCC cells. Treatment with TGF-
B1 induced a mesenchymal spindle-like morphology in PLC/
PRF/5 cells (Supplementary Fig. S3A). Following treatment
with TGF-B1 (5 ng/mL). phospho-Smad2 expression in PLC/
PRE/5 cells progressively increased in a time-dependent man-
ner and peaked after 60 minutes (Fig. 3B). The downregulation
of E-cadherin. the upregulation of vimentin, and the expression
of CD-Hs were induced after 24 hours of treatment with TGF-
31 in PLC/PRF/5 cells (Fig. 3B). The expression of E-cadherin
mRNA was decreased after 6 hours and restored after 24 hours

“and hepatocyte growth

). can induce the expression ol

(Supplementary Fig. S3B). The expression ol vimentin and
CDH mRNA were elevated after 24 hours, Several transcription
factors. including Snail. Slug. and Twistl promote EMT in
epithelial cells (+1). The expression of Snail mRNA was increased
after treatment with TGF-1 and peaked after 3 hours (Sup-
plementary Fig. 83C). The expression of Slug was not alfected.
and no expression of Twistl in response to TGF-B1 was
detected in PLC/PRF/5 cells. These resulls suggested that
TGF-B signaling triggered the mesenchymal phenotype and
induced the expression of CD-ds in HCC cells. Next. we
examined the effects of CD-Hs on the TGF-f-mediated mes-
enchymal phenotype. HLF cells also displayed progressively
increased phospho-Smad? levels in a time-dependent manner
following incubation with TGF-B1 (5 ng/mL). and the levels
peaked after 60 minutes (Supplementary Fig. S31). In addition.
upregulation of vimentin was induced by TGF-B1 after 24 hours

. Phospho-Smad2

Figure 4. CD44s expression is
associated with E-cadherin and
vimentin expression and poor
prognosis in patients with
hepatocellular carcinoma. A,
immunchistochemical staining of E-

cadherin, vimentin, CD44s, and
phospho-Smad2 in representative
cases with low CD44s expression
(case 1) and high CD44s expression
(case 2). Scale bars,

50 um. B, Kaplan-Meier survival
analysis of disease-free survival in
150 HCC patients comparing the
high CD44s expression group and
the low CD44s expression group
using the log-rank test. C, Kaplan-—
Meier survival analysis of overall
survival in 150 HCC patients
comparing the high CD44s
expression group and the low
CD44s expression group using the
log-rank test. D, mode! of the
regulation of the mesenchymal
phenotype by CD44s in
hepatocellular carcinoma cells
following the induction of CD44s
expression by TGF-3 signaling.
Subsequently, CD44s promotes
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E-cadherin Vimentin phospho-Smad2 nuclear
positivity
Low High Low High Low High
(n—92) (n ~ 58) P? (n — 126) (n — 24) P? {n —123) {n — 27) P?
CDhdds
Low (n = 113) 64 49 0.039 108 5 <0.001 106 7 <0.001
High {n = 37) 28 9 18 19 17 20

Abbreviations: CD44s, CD44 standard isoform; phospho-Smad?2, phosphorylated Smad2.

®Estimated by - test.

ol treatment in HLF cells (Fig. 3C). These results indicated that
TGE-B signaling enhances the expression of vimentin in 1LF
cells. CD44 siRNA inhibited the TGE-B-mediated vimentin
expression. mesenchymal spindle-like morphology. and tumor
invasiveness in HLE cells (Fig. 3D-F). These results suggested
that CD-Hs is essential for the TGF-B~mediated mesenchymal
phenatype in HCC cells.

CD4ds expression is associated with E-cadherin and
vimentin expression and poor prognosis in patients with
hepatocellular carcinoma

To confirm the in vitro finding that the TGF-B-mediated
mesenchymal phenotype and induction of CD-Hs are corre-
lated in HCC cells. we analvzed the expression levels of CD-s.
E-cadherin, vimentin, and phospho-Smad2 by HC in 150 HCC
patient sumples. High expression of CD-4s (e.g. case 2 shown

L1

in Fig. 1A ) was detected in 25% (37 of 150) of the samples. and
low E-cadherin expression was significantly associated with
high vimentin expression (£ - 0.004). High CD-Hs expression
was significantly associated with low E-cadherin expression
(P = 0.039). high vimentin expression (£ < 0.001). and high
phospho-Smad?2 nuclear positivity (2 < 0.001: Table 1). These
duta suggested that the activation of TGF-f signaling induces
CDH-is expression and @ mesenchymal phenotype in patients
with HCC. With regard to clinicopathologic faclors. a signif-
icant correlation was shown belween high CD-Hs expression
and large tumor size (P - 0.003). multiple tumors (£ - 0.032).
and poor tumor differentiation (2 = 0.020: Tuble 2). We further
investigated the association between the expression levels of
CD44s. vimentin, and E-cadherin and the clinicopathologic
factors in FICC patients. In a subgroup of patients with a
CDA"E vimentin™™/E-cadherin™ expression profile. the

CD44s high CD44s low

expression (n - 37) expression (n = 113) P
Age: - 80/>60 (y) 9/28 35/78 0.441
Sex: Male/Female 3077 93720 0.867
HBs-Ag: Negative/Positive 28/9 79/34 0.501
HCV-Ab: Negative/Positive 20/17 61/52 0.994
Child-Pugh classification: A/B 32/5 103/10 0.412
AFP: -+ 20/>20 (ng/mL) 16/21 60/53 0.298
PIVKA-II: <107/>107 (mAU/mL) 18/19 57/56 0.850
Tumor size: <3/>3 (cm) 5/32 45/68 0.003
Tumor number: 1/2< 21/16 85/28 0.032
Tumor encapsulation: Absent/present 2/35 15/98 0.190
Tumor differentiation: Moderate, well/poor 25/12 96/17 0.020
LCSGJ TNM Stage: 1,2/3, 4 18/19 71/42 0.127
AJCC/UICC TNM Stage: 1,2/3, 4 28/9 94/19 0.309
Vascular invasion: Absent/present 30/7 102/11 0.136

NOTE: Vascular invasion, portal vein (3rd branch, 2nd branch, 1st branch, or trunk) or hepatic vein {trunk of hepatic vein or IVC) invasion
were defined via macroscopic examination of the resected specimens.

Abbreviations: CD44s, CD44 standard isoform; HBs-Ag, hepatitis B surface antigen; HCV-Ab. hepatitis C antibody; AFP. u-fetoprotein;
PIVKA 1I, protein-induced vitamin K absence-II; LCSGJ, Liver Cancer Study Group of Japan.
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incidence of vascular invasion was signiticantly higher
than that in a subgroup of patients with a CD4-Is""/vimen-
™" /E-cadherin™®" expression profile (25% vs. 0%, respec-
tively. 2 < 0.00): Supplementary Tuble SI). In all 150 HCC
patients studied. high CD44s expression was more associated
with frequent vascular invasion than low CDd4ds expression
was. but this correlation did not reach a statistically significant
difference (19% vs. 10%, P = 0.136). These results suggested
that not only the mesenchymal phenotype via CDH-Is but also

the foss of E-cadherin expression plays an important role of

the vascular invasion in HCC patients. Notably. high CD«l-1s
expression was signilicantly associated with shorter discase-
free survival (P = 0.023; Fig. -1B) and shorter overall survival
(P = 0013 Fig. -IC).

Discussion

In this study. CD44s. but not the variant isoforms. regulates
the mesenchymal phenotype in HCC cells. In patients with
HCC. tumoral CD44ds overexpression was associated with the
mesenchymal phenolype. as characterized by low E-cadherin
expression and high vimentin expression. Interestingly. CD-lls
mRNA was the dominant form of CD44 mRNA present in

human HCC cell lines. whereas the presence of high levels of

the CD44v have been proposed as an important melastatic
tumor marker in a number of cancers such as colon and lung
cancer (39, 40). In breast cancer. CD-Is was essential for the
response to TGF-f during EMT. and the gain of CD44s expr
sion was accompanied by a loss of expression of the variant
isoforms (41). These findings suggest that the dominant form
ol CO-4 isoforms in different tumors varies according to the
location of the cancer cells.

TGF-B primes cancer cells for pulmonary metastasis and
metastatic colonization of cancer cells in bones (42, 43). A
recent study showed that TGF-f3 in the blood activates TGF-$
signaling in cancer cells, resulting in their transition to an
invasive mesenchymal-like phenotype with enhanced meta-
static potential (44). Furthermore. a link between TGF-3 and
the CD population has been described in breast cancer
and glioblastoma, TGF-B increases the CDA"#/CD24" pop-

ulation. whiclh is enriched in CSCs. through the induction of

EMT in breast cancer (8). In addition. glioma-initiating cells
(GIC) expressed high levels of CD4-L and the inhibition of TGF-
B signaling decreased the GIC population in glioblastomas (45).
These results agree with our studies showing a novel role for
CD-Hs in the TGF-B-mediated mesenchymal phenotype in
HCC cells.

Although TGF-B signaling can induce the mesenchvimal
phenotype as characterized by low E-cadherin expression
and high vimentin expression in epithelial cells. the media-
tors between TGF-B signaling and the mesenchymal phe-
notype are still unclear. This study suggests that CD44 plays
a downstream role in TGF-f signaling by regulating the
expression of vimentin and tumor cell invasiveness. and that
CD-H does not alfect the expression of E-cadherin. which
may be suppressed by other mechanisms involved in the
TGF-B pathway (Fig. D). The expression of Snail was
clevated after 3 hours. and the expression of F-cadherin

was suppressed after 6 hours. The induction of Snail expres-
sion in response to TGF-B is mediated by Smad2/3. Smad3
hinds to the Suail promoler and activates its transcription
(16). Smad3/4 and Snail interact to form a transcriptional
repressor complex. which targets the promoter of E-cad-
herin (47). The time course of the activation of TGF-
signaling and the expression of Snail and E-cadherin in this
study suggested that TGF-B signaling may suppress the
expression ol E-cadherin via Snail in HCC cells.

We showed that high CD-s expression was a poor prog-
nostic factor following curative hepatic resection of primary
HCC. In addition to CD-Hs. several other variant isoforms
(CD4vE. CD4v6. CD4v7-R, and CDHI0) correlate with a
worse prognosis in HCC patients, as determined by immuno-
histochemical analysis (26). Our investigations about clinico-
pathologic factors showed a significant correlation between
CD44s expression and large tumor size. multiple tumors. and
poor tumor differentiation in patients with HCC. Consistent
with our in vitro analysis. high CD-:s expression correlated
with high vimentin expression in human HCC cells. Further-
more. in patients with HCC. we showed that phospho-Smad?2
nuclear positivity was associated with high CD-Hs expression
and that a CD44s""/vimentin"*#"/E-cadherin™ expression
profile was associaled with vascular invasion. Together with
our in vitro studies. these results suggested that the TGF-
B~CD4ds axis plays an important role in the vascular invasion
ol HCC. TGF-B signaling was recently determined (o maintain
the stem cell-like properties of (umor-initiating cells (32).
Chaffer and Weinberg suggested a new concept of cancer cell
metaslasis in which cancer cells traveling through the circu-
lation system are_considered to be CSCs because of their
anchorage-independent survival and the fact that these CSCs
extravasate and invade into the parenchyma al distant organs
(48). These ohservations support our findings that CD4ds, a
CSC marker, plays a downstream role in TGF-B signaling in
HCC cells. We are continuing our studies to examine whether
CDHs has an important role in the modulation ol CSC
properties in HCC cells.

In conclusion. our study suggests that the standard isoform
of CD:HL a CSC marker, regulates the TGF-B-mediated mes-
enchymal phenotype. and that its expression indicales poor
prognosis in patients with HCC. This information will be
valuable for a better understanding of the relationship between
CSCs and the mesenchymal phenotype induced by EMT: in
addition. our results establish CD-Hs as a novel therapeutic
target for HCC.
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External biliary drainage and liver regeneration after major

hepatectomy
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Background: Bile acid signalling and farnesoid X receptor activation are assumed to be essendal for liver
regeneration. This study was designed to investigate the association between serum bile acid levels and
extent of liver regeneration after major hepatectomy.

Methods: Paticnts who underwent left- or right-sided hemihepatectomy between 2006 and 2009 at
the authors’ institution were cligible for inclusion. Patients were divided into two groups: those
undergoing hemihepatectomy with external bile drainage by cystic duct tube (group 1) and thosc
having hemihepatectomy without drainage (group 2). Serum bile acid levels were measured before and
after hepatectomy. Computed tomography was used to calculate liver volume before hepatectomy and
remnant liver volume on day 7 after surgery.

Results: A total of 46 patients were enrolled. Mean(s.d.) serum bile acid levels on day 3 after
hemihepacectomy were significantly higher in group 2 than in group 1 (11.6(13-5) versus 2-7(2-1)
pmoll; P = 0-003). Regenerated liver volumes on day 7 after hepatectomy were significantdy greater in
group 2 138-1(135-9) ml versus 40-0(158-8) ml in group 1; P = 0-038). Liver regeneration volumes and
rates on day 7 after hemihepatectomy were positively associated with serum bile acid levels on day 3 after
hemihepatectomy (P = 0-006 and P < 0-001 respectively). The incidence of bile leakage was similar in
the two groups.

Conclusion: Initial liver regeneration after major hepatectomy was less after biliary drainage and was
associated with serum bile acid levels. External biliary drainage should be used judiciously after liver

resection.
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introduction

Hepatic resection is one of the most effective treatments for
patients with liver tumours'. However, major hepatectomy
is associated with high rates of morbidity and moreality
hecause of deterioration of liver function. In Japan, most
patients with hepatocellular carcinoma have relatively poor
hepatic functional reserve owing to chronic liver disorders
such as hepatitis B or Cinfection®. In this context, sufficient
liver regeneration after major hepatectomy is important to
prevent postoperative liver failure.

Previous experimental animal studies have revealed
that bile acid signalling and farnesoid N receptor (FXR)

)

activation are essential for early liver regeneration®=.
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IFXR belongs to the nuclear receptor superfamily and is
highly expressed in liver and intestine. Increased serum
bile acid levels accelerate, whereas decreased levels inhibit,
liver regeneration after partial hepatectomy?. Preaperative
external biliary drainage compared with internal biliary
drainage leads to loss of bile acid and results in delayed
liver regeneration after partial hepatectomy in rats®~".
Bile acid signalling has previously been demonstrated
to be essential for liver regeneration after portal vein
embolization (PVE) in humans”, However, limited data arc
available regarding the involvement of bile acid signalling
in liver regeneration after partial hepatectomy in humans
This study investigated the association between externa!
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biliary drainage and extent of liver regeneration after major
hepatectomy in humans.

Methods

All patients undergoing right or left hepatectomy between
July 2006 and December 2009 at the Department of
Gastroenterological Surgery, Graduate School of Medical
Sciences, Kumamoto University, were eligible for inclusion
in the study, which was conducted as a retrospective analysis
of a prospectively collected database. Only patients who
underwent (extended) hemihepatectomy were selected to
avoid the effects of small or complex resections on liver
regeneration. Patients with previous PVE, other combined
operative procedures, macroscopic portal vein tumour
thrombus, or insufficient perioperative data or diagnostic
images were excluded. Selected patients were classified
into two groups according to the surgical procedure
performed. Group 1 consisted of patients who underwent
hemihepatectomy with external bile drainage by a cystic
duct tube (C tube) to reduce the rate of postoperative
biliary leakage'". Group 2 comprised patients who had
hemihepatectomy without external bile drainage. Written
informed consent was obtained from all study participants.
The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by the
institutional review committee.

Hemihepatectomy was performed in a systematic
manner in all patients. Patients with preoperative biliary
drainage, previous cholecystectomy, bile duct excision or
Child=Pugh grade B disease were excluded. During the
study, the use of C-tube drainage was not absolutely
required. Patients with no bile leakage from the cutting
surface and no bile duct injury were mainly assigned to
the no C-tube drainage group. The chief surgeon decided
whether to use the C tube.

In all patients, serum hile acid levels were measured
before, and 1, 3, 7 and 14 days after hemihepatectomy.
Serum samples were collected early in the morning after
overnight fasting. Oral intake was permicted from the day
after hepatic resection. Serum bile acid levels, indocyanine
green retention rate at [5 min and total bilirubin levels
were measured using a liquid-stable enzyimatic colorimetric
assay, fluorescence assay and 2,5-dichlorophenvldiazonium
assay respectively. Liver transection was performed by an
ultrasonic surgical aspirator with precoagulation technique
and liver hanging manoeavre!". The number of Pringle
manoeuvres applied (15 min of clamping and 3 min of
release) was kept to a minimum. The amount of blood loss
was caleulated from blood in suction devices and gauze
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weight. The Child=Pugh classification was used to assess

liver function.

Liver volumetry

Computed tomography (CT) was performed in all patients
within 7 davs before surgery and at 7 days after hepatec-
tomy. For volumetric analysis, avial images of the portl
venous phase of contrast-enhanced CT and volumetry
software, AZE VircualPlace™ (AZE, Chivoda-ku, Tokyo,

Japan), was used. The weight of the resected specimen

was measured immediately after surgery on a balance.
The density of the resected liver was considered to he
approximately 1-0 g/ml''. The numerical value of volume
of the resected specimen is normally approximately equal
to the weight; therefore, volume was defined to be equal
to weight. Remnant liver volume estimated immediately
after hepatectomy was defined as the difference between
the volume before hepatectomy and resected liver weight.
The following volume parameters were defined: volume
A (Vy), total liver volume before hepatectomy measured
by CT volumetry; volume B (Vi), volume of the resected
specimen; and volume C (Ve), liver volume caleulated by
CT volumetry on day 7 after hepatectomy. Regenerated
liver volume was calculated as Ve — (Vi — V) and per-
centage liver regeneration was calculated as 100 per cent
x Ve = (V= Vi [/A(Vy = Vy).

Statistical analysis

Baseline data are presented as mean(s.d.). Data for the
different groups and categorical data were compared using
unpaired 7 tests and ¥ test respectively. The unpaired two-
group 7 test was used to evaluate changes in remnant liver
volume after hepatectomy. Pearson’s correlation was used
to perform simple linear regression to study the associa-
tion between increases in liver regeneration volumes and
rates and serum bile acid levels. All significance tests were
two-sided, and P < 0:050 was considered to be statistically
significant. The statistical software package SPSS* Statis-
tics for Windows™ version 18-0-0 (1BA, Chicago, llinois,
USA) was used for statistical analysis.

Results

A total of 409 partial hepatectomies were performed at the
authors” institution during the study period. Seventy-nine
consecutive patients underwent (extended) hemihepatec-
tomy and 46 of these were included in the study. Patients
who had a previous PVE (6 patients), combined hep-
atectomy or radiofrequency ablation (7), synchronous

www.hjs.co.uk British Jowrnal of Surgery 2012: 99: 15691574
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resection of other organs (6), bile duct reconstruction (2),
accompanying macroscopic portal vein tumour thrombus
(2) and insufficient perioperative data/diagnostic images
(10) were excluded. There were 35 men and 11 women of
mean age 65(12) (range 35-84) years; 24 patients had
a right-sided hemihepatectomy (6 extended) and 22 a
left-sided major hemihepatectomy (8 extended). Primary
diagnoses included hepatocellular carcinoma (24), intra-
hepatic cholangiocarcinoma (8), colorectal liver metastases
(8) and other condition (6). Twenty-nine patients were
included in group 1 and 17 in group 2. C-tube drainage
was avoided because of previous cholecystectomy in five
patients, difficulties in insertion in five, no cholecystectomy
in one patient and surgeon decision in six patients.

Perioperative findings

Age, sex, liver function, duration of surgery, amount of
intraoperative blood loss and frequency of blood transfu-
sion were similar in the two groups (Table 1). The estimated
total and resected liver volumes were equivalent. Accord-
ing to the new Inuyama classification!?, the extent of
liver fibrosis and necroinflammatory activity was similar.
Morbidity equal to or greater than grade III, assessed
according to the Clavien—Dindo classification!?, was com-
parable between the groups. Biliary leakage defined as
grade III" was encountered in one patient in group 1 and
one in group 2.

1571

Serum bile acid levels before and after
hepatectomy

The median duration of biliary drainage was 10 days
(Table 1). Mean serum bile acid levels before and on
days 1, 3, 7 and 14 after hepatectomy were 12-2(9-9),
3.7(6:7),2-7(2-1), 5-5(4-0) and 14-1(18-7) pmol/l in group 1,
and 9-9(7-6), 2-8(1-6), 11-6(13-5), 17-6(15-0) and 16-7(9-8)
pmol/l in group 2 respectively. There was no difference
in serum bile acid levels between the two groups before
hepatectomy. Serum bile acid levels on days 3 and 7 after
hepatectomy were significantly higher in group 2 than in
group 1 (Fig. I). Subgroup analysis revealed that serum bile
acid levels were similar in the 22 patdents who underwent
left-sided hepatectomy and the 24 patients who had right-
sided hepatectomy. Mean levels on day 3 after hepatectomy
in group 1 were 2-8(1-9) and 2-5(2-7) pmol/l for the left-
and right-sided groups respectively, and those in group 2
were 12-2(16-0) and 14-3(13-2) pmol/l. These differences
had disappeared after cessation of external biliary drainage
on day 14 after hepatectomy.

Liver regeneration after hepatectomy

In the 46 patients who underwent hemihepatectomy, liver
regeneration volumes on day 7 after surgery were signifi-
cantly higher in group 2 than in group 1; mean regenerated
liver volume was 40-0(158-8) (range from —147 to 226) ml

Table 1 Comparison of perioperative characteristics in 46 patients undergoing major hepatectomy with (group 1) and without (group 2)

bile drainage

Drainage (n = 29)

Age (years)” 66(13)
Sex ratio (M: F) 20:9
ICGRy5 (%) 12.7(7-6)
Child-Pugh grade

A 29

B 0
Total bilirubin before hepatectomy (mg/dl)* 0-74(0-29)
Total liver volume before hepatectomy (ml)* 1294(535)
Duration of surgery (min)* 431(80)
Intraoperative bleeding (mi)* 503(507)
Blood transfusion 4
Resected liver weight {(g)* 558(404)
F staget

0-2 24

3-4 5
A gradet

0-1 17

2-3 12
Complications (Clavien—Dindo grade > Ill) 5
Median duration of biliary drainage (days) 10

No Drainage (n = 17) Pi
64(11) 0-664
16:2 0-139§
12-2(5-6) 0833
1.000§
17
0
0-78(0-18) 0-621
1390(708) 0-607
409(108) 0-441
339(249) 0-221
0 0-109%
624(657) 0-676
0.972§
14
3
0-683§
"
6
2 0-618¢%
- 0-002

*Values are mean(s.d.). 1The extent of liver fibrosis (F stage) and necroinflammatory activity (A grade) were classified according to the new Inuyama
g ry ty (A g
classification'?. ICGR;s, indocyanine green retention rate at 15 min. $Unpaired  test, except §%° test.
cy g P! ) P!
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Fig. 1 Changes in mean serum bile acid levels after major
hepatectomy in 46 patients undergoing hepatectomy with (group
1) and without (group 2) bile drainage. *P = 0-003, 1P = 0-022
(unpaired ¢ test)

in group 1 and 138-1(135.9) (—38 to 385) ml in group 2
(P = 0-038). Mean percentage remnant liver regeneration
was 11-0(24-7) (range from —14-1 t0 42-3) per centin group
1 and 22-5(27-6) (—4-3 to 103-5) per cent in group 2 (P =
0-158). Subgroup analysis of the 22 patients who had a left-
sided hemihepatectomy revealed that mean liver regenera-
tion volume on day 7 after surgery was significantly higher
in group 2: 149-6(78-6) ml versus 24-0(101-5) ml in group
1 (P = 0-018). In line with this, liver regeneration rates for
the remnant liver were significantly higher in group 2 than
in group 1 (29-1(16-9) versus 3-4(13-1) per cent respectively;
P =0-001). In the 24 patients who underwent a right-
sided hemihepatectomy, mean liver regeneration volumes
on day 7 after surgery were significantly higher in group
2 (211-1(140-7) ml versus 57-5(149-9) ml in group 1; P =
0-026). Liver regeneration rates for the remnant liver after
right hemihepatectomy were not significantly higher in
group 2 (37-6(33-1) versus 12-1(25-5) per cent; P = 0-052).

Association between serum bile acid levels and
liver regeneration

The data obtained on day 3 after hepatectomy were
selected to predict the extent of liver regeneration as
early as possible. Liver regeneration rates on day 7 after
hepatectomy showed a significant positive association with
serum bile acid levels on day 3 after hepatectomy in the
46 patients included in the study; however, no significant
association was observed between regeneration rates on day
7 after hepatectomy and serum bile acid levels on day 1 or
7. Liver regeneration volumes on day 7 after hepatectomy
showed a significant positive association with serum bile

¢ 2012 British Journal of Surgery Sociewy Lud
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Fig. 2 Association between liver regeneration on day 7 and serum
bile acid levels measured on day 3 in patients undergoing major
hepatectomy with (group 1, » = 11) and without (group 2,

n = 14) bile drainage: a liver regeneration volume; b percentage
liver regeneration

acid levels on day 3 after hepatectomy. Liver regeneration
volumes on day 7 after hepatectomy could be predicted
using the formula 68-664 + 7-83 x serum bile acid level
on day 3 (R =0-55, P = 0-006) (Fig. 2a). Similarly, liver
regeneration rates on day 7 after hepatectomy showed a
significant positive association with serum bile acid levels
on day 3 after hepatectomy. Liver regeneration rates on
day 7 after hepatectomy were calculated using the equation
4.81 + 2-124 x serum bile acid level on day 3 (R = 0.76,
P < 0-001) (Fig. 2b).

Discussion
In this study, major hepatectomy induced an increase in

serum bile acid levels that was more marked among patients

www.bis.co.uk British Journal of Surgery 20125 99: 15691574
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who showed the greatest hypertrophy of the liver. Biliary
drainage with a C tube has sometimes been applied to
reduce the risk of biliary leakage after hepatectomy!? and is
useful to obtain bile juice for evaluation of liver function!?.
The rate of complications, including biliary leakage, in
patients who underwent major hepatectomy with biliary
drainage in the present study was similar to that in patients
without biliary drainage. In addition, these results clearly
demonstrate that external biliary drainage not only caused
a significant decrease in serum bile acid levels but also
was associated with significantly worse liver regeneration
after major hepatectomy. In partially hepatectomized rats,
preoperative external biliary drainage leads to loss of bile
acid and results in delayed liver regeneration after partial
hepatectomy compared with rats with internal biliary
drainageS—8. The absence of bile acids in the intestine
after hepatectomy apparently delays liver regeneration and
this may be associated with cyclin E-associated kinase
inactivation®.

In rodent models of 70 per cent partial hepatectomy,
bile acid feeding stmulates liver hypertrophy and the
rate of liver growth by proliferation of hepatocytes’.
Bile acids are products of cholesterol catabolism that are
synthesized in the liver and secreted into the intestine
via the bile duct after food intake. Most of the bile acids
are reabsorbed from the intestine and transported back
to the liver through the portal vein. External drainage of
bile juice at least partially interrupts this enterohepatic
circulation. Activation of FXR is required for normal liver
regeneration®. FXR is a nuclear receptor that recognizes
bile acids as endogenous ligands'S. This receptor plays an
important role in mediating crosstalk between the liver
and intestine to maintain bile acid, lipid and glucose
homeostasis. FXR-knockout mice develop cholestasis,
gallstones, non-alcoholic fatty liver disease, carcinogenesis
in the liver and systemic metabolic abnormalities!6~1?. The
absence of FXR stimulation in the ileum, with less fibroblast
growth factor (FGF) 19 production and transport to the
liver subsequently, may lead to less hepatic FGF receptor
4 production, which results in increased cytochrome P450
7A1 (CYP7A1) production. Raised levels of CYP7A1 may
increase production of bile acids from cholesterol and lead
to increased bile acid release into the cholangiocytes’~>.
As serum concentrations of bile acids were lower in the
drained patients, it may be postulated that the extra bile
acids produced were drained externally.

Patients who underwent PVE before hepatectomy
were excluded from this study. In PVE-treated patients
undergoing hepatectomy, liver regeneration follows a
two-stage pattern. After PVE, the non-embolized lobe
regenerates and subsequently, after major hepatectomy,
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liver regeneration again occurs but to a lesser extent
than that in patients without PVE undergoing a similar
liver resection®®. This study demonstrated that serum bile
acid levels on day 3 after hepatectomy were associated
with liver regeneration rates and volumes on day 7 after
hepatectomy. In support of this, it was previously reported
that increases in serum bile acid levels on day 3 after right
PVE were strongly associated with effective hypertrophy
of the non-embolized liver after PVE’. Bile acids are
toxic, and increases in hepatic bile acid levels can induce
both apoptosis and necrosis of hepatocytes?!. Bile acid
levels in hepatocytes should thus be tightly regulated to
prevent cell damage?? or liver fibrosis?*. Increased bile acid
levels immediately after hepatectomy or PVE may indicate
decreased functional capacity of the liver and induce liver
regeneration via FXR activation to prevent cell damage. In
humans, effective hypertrophy of the remnant liver after
hepatectomy and in non-embolized liver after PVE could
possibly be evaluated on the basis of serum bile acid levels
on day 3. This provides earlier information than increases
in transforming growth factor «, serum hepatocyte growth

factor and transforming growth factor Bl levels on day
142425
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Abstract In patients undergoing pancreaticoduodenecto-
my, leakage from the pancreatic anastomosis remains an
important cause of morbidity and contributes to prolonged
hospitalization and mortality. Recently, a new end-to-end
pancreaticojejunostomy technique without the use of any
stitches through the pancreatic texture or pancreatic duct
has been developed. In this novel anastomosis technique,
the pancreatic stump is first sunk into deeply and tightened
with a purse string in the bowel serosa. We modified this
method in an end-to-side manner to complete the insertion
of the pancreatic stump into the jejunum, independent of
the size of the pancreas or the jejunum. We tested this new
anastomosis technique in four pilot patients and compared
their outcomes with four control patients who underwent
traditional pancreaticojejunostomy. No severe pancreatic
fistulas were observed in either group. There were no dif-
ferences in morbidity or hospital stay between the groups.
This new method can be performed safely and is expected
to minimize leakage from pancreaticojejunostomies.
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Introduction

Problems with pancreaticojejunostomies and pancreaticoga-
strostomy anastomoses are the main causes of early morbidity
after pancreaticoduodenectomy (PD) [1-5]. Therefore, this
study focused on generating a method for anastomosing the
pancreas with the jejunum that might reduce the rate of com-
plications associated with this difficult type of anastomosis.

Recently, it was found that postoperative pancreatic
fistula (POPF) may mediate many of the complications
observed after pancreatic resection [6]. Several authors
have previously reported that a soft pancreatic texture
constitutes a major risk factor for postoperative complica-
tions, including POPF [7, 8].

The pancreas is extremely vulnerable to handle. The use of
surgical scalpels, instead of electrocautery or ultrasonic
techniques, may diminish trauma to the pancreatic stump
induced by resection [9]. In addition, using a thin suture
material with as few stitches as possible and avoiding any
excessive tightening of the sutures have been reported to
reduce injury to the pancreas in rats [9]. In general, multiple
stitches are used to secure the anastomosis between the pan-
creas and the jejunum or stomach, regardless of the type of
reconstruction used. In order to minimize pancreatic injury
induced by multiple stitches, a novel anastomosis technique
has been developed [10] in which the pancreatic stump is
inserted into the jejunum deeply in an end-to-end fashion and
tightened with a purse string in the jejunal serosa without the
use of any stitches through the pancreatic texture or pancreatic
duct [10]. This technique may not be completed if the intes-
tines are too small or the pancreatic stump is too large to insert
the pancreatic stump into the jejunum. We modified this
method in an end-to-side manner to complete the insertion of
the pancreatic stump into the jejunum, independent of the size
of the pancreas or the jejunum.
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Patients and methods
PD surgical technique

PD was performed with D2 dissection of the lymph nodes
[11-13]. There were no patients with possible portal/superior
mesenteric vein invasion. In each case, the neck of the
pancreas was transected using a surgical scalpel. Artificial
bleeding on the side of pancreatic stump was controlled with
precisely positioned monofilament sutures, and smaller areas
of bleeding were treated with compression. The jejunum was
cut, and the cut end of the anal side was moved up retro-
colically through the incision in the right side of the trans-
verse mesocolon. Pancreaticojejunostomy was performed in
two ways, as described below, and a non-absorbable stent
tube was inserted into the main pancreatic duct to avoid
obstruction. Hepaticojejunostomy and gastrojejunostomy
were performed distal to the pancreaticojejunostomy.

Surgical technique of the new end-to-side
pancreaticojejunostomy without stitches in
the pancreatic stump

For reconstruction, an incision with the same diameter as the
pancreatic stump was made on the opposite side of the
mesenterium of the jejunum (Fig. 1a). The pancreatic stump
was first isolated from the surrounding tissue with up to a
30-mm margin from the cut surface (Fig. 1b). It is necessary
to insert the pancreatic remnant into the jejunum and to
maintain a safe fixation between the pancreas and the jeju-
num. A purse string suture of absorbable 3-0 monofilament
thread was applied around the incision of the jejunum
(Fig. 1a). Four to five stay sutures of absorbable 4-0
monofilament thread were also applied around the pancreas
(Fig. 1b). On the posterior side, stay sutures were applied on
the peripancreatic retroperitoneal tissue carefully avoiding
stitching the pancreatic parenchyma dissected from the
splenic artery and vein, which should be completely covered
by the jejunal wall. On the anterior side, stay sutures were
applied on the serosa and parenchyma of the pancreas. The
pancreatic stump was inserted into the jejunal incision in an
end-to-side fashion applying the stay sutures on the incision
to secure the depth of insertion (Fig. Ic, d). Finally, the
purse string suture was tied to seal the anastomosis carefully
avoiding the ischemia of the pancreatic stump. The stay
sutures and the purse string sutures prevent the pancreatic
stump from dropping out of the jejunum.

Surgical technique of traditional end-to-side
pancreaticojejunostomy

Traditional pancreaticojejunostomy was also performed as
end-to-side anastomosis. An incision of the jejunal wall

_@ Springer

proportional to the size of the pancreatic duct was created.
Eight to 10 sutures of 4-0 monofilament thread were
applied taking the pancreatic duct and the whole pancreatic
parenchyma, followed by taking the whole layer of the
jejunum, enough to cover the pancreatic stump. After being
placed, all sutures were tied.

Patients and POPF

Between 2009 and 2011, eight patients underwent PD at
Kumamoto Regional Medical Center. All procedures were
performed by one surgeon. Written informed consent was
obtained before surgery. Pancreaticojejunostomy was per-
formed using the new method in four pilot patients and
using the traditional method in four patients. We evaluated
patient backgrounds, operative times, operative bleeding,
pancreatic textures and outcomes after surgery. The inci-
dence of POPF was assessed according to the International
Study Group (ISGPF) definition [14]. Grade A was
excluded from postoperative complications because it had
no clinical impact.

Statistical analysis

The median test and the Chi square test were used to
evaluate differences in each parameter. A P value < 0.03
was considered to be statistically significant.

Results

The patient characteristics are listed in Table 1. There were
no significant differences in age or sex ratios. The pan-
creatic textures were soft in three of the patients in the new
method group and two patients in the traditional method
group. The operative parameters and outcomes after sur-
gery are listed in Table 2. There were no significant dif-
ferences in operative time, bleeding or length of hospital
stay after surgery. Delayed gastric empting (DGE) was
observed in only one patient in the new method group.
Although one patient in the traditional method group
developed grade A POPF, there were no hospital deaths or
patients with grade B or C POPF in either group.

Discussion

Although PD has been performed safely in high volume
centers, mortality and morbidity remain high, and the
procedure is largely associated with problems during pan-
creatic reconstruction [1-4]. In order to minimize surgical
damage to the cut end of the pancreas and to cover it
completely with the jejunal wall, Nordback et al. [10]



