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Table 11. EGFR immunostaining in the surgically resected cancers and the far advanced cancers obtained at autopsy.

No. of cases (%)

Membranous EGFR reactivity

Cytoplasmic EGFR reactivity

Total 0 1+ 2+ 3+ 0 1+ 2+
Surgically resected cancers 44 24.(55) 7 (16) 12 (27) 1 (2) 22 (50) 12 (27) 10 (23)
Far advanced cancers 40 6 (15) 15(38) 7 (18) 12 (30) 4 (10) 23 (58) 13 (33)
Primary cancers® 20 3(15) 9 (45) 3(15) 5@25) 2(10) 13 (65) 5(25)
Hepatic metastases® 20 3(15) 6 (30) 4.(20) 7(35) 2 (10) 10 (50) 8 (40)

*No significant difference between membranous and cytoplasmic EGFR reactivity.

Table 1. Expression of EGFR stratified according to histological grading between the surgically resected cancers and the far

advanced cancers obtained at autopsy.

No. of tumors (%)

Membranous Cytoplasmic
Histological grade Total EGFR overexpression P-value? EGFR overexpression P-value®
Surgically resected cancers 44 1330 10 (23)°
Grade | 12 ; 1 (&) 007 1 (8) 0.2
Grade 2/3 32 12 (38) 9(28)
Far advanced cancers 40 19 (48)* 13 (33)
Grade | 7 3(43) 0.8 1(14) 0.3
Grade 2/3 33 16 (48) 12 (36)

“P-value indicates comparisons between Grade | and Grade 2/3 wmors. No significant difference was noted between EGFR expression and
histological grade (Grade | vs. 2/3). "P=0.09. statistically significant dilference between surgically resected and advanced cancers. <P=0.3,
statistically significant difference between surgically resected and advanced cancers.

cells, a score of () was assigned, regardless of the intensity
of the staining. If faint or barely perceptible membranous
staining was detected in >10% of the tumor cells, a score of 1+
was assigned. Scores of 2+ and 3+ were assigned when weak
to moderate staining and strong staining, respectively, were
observed on the entire membrane in >10% of the tumor cells
(Fig. ). Cases showing a score of 2+ or 3+ were defined as
showing overexpression.

Cytoplasmic staining was divided into 3 grades (0, 1+ and
2+), as grading of the intensity of the immunoreaction was
difficult for the cytoplasm. The level of cytoplasmic staining
was categorized as follows: when cytloplasmic staining was
observed in <10% of the tumor cells, a score of 0 was assigned.
If faint or barely perceptible cytoplasmic staining was detected
in >10% of tumor cells, a score of 1+ was assigned. A score
of 2+ was assigned when moderate or strong staining, respec-
tively, was observed in >10% of the tumor cells. Cytoplasniic
granular staining was also scored as 2+, Cases showing a score
of 2+ were judged as showing overexpression (Fig. 2).

Statistical analysis. We used the ¥* test or Fisher's exact test
o determine the correlation between EGFR expression and
histological grade. Differences were considered to indicate

statistical significance at a P-value <0.05. All statistical
analyses were performed using Statview 5.0 soltware (SAS
Institute Inc., Cary, NC, USA).

Results

The expression profiles of membranous and cytoplasmic EGFR
in both surgically resected cancers and far advanced cancers
obtained at autopsy are shown in Table I1. In the 44 surgically
resected cancers, 13 (30%) exhibited membranous overexpres-
sion of EGFR, comprising | case (2%) of score 3+ and 12
cases (27%) of score 2+ and 10 (23%) exhibited cytoplasmic
overexpression of EGFR.

In the primary tumors in the 20 far advanced cancers, the
percentage of samples with positivity for membranous EGFR
overexpression was 40%, (8 of 20), comprising 3 cases (15%)
of score 2+ and 5 cases (25%) of score 3+, and the percentage
of samples showing positivity for cytoplasmic EGFR overex-
presion was 25% (5 of 20). In the hepatic metastases in the
20 far advanced cancers, the positivity of membrane EGFR
overexpression was 55%, (11 of 20), comprising <4 cases (20%)
of score 2+ and 7 cases (35%) of score 3+, and the positivity of
cytoplasmic EGFR overexpresion was 40% (8 of 20).
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In atotal of 40 tumors atafar advanced stage, the percentage
of sumples showing positivity for membranous EGFR over-
expression was 48% (19 of 40) comprising 7 cases (18%) of
score 2+ and 12 cases (30%) of score 3+, and the percentage of
samples showing positivity for cytoplasmic EGFR overexpre-
sion was 33% (13 of 40). Therefore, the far advanced tumors
tended to show membranous and cytoplasmic EGFR overex-
pression more frequently than the surgically resected tumors,
although the difference was not significant.

When these cases were stratified according to histological
grade, higher grade (Grades 2 and 3) cancer tissues tended to
show membranous EGFR overexpression more frequently (12
of 32, 38%) than the lower grade (Grade 1) cancer tissues (1 of
12, 8%} in the surgically resected pancreatic cancers, although
the difference was statistically marginal (P=0.07). The
percentage of cytoplasmic EGFR overexpression did not differ
statistically between the low grade (Grade 1) tumors (1 of 12,
8%) and higher grade (Grades 2 and 3) tumors (Y of 32, 28%)
in the surgically resected cases.

The tissues of the far advanced cancers showed similar
rates of membranous and cytoplasmic overexpressions, regard-
less of histological grade. In the 40 far advanced tumors,
membranous EGFR overexpression was detected in 3 (43%) of
7 Grade | cases and in 16 (d8%) of Grade 2 or 3 cases. In these
far advanced tumors, cytoplasmic overexpression of EGFR
was detected in 14% (1 of 7) of Grade | tumors and 36% (12 of
33) of Grade 2 or 3 tumors (Table II1).

Discussion

In the present study, we demonstrated that EGFR overexpres-
sion in the cell membrane and cytoplasm was common in both
surgically resected and far advanced pancreatic carcinomas.
The occurrences of membranous and cytoplasmic EGFR over-
expression lended to be higher in the tumors at far advanced
stages than in the tumors that were at surgically resectable
stages as determined using a global standard kit for EGFR
assay.

Cytoplasmic EGFR expression in the far advanced
cancers may be explained by the hypothesis of epithelial-to-
mesenchymal transition which is thought be an important
mechanism for promoting cancer invasion and metastasis (23).
Persistently activated EGFR can decrease intercellular adhe-
sion between tumor cells and enhance cancer cell migration.
Willmarth et al showed that EGF-activated EGFR in MCFI0A
cells enhanced signal transduction predominantly from the
endosomes rather than from the membrane (24). Barr et al
(25) suggested that continuously EGF-treated EGFR induced
endocytosis of E-cadherin, a cell-to-cell adhesion protein,
which enhanced invasiveness in several human cancer cell
lines. Ueda ef al previously reported that EGFR overexpres-
sion in the cytoplasm of pancreatic cancers was associated
with poorer clinical outcome of patients (10,26). The present
study corroborated that not only membranous overexpression
but also cytoplasmic overexpression of EGFR is important for
the acquisition of highly aggressive and metastatic properties
of pancreatic carcinomas.

In the present study, the rate of EGFR overexpression in
surgically resected cancers tended to be higher in higher grade
(Grades 2 and 3) tumors than in low grade (Grade 1) tumors. It
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is not surprising that poorly differentiated pancreatic cancers
exhibited a higher incidence of EGFR overexpression as the
patients with pancreatic carcinoma with altered EGFR activity
tend to show a more aggressive clinical course and a poorer
clinical outcome (27). Aggressive tumors appear to require the
activation of an EGFR-mediated autocrine signaling in order
to maintain proliferation. Therefore. we suppose the possibility
that cytoplasmic EGFR protein, which is newly synthesized
within the endoplasm reticulum, would be processed at the
cellular surface. Some investigators reported that binding of
EGF to EGFR activates its receptor tyrosine kinases and accel-
erates its internalization through clathrin-coated pits followed
by the efficient lysosomal targeting of internalized receptors,
which results in receptor downregulation and degradation.
Thus, the ligand-induced internalization of EGFR, so-called
endocytosis trafficking, is characterized as activated EGFR
(28-30). If the EGFR ligands dissociated EGFR localized in
endosomes, EGFR would be deactivated and recycled to the
plasma membrane.

We should consider the possibility that EGFR localization
and its activity in advanced or metastatic pancreatic cancers
may be modulated by chemotherapy or radiation therapy which
those patients had received. It is known that ionizing radiation,
hypoxia and oxidative stress can also phosphorylate EGFR
with ligand independence, which is sequentially internalized
and shuttled into the nucleus (31). Li er al (32) reported that
the non-small cell lung cancer H226 cells which acquire resis-
tance (o cetuximab, an anti-EGFR antibody, showed decreased
membranous EGFR accompanied by EGFR expressed with
nuclear localization. These findings imply that EGFR local-
ization of cancer cells may be an important determinant of
responsiveness to specific therapies.

In conclusion, we demonstrated using immunohistochem-
istry that membranous and cytoplasmic EGFR overexpression
was frequently noted in surgically resected and far advanced
pancreatic cancers. These findings suggest that membranous
and cytoplasmic overexpression of EGFR may be indicative of
the potential aggressiveness of pancreatic cancers.
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Abstract

Background The clinical implications of peritoneal
lavage cytology (CY) status in patients with potentially
resectable pancreatic cancer have not been established.
Method We retrospectively reviewed clinical data from
254 consecutive patients who underwent macroscopically
curative resection for pancreatic cancer from February
2003 to December 2010 in our institution. Correlations
between CY status and survival and clinicopathological
findings were investigated.

Results  Of the 254 patients, 20 were CY+ (7.9 %). There
were no significant differences between CY4 and CY—
patients in background data (age, sex, the level of preop-
erative tumor marker, and adjuvant chemotherapy).
Patients with positive serosal invasion were more likely to
be CY+ than those with negative serosal invasion
(P < 0.001) by univariate analysis. The median overall
survival of CY+ patients and CY— patients was
23.8 months (95 % CI = 17.6-29.8) and 26.5 months
95 % ClI = 20.7-32.3), respectively (P = 0.302). The
median recurrence-free survival of CY+ and CY — patients
was 8.1 months (95 % CI = 0.0-17.9) and 13.5 months
(95 % CI = 11.5-15.5), respectively (P = 0.089).
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Conclusion CY+ status without other distant metastasis
does not necessarily preclude resection in patients with
pancreatic cancer.

Introduction

Pancreatic adenocarcinoma is the fourth leading cause of
cancer-related death in the United States and is associated
with an extremely poor prognosis [1]. Surgical resection
offers the only chance for cure; however, only 10-20 % of
patients are considered candidates for surgical resection.
Patients with locally advanced/unresectable disease
(3040 %) or metastatic disease (50-60 %) are excluded
from consideration for resection [2].

Peritoneal lavage cytology (CY) is used widely in the
diagnosis and staging of ovarian and gastric cancer [3-5].
In pancreatic cancer, malignant cancer cells have been
identified in 7-30 % of peritoneal washings [6-16], and
The American Joint Committee on Cancer (AJCC) staging
of pancreatic cancer includes positive CY findings (CY+)
as indicative of stage IV disease [5]. Indeed, many studies
have associated CY+ status with advanced disease and
poor survival and concluded that CY+ status in potentially
resectable pancreatic cancer should be considered a con-
traindication for radical surgery [6, 8, 10, 11, 14].

On the other hand, several authors reported that CY
status is not always associated with poor prognosis in
patients with potentially resectable pancreatic cancer,
claiming that CY+ in the absence of macroscopic perito-
neal metastasis or liver metastasis is not a contraindication
for radical surgery [12, 13, 15, 16]. The clinical implica-
tions of CY status in potentially resectable pancreatic
cancer without other distant metastasis thus remain con-
troversial, and the present study sought to clarify this issue.
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Patients and methods

Clinical data collected prospectively from 254 consecutive
patients who underwent macroscopically curative resection
for invasive ductal carcinoma of the pancreas in the
absence of macroscopic liver or peritoneal metastasis from
February 2003 to December 2010 in our institution were
reviewed retrospectively. Correlations between CY status
and survival and clinicopathological findings were inves-
tigated. Curative resection was defined as the macroscopic
removal of all gross tumors without liver metastases or
macroscopic peritoneal spreading.

Postoperative follow-up

Routine follow-up consisted of laboratory studies, includ-
ing tumor markers at 3-month intervals and computed
tomography imaging at 3—-6-month intervals. Until March
2005, our institute participated in a multicenter randomized
phase 11l trial comparing gemcitabine with surgery alone in
patients with macroscopically resected pancreatic cancer
[17]. After the study, gemcitabine-based adjuvant chemo-
therapy was routinely performed. Postoperative peritoneal
recurrence was defined as the recurrence detected macro-
scopically by imaging.

Peritoneal lavage cytology

Peritoneal washing and cytological analysis were routinely
performed at the time of surgical exploration using a nor-
mal saline introduced into the abdominal cavity. After
gentle agitation, as much fluid as possible was collected by
syringe and centrifuged. Cytological smears were prepared
from the centrifuged deposit and examined by an experi-
enced pathologist after Papanicolaou staining.

Statistical analysis

For univariate analysis, binomial variables were compared
using Pearson’s y* test and Fisher’s exact test. Continuous
variables were compared using the Mann—Whitney U test.
Only those variables with P values of 0.10 or less by
univariate analysis were entered into multivariate analyses
in a backward stepwise manner until all variables remain-
ing in the model were significant. Survival curves were
calculated using the Kaplan-Meier method and compared
using log rank tests. P values less than 0.05 were consid-
ered significant. Statistical analyses were performed using
SPSS v19.0 for Windows (SPSS, Inc., Chicago, IL, USA).
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Results

There was no postoperative mortality. The patients were
followed for a mean period of 24.7 months (range =
0.8-97.4 months). The conclusive stages, according to
AJCC staging, of the 254 patients who underwent resection
were IA in 10 patients, IB in 14 patients, IIA in 49 patients,
IIB in 142 patients, IIl in 3 patients, and IV in 36 patients.
Of the 254 patients, 20 were CY+ (7.9 %). Table 1 sum-
marizes the patient demographics and clinical characteris-
tics. There was no significant difference between the CY+
and CY— groups in age, sex, serum level of preoperative
tumor markers, and the presence or absence of adjuvant
chemotherapy. Rl resections were significantly more fre-
quent in CY+ patients (10 of 20 patients; 50 %) than in
CY — patients (58 of 234 patients; 24.8 %; Table 2).

The correlation between cytological status and clinico-
pathological parameters was analyzed (Table 3). Patients
with positive serosal invasion were more likely to be CY+
than those with negative serosal invasion (P < 0.001).
Multivariate analysis identified serosal invasion as the only
independent factor associated with CY status (P < 0.001;

Table 1 Patient characteristics

Age (years) [mean (range)] 66.4 (42-89)
Gender

Male 138

Female 116
Stage

1A 10

IB 14

1A 49

1B 142

11 3

v 36
Operation

Pancreatoduodenectomy 172

Distal pancreatectomy 78"

Total pancreatectomy 3

Central pancreatectomy 1
CY

Negative 234

Positive 20
RO/1

RO 186

R1 68

Survival time (months) [median (95 % CI)] 24.7 (19.8-29.6)

CY+ positive peritoneal lavage cytology
* Including three patients of Appleby procedure
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Table 2 Comparison of background data between CY+ and CY—
patients

Table 3 Univariate analysis of correlation between cytological status
and pathological parameters

CY—- CY+ P CY— CY+ P value
Age (years) [mean 66.6 (42-87) 63.4 (42-89) 0.212 Differentiation
(range)] Well/mod 187 17
Gender Other 47 3 0.773
Male 124 14 Tumor size
Female 110 6 0.143 <2 cm 24 1
Preoperative tumor marker [mean (range)] >2 cm 240 19 0.703
CEA (ng/ml) 6.0 (0.0-145.4) 3.8 (0.9-17.0) 0.699 Serosal invasion
CA19-9 (U/m]) 1136.0 4786.1 0.151 Negative 201 10
(0.1-50,000) (2.0-45,894.7) Positive 33 10 <0.001*
CA125 (U/ml) 33.2 177 (6.5-378) 0957 Retroperitoneal invasion
(4.5-1,108.0)
Adjuvant chemotherapy Negative 7 6
Yes 166 16 Positive 162 14 0.943
No 68 4 0.388 Bile duct invasion
RO/1 Negative 140 14
RO 176 10 Positive 94 6 0.372
Rl 58 10 0.015* Duodenal invasion
Negative 165 11
CY+ positive peritoneal lavage cytology Positive 69 9 0.118
* Statistically significant Portal vein invasion
Negative 182 12
odds ratio [OR] = 6.091; 95 % confidence interval Positive 52 8 0.097
[CI] = 2.354-15.760). Arterial invasion
The median overall survival of CY+ patients and CY— Negative 230 19
patients was 23.8 (95 % CI = 17.6-29.8) months and 26.5 Positive 4 1 0.339
(95 % CI = 20.7-32.3) months, respectively (P = 0.302), Perineural invasion
while the median recurrence-free survival (RFS) of CY+ Negative 159 15
and CY— patients was 8.1 (95 % CI = 0.0-17.9) months Positive 75 5 0.515
and 13.5 (95 % CI = 11.5-15.5) months, respectively Lymph node metastasis
(P = 0.089; Flg 1) o o Negative 72
Table 4 summarizes the distribution of initial recurrence Positive 162 17 0.138

site after resection. Peritoneal recurrence was more sig-
nificantly frequent in CY+ patients (7 of 20 patients;
35 %) than in CY— patients (16 of 234 patients; 7 %).

Discussion

Several studies have evaluated the prognostic value of CY
status in pancreatic cancer, with many associating CY+
status with advanced disease and poor prognosis. The
National Comprehensive Cancer Network (NCCN) pan-
creatic adenocarcinoma guidelines state that “The panel
considers positive cytology from washings obtained at
laparoscopy or laparotomy to be equivalent to M1 disease”
[18]. Many studies also concluded that CY+ status is a
contraindication for resection [6-11, 14, 19]. Ferrone et al.
[19] pointed out that CY+ patients who underwent resec-
tion without other distant metastasis had significantly
worse survival than CY— patients and had a survival rate

CY+ positive peritoneal lavage cytology

*Statistically significant

similar to that of patients with stage IV disease. On the
other hand, Yachida et al. [15] suggested that this con-
clusion could be premature because only a small number of
CY+ patients had undergone resection in the relevant
studies. In addition, several studies found no significant
correlation between CY status and survival in patients who
had undergone potentially curative resection [12, 15, 16].
According to these three reports, the overall survival of
CY— and CY+ patients who underwent pancreatic resec-
tion without liver metastasis and/or macroscopic peritoneal
metastasis was not significantly different (Table 5), and the
authors concluded that CY+ status without other distant
metastasis is not a contraindication for radical surgery. The
present study supports the latter results, and we therefore
consider that the indication for resecting CY+ pancreatic
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Fig. 1 Overall and recurrence-
free survival of patients with
negative (CY-) or positive
(CY+) peritoneal lavage 08 4
cytology following pancreatic
resection. The median overal]
survival of CY+ patients and
CY- patients was 23.8 (95 %
Cl, 17.6-29.8) months and 26.5
(95 % C1, 20.7-32.3) months,
respectively (P = 0.302). The
median recurrence-free survival 02
of CY+ and CY- patients was
8.1 (95 % Cl, 0.0-17.9) months
and 13.5 (95 % Cl, 11.5-15.5)

04

Overall survival

- CY-(n=234)
7T CY+ (n=20)

P=0.302

09 - — CY- (n=234)
N ™ CY+ (n=20)

B P=0.089
08 \

06

0.4 -

Recurrence free survival

02

00

T T T

months, respectively ] 20 240

(P =0.089)

No. at risk

CY- 234 157 84 36

CY+ 20 13 7 1

Table 4 The first recurrence site after operation

CY— CY+ P

n (%) n (%)
Liver 67 (28) 6 (30) 1.000
Local 29 (12) 3(15) 0.745
Lymph node 18 (8) 2 (10) 0.675
Lung 23 (10) 0(0) 0.232
Peritoneum 16 (7) 7 (35) 0.001*
Other 15 (6) 1(5)

CY+ positive peritoneal lavage cytology
* Statistically significant

cancer without distant metastases remains controversial. To
our knowledge, there is no report that compares the prog-
nosis between resected CY+ patients and unresected CY+
patients without other distant metastasis. The same limi-
tation is equally true of the present study.

Generally, patients with metastatic disease have a short
median survival of 3—6 months [2], and FOLFIRINOX, the
most promising treatment regimen at present, increased
that time to only 11.1 months [20]. Patients with locally
advanced nonmetastatic disease have a median survival of
6-10 months without resection, while those who undergo
neoadjuvant therapy followed by RO resection have an
overall survival of 20 months [2, 21]. At present, surgical
resection remains the only potentially curative treatment
for pancreatic cancer, indicating that the median overall
survival of 23.8 months in the CY+ patients who under-
went resection in the present study was a promising result.

In the present study, CY+ patients showed a higher
number of peritoneal recurrences with R1 resection, and
the median RFS was shorter in CY+ patients than in CY—
patients (8.1 vs. 13.5 months), although the difference was
not statistically significant (P = 0.089). This insignificant

@ Springer

360
Months after surgery

T
480 120 240 360 480

Months after surgery
No. at risk

19 10 cy- 234 102 50 24 12 6
0 0 CY+ 20 7 2 0 0 0

Table 5 Published studies analyzing the correlation between survival
and CY status in patients who underwent resection

Author Journal Year n Median P value
survival
(months)

Yachida BrJ Surg 2002 CY— 114 NA 0.347

et al. CY+ 16 NA

[15]

Meszoely  Am Surg 2004 CY- 122 19 0.055

et al. CY+ 13 15

[12]

Ferrone J Gastrointest 2006 CY— 207 16 <0.001

et al. Surg CY+ 10 8

(191

Yamada Ann Surg 2007 CY-— 136 135 0.269

etal. CY+ 21 136

[16]

Present 2011 CY-— 234 265 0.302

study CY+ 20 238

NA not available, CY+ positive peritoneal lavage cytology

difference might be due to the small number of cases from
a single institution and/or the short follow-up period of
24.7 months in the present study.

In conclusion, positive peritoneal lavage cytology was
not associated with overall survival after resection, despite
of the increased frequency of peritoneal recurrence. CY+
status without other distant metastasis does not necessarily
preclude resection in patients with pancreatic cancer.
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- SUMMARY- -

The safety of whole stomach-preserving Appleby oper-
ation with resection of the left gastric artery (LGA) for
pancreatic cancer cannot be assured. The anatomy of
the celiac axis (CA) with special regard to the position
of the origin of the LGA was examined. Using 3D images
of the vascular architecture reconstructed from volume
data of helical CT, the length of the CA and the position
of the origin of the LGA from the CA were measured in
53 patients. Among 53 patients, 47 patients (89%) had
classical anatomy of the CA branches. The mean length
(tstandard deviation) of the CA and the distance from

INTRODUCTION

According to the TNM atlas of the UICC (1), the body
of the pancreas is assigned to the parenchyma between
the left border of the portal vein and the aorta. This part
is astride the important part of the abdominal aorta from
which the celiac axis (CA) and superior mesenteric artery
(SMA) arise. As a result of such anatomical features and
its invasive biological propensity (2), cancer of the body
of the pancreas often involves major arterial structures,
including the celiac axis (CA) and superior mesenteric ar-
tery (SMA), thus being found as unresectable T4 carcino-
ma (3).

In 1953, the Canadian surgeon Appleby firstly present-
ed a collective report about the feasibility and safety of re-
section of the CA and CHA with total gastrectomy and dis-
tal pancreatectomy for gastric cancer with bulky Iymph
node metastases around these vessels (4). Nimura et al
first adopted Appleby's operation preserving the whole
stomach in a patient with T4 pancreatic body carcinoma
invading the CA (5) and several authors have reported
this procedure (6-10).

Hirano et al. (7) reported an excellent outcome of lo-
cally advanced central pancreatic carcinoma in the larg-
est series of patients who had undergone such operation,
which they named DP-CAR (distal pancreatectomy with
celiac axis resection). According to their results, this oper-
ation could be safely performed with no mortality. How-
ever, postoperative morbidity was high (48%), among
which ischemic gastritis was found in 13% of patients. We
herein evaluate the anatomy of celiac axis by CT recon-

Hepato-Gastroenterology 2012; 59:2650-2652 doi 10.5754/hge12164
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the root of the LGA to the bifurcation of the CA were

25.2mn (£4.9) (range 14.6-36.5) and 10.3mm (4.5)

(range-2.4-21.9), respectively. In 23 (45%) cases, the

LGA arose farther than 10mm away from the bifurca-
tion of the CA. Among six patients with anatomical vari-
ation of the arteries, two (4%) had the LGA directly aris-
ing from the aorta. Conservation of the LGA at modified

Appleby 6peration would give complete cancer removal

by en blocresection of the nerve plexus, without risk of
ischemic complications of the stomach and liver.

structed angiography and present three patients who un-
derwent-Appleby operation preserving the whole stom-
ach with the left gastric artery for cancer of the body of
the pancreas and discuss the feasibility and safety of this
procedure;

SURGICAL TECHNIQUE
Evaluation of anatomy of celiac axis by CT recon-
structed angiography

The anatomy of the CA was analyzed in 53 patients
who underwent helical CT for preoperative evaluation
of hepatobiliary disease (bile duct cancer (n=29), gall-
bladder cancer (n=14) and eancer of the papilla of Vater
(n=10)) which did not invade near the CA, SMA and their
branches. CT images were acquired using two 64-channel
multidetector scanners (Aquillion 64™; Toshiba Medical
System, Tokyo, Japan) at our hospital. A total of 1.8mL of
non-ionic contrast material (iopamidol (300-370mg io-
dine per mL)) per kilogram body weight was injected into
an antecubital vein at a rate of 4.0mL/sec using a power
injector. Bolus tracking was used to assure appropriate
imaging timing and early and late arterial-phase imaging
was performed 5 and 22 seconds after the contrast den-
sity in the abdominal aorta reached a predefined thresh-
old of 120 Hounsfield units (HU). From the obtained vol-
ume data, 3D images of the vascular architecture, which
could be rotated in any direction, were reconstructed. Us-
ing these 3D images, the length of the CA and the posi-
tion of the origin of the LGA from the CA were measured
(Figure 1).



Appleby Operation Preserving Stomach with LGA

RESULTS

Among 53 patients, six had anatomical variation of the
arteries; two had the LGA directly arising from the aorta,
two had the splenic artery (SPA) arising before the LGA
from the CA and the remaining two had the SPA and the
CHA arising from the SMA, respectively. The remaining 47
patients who had classical anatomy of the CA branches
were analyzed. The mean length (+standard deviation) of
the CA and the distance from the root of the LGA to the bi-
furcated end of the CA were 25.2mm (+4.9) (range 14.6-
36.5)and 10.3mm (+4.5) (range 2.4-21.9), respectively.In
23 (45%) cases, the LGA arose more than 10mm from the
bifurcated end of the CA. The longer the CA, the farther
the LGA from the bifurcation of the CA (p<0.05).

Three patterns of modified Appleby operation (Ta-
ble 1)

From August 2010 to January 2011, three patients un-
derwent Appleby operation preserving the whole stom-
ach with LGA. All of these cases had advanced pancreat-
ic body cancer without dissemination or distant metas-
tasis and had been suspected tumor invading around the
neural plexus of the CA, CHA, or LGA. The details of each
patient are shown in Table 1 and Figure 2. Patient 1 had
the LGA separately originating from the aorta; thus, the
CA was severed at the origin of the aorta. Patient 2 had
ordinary vascular anatomy, and the CA was severed dis-
tal to the LGA branching. Patient 3 had reconstruction of
the LGA with the right inferior phrenic artery after extir-
pation of the CA at its origin. Postoperative liver dysfunc-
tion was mild, with a maximum level of aspartate trans-
aminase of 380IU/L (normal range 9-38 IU/L) in patient
2.The nutritional state of all three patients was good, with
percent body weight loss of 0%, 1% and 6% at the last
follow-up, respectively. Resection of the CHA and CA was
necessary for complete removal of the tumor in all pa-
tients.

DISCUSSION

In 1953, Appleby first, and with foresight, presented a
collective case series proving that resection of the distal
pancreas and total stomach with extirpation of the entire
celiac axis and its branches with all of its attendant tissues
could be performed with impunity in block dissection for
gastric carcinoma. In this operation, hepatopetal arterial
flow could be preserved through a double arcade of arte-
rial network surrounding the pancreatic head anterior-
ly and posteriorly (4). After Nimura et al. first succeeded
in resecting a central pancreatic carcinoma invading the
CA using a similar procedure in which the whole stomach
was preserved (5), several authors reported the same op-
erative procedure with various names (6-8,10,13). A to-
tal of 48 cases of such operations for central to left-sided
pancreatic carcinoma have been reported to date.

Stomach-preserving Appleby operation has been
conducted with zero mortality but with high morbidity
(7,14). Ischemia of the stomach or the liver is an occa-
sional cause of such complications. In their detailed re-
port, Kondo et al. (14) emphasized the uncommonness
of ischemic gastropathy after stomach-preserving Apple-
by’s operation except when additional arteries supply-
ing the stomach were divided. However, according to El-
eisi et al. (15), the arterial blood supply of the stomach
is about 60% from the LGA, about 20% from the splen-
ic artery and only about 15% from the right gastric and
right gastroepiploic arteries. About 80% of additional re-
plenishing blood flow from the right-side gastric arteries

J

FIGURE 1. Measurement of celiac axis. Using 3D images of the vessel, the length of the celi-
ac axis and the position of the origin of the left gastric artery of the celiac axis were measured.
Length (a) is the distance between the root and the end of the celiac axis. Length (b) is the dis-
tance from the left gastric artery to the bifurcation of the celiac axis. CHA: Common Hepatic
Artery; LGA: Left Gastric Artery; SPA: Splenic Artery.

Case 1 Case 2 Case 3
Age; Gender 75, F 66; M 60; F
Diagnostic sign E l%‘flti;_g of El%":figo_g of Appetite loss
Preop CA19-9 (IU/mL) 196.3 4265 1300
Blood loss/op. time 185g/306min 410g/427min  173g/477min
Peak postop. AST* 84 380 135
Complication Grade B Grade B Grade B
Per os start 6 POD 7 POD 6 POD
Time to discharge 30 POD 31 POD 95 POD
Recurrence None None Liver metastasis
Present status Alive 15 months  Alive 13 months Alive 9 months
% Weight loss' 0 1 6
Max. tumor size 23mm 45mm 30mm
Invaded artery Splenic artery None Splenic artery

Splenic vein
(occlusion)
Portal vein

Invaded vein Splenic vein none
Common
hepatic artery

Splenic artery

Celiac axis

(Peri) neural invasion Splenic artery

Splenic artery

Positive lymph nodes

o Superior Superior Superior
Sg;;ls}?;]?}f\g%gz: d peripancreatic ~ peripancreatic  peripancreatic
nodes 1/27 9/45
Surgical margin Negative Negative Negative

*Normal range of AST (aspartate aminotransferase) is 9 to 381U/L; "Body weight of
each patient was measured at the last follow-up.

might reduce hepatopetal blood supply through the pan-
creatic arcades from the SMA; thus, the safety of such pro-
cedure for the remnant stomach cannot be assured. Con-
servation of left gastric arterial low would help boost ar-
terial irrigation to the liver, thus alleviating both gastric
and hepatic ischemia. Postoperative liver ischemia was
mild in the present series, the maximum serum value
of aspartate aminotransferase being ten times the max-
imum normal value.

Appleby operation preserving the whole stomach with
LGA is indicated for tumors: 1) confined to the neck, body
and tail of the pancreas; 2) not invading beyond the bifur-
cation of the proper hepatic artery and gastroduodenal
artery; and 3) not invading the stomach and SMA. There
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Case 1 Case (2 Case 3

FIGURE 2. Preoperative image and schema of tumor location and its extent of invasion. Three
cases of preoperative coronal (upper column) and axial (middle column) image and schema
of tumor location and arteries of upper abdomen (lower column) are shown. The dots repre-
sent the invasion of the tumors. Each case was suspected tumor invaded around the CA. T: Tu-
mor; CA: Celiac Axis; SPA: Splenic Artery; CHA: Common Hepatic Artery; SMA: Superior Mes-
enteric Artery.
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Abstract Interaction between CXCR4 and CXCL12
plays a role in tumor progression. The present study
examined CXCR4, CXCL12 and CD133 expression in
liver metastases of colorectal cancer (CLM) and deter-
mined whether the expression profiles affect the tumor
microenvironment and thus progression, and whether they
could serve as a prognostic marker for survival. Liver
metastases of colorectal cancer collected from 92 patients
were evaluated by CXCR4, CXCL12 and CD133 immu-
nohistochemistry and clinicopathological data were ana-
lyzed. The expression profile of CXCR4 was determined in
the colorectal cancer cell line, SW48. The expression of
cytoplasmic CXCR4 was higher in 36 (39%) patients than
that indicated by CXCR4 staining intensity of hepatocytes.
High levels of nuclear CXCR4 expression in 23 (25%)
patients significantly correlated with CXCL12 expression
in hepatocytes. Nuclear CXCR4 expression was increased
in the cancer cells after exposure to CXCL12. Univariate
and multivariate analyses demonstrated that the high levels
of nuclear CXCR4 and CXCL12 expression in hepatocytes
were significantly better prognostic factors for overall and
hepatic disease-free survival in patients with CLM. The
expression of CXCR4 and CXCL12 in CLM may have an
interactive effect that could alter the tumor microenviron-
ment. CXCR4 expression in metastatic liver tumors
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together with the upregulation of CXCL12 in hepatocytes
may help to predict the clinical outcomes of patients with
CLM after hepatectomy.

Keywords Colorectal metastases - Hepatectomy -
Chemokine - Angiogenesis - CD133

Abbreviations

CLM  Liver metastases of colorectal cancer
EGFR Epidermal growth factor receptor
EMT  Epithelial-to-mesenchymal transition
FC Fibrous pseudocapsule

Introduction

Colorectal carcinoma is a leading cause of cancer-related
death. Regardless of curative resection to treat colorectal
carcinoma, distant metastases develop in a significant
number of patients [1]. The liver is a metastatic site of
colorectal carcinoma, which is often associated with a poor
prognosis [2, 3]. The “seed and soil theory” has been
postulated to explain the directional migration and invasion
of cancer cells into specific organs [4]. The chemokine
network might play a role in the induction of organ-specific
metastases [5]. Chemokines and their receptors were orig-
inally identified as chemoattractive interactions between
immune cells and sites of inflammation [6]. Cancer cells
also use chemokine networks to modulate the host micro-
environment and facilitate cancer progression [7-10].
Several chemokine receptors and ligands function in tumor
progression and invasiveness in several malignancies
[11-15]. CXCR4 is an established inducer of colorectal
cancer progression that correlates with clinical outcomes of
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stage III/IV disease defined by the UICC classification [13].
The CXCR4 ligand, CXCLI12/stromal-derived factor-1
(SDF-1), is also associated with tumor progression [16].
Kim et al. found significantly higher CXCR4 expression in
liver metastases than in primary colorectal cancer, indicat-
ing that CXCL12 is abundantly expressed at metastatic sites
[17]. In addition, CXCL12 accumulates in CD133-positive
tumor cells that might in part, be derived from cancer stem
cells [18, 19]. Therefore, interaction between CXCR4 and
CXCL.12 expression might cause tumor proliferation,
migration, and invasion.

Chemokine receptors generally appear in the cell
membrane and cytoplasm, thus leading to downstream
signal transduction. CXCR4 is expressed in both the
cytoplasm and nucleus of tumor cells [20, 21]. The cyto-
plasmic expression of CXCR4 is associated with a poor
clinical outcome [12], but the nuclear expression of
CXCR4 has not been fully elucidated. Furthermore,
CXCR4 expression might be altered by the tumor micro-
environment [8, 11, 22]. We postulated that different
CXCR4/CXCI12 expression profiles in tumor cells and the
tumor microenvironment interact and affect each other,
thus determining the progression of colorectal liver
metastases. In addition, other reports have described that
the timing and numbers of liver metastases, lymph node
metastasis of the primary tumor, hilar lymph node metas-
tasis and the absence of a fibrous capsule on the metastatic
tumor are prognostic factors for survival [23-25]. How-
ever, a correlation between the CXCR4/CXCL12 expres-
sion and the clinicopathological features of colorectal liver
metastases has not been fully elucidated.

The present study examines CXCR4/CXCL12 expres-
sion in CLM to determine whether their expression profiles
influence the progression of CLM, survival rates and
hepatic recurrence.

Patients and methods
Patients and tissue samples

We retrospectively reviewed the medical records of 92
Japanese patients with CLM from among those who
underwent curative hepatic resection (RO) at the Depart-
ment of General Surgery at Chiba University (Chiba,
Japan) between 1999 and 2007. Written informed consent
was obtained from all of the patients to review their records
in accordance with the ethical standards of the Helsinki
Declaration of 1975. We defined synchronous metastases
as those diagnosed before, or at the time of colorectal
surgery. The patients were followed until death or
November 30, 2010. The median follow-up time was
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38 months (range 8-115 months). The clinicopathological
characteristics of the patients are shown in Table 1.

Hematoxylin and eosin (HE) staining
and immunohistochemistry

Tissue sections (4 um thick) prepared from formalin-fixed
paraffin-embedded tissue blocks were stained with HE and
immunohistochemically assessed using either the CSA II
kit for CXCR4 and CD133 or the ENVISION+ kit for
CXCL12/SDF-1 (DAKO Cytomation, Carpinteria, CA,
USA) according to the manufacturer’s instructions. Anti-
gens in all analyses were retrieved by microwave heating.
The series and dilutions were as follows: (a) anti-mouse,
anti-rat and anti-human CXCR4 rabbit polyclonal antibody
(ab2074, Abcam, Cambridge, UK), 1:25; (b) anti-human/
mouse CXCLI12 antibody (MAB350, R&D Systems,
Minneapolis, MN, USA), 1:20; (c) anti-mouse, rat and
human CD133 rabbit polyclonal antibody (ab19898, Ab-
cam, Cambridge, UK), 1:500. Appropriate positive controls
containing the antigens of interest were simultaneously
processed. The primary antibody was omitted from nega-
tive controls. The tissue sections were washed in water and
counterstained with Mayer’s hematoxylin. All immuno-
histochemical analyses were performed in duplicate.

Evaluation of CXCR4, CXCL12, and CD133

Immunoreactivity for CXCR4 was semi-quantified by
assessing staining intensity. Cytoplasmic CXCR4 expres-
sion was classified as low or high relative to the staining
intensity of hepatocytes. Immunoreactivity for CXCL12
was semi-quantified by assessing the staining intensity and
ratio (%) of positive cells. CXCL12 expression was scored
as 0, no staining; 1, occasional weak staining; 2, moderate
staining and 3, intense staining. Positive staining of over
10% of tumor cells was required for scores of 2 and 3 (high
expression). CXCL12 expression was classified as low
(scores 0 and 1) or high (scores 2 and 3). High-power fields
(200%) of 10 random areas within the tumor were evalu-
ated. CD133 immunoreactivity was semi-quantified by
assessing the staining intensity and ratios (%) of positively
stained cells. CD133 expression was determined as 0, no
staining; 1, <5% of tumor cells positively stained and 2,
>5% of tumor cells positively stained. Amounts of CD133
expression were classified as low (scores 0 and 1) or high
(score 2). High-power (200x) fields of 10 random areas
within tumors were evaluated. The two investigators (TS
and MO) who evaluated the immunohistochemical findings
were blinded to the clinicopathological features and prog-
noses of the patients. The expression of these factors was
evaluated both at tumor sites and in hepatocytes.
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Table 1 Clinicopathological characteristics of patients with colo-
rectal liver metastases (1 = 92)

Clinicopathological characteristics Number of
patients

Age

>60 years 56

<60 years 36
Gender

Male 58

Female 34
Lymph node metastasis of the primary lesion

Positive 58

Negative 34
Timing of metastasis

Synchronous 44

Metachronous 48
Tumor size

>50 mm 26

<50 mm 66
Fibrous pseudo-capsule

Positive 15

Negative 71
Number of tumors

Solitary 23

Multiple 69
Primary lesion site

Colon . 53

Rectum 39
Degree of differentiation

Well, moderately 85

Poorly, mucinous 7

Colorectal cancer cell line and culture medium

The colorectal cancer cell line, SW48 (American Type
Culture Collection, Manassas, VA, USA) was cultured in
Leibovitz’s L-15 (Sigma Aldrich, St. Louis, MO, USA)
medium supplemented with 1% penicillin and streptomy-
cin and 10% fetal bovine serum (FBS) [26].

CXCR4 expression determined by fluorescence
microscopy

SW48 cells (5 x 10°/well in 800 pl) were seeded in four-
well slide chambers (LabTek® TT Chamber Slide System,
Nalge Nunc International, Rochester, NY, USA) 24 h and
then serum-starved (0.5% FBS) overnight. The cells were
stimulated with CXCL12 (200 ng/ml: R&D Systems,) at
37°C for 24 h, fixed in 4% paraformaldehyde at room
temperature for 10 min, and then incubated at room tem-
perature for 10 min with 0.3% Triton X-100 and 1.0%

bovine serum albumin in PBS. Fixed and permeabilized
cells were stained with rabbit anti-human CXCR4 antibody
for 60 min at room temperature, followed by anti-rabbit
Alexa Fluor® 488 (Invitrogen, Carlsbad, CA, USA) and
DAPI (Invitrogen, Carlsbad, CA, USA) for 30 min at room
temperature. CXCR4 internalization was then analyzed by
fluorescence microscopy.

Statistical analysis

Data were compared using the rank sum test. Associations
between discrete variables were assessed using the Fisher
exact probability test. Recurrence or death was estimated
using the Kaplan—Meier method and statistical significance
was examined using the log-rank test. Multivariate analysis
was determined using the Cox proportional hazards model.
Data were analyzed using SigmaStat 3.0 and SPSS 11.5
software. All data are expressed as means £ SD. Results
were considered significant at P < 0.05.

Results
CXCR4 expression in metastatic liver tumors

We immunohistochemically examined whether CXCR4
expression in tumors increases in patients with colorectal
liver metastases as follows. CXCR4 expression (staining
intensity) was compared to that of hepatocytes in specimens
of colorectal liver metastases from 92 patients (Fig. 1). The
patients were assigned to groups according to the staining
intensity of CXCR4 relative to that of hepatocytes. Levels of
CXCR4 expression in the cytoplasm of tumor cells were high
in 36 (39%) and low in 56 (61%) of the 92 patients. The
CXCR4 was also expressed in the nuclei of tumor cells in
some patients with colorectal liver metastases. Levels of
nuclear CXCR4 expression were high in 23 (25%) and low in
69 (75%) of the 92 patients examined (Fig. 1a, b and c).

CXCR4 expression in metastatic liver tumors
and patients’ characteristics

We analyzed the characteristics of the patients to determine
whether CXCR4 expression in metastatic liver tumors
correlates with clinicopathological parameters. Levels of
CXCR4 expression in metastatic liver tumors and clinico-
pathological parameters are shown in Table 2. A fibrous
pseudo-capsule defined by HE staining surrounding the
tumors of some patients with colorectal liver metastases
[24] adversely correlated with high, but not low levels of
CXCR4 expression (P = 0.040), whereas other clinico-
pathological parameters did not significantly differ
between the two groups (Table 2).
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CXCL12 expression in metastatic liver tumors
and patient characteristics

We immunohistochemically determined CXCL12 expres-
sion in CLM from 92 patients (Fig. 1d, e, and f). Levels of
cytoplasmic CXCL12 expression in tumor cells were high
in 51 (55%) and low in 41 (45%) of the 92 patients
examined, whereas correlations between clinicopathologi-
cal parameters and CXCL12 expression did not signifi-
cantly differ between these two groups (Table 2). CXCL12
was also expressed in hepatocytes surrounding the tumors
at high and low levels in 68 (74%) and 24 (26%), respec-
tively, of the 92 patients examined (Fig. 1d, e, and f).

Relationship between CXCR4 and CXCL12 expression

Correlations between cytoplasmic CXCL12 and CXCR4
expression in metastatic liver tumors did not significantly
differ between the two groups (P = 0.206; Table 2).

Fig. 1 Immunohistochemical
assessment of expression of
CXCR4 a—c in metastatic liver
tumnors and of CXCL12 d—f in
tumors and hepatocytes.

a Cytoplasmic, b nuclear and
¢ absent CXCR4 expression.
d High, e low and f positive
CXCL12 expression in
hepatocytes. Original
magnification x200
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Whereas, the correlations between nuclear CXCR4
expression in tumor cells and CXCL12 expression in
hepatocytes significantly differed (P = 0.030; Table 2).

Fluorescence microscopy of CXCR4 expression
in the SW48 colon cancer cell line

Fluorescence microscopy revealed membrane and cyto-
plasmic CXCR4 expression in colon cancer cells after 24 h
of culture in mock medium (Fig. 2) and increased nuclear
expression of CXCR4 after 24 h of exposure to CXCL12.
This was confirmed by merged light blue signals of DAPI
and Alexa 488 (CXCR4) in nuclei (Fig. 2).

CD133 expression in metastatic liver tumors

An immunohistochemical analysis of tumors revealed high
and low CD133 expression in 28 (30%) and 64 (70%) of
the 92 patients examined.
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Table 2 Clinicopathological characteristics are associated with CXCR4 and CXCL12 expression
Clinicopathological characteristics CXCR4 expression (cytoplasm) CXCL12 expression

High (n = 36) Low (n =56) P value* High(n=51) Low (n=41) P value*
Age (260 years) 26 30 0.084 28 28 0.21
Gender (Male) 22 36 0.83 29 29 0.20
Lymph node metastasis of primary lesion (+) 21 37 0.51 34 24 0.52
Timing of metastasis (synchronous) 18 26 0.83 22 22 0.40
Tumor size (=50 mm) 11 15 0.81 13 13 0.64
Fibrous capsule (+) 2 13 0.040 9 6 0.78
Number of tumors (>2) 9 14 >0.9 12 11 0.81
Primary lesion site (Colon) 17 36 0.13 30 23 0.83
Degree of differentiation (well, moderately) 33 52 >0.9 47 38 >0.9
CXCL12 expression (Tumor) CXCR4 expression (tumor) P value*

High (n = 36) Low (n = 56)
High (n = 51) 23 28 0.206
Low (n = 41) 13 28
CXCL12 expression (Liver) CXCR4 expression (nucleus) P value*
High (n = 23) Low (n = 69)

High (n = 68) 21 47 0.030
Low (n = 24) 2 22

*Fisher probability test
Bold values indicate statistically significance

CXCR4 and CXCL12 expression correlated
with survival

We analyzed overall survival using the Kaplan—Meier
method to determine whether CXCR4 and CXCLI12
expression in metastatic liver tumors is related to overall
survival after hepatic resection. The results showed a sig-
nificantly lower overall survival rate in patients with high
cytoplasmic and no nuclear CXCR4 expression in tumor
cells than in any other groups (Fig. 3a). The overall sur-
vival rates were significantly higher in patients with high
levels of nuclear CXCR4 expression than in those with
none (Fig. 3b), and in those with positive, than negative
CXCL12 expression in hepatocytes (Fig. 3c). These rates
were significantly lower in patients with positive, than with
negative CD133 expression in tumors (Fig. 3d).

We examined whether the CXCR4/CXCL12 expression
is a significant prognostic factor for overall and hepatic
disease-free survival after hepatic resection using univari-
ate and multivariate analyses. Univariate analysis demon-
strated that the number of metastases, primary lymph node
involvement, nuclear CXCR4 expression in tumor cells,
CXCL12 expression in hepatocytes, and high levels of
CD133 expression in tumors were significant prognostic
factors for overall survival (Table 3). The number of

metastases, tumor size, timing of metastases and CXCL12
expression in hepatocytes were significant prognostic fac-
tors for hepatic disease-free survival (Table 3). Multivari-
ate analysis showed that positive primary lymph node
involvement, low nuclear CXCR4 expression in tumor
cells and low CXCL12 expression in hepatocytes were
significant independent prognostic factors for overall sur-
vival, and that the timing of metastases, low levels of
nuclear CXCR4 expression in tumor cells and low
CXCL12 expression in hepatocytes were significant inde-
pendent prognostic factors for hepatic disease-free survival
in patients with colorectal liver metastases (Table 3).

Discussion

This study demonstrated that the expression profiles of
CXCR4/CXCL12 correlate with clinical outcomes and
might be altered by the tumor microenvironment, thus
leading to a change in tumor behavior in CLM. The
expression of CXCR4/CXCL12 in terms of chemotactic
properties and tumor progression in several malignancies
has been described, but expression profiles were analyzed as
an intrinsic activity in the tumor environment like that of
colorectal carcinoma. In addition, the relationship between
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Fig. 2 Nuclear localization of
CXCR4 after CXCL12
stimulation in SW48 colon
cancer cells. SW48 cells were
stimulated with 200 ng/ml
CXCL12 for 24 h and then
immunostained and observed by
fluorescence microscopy.
Green, membrane and
cytoplasmic CXCR4; deep blue,
nucleus. Some CXCR4 have
colocalized in the nucleus (light
blue) of stimulated SW48 cells.
(Color figure online)

CXCR4

Nuclei

Merge

CXCR4/CXCLI12 expression and prognosis has not been
investigated in a large number of colorectal liver metastases.

The metastatic mechanisms of epithelial-to-mesenchy-
mal transition (EMT) and tumor microenvironment have
recently become widely recognized [27]. Chemokines and
their receptors were originally identified by the ability to
generate chemoattractive interactions between immune
cells and sites of inflammation [6]. Recent observations
have revealed that cancer cells utilize chemokine networks
to modulate the host microenvironment in favor of cancer
progression [28]. Several chemokines and their receptors
such as CXCR2, CXCR3, CXCR4, CXCR7, CCR2, CCRS6,
and CCR7 are involved in colorectal cancer [12—15, 29—
31]. Interactions between CXCR4 and CXCL12 are con-
sidered to play a role in the progression of colon cancer
[13, 32]. The EMT is also mediated by the CXCR4/
CXCL12 system [33, 34]. These findings suggested that
CXCR4 plays a role in tumor progression and metastasis.

Cytoplasmic CXCR4 expression correlates with tumor
recurrence and clinical outcomes in several cancers
including colon cancer [12, 17, 35]. Circulating cytoplasmic
CXCR4-positive tumor cells might be responsible for
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CXCL12 200ng/ml, 24h

extravasation and the organ-specific metastasis induced by
CXCL12 gradients {29]. The liver is one metastatic site that
results from interaction between CXCL12 and CXCR4. The
cytoplasmic expression and role of CXCR4 are controver-
sial. The present study found that cytoplasmic CXCR4
expression did not reach statistical difference for poor
overall survival and that it did not correlate with CXCL12
expression in metastatic colorectal cancer cells. Therefore,
the expression and role of cytoplasmic CXCR4 probably
differs between metastatic and primary sites, which would
be consistent with the findings of Shim et al. [22].

Some types of cancers express nuclear CXCR4, but its
precise function has not been fully elucidated [20, 21,
36-39]. Nuclear CXCR4 expression correlates with a better
prognosis in non-small cell lung cancer [20]. Consistent
with this finding, nuclear CXCR4 expression closely cor-
related with better overall and hepatic disease-free survival
in the present study. Upregulated nuclear CXCR4 expres-
sion might counteract the effect of the cytoplasmic CXCR4
expression that is associated with a poor prognosis. On the
other hand, nuclear CXCR4 expression is associated with a
poor prognosis in primary colon cancer [21, 38]. Like the
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Pattern of CXCR4
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Fig. 3 Overall survival rates stratified by expression of a cytoplasmic
and nuclear b CXCR4. CY cytoplasmic expression, NC nuclear
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+ NC (=); 4, CY (+) + NC (—). Expression profiles significantly

role of epidermal growth factor receptor (EGFR) in asso-
ciation with cyclin D1, internalized CXCR4 might act as a
transcription factor [38, 40] that could induce. tumor pro-
gression accompanied by NF-«kB activation [41]. However,
our data contradict this notion. Although the precise
molecular mechanism and role of nuclear CXCR4
expression remain unknown, one theory has been proposed
[11, 22, 42-44]. Upregulated CXCL12 in hepatocytes was
an independent significant prognosis factor for both overall
and hepatic disease-free survival. The results of our fluo-
rescence microscopy study of CXCR4 expression in cancer
cell line are consistent with the finding that increased
CXCL12 levels cause nuclear CXCR4 internalization in
cancer cell lines in vitro [44], and suggest that the tumor
microenvironment alters CXCR4 expression profiles in
cancer cells. Spano et al. demonstrated that interaction
between CXCL12 and CXCR4 might be disrupted when
CXCR4 is expressed in the nucleus [20]. Inhibiting
CXCR4 and CXCLI12 interaction is likely to reduce
metastases [45]. These findings suggest that fuarther
metastases into organs other than the liver might not be
induced by the tumor microenvironment and if so, curative
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differed (a, P = 0.0022; b, P = 0.0113; c, P = 0.0116). Overall
survival rates stratified by expression of b nuclear CXCR4, ¢ hepa-
tocyte CXCL12, and d CD133

hepatic resection for metastases would improve survival.
Nuclear CXCR4 and hepatocyte CXCL12 expression cor-
related in the current study, suggesting that consistently
upregulated CXCL12 expression in the liver alters the
microenvironment, reduces cytomembrane CXCR4
expression and leads to CXCR4 internalization. Thus, the
tumor microenvironment might be altered in a specific
manner after liver metastasis becomes established.

CXCR?7 has recently been identified as another receptor
for CXCL12 [29]. CXCR4 and CXCL12 expression did not
correlate in tumor cells, suggesting that CXCR7 is asso-
ciated with metastases of colorectal cancer. Although we
have no further information about CXCR7 expression,
further investigation of interactions between CXCL12 and
CXCR7 might be warranted. CXCL12/CXCR4 expression
accumulates in CD133 positive tumor cells that might, in
part, be derived from cancer stem cells [18, 19]. CD133
expression is an independent prognostic marker of poor
survival in colorectal cancer [46]. The present study found
that increased CD133 expression tended to indicate poor
overall survival, suggesting that that it plays a specific role
in the progression of colorectal liver metastases.
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Table 3 Univariate and
multivariate analysis of
predictive factors for overall
and hepatic disease-free
survival

MST median survival time
(months)

* Log-rank test, ** Cox
proportional hazards model

Bold values indicate statistically
significance

@ Springer

Factors Overall survival Hepatic disease-free survival
3-year (MST; months) P value* 3-year (MST; month) P value*

Timing of metastases
Synchronous (n = 44) 65% (65) 0.17 28% (18) 0.0003
Metachronous (n = 48) 65% 68%

Tumor size
<50 mm (n = 71) 76% 0.13 56% (73) 0.0087
>50 mm (n = 21) 67% (52) 26% (17)

Primary lymph node involvement
Negative(n = 34) 89% 0.0128 60% 0.13
Positive (n = 58) 66% (56) 43% (24)

Number of metastases
<4 (n=74) 81% 0.0084 55% (73) 0.0044
>5(n = 18) 48% (32)

Cytoplasm CXCR4 expression
Low (n = 56) 78% 0.14 51% (56) 0.76
High (n = 36) 67% 45% (30)

Nuclear CXCR4 expression
Negative (n = 69) 67% 0.0267 43% (23) 0.064
Positive (n = 23) 93% 68%

Hepatocyte CXCL12 expression
Negative (n = 24) 49% (25) 0.0051 38% (13) 0.0268
Positive (n = 68) 80% 53% (73)

CD133 expression
Low (n = 64) 78% 0.0153 49% (33) 0.78
High (n = 28) 64% (52) 49% (30)

Factors 95% confidence intervals

Relative risk Lower Upper P value**

Overall survival
Timing of metastases (synchronous) 1.27 0.52 3.09 0.60
Tumor size (>50 mm) 0.94 0.37 2.37 0.89
Primary lymph node involvement (positive) 3.87 140 10.7 0.009
Number of metastases (>5) 2.05 0.75 5.59 0.16
Cytoplasm CXCR4 expression {low) 0.43 0.18 .02 0.056
Nuclear CXCR4 expression (low) 4.05 1.19 13.8 0.025
Hepatocyte CXCL12 expression (low) 2.75 1.17 6.55 0.022
CD133 expression (high) 2.03 0.94 4.37 0.070

Hepatic disease-free survival
Timing of metastases (synchronous) 2.54 1.34 4.83 0.004
Tumor size (=50 mm) 1.82 0.92 3.58 0.083
Primary lymph node involvement (positive) 1.73 0.90 333 0.099
Number of metastases (=5) 1.38 0.64 2.98 041
Cytoplasm CXCR4 expression (low) 0.89 0.49 1.63 0.71
Nuclear CXCR4 expression (low) 2.40 1.08 5.33 0.031
Hepatocyte CXCL12 expression (low) 2.09 1.10 3.98 0.025
CD133 expression (high) 1.01 0.53 1.92 >0.9
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The present study identified a correlation between
CXCR4 expression and a fibrous pseudocapsule (FC) sur-
rounding the tumor. According to a previous report, sur-
vival is better among patients with, than without FC
formation [24]. However, the mechanism for such forma-
tion remains obscure. A previous and the present study
found a significantly lower microvessel density in patients
with, than without FC (data not shown). The tumor envi-
ronment inside FC might be hypoxic, which would reduce
CXCR4 expression [44] and a hypoxic tumor environment
beneath FC might further inhibit cytoplasmic CXCR4
expression and tumor progression. Notably, one study has
shown that hepatic stellate cells express CXCR4 [47].
Although the mechanism of FC formation has not been
clarified, CXCLI12 upregulation in the liver probably
induces the activation of hepatic stellate cells which pro-
duce a fibrotic matrix, thus forming FC.

High levels of nuclear CXCR4 and hepatocyte CXCL12
expression are associated with overall and hepatic disease-
free survival compared with other reported clinical factors
[23-25]. Thus, the expression profiles of CXCR4 and
CXCL12 might predict remnant liver cancer recurrence
and a poor prognosis. In conclusion, CXCR4/CXCL12 may
play crucial roles in the biologically aggressive behavior of
colorectal liver metastasis, and CXCR4 expression in
metastatic liver tumors together with CXCL12 upregula-
tion in hepatocytes may be useful to predict the clinical
outcomes of patients with CLM after hepatectomy. Further
studies are required to define the role of nuclear CXCR4
expression in patients with colorectal liver metastasis.
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