2315.e3 SEKINE ET AL GASTROENTEROLOGY Vol. 136, No. 7

Control Albumin-Cre;Dicer1/oxPloxP
A R T R TR S 1 AT a SR ES :
S PR ﬁ"zﬂ:s;; RO o TN s
AR SRRl e T
e R A D b SN 2 O

Ky o Fn g ey '\“-.’Q“ g ok
S "\'\ﬂ K S
% Sty ad et ~é.&\g:’\ b

Cytokeratin 19

Megakaryocytes CD31

Erythroblasts

Supplementary Figure 2. Nonparenchymal cell components of Albumin-Cre;Dicer1/* mouse livers. (A) Histologically, Albumin-Cre; Dicer 1%0xF/iexP
mouse livers did not show significant alterations in portal tract morphology. Staining for cytokeratin 19 to stain bile ducts and CD31 to highlight
endothelial cells did not reveal significant abnormalities. (8) Hematopoietic cell colonization, which is not observed in controls, was found in most
Albumin-Cre;Dicer1exF/oxP mouse livers. The presence of megakaryocytes was confirmed by staining for CD41. Islands of erythroblasts were also
noted (arrowheads). Ter119 was positive in both erythroblasts and mature erythrocytes, but immature erythroblasts were distinguished by the
presence of nuclei (arrowheads).
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Supplementary Figure 3. Expression of tumor-related genes in Di-
cer1-deficient HCCs. Quantitative PCR analysis: of nonneoplastic liver
samples and HCCs from Albumin-Cre, Dicer 1P/ (n = 68 for each
group).- Values are expressed as mean = SD. P < .05.:Two onco-
genes; Myc and Nras; were significantly but only modestly up-regulated
in HCCs. While' Mycn and Bclz were overexpressed in some tumors,
the differences did not reach statistical significance due to high variabil-
ity. Expression: of Axin2 and: Glul, halimarks of Wnt/B-catenin signal
activation, was down-regulated in tumors. This observation is consis-
tent: with: the ‘absence of Ctnnb1 mutations. Expression of Socs3; a
major target of Stat3, was not altered in HCCs.
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Dicer is required for proper liver zonation
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Shigeki Sekine, Patholo, . . i : .
Diglgsion eNa,;:naUlCangr Center .- A number of genes and their protein products are expressed within the liver lIobules in

Research Institute, 5-1-1, Tsukj, = region-specific manner and confer heterogeneous metabolic properties: to. hepatocytes;
Chiioku; Tokyo, Japan. this phenomenon is known as ‘metabolic zonation’. To. elucidate the roles of Dicer, an
E-mail: ssekine@ncc.gojb endoribonuclease 111 type enzyme required for microRNA biogenesis, in the establishment of
liver zonation, we examined the distribution of proteins exhibiting pericentral or periportal
localization in. hepatocyte-specific Dicerl knockout mouse livers. Immunohistochemistry
showed that the localization of pericentral proteins: was mostly preserved in Dicerl-
deficient livers. However, glutamine synthetase, whose expression is normally confined
to a few layers of hepatocytes surrounding the central veins, was expressed in: broader
pericentral areas. Even more striking was the observation that all the periportal proteins
that were examined, including phosphoenolpyruvate carboxykinase, E-cadherin, arginase
1, and carbamoyl phosphate synthetase-I, lost their localized expression patterns and were
diffusely expressed throughout the entire lobule. Thus, with regard to periportal protein
expression, the consequences of Dicer loss were similar to those caused by the disruption of
B-catenin. An analysis of livers deficient in B-catenin did not identify the down-regulation
of Dicerl or any microRNAs, indicating that they are not directly activated by f-catenin.
Thus, the present study illustrates that Dicer plays a pivotal role in the establishment of liver
zonation. Dicer is essential for the suppression of periportal proteins by Wnt/g-catenin/TCF
signalling, albeit it likely acts in an indirect manner.
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Introduction of proteosomal degradation, and the translocation of
‘ the protein to the nucleus, where it activates TCF-

Although hepatocytes are uniform at a histological dependent transcription [6]. f-Catenin/TCF-dependent
level, they differ in a number of metabolic func- transcription is normally active in the pericentral hep-
tions [1,2]. For example, pericentral hepatocytes are atocytes, where it induces pericentral gene expression
active in glutamine and bile acid synthesis and the While suppressing periportal gene expression [4,7].
metabolism of xenobiotics, whereas periportal hepato- The hepatocyte-specific ablation of Apc, leading to
cytes are more active in cholesterol, urea, and glucose the constitutive activation of B-catenin/TCF-dependent
synthesis [1,2]. The metabolic heterogeneity of hepa- transcription, resulted in the diffuse expression of peri-
tocytes enables multiple and occasionally antagonistic  central genes and the down-regulation of periportal
metabolic functions to be performed efficiently in the genes throughout the entire liver lobule [4,8]. Con-
liver. A number of genes and their protein products versely, the suppression of Wnt signalling by the
involved in these metabolic processes are expressed in  overexpression of Dkk1 or the conditional ablation of
a region-specific manner along the porto-central axis B-catenin caused a loss of pericentral gene expres-
within the liver lobule and their respective functions sion and the diffuse expression of periportal genes
confer the heterogeneous metabolic properties of hep- [4,9]. Braeuning ef al further showed that activation
atocytes [1-3]. of the Ras/MAPK pathway by the oncogenic form

‘Recent studies have revealed that the Wnt signalling of H-ras or serum components suppressed pericen-
pathway plays a key role in the establishment of liver ~tral genes and induced periportal genes through the
zonation [4,5]. The Whnt signalling pathway is acti- - inhibition of B-catenin/TCF-dependent. transcription
vated by the binding of secreted Wnt ligands to Frz  [10,11]. Thus, the expression of pericentral and peri-
and Lrp receptors on cell membranes. This leads to - portal genes is coordinately and inversely regulated by
the stabilization of B-catenin through the inhibition Wnt/B-catenin/TCF signalling.

Copyright © 2009 Pathological Society of Great Britain and ireland. Published by John Wiley & Sons, Ltd.
www.pathsoc.org.uk
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Dicer is an essential component- of microRNA
biogenesis. that cleaves pre-microRNAs into mature
microRNAs. Since: Dicer is encoded by a single
locus in the mouse. genome, the disruption of the
single Dicerl gene results in the loss of virtually all
microRNAs [12-14]. Here, we demonstrate that Dicer
plays an essential role in the establishment of proper
liver zonation.: Remarkably, the loss of Dicer impairs
the lIocalization of periportal proteins, leaving the
expression of pericentral proteins mostly intact. Thus,
our results reveal the novel finding that microRNAs
appear to be specifically required for the suppression
of periportal protein expression.

Materials and methods

Mice

Alb-Cre [15,16], Dicerlfox/fox [12], Ctnnblfox/flox
[17], Alb-Cre;Ctnnblfo*/fex [709], and Alb-Cre;
Dicer/ox/fiox [18] mice have been previously described.
The mice used in the present study were maintained
in barrier facilities and all studies were conducted in
compliance with the University of California IACUC
(Institutional Animal Care and Use Committee) guide-
lines and according to protocols approved by the Com-
mittee for Ethics in Animal Experimentation at the
National Cancer Center, Japan.

Immunohistochemistry

Liver tissue samples were fixed with 10% buffered
formalin, embedded in  paraffin, and cut into 5-
pm-thick sections. Immunohistochemistry  was per-
formed by an indirect immunoperoxidase method
using peroxidise-labelled anti-mouse, -rabbit or -goat
polymers  (Histofine Simple Stain, Nichirei, Tokyo,
Japan). 3,3/-Diaminobenzidine tetrahydrochloride was
used as a chromogen. The primary antibodies that were

S Sekine et al

Quantitative PCR

RNA extraction and the réverse-transcription reaction
were performed using standard protocols: Quantitative
PCR reactions were performed using SYBR. Green
PCR master mix (Applied Biosystems, CA, USA). The
expression of Dicerl was compared with the expres-
sion level of Gusb, as previously described [9]. The
primer. sequences were as. follows: Dicerl: GAAC-
GAAATGCAAGGAATGGA and GGGACTTCGATA
TCCTCTTCTTTCTC; Gusb: ACGGGATTGTGGT-
CATCGA and TCGTTGCCAAAACTCTGAGGTA.

Microarray analysis

RNA samples were prepared from liver tissues of
6-week-old female Alb-Cre;Cmnblfo¥/fox . and
Cmnb]/o*/fox mice. The samples were labelled with a
miRNA Labeling Reagent & Hybridization Kit (Agi-
lent Technologies, CA, USA) based on the manufac-
turer’s instructions. The labelled RNA samples were
hybridized with a mouse miRNA microarray (Agilent
Technologies) containing 566 mouse miRNA: probes
based on Sanger miRBase v10.0. MicroRNAs that
showed more than two-fold changes with p < 0.05
(Welch r-test) were considered significant.

Results

Localization of pericentral proteins is only
marginally affected in Dicer mutant mice

To elucidate the roles of Dicer in liver zonation, liver
samples from Alb-Cre;Dicer/f* mice and their
control littermates (Dicer/**/f*) were immunohisto-
chemically examined. As previously reported, the effi-
cient deletion of Dicerl in hepatocytes was achieved
in' 3-week-old Alb-Cre;Dicer/fox mice; however,
Dicerl-deficient hepatocytes were prone to apoptosis

used are listed in Table 1. For double immunofluores-
cence staining, anti-mouse IgG antibody conjugated
with Alexa Fluor 488 and anti-rabbit IgG antibody
conjugated with Alexa Fluor 594 were used as sec-
ondary antibodies. The sections were analysed using
a confocal microscope (LSMS Pascal; Carl Zeiss Jena
GmbH, Jena, Germany) equipped with a 15 mW Ki/Ar
laser. v

Table 1. Antibodies used for immunohistochemistry

and the complete disruption of Dicerl was followed
by repopulation with Dicerl-expressing hepatocytes
that had escaped Cre-mediated recombination [18].
We therefore examined the livers from 3-week-old
Alb-Cre;Dicer/fox and Dicer**/fo* mice (hereafter
referred to as Dicer-deficient and control livers).
Immunohistochemistry showed that the localiza-
tion of pericentral proteins was mostly maintained

Antigen Clone Dilution Source
Glutamine synthetase 6 111000 Becton Dickinson, Franklin Lakes, USA
GLET=I Polyclonal 1:500 Dr Masahiko Watanabe {24]

- OAT Polycional 1:500 Santa Cruz Biotechnologies, Santa Cruz, USA
CYP2E| Polyclonal 1:500 Dr Magnus Ingelman-Sundberg {25]
E-cadherin 36 1:250 Becton: Dickinson, Franklin Lakes; USA
PEPCK Polyclonal 1:200 Santa Cruz Biotechnologies, Santa Cruz, USA
CPS| Polyclonal 1:500 Santa Cruz Biotechnologies, Santa Cruz, USA
Arginase | 19 1.:2500 Becton Dickinson, Franklin Lakes, USA

OAT = ornithine aminotransferase; PEPCK = phosphoenolpyruvate carboxykinase; CPS1 = carbamoyl phosphate synthetase-l.

J Pathol 2009; 219: 365-372 DOL: 10,1002/path
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in the absence of Dicer. The distributions of GLT-1,
ornithine aminotransferase (OAT), and CYP2E1 were
unaltered in Dicer-deficient livers. GLT-1 and OAT
were expressed in a few layers of hepatocytes sur-
rounding the central veins (Figures 1A, 1B, 1D, and
1E). CYP2El was expressed in broader pericen-
tral areas (Figures 1J and 1K). Expression of glu-
tamine synthetase (GS) was observed in the pericentral
areas of both mice; however, the GS-positive areas
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were significantly broader in the Dicer-deficient livers
(Figures 1G and 1H).

The altered localization of GS was confirmed
by double immunofluorescence staining for GS and
CYP2EL. In control mouse livers, distinct distribu-
tions of these proteins were evident: GS expres-
sion was restricted to a few layers of hepato-
cytes surrounding the central veins, whereas CYP2E1
expression was extended to the distal pericentral
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Figure |. Expression of pericentral proteins in Dicer-deficient liver. Pericentral protein expression was examined using
immunohistochemistry. The distributions of GLT-1, OAT, and CYP2El were unaltered in Dicer-deficient liver (B, E, K)
compared with those in control mouse liver (Dicer™/flX) (A, D, J). Glutamine synthetase maintained its pericentral localization
in Dicer-deficient liver (H), but its expression extended beyond its normal boundary and encompassed a broader area than that
observed in control mouse liver (G). Pericentral protein expression was completely lost in B-catenin-deficient livers (C, F, I, L). C

= pericentral vein; P = portal tract

J Pathol 2009; 219: 365-372 DOI: 10.1002/path
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Figure 2. Altered localization of glutamine synthetase (GS) in Dicer-deficient liver. The expression of GS and CYP2E| in control
(A—C) and Dicer-deficient liver (D—F) was examined using double immunofluorescence staining. In the control mouse liver, the
expression of GS was confined to a few layers of hepatocytes surrounding the central veins (A). However, GS was expressed in
broader pericentral areas in Dicer-deficient livers (D). The distributions of GS and CYP2E| were clearly distinct in control mouse

liver (C) but were almost identical in Dicer-deficient liver (F)

areas (Figures 2A—2C). However, the distribution
of GS-positive hepatocytes was almost identical to
that of CYP2El-positive cells in Dicerl-deficient
livers (Figures 2D—2F). The liver tissues from Alb-
Cre;Ctnnb1/ox/flox mice (hereafter referred to as
B-catenin-deficient livers) were also examined for
comparison (Figures 1C, 1F, 1H, and 1K). g-Catenin-
deficient livers lost the expression of all the pericentral
proteins that were examined as previously reported [9].

Periportal proteins are diffusely expressed
throughout the entire lobule in the absence
of Dicer

We then examined the expression of periportal pro-
teins. Phosphoenolpyruvate carboxykinase (PEPCK)
was expressed in a gradient pattern, with the high-
est levels in the proximal periportal areas in con-
trol mouse livers (Figure 3A). E-cadherin was also
expressed in the proximal periportal regions but exhib-
ited a more pronounced sharp demarcation between
positive and negative cells (Figure 3D). Arginase 1
was expressed in periportal to distal pericentral areas
(Figure 3G). Finally, carbamoyl phosphate synthetase-
I (CPS1) expression was found throughout the liver
lobules, with the exception of a few layers of perive-
nous hepatocytes; this distribution was complementary

to that of GS (Figure 3J). Remarkably, all of these -

periportal proteins lost their localized expression pat-
terns and appeared in a diffuse pattern throughout the

J Pathol 2009; 219: 365-372 DOI: 10.1002/path

entire lobule in Dicer-deficient livers (Figures 3B, 3E,
3H, and 3K). E-cadherin, arginase 1, and CPS1 were
all homogeneously expressed in all hepatocytes. Some
heterogeneity was noted in the staining for PEPCK,
but the predominant expression in the periportal areas
was lost in Dicer-deficient livers.

Interestingly, similar results were obtained in an
analysis of periportal protein expression in B-catenin-
deficient livers. All the periportal proteins that were
examined lost their restricted expression patterns and
were diffusely expressed (Figures 3C, 3F, 31, and 3L).
Similar to the Dicer-deficient livers, the expression
of PEPCK exhibited minor heterogeneity. Thus, with
regard to periportal protein expression, the loss of
B-catenin and Dicer resulted in virtually identical
phenotypes, suggesting that both B-catenin and Dicer
are required for the localized expression of periportal
proteins.

Neither Dicer! nor any individual microRNAs
are directly activated by B-catenin/TCF

Previous studies and the present observations on B-
catenin-deficient livers showed that the expression of
pericentral proteins is dependent on active Wnt/g8-
catenin signalling [4,9]. The conserved pericentral pro-
tein expression therefore indicates that Wnt signalling
is still active in the pericentral hepatocytes of Dicer-
deficient livers. On the other hand, periportal proteins
are diffusely expressed throughout the liver lobules in

Copyright © 2009 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Figure 3. Expression of periportal proteins in Dicer-deficient liver. Periportal protein expression was examined using
immunohistochemistry. The characteristic distributions of the periportal proteins in the control mouse liver (A, D, G, J)
were completely lost in the Dicer-deficient (B, E, H, K) and g-catenin-deficient livers (C, F, I, L). High-magnification views of the
pericentral areas are presented as insets for CPS| (J-L). C = pericentral vein; P = portal tract

Dicer-deficient livers. This finding suggests that Dicer
is essential for the repression of periportal proteins
achieved by active Wnt signalling and that Dicer may
act downstream of B-catenin/TCF. However, Dicerl
expression was not affected in B-catenin-deficient liv-
ers, indicating that Dicerl itself is not involved imme-
diately downstream of Wnt signalling (Figure 4A).
Furthermore, we performed a microarray analysis to
test whether individual microRNAs are regulated by -
catenin. Similarly, a comparison of B-catenin-deficient

and control livers identified no microRNAs whose
expression levels were down-regulated in B-catenin-
deficient livers. Thus, we did not find any microRNAs
that were directly activated by B-catenin/TCF sig-
nalling (Figure 4B and Supporting information, Sup-
plementary Table 1). On the other hand, the analysis
identified four microRNAs that were up-regulated in
B-catenin-deficient livers: miR-31 (2.84-fold), miR-
34a (2.77-fold), miR-31* (2.91-fold), and miR-193b
(2.21-fold). However, considering the modest increase

| Pathol 2009; 219: 365—372 DOI: 10.1002/path

Copyright © 2009 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Figure 4. Expression of Dicer/ and microRNAs in B-catenin-deficient liver. (A) Expression of Dicer! as determined using
quantitative PCR (n'= 6 per group). (B) Microarray analysis of microRNA expression (n = 3 per group). The four microRNAs

with significantly altered expressions are indicated by the arrows

of these microRNAs, these changes are unlikely to
explain the dramatically altered expression of peripor-
tal proteins.

In summary, our data demonstrate that neither the
expression of Dicerl nor that of individual microR-
NAs is dependent on B-catenin/TCF signalling. Thus,
while Dicer and B-catenin elimination results in simi-
lar defects with regard to the inappropriate expression
of periportal proteins, our results indicate that Dicer
and microRNA expression is not directly controlled
by Wnt signalling.

Discussion

Recent studies have suggested that the Wnt/B-catenin/
TCF signalling pathway plays a key role in the estab-
lishment of liver zonation [4,5]. As observations of
B-catenin-deficient liver have indicated, B-catenin-
mediated signalling is essential for both the expression
of pericentral proteins and the repression of peripor-
tal proteins in pericentral hepatocytes. Even though
MAPK signalling has been reported to affect zonation
through the modulation of B-catenin/TCF-dependent
transcription [11], the mechanisms underlying the
establishment of zonation remain largely undefined.
The present study identified Dicer as a novel and
essential component in the establishment of one aspect
of liver zonation, the repression of periportal proteins
in pericentral areas.

The hepatocyte-specific loss of Dicer resulted in
the diffuse expression of proteins that are normally
localized to the periportal areas. On the other hand,
the localization of pericentral proteins was left mostly

J Pathol 2009; 219: 365-372 DOI: 10.1002/path

unaltered. Since pericentral protein expression requires
active. Wnt signalling [4,8,9], the conservation of
pericentral protein expression in Dicer-deficient liv-
ers indicates that the loss of Dicer does not affect
Whnt activity in pericentral hepatocytes. In contrast;
our findings in Dicer-deficient livers suggest that the
repression of periportal proteins by active Wnt sig-
nalling requires Dicer. While the induction of pericen-
tral proteins and the repression of periportal proteins
are coordinated by Wnt signalling, these processes are
regulated independently of each other, and Dicer is
selectively required for the repression of periportal
proteins.

To explore how Dicer is involved in the repres-
sion of periportal proteins, we first tested whether
the expression of Dicer itself was regulated by
P-catenin/TCF; however, the expression of Dicerl
was not altered in f-catenin-deficient livers. The
primary physiological role of Dicer is microRNA
processing  [12,19]. While Dicer has microRNA-
independent functions, such as endogenous siRNA
processing in at least some organs [20,21], Dicer’s
functions are generally thought to be largely medi-
ated by microRNAs. Since microRNA  precursors
are mostly transcribed by RNA polymerase II [22],
some microRNAs might be transactivated by B-
catenin/TCF, resulting in suppression of peripor-
tal genes. Nevertheless, we could not identify any
microRNAs that were down-regulated in B-catenin-
deficient livers. Collectively, these observations imply
that Dicer plays an essential role in the repression of
periportal proteins at some point downstream of B-
catenin/TCF signalling, albeit this effect likely occurs
through an indirect mechanism.

Copyright ©:2009 Pathological Society of Great Britain and Ireland. Published by john Wiley & Sons, Ltd.
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Figure 5. Model of the regulation of zonal gene expression.
B-Catenin/TCF  transactivates  pericentral genes as well as
represses periportal genes. Dicer and microRNAs are essential
for the repression of periportal genes, but are not directly
regulated by B-catenin

The disruption of Dicer did not have a major effect
on the localization of pericentral proteins, but it did
result in the expression of GS in a broader area. This
finding indicates that a suppressive signal mediated
by Dicer is required for the repression of GS in
distal pericentral areas. A previous study reported.that
Toss of Hnf4a also caused aberrant GS expression
[23]. However, the loss of Hnfda resulted in weak
expression of GS in the entire lobule, unlike in Dicer-
deficient livers, and the expression of Hnf4a was not
altered in Dicer-deficient livers [18]. While the loss.of
Dicer and Hnf4a both affected the localization of GS,
these two molecules seem to regulate GS expression
through independent mechanisms.

In summary, the present study shows that Dicer is
required for the establishment of proper liver zonation.
Dicer is essential for the suppression of periportal pro-
teins by Wnt/B-catenin/TCE signalling, albeit neither
Dicer itself nor any individual microRNAs are directly
activated by B-catenin/TCFE. Our results suggest that
Dicer regulates factor(s) that suppress periportal genes
at some point downstream of B-catenin (Figure 5).
However, the individual microRNAs responsible for
the repression of periportal proteins remain elusive
at present. Further studies of individual microRNAs
should help to elucidate the precise mechanisms by
which these factors regulate zonal gene expression in
the liver.
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Abstract Mucosal melanomas: have genetic . alterations
distinct from: those in: cutaneous melanomas; For example,
NRAS- and BRAF-activating mutations occur frequently in
cutaneous melanomas, but not in mucosal melanomas. We
examined 16 esophageal melanomas for genetic alterations
in NRAS, BRAF, and KIT to determine whether they exhibit
genetic features common to melanomas arising from other
mucosal sites. A ‘sequencing analysis identified NRAS
mutations’ in six cases; notably, four of these mutations
were located in exon 1, an uncommon mutation site in
cutaneous: and other mucosal melanomas.. BRAF and KIT
mutations were found in one'case each. Immunohistochem-
istry showed KIT expression in four cases, including the
tumor with a  KIT mutation  and two  other intramucosal
tumors. The low frequency of BRAF mutations. and the
presence. of ‘a KIT mutation-positive case are findings
similar to those of mucosal melanomas of other sites, but
the prevalence of NRAS mutations was even higher than
that of cutaneous melanomas. The present study implies
that esophageal melanomas have genetic alterations unique
from those observed in other mucosal melanomas.

Keywords NRAS - BRAF - KIT- Esophageal melanoma

Introduction

Melanomas' show  distinct patterns: of - genetic alterations
depending on  their sites of origin. The anatomical site-
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specific patternis of genetic alterations have been discussed
in telation fo the extent of ultraviolet exposure. NRAS and
BRAF: are the most. frequently mutated oncogenes in
melanomas. Both mutant: N-Ras ‘and: B-Raf promote
tumorigenesis: through the constitutive -activation of the
MAP kinase pathway. Earlier studies suggested that NRAS
mutations were frequent among melanomas. arising from
sun-exposed skin [1, 2] Subsequently, BRAF-activating
mutations were also identified in a significant proportion of
melanomas. [3]. Curtin et al. analyzed NRAS and BRAF
mutations as well as DNA copy number changes in a large
cohort of melaniomas [4}. They utilized the presence of
solar elastosis as a histological hallmark of chronic sun
exposure and indicated that the majority of melanomas
occurring on skin without chronic sun-induced damage had
either NRAS or ‘BRAF mutations whereas melanomas
arising on skin with chronic sun-induced damage, acral
sites, and mucosal membranes had mostly wild-type NRAS
and BRAF. At the same time, they demonstrated that each
group of melanomas exhibited distinct patterns of DNA
copy number changes.

In addition to NRAS and BRAF mutations, a subset of
melanomas contains KIT mutations [5-7]. Remarkably, the
prevalence of KIT mutations also varies depending on the
site of tumor origin, with the highest prevalence observed
in mucosal melanomas [5]. Thus, genetic alterations  in
melanomas show site/organ-specific patterns and mucosal
melanomas have distinct genetic features. from those: of
cutaneous melanomas.

Esophageal melanomas are exceedingly rare; but highly
aggressive neoplasms [8-10]. Previous: studies have
réported: that ‘melanomas constitute only 0.1-0.3% of all
esophageal tumors [11, 12]. The rarity of this tumor is
reasonable, considering the fact that the esophagus usually
lacks melanocytes [13]. In-addition, the esophagus is not
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exposed to ultraviolet radiation, a major risk factor for
melanomas. Because of the rarity of this lesion, data on
genetic alterations in esophageal melanomas is scarce.
However, the characterization of their genetic: features,
including how: they differ from cutaneous melanomas and
melanomas of other mucosal sites would contribute to. the
understanding. of site/organ-specific: genetic alterations-in
melanomas. Furthermore, considering the development of
specific kinase inhibitors; such information could be critical
for choosing an-appropriate treatment. In this paper, we
present the results of a mutational analysis of NRAS, BRAF;,
and KIT in 16 cases of esophageal melanomas.

Materials and methods

Sixteen ‘surgically resected - esophageal melanomas: wete
examined in the present study (Table 1). The samples were
routinely fixed with 10% formalin and embedded in
paraffin. Five-micrometer-thick sections of each specimen
were stained briefly with hematoxylin and eosin and used
for DNA extraction. The tumor and nontumor areas were
separately dissected using sterilized toothpicks under a
microscope. Tissues obtained from the proper muscle layer
distant from the tumors were used as nontumor: samples.
The dissected samples were incubated in 100 pL of DNA
extraction buffer (50 mmol/L Tris~HCL, pH 8.0, 1 mmol/L

Table 1 Results of mutational analysis and immunohistochemistry

ethylenediaminetetraacetic. acid; 0.5%: (v/v): Tween -20,
200 pg/mL proteinase K) at 37°C overnight. Proteinase K
was inactivated by heating at 100°C for 10 min. The DNA
sarfiples were subjected to polymerase chain reaction (PCR)
directly: or after purification. When required, the samples
were purified using a QIAquick PCR Purification Kit
(Qiagen, ‘Hilden, : Germany). PCR - was - performed" for
3 'min at 95°C for initial denaturing, followed by 35 or 40
cycles at 94°C for 155, 58°C for 20 s, and . 72°C for 60 s
and a final extension at 72°C for 5 min. The primers.that
were used are listed in Table 2. The PCR products were
electrophoresed in a 2% (w/v) agarose gel, visualized under
UV light with' ethidium' bromide staining, and recovered
usinga: QTAquick Gel Extraction’ Kit (Qiagen). Isolated
PCR products were sequenced bidirectionally. on'. an
Applied Biosystems 3130 Genetic Analyzer (Applied
Biosystems, Foster, CA, USA) using the same primers
used for amplification. Each experiment, including' DNA
extraction, was done at least twice.

Immunohistochemical staining was performed using the
avidin-biotin complex method. The primary antibody used
was polyclonal anti-KIT (A4502; 1:100 dilution; Dako,
Denmark). 3-3’-Dianminobenzidine  tetrahydrochloride was
used as a chromogen. The sections were counterstained with
hematoxylin. Mast cells in the sections were used as positive
controls. For negative controls, the tissue was processed in the
same way but the primary antibody was omitted. The staining

Case no. ‘Age/sex = Depth of invasion BRAF NRAS KIT. KIT'IHC
Nucleotide - Amino- -~ Nucleotide .. -Amino .~ Nucleotide .. Amino
acid acid acid
1 62/M Mucosa = = = +++ (membranous)
2 67/M Mucosa = = = +++ (membranous)
3 48/M Submucosa = = - =
4 SUE Submucosa = Al183T Q61H - =
5 64/M Submucosa = = - -
6 67/M Submucosa = = = =
7 72/M Submucosa = G35C GI12A = =
8 73IM Submucosa = = - -
9 48/M Muscularis propria = — = C1727T L576P ' +++ (cytoplasmic)
10 68/M Muscularis propria = T1799A V600E - — = =
11 69/M Muscularis propria: = = G34C GI2R = =
12 70M Muscularis propria. . — G38C GI3A = =
13 63/M Adventitia = Al83T Q6iH = =
14 64/M Adventitia = - = =~
5 68/M Adventitia - G37C GI3R: =
16 7U/M Adventitia = = = ++ (membranous)

1HC immunohistochemistry
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Table 2. Primers used in the present study

Forward primer

Reverse primer

BRAF exonl5 TGTTTGCTCTGATAGGAAAATG CTGATGGGACCCACTCCAT

NRAS exon | CAGGTTCTTGCTGGTGTGAAATGACTGAG CTACCACTGGGCCTCACCTCTATGG
NRAS exon 2 ' AACAAGTGGTTATAGATGGTGA CGTTAGAGGTTAATATCCGCA

KIT exon 11 TTTCCCTTTCTCCCCACAG AAAGCCCCTGTTTCATACTGAC
KIT exon 13 TGCTAAAATGCATGTTTCCAAT CAGCTTGGACACGGCTTTAC

KIT exon 17 TTTCTTTTCTCCTCCAACCTAA TGTCAAGCAGAGAATGGGTACT

results were evaluated based on the ‘amount of immuno-
positive tumor cells as follows: — [<5%], + [5-25%], ++ [25-
75%], #++ [>75%); When KIT is expressed; the staining
intensity and the subcellular localization were also evaluated.

Results

The results of the mutational analysis are summarized .in
Table 1. A BRAF mutation was found in one case, while
NRAS mutations were observed in six cases (Fig. 1). Four
of six NRAS mutations were located in exon 1;and all these
mutations were G to C transversions. All BRAF and NRAS
mutations. were missense mufations that had been previ-
ously identified as being oncogenic. A missense KIT
mutation was observed in one case. The mutation affected
the juxtamembrane domain of KIT. The wild-type sequence
signal was very low for this mutation, suggesting that it was
a homozygous mutation. All samples from nontumor areas
showed wild-type sequences, indicating the somatic nature
of the mutations. All the mutations that were observed were
mutually exclusive.

Immunohistochemistry showed no or only focal and
equivocal KIT expression in 12 cases (Fig. 2a). The case
with the KIT mutation showed strong cytoplasmic expression
(Fig. 2b), and another case showed heterogeneous staining
with approximately 70% of the area exhibiting moderate
membranous expression (Fig. 2c¢). Based on the heteroge-
neous KIT expression, we performed an additional muta-
tional analysis. The KIT-positive and KlT-negative arcas
were separately subjected to sequencing analysis, but no K/IT
mutations were observed in either sample. Two early-stage
melanomas limited to the mucosal layer exhibited strong and
diffuse membranous KIT expression (Fig. 2d).

Discussion

NRAS and BRAF mutations are the most common genetic
alterations in melanomas. An extensive literature review by
Hocker and Tsao reported overall mutation rates of 26% for
NRAS and 42% for BRAF in cutaneous melanomas [14]. In

contrast, several studies concurred that these mutations are
significantly less prevalent in mucosal® melanomas. with
reported frequencies of 5-14% for NRAS and 0-10% for
BRAF [2, 4, 15=17].

Our results showed that BRAF mutations: are uncommon
among esophageal melanomas as in mucosal melanomas of
other organs. Unexpectedly; however, six of the 16 melano-
mas were found to harbor NRAS-activating mutations. While
our series may not be sufficiently large to determine the
mutational frequency conclusively; the prevalence of NRAS
mutation-positive cases in the present series was even higher
than that observed in cutaneous melanomas. Notably, four of
the six mutations were located in exon | of NRAS and all
these mutations were G to C transversions. This finding is
intriguing as NRAS mutations in melanomas predominantly
affect codon 61 within exon 2 and G to C transversion is a
rare type of mutations for these sites [14].

Furthermore, previous studies showed that a few
recutrent mutations are responsible for the vast majority
of NRAS mutations in melanomas. The literature review by
Hocker and Tsao showed that three mutations, G35A,
C181A, and A 182G, accounted for 82% of NRAS mutations
of the 255 substitutions at the NRAS locus [14]. However,
surprisingly, none of the six mutations identified in this
study were identical to these most common NRAS muta-
tions. These observations suggest that esophageal melano-
mas have a high frequency of NRAS mutations with a
unique mutation spectrum. '

Our literature review identified only one study analyzing
NRAS and BRAF mutations in esophageal melanomas. Wong
et al: examined three cases of esophageal mielanomas, two of
which had NRAS-activating mutations affecting codons 12
and 61, respectively [17]. On the other hand, only two BRAF
and three NRAS mutations were identified in 33 mucosal
melanomas arising outside of the esophagus in their series.
While the number of subjects in their study was small, their
result is consistent with our finding that esophageal
melanomas have a high prevalence of NRAS mutations.

A KIT mutation was identified in one case, indicating
that a subset of esophageal melanomas harbor KIT-
activating mutations as in other mucosal melanomas. An
identical mutation has been reported in . gastromtestinal
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Fig. 1 Representative mutations
of BRAF, NRAS, and KIT in
esophageal melanomas.
Heterozygous BRAF V600E and 25
NRAS G13R mutations and
homozygous P576L KIT

: Tumor
mutation are shown

Wild-type

stromal tumors and anal melanomas [7, 18], and this
mutation has been shown to be associated with a sensitivity
to dasatinib and imatinib, inhibitors of SRC/ABL and KIT
[7]. While the frequency of this mutation was not high in
the present series, the identification of a K/T mutation is
important, since it provides an immediate therapeutic
application. Indeed, the successful treatments of melanomas
with KIT mutations by imatinib have been recently reported
[19, 20].

Of note, the case with the KIT mutation also exhibited
the strong expression of KIT protein, whereas the majority
of the mutation-negative melanomas did not express KIT,
as determined using immunohistochemistry. This finding
agrees with the results of previous studies on mucosal
melanomas of other sites and suggests that immunohisto-
chemistry is useful for excluding KI/T mutation-negative

Fig. 2 KIT expression in esoph-

ageal melanomas. a This case a
lacks KIT expression. Few mast

cells show positive staining

(arrowheads; case 13). b Tumor :
cells show diffuse cytoplasmic -
staining (case 9). ¢ An area of the
tumor cells shows membranous
expression (case 16). d Tumor
cells proliferating within the
epithelial layer show
membranous expression (case 2)

@ Springer

BRAF NRAS KIT
Case 10: V60OOE Case 12: G13R Case 9: P576L
G ge : (‘GG "BGIGT G CAACTTI CCT T
97 29 36 120 12

cases prior to genetic testing [6, 7]. We also found KIT
expression in two early-stage tumors. The expression of
KIT in early-stage cutaneous melanomas has also been
previously reported [21, 22]. Since non-neoplastic melano-
cytes express KIT, the expression of KIT in early-stage
melanomas might be regarded as the retention of physio-
logical expression in melanocytes [21]. Overall, our
observations suggest that immunohistochemistry for KIT
may be useful for prescreening KIT mutation-positive cases
among advanced esophageal melanomas.

The present study indicates that esophageal melanomas
have a high frequency of NRAS mutations unlike mucosal
melanomas of other sites. Furthermore, the mutational
spectrum of NRAS is distinct from those commonly
observed in melanomas. Even among mucosal melanomas,
the patterns of genetic alterations are likely distinct between
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differing sites of origin. Our observations also suggest that
not only the degree of ultraviolet exposure, but also organ-
specific factors may significantly influence the mutational
spectrum in melanomas;
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Upon completion of this activity you will be able to:

o define the World Health Organization criteria for the histologic grading
of the differentiation of colorectal carcinoma.

e discuss the role of examination of the invasive front of colorectal
carcinoma for tumor budding and how this may pertain to prognosis.

e discuss the potential application of immunohistochemical staining for
CXCL12 to highlight tumor budding in colorectal carcinoma.

Abstract

The present study investigated the protein
expression level of CXCLI2 in colorectal cancer and
aimed to elucidate its association with prognosis.
CXCLI12 positivity in 50% or more of tumor cells
was defined as high expression and that in less than
50% of the tumor cells as low expression. CXCLI12+
tumor budding at the invasive front was divided into
2 grades: high with 10 or more budding foci per
%200 field of view and low grade with fewer than 10
budding foci. Patients with high expression (72.7%)
and high grade CXCL12+ tumor budding (43.0%)
had significantly shorter survival than patients with
low expression (P = .014) and low grade (P = .003),
respectively. Patients with a combination of high
expression and high grade had the worst outcome
(P <.001). Our study demonstrated that CXCL12
expression in colorectal cancer cells and at sites
of budding were significant prognostic factors.
Furthermore, together with lymph node metastasis,
a combination of both expression patterns was a
more powerful independent prognostic factor.
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Several studies have revealed that the establishment
of metastasis is the final outcome of a series of phenomena
including tumor cell deposition in distant organs, clonogenic
growth, and angiogenesis. These processes are fundamental for
tumor cell survival and tumor metastasis and are regulated by
interactions of cancer cells with the host microenvironment.!-
The CXC chemokine ligand-12 (CXCL12), stromal cell
derived factor-1, is a member of the CXC chemokine fam-
ily, which has been initially cloned from murine bone mar-
row and characterized as a pre B-cell growth-stimulating
factor.#® CXCL12 exerts effects through its physiologic
cognate receptor, CXC chemokine receptor 4 (CXCR4), and
is known to have roles in chemotaxis,” hematopoiesis,® and
angiogenesis.”!? In addition, CXCR4 is involved in tumor
cell homing to specific organs and in tumor progression.'!-!3
CXCL12/CXCR4 also has a critical role in determining the
metastatic destination of breast cancer cells.!” It is also evident
that some CXCR4+ tumors, including colorectal cancer,'-!3:14
exhibit marked malignant behavior.!%!%:16 So far, few studies
have focused on chemokine expression in cancer cells,'”?!
and little is known about the clinicopathologic significance of
CXCL12 expression in patients with colorectal cancer.

In this study, we attempted to evaluate the clinicopathologic
significance of CXCLI2 expression in patients with colorectal
cancer by using immunohistochemical analysis together with
examination of conventional histopathologic features.

Materials and Methods

Between 1996 and 1997 at the National Cancer Center
Hospital, Tokyo, Japan, 165 patients underwent surgery for
primary colorectal carcinoma, including 100 colon (60.6%)

© American Society for Clinical Pathology



and 65 rectal (39.4%) cancers. Sample selection was restricted
to consecutive cases diagnosed as stages II and IIT according
to the International Union Against Cancer TNM classifica-
tion.?? Of the 165 cases, 72 (43.6%) were classified as stage
IT and 93 (56.4%) as stage III; 116 cases (70.3%) were T2-3,
and 49 were T4 (29.7%).

All patients underwent curative resection, defined as
the removal of gross cancer and the demonstration of tumor-
negative surgical margins by histopathologic examination of
the total circumference. No patients received preoperative
chemotherapy, and all patients were free of distant visceral
metastases. The patients comprised 101 men and 64 women,
ranging in age from 32 to 93 years (mean — SD, 61.8 — 11.2
years). Postsurgical follow-up studies were completed for
all patients, with follow-up periods ranging from 3 to 2,544
days (median, 1,844 days). Postsurgical recurrence was diag-
nosed by ultrasonography and computed tomography. This
study was approved by the National Cancer Center Ethics
Committee, Tokyo, Japan.

All available routinely processed, formalin-fixed, and
paraffin-embedded blocks of colorectal carcinoma were
obtained. Sections containing the maximum diameter of the
tumor were used in the present study. Age, sex, tumor loca-
tion, tumor size, macroscopic type, depth of tumor invasion,
tumor differentiation, tumor budding grade by H&E staining,
lymphatic vessel invasion, blood vessel invasion, lymph node
metastasis, liver metastasis, and lung metastasis were sub-
jected to statistical analyses ATable 10.

The grade of tumor differentiation was decided on the
basis of the predominant component in the tumor according
to the World Health Organization classification: the percent-
age of the tumor showing formation of gland-like structures
can be used to define the grade; well differentiated (grade
1) lesions exhibit glandular structures in more than 95% of
the tumor; moderately differentiated (grade 2) adenocarci-
noma has 50% to 90% glands; poorly differentiated (grade 3)
adenocarcinoma has 5% to 50%; and undifferentiated (grade
4) carcinoma has less than 5%. Mucinous adenocarcinoma
and signet-ring cell carcinoma, by convention, are considered
poorly differentiated (grade 3).23

The existence of tumor budding at the invasive front was
also evaluated. The invasive front in this study was defined as
all regions of the border area between the primary tumor and
interstitium in the submucosa, muscularis propria, subserosa,
or nonperitonealized pericolonic/perirectal tissues. In accor-
dance with previous studies, an isolated single cancer cell or a
cluster composed of fewer than 5 cancer cells observed in the
stroma of the actively invasive region was defined as a bud-
ding focus.2*2® After reviewing the H&E-stained slides from
each case, a field where the budding foci were most intense
was selected. The number of budding foci was counted using
a 20x microscope objective, giving a final magnification of
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%200. A count ranging from 0 to 9 budding foci per field was
designated as low grade and a count of 10 or more as high
grade, in accordance with previous studies.?*26

Immunohistochemical Studies

After deparaffinization, all sections were pretreated in
citrate buffer (10 mmol/L, pH 6.0) at 121 C for 10 minutes for
antigen retrieval. Endogenous peroxidase was blocked with
0.3% hydrogen peroxide in methanol for 20 minutes. The sec-
tions were then incubated with anti-CXCL12/SDF-1 mono-
clonal antibody (0.5 ng/mL; R&D Systems, Minneapolis,
MN) at 4 C overnight. The immunostained sections were
washed with phosphate-buffered saline and processed with an
EnVision+ kit (DakoCytomation, Carpinteria, CA) in accor-
dance with the manufacturer s instructions. Immunoproducts
were visualized by using diaminobenzidine tetrahydrochlo-
ride, and the sections were counterstained with hematoxylin.
As an internal positive control for CXCL12 staining, the
immunopositivity of normal colorectal epithelia adjacent to
the tumors and endothelial cells of blood vessels was used.
Intensity of positive staining in tumor cells that was the same
as or more than that in normal colorectal epithelia was con-
sidered positive. Sections from each paraffin block were used
as negative control samples by replacing the primary antibody
with normal mouse immunoglobulin. After immunohis-
tochemical analysis, the tumors were categorized according to
the ratio and localization of immunopositive tumor cells in the
sections containing the maximum tumor diameter.

We examined the relationship between the CXCL12
positivity rate in tumor cells and various clinicopathologic
factors and found that a cutoff value of 50% was the most
powerful discriminatory factor. Accordingly, a cutoff index
of 50% was selected for our study. When the proportion of
tumor cells positive for CXCL12 was 50% or more, the tumor
was defined as showing high CXCL12 expression, whereas
tumors in which fewer than 50% of the cells were positive
were defined as showing low CXCL12 expression.

In addition, CXCL12 expression in foci of tumor bud-
ding at the invasive front was quantified and scored by the
same method as for evaluation of tumor budding grade
using H&E-stained sections. After scanning each CXCL12-
immunostained slide, a field where immunopositivity in the
budding foci was the most intense was selected, and the
number of CXCL12+ budding foci was counted at X200 mag-
nification. For all histopathologic variables, each macroscopic
record and microscopic slide was analyzed by 2 experienced
pathologists (Y.A.-F. and Y.N.) to reach a consensus.

Statistical Analysis

The relationships between clinicopathologic character-
istics and the number of immunopositive tumor cells were
analyzed by variance tests when appropriate. The y? test was
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used to analyze variables such as sex, tumor location, depth
of tumor invasion, tumor differentiation, tumor budding grade
assessed by H&E staining, lymphatic vessel invasion, blood
vessel invasion, lymph node metastasis, liver metastasis, and
lung metastasis. The Student 7 test was used for statistical
comparisons of variables such as age and tumor size, and
the Mann-Whitney U test was applied to compare the vari-
ables of macroscopic type. Survival was measured from the
date of surgery to the end of the follow-up period or death.
Overall survival curves were determined by using the Kaplan-
Meier method and were analyzed by using thelog-rank test.
Univariate and multivariate survival analysis was performed

ITable 11

by using the Cox proportional hazards regression model with
the StatView, version 5.0 software package (SAS Institute,
Cary, NC), in a stepwise manner.

Results

Expression of CXCL12 in Colorectal Cancer

Immunoreactivity of CXCL12 was observed in the cell
membrane and/or cytoplasm of tumor cells Bimage 1Al The
endothelial cells of blood vessels and normal intestinal epithelia,
especially in the middle to upper third portion of the crypt,

Correlation of CXCL12 Expression With Clinicopathologic Features”

CXCL12 Expression

CXCL12+ Tumor Budding Grade

CXCLI12 Expression
and Tumor Budding Grade

Low High Low High Others High Expression With
Variable (n=45) (n=120) P m=94) (n=71) B (n=99) High Grade (n=66) P
Age (y) 629+127 61.4+10.7 .319 61.9+115 616+11.0 .778 624 +11.5 60.9+108 .346
Sex .986 192 .096
Male 27 74 53 48 55 46
Female 18 46 41 23 44 20
Tumor location 1625 622 .625
Colon 25 75 b9 41 62 38
Rectum 20 45 35 30 37 28
Maximum tumor 4.7 £2.1 5.1+£1.9 155 BelEE 2.1 477+ 1.6 232 5.0 211 48+ 16 .589
diameter (cm)
Macroscopic type' .943 256 .287
1 3 9 10 2 10 2
2 42 109 84 67 89 62
3 0 2 0 2 0 2
4 0 0 0 0 0 0
Tumor depth? .001 <.001 <.001
2,113 40 76 78 38 81 35
T4 b 44 16 33 18 31
Tumor differentiation® >.999 >.999 >.999
Grade 1/2 44 116 91 69 96 64
Grade 3/4 1 4 3 2 3 2
Tumor budding grade .013 <.001 <.001
(H&E staining)
Low 36 69 78 27 80 25
High 9 51 16 44 19 41
Lymphatic vessel invasion .984 324 .559
Present 36 94 71 59 76 54
Absent 9 26 23 12 23 12
Blood vessel invasion >.999 .096 .150
Present 29 79 56 b2 60 48
Absent 16 41 38 19 39 18
Lymph node metastasis A1 .003 .022
Present 29 67 45 51 50 46
Absent 16 53 49 20 49 20
Liver metastasis .044 101 .052
Present 1 18 7 12 7 12
Absent 44 102 87 59 92 54
Lung metastasis .071 .030 .014
Present 1 16 B 12 5 12
Absent 44 104 89 59 94 54

* Data are given as number of cases or mean — SD. P values were calculated by using the Mann-Whitney U test for age and maximum tumor diameter, the Student 7 test for

macroscopic type, and the % test for all others.

According to the World Health Organization classification: 1, polypoid; 2, ulcerating circumscribed; 3, ulccrating infiltrative; 4, diffusely infiltrative.

According to the Intemational Union Against Cancer TNM classification: T2, tumor invades the muscularis propria; T3, tumor invades through the muscularis propria into the
subscrosa or into nonperitoncalized pericolic or perirectal tissues; T4, tumor directly invades other organs or structures and/or perforates the visceral peritoncum.

According to the World Health Organization classification: grade 1, well-differentiated adenocarcinoma; grade 2, moderately differentiated adenocarcinoma; grade 3, poorly
differentiated adenocarcinoma, mucinous adenocarcinoma, and signet-ring cell carcinoma; grade 4, unditferentiated carcinoma.
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were also positive for CXCL12. In addition, fibroblasts adja-
cent to cancer cells, as well as normal areas, were weakly
positive, but their expression was significantly weaker than
that of tumor cells. CXCL12 staining was localized diffusely
or patchily, and CXCL12 was often expressed in tumor buds
at the invasive front llmage 1BIL.

The mean — SD proportion of CXCL12+ tumor cells
was 60.8% — 27.3%. Of the 165 cases, 120 (72.7%) exhibited
immunopositivity in 50% or more of the cancer cells.

Patients whose tumors had high CXCL12 expression had
significantly shorter survival than patients whose tumors had
low CXCL12 expression (P = .014 and P = .005, overall and
recurrence-free survival rates, respectively; log-rank test) IFig-
ure 10. The correlations between the percentage of CXCL12
immunopositivity and clinicopathologic findings are shown
in Table 1. The percentage of CXCL12 immunopositivity was
correlated with the depth of tumor invasion, tumor budding
grade determined by H&E staining, and liver metastasis.

The results of univariate analysis using the Cox propor-
tional hazards model are shown in #Table 20. CXCL12 expres-
sion was found to be a significant prognostic factor for overall
and recurrence-free survival, together with depth of tumor
invasion, tumor budding grade by H&E staining, and lymph
node metastasis. In addition, blood vessel invasion was found
to be a significant predictive factor for recurrence, whereas
lymphatic vessel invasion tended to be predictive of recur-
rence. Multivariate analysis using the Cox proportional hazards
model revealed that the percentage of CXCL12 immunoposi-
tivity and lymph node metastasis were independent prognostic
factors for overall and recurrence-free survival BTable 38,
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IFigure 10 Kaplan-Meier survival curves of patients with
colorectal carcinoma subdivided according to the proportion
of tumor cells expressing CXCL12 (P = .014; log-rank test).

Grade of CXCLI12 Immunopositivity in Foci of Tumor
Budding

Of the 165 cases, 71 (43.0%) were defined as high
grade, and the survival of the patients was significantly
shorter than that of patients with low-grade tumors (P =
.003 and P < .001, overall and recurrence-free survival
rates, respectively; log-rank test) EFigure 28. The number
of CXCL12+ budding foci was correlated with the depth of
tumor invasion (P < .001), tumor budding grade by H&E

5 : ] L [ 2,
] a
2 Wy i’
ies c [
5 -
14 \ ¢
3 L1
=
-
‘\
\ A y v 4
- e & (8
. 3 N
- S e
5 of *,
at <
% § = “
s ¢ . 3
. -] o r..‘,:’ 0
/ d < “ > - )
tiy ¢ / { ¢ =) - 2
4 S Py
- - o % 0 .
! - ¥ -
= te
« ¢ =5 > Ny e 3
N % - @
.
.
) -
A % i

HImage 18 Immunohistochemical studies of CXCL12 in colorectal carcinoma. A, CXCL12 expression was observed in the cell
membrane and cytoplasm of colorectal tumor cells. In this case, almost all tumor cells expressed CXCL12 (x45). B, CXCL12
expression was intense in tumor budding foci at the invasive front (x230).
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IFigure 20 Kaplan-Meier survival curves of patients with
colorectal carcinoma subdivided according to the grade of
CXCL12+ tumor budding (P = .003; log-rank test).

staining (P < .001), lymph node metastasis (P = .003), and
lung metastasis (P = .030) (Table 1). Univariate analysis
using the Cox proportional hazards model revealed that the
grade of CXCLI12-immunopositive tumor budding was a
significant prognostic factor (Table 2). Multivariate analy-
sis using the Cox proportional hazards model revealed that
only lymph node metastasis was an independent prognostic
factor for overall survival and that CXCL12+ tumor bud-
ding grade was not an independent factor for overall or
recurrence-free survival ITable 41.

Combination of CXCL12 Expression and CXCL12+
Tumor Budding Grade

Patients with high CXCL12 expression and high-grade
tumors had significantly shorter survival than patients with
other combinations (P < .001 and P < .001, overall and
recurrence-free survival rates, respectively; log-rank test)
#Figure 30. This combination was correlated with the depth
of tumor invasion (P < .001), tumor budding grade by H&E

ETable 21

Univariate Cox Proportional Hazards Analysis for the Candidate Variables”

Overall Survival

Recurrence-Free Survival

Prognostic Factor HR 95% CI P HR 95% CI P
CXCL12 expression 3.992 1.210-13.167 023 3.991 1.420-11.219 .009
CXCL12+ tumor budding grade 3.036 1.420-6.493 .004 3.140 1.619-6.091 .001
CXCL12 expression and CXCL12+ 3.540 1.655-7.574 .001 3.659 1.886-7.098 <.001
tumor budding grade
Age 1.013 0.538-1.906 .969 0.949 0.464-1.941 .885
Sex ‘ 1.139 0.609-2.133 .684 1.855 0.826-4.168 134
Tumor location 1.118 0.573-2.430 .653 1.139 0.609-2.133 .684
Tumor size 1119 0.546-2.293 .760 0.889 0.478-1.654 711
Macroscopic type 0.977 0.278-3.429 .970 1.218 0.382-3.885 .740
Tumor depth (T2, T3 vs T4) 2.375 1.158-4.867 .018 2.442 1.312-4.544 .005
Tumor differentiation (grade 1/2 0.406 0.097-1.706 219 0.556 0.134-2.307 419
vs grade 3/4)
Tumor budding grade (H&E staining) 2.663 1.292-5.486 .008 2.230 1.198-4.150 .011
Lymphatic vessel invasion 2.032 0.709-5.824 .187 2.789 0.992-7.839 .052
Blood vessel invasion 2.081 0.893-4.853 .090 2.516 1.1569-5.463 .020
Lymph node metastasis 5.454 1.902-15.639 .002 3.326 1.632-7.222 .002
HR, hazard ratio; CI, confidence interval.
* For descriptions of macroscopic type, tumor depth, and tumor differentiation, sce the footnotes for Table 1.
ITable 31
Multivariate Cox Proportional Hazards Analysis for the Candidate Variables
Overall Survival Recurrence-Free Survival
Prognostic Factor ) HR 95% ClI P HR 95% CI P
CXCL12 expression 4.138 1.209-14.168 .024 4.084 1.404-11.878 .010
Tumor depth” 1.332 0.621-2.856 462 1.393 0.724-2.682 .321
Tumor budding grade (H&E staining) 1.354 0.616-2.975 451 1.117 0.567-2.200 .750
Lymphatic vessel invasion 1.047 0.323-3.398 2939 1.576 0.516-4.810 424
Blood vessel invasion 1.179 0.461-3.019 731 1.635 0.657-3.5682 .322
Lymph node metastasis 5.063 1.654-15.493 .005 2.781 1.200-6.444 .017

HR, hazard ratio; CI, confidence interval.
* For description, sce the footnotes for Table 1.
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