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Abstract
Purpose Autotaxin (ATX) is molecularly identical to
lysophospholipase D (lysoPLD) and is a main enzyme
producing lysophosphatidic acid (LPA), which mediates a
broad range of cellular responses including stimulation of
cell motility.
Patients and Methods Using immunohistochemical stain-
ing, we examined the expression of ATX/lysoPLD in 98
cases of early colorectal cancer with submucosal invasion.
ATX/lysoPLD was highly expressed in infiltrating cells in
tumor tissue in the submucosal layer, which were charac-
terized as mast cells.
Results The number of ATX/lysoPLD-positive cells was
significantly greater in tumors with a macroscopically
depressed lesion than in tumors without depression. The
density of ATX/lysoPLD-positive cells tended to have a
positive correlation with microvessel vascular density
(MVD), while it was not correlated with vessel invasion
and nodal metastases as well as lymphovascular vessel
density (LVD).
Conclusion Our results suggest that local production of
LPA through ATX/lysoPLD may weakly correlate with
formation of a depressive lesion and tumor angiogenesis in
the early stage of colorectal cancer.
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Introduction

The autocrine motility theory, that tumor cells with high
malignant potential secrete a factor that promotes their own
motility, and acquire high permeation and metastatic
potential, was advocated by Liotta [1]. Such autocrine
motility function has thus far been detected for insulin-like
growth factor-II (IGF-II) [2], hepatocyte growth factor
(HGF) [3], and autotaxin (ATX) [4]. ATX was originally
isolated from a melanoma cell (A-2058) supernatant as a
125 kD glycoprotein that stimulates tumor cell motility in a
pertussis toxin-sensitive manner by Stracke [5]. ATX is
synthesized as a transmembrane propeptide with a short
intracellular tail, and the extracellular peptide includes four
potential N-linked glycosylation sites, a proteolytic cleav-
age site, two adjacent somatomedin B-like domains of
vitronectin with a putative plasminogen activator inhibitor
(PAI) binding site, a phosphodiesterase catalytic domain,
arginine-glycine-aspartic acid (RGD) tripeptide motifs and
a loop region of a calcium-binding EF-hand domain. The
phosphodiesterase catalytic activity of ATX and dephos-
phorylation of Thr210 appear essential for the motility
function of ATX [6]. Moreover, ATX is homologous to a
family of exo/ecto nucleotide-pyrophosphatase phospho-
diesterases (NPPs) that includes the B cell activation
marker, PC-1, the neural differentiation antigen, B10 [7],
the brain-type PDE I-nucleotide pyrophosphatase gene 2,
PD-Iα [8], and the rat neural differentiation antigen,
bp130RB13-6 [9]. Recombinant ATX (r-ATX) shows
potent motility-stimulating activity in several tumor cell
lines derived from human breast cancer (MBA-NB231)
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[10], prostate carcinoma (PC-3) [11] and neuroblastoma
(SF295) [12]. Moreover, Nam et al. demonstrated that ATX
modulates angiogenesis both directly and indirectly, sug-
gesting that ATX could contribute to the metastatic cascade
through multiple mechanisms [13]. These facts suggest that
ATX may have critical roles in tumor invasion and
metastasis.

Recently, molecular cloning of lysophospholipase D
(lysoPLD) revealed that this enzyme was identical to ATX
[14, 15]. LysoPLD is the main enzyme producing lysophos-
phatidic acid (LPA, 1- or 2-acyl-sn-glycero-3-phosphate)
from lysophosphatidylcoline (LPC), which is abundant in
plasma and serum [16, 17]. LPA, the simplest glycero-
phospholipid, mediates a broad range of cellular
responses of smooth muscle contraction, platelet aggre-
gation, neurite retraction/cell rounding, regulation of
proliferation, protection from apoptosis, and modulation
of chemotaxis and transcellular migration [18, 19]. These
facts raise the possibility that the effect of ATX to
stimulate tumor motility may be, at least in part, dependent
on LPA [20].

ATX/lysoPLD is widely expressed in brain, placenta,
intestine, and ovary [21, 22]. We have recently found that
submucosal mast cells in the gastrointestinal tract highly
express ATX/lysoPLD, which might play various roles in
the pathophysiology of gastrointestinal diseases [23]. In the
present study, we hypothesized that mast cells expressing
ATX/lysoPLD may play positive roles in cancer invasion
and metastases, and assessed the distribution of ATX/
lysoPLD immunohistochemically using a specific mono-
clonal antibody. In this study, we selected early colon
cancer tissues with submucosal invasion, since those tissues
are considered to reflect the initial phase of cancer invasion.

Patients and Methods

Patients and Specimens

Between March 1990 and October 2006, a total of 98
patients with submucosal invasive colorectal cancer
underwent surgical resection and systematic lymph node
dissection at the Department of Surgical Oncology, The
University of Tokyo, Tokyo, Japan. Patients who under-
went local excision without lymph node dissection, and
those with synchronous advanced colorectal cancer,
ulcerative colitis or familial polyposis were excluded
from this study. All patients had curative resection and
none of them received adjuvant chemotherapy.

The resected specimens were immediately fixed in 10%
buffered formalin and the entire cancerous lesion was cut
into step-wise sections and embedded in paraffin. In order
to confirm the existence of risk factors, the median number

of serial sections cut from each cancerous lesion was 6
(range, 1-24). Conventional pathological diagnosis of the
primary lesion and dissected lymph nodes was performed
on hematoxylin and eosin (H.E.)-stained sections. ATX/
lysoPLD expression in the submucosal layer was examined
by immunohistochemical staining. Moreover, the risk
factors for lymph node and distant metastasis were assessed
in greater detail by the following methods.

Histopathological Characterization (Table 1)

Histological type and macroscopic appearance were deter-
mined according to World Health Organization classifica-
tions. Macroscopically, we defined the depressed lesion as a
tumor showing either a purely depressed lesion or depres-
sion within elevated lesion. Moreover, the tumor with
depression was classified into pure depressed type, which is
defined that the depression is formed by a reduction in the
thickness of the neoplastic mucosa, and ulcerated type by
examining the specimens of the tumor microscopically.
Depth of submucosal invasion was defined as the distance
determined by microscopic observation of specimens using
an optical micrometer (Olympus, Tokyo, Japan). The
method for measurement of submucosal invasion depth
was described by Kitajima et al. [24]. To examine risk
factors such as lymphovascular invasion, microvascular
density and tumor budding, five 3-μm-thick sections from
each paraffin block were used in the present study. The first
section was stained with H.E., and the next section was
used for Victoria blue elastic fiber staining. This staining
visualized elastic fibers in the venous wall, and was used to
examine venous invasion. The third section was used for
immunostaining for D2-40 to examine lymphatic invasion
and lymphatic vessel density (LVD). The fourth section was
used for immunostaining for CD34 to examine microvessel
density (MVD). The last section was stained with anti-
cytokeratin antibody CAM5.2 for histological confirmation
of the presence of tumor budding.

Lymph Nodes

A total of 1,599 lymph nodes were dissected from the 98
patients. The mean number of lymph nodes dissected per
patient was 16.3 (range, 1-60). Lymph nodes were routinely
examined in one H.E section through the center of each
lymph node. Based on a previous study that demonstrated
that staining of a total thickness of 27 μm staining was
sufficient to detect lymph node micrometastasis in colorec-
tal cancer [25], we examined three 10-μm-thick sections
from each paraffin block of lymph nodes by immunohis-
tochemical technique in the present study. The immunohis-
tochemical method using anticytokeratin antibody CAM5.2
is described below.
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ATX/lysoPLD Immunohistochemical Staining
and Assessment

Rat anti-ATX/lysoPLD monoclonal antibodies (2A12, 4F1)
were generated by immunization of a rat with a polypeptide
(amino acid 58-182 of human autotaxin) at the Graduate School
of Pharmaceutical Sciences, The University of Tokyo, Tokyo,
Japan [26]. The specificity and immunoreactivity of these
mAbs in tissue sections were evaluated previously [27, 28].
The antibodies against ATX/lysoPLD were used at a dilution
of 1:50. The method of immunohistochemical staining was
described previously [23]. Because Mori et al. reported that a
large number of positive cells were detected in the mesen-
chymal area in the submucosal layer, we counted ATX/
lysoPLD-positive cells in five different fields of the submu-
cosal layer selected at random, under a microscope (expressed

as number per x200 field). The mean value of the five fields
for each case was used as an index of ATX/lysoPLD-positive
cells.

Assessment of Microvascular Vessel Density (MVD)
and Lymph Vascular Vessel Density (LVD)

The anti-human lymphatic endothelial cell antibody D2-40
(Signet, Detham, MA, USA) was used at a dilution of 1:100,
and the anti-human small-vessel endothelial cell antibody
CD34 (BI-3C5, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) was used at a dilution of 1:200. MVD and LVD were
assessed by countingmicrovessels immunostained for CD34 or
D2-40 antigen under a light microscope based on the standard
method for MVD assessment proposed by the First Interna-
tional Consensus [29, 30]. Initially, the CD34- or D2-40-

Table 1 Clinicopathological features in submucosal invasive colorectal cancer

Gender Male 67 (68.4%)

Female 31 (31.6%)

Age (years; mean ± SD) 63.6±10.2

Size of tumor (mm; mean ± SD) 23.3±14.3

Location of tumor Cecum 3 (3.1%)

Ascending colon 13 (13.3%)

Transverse colon 14 (14.3%)

Descending colon 2 (2.0%)

Sigmoid colon 39 (40.0%)

Rectum 27 (27.6%)

Macroscopic appearance Pedunculated 51 (52.0%)

Sessile 47 (48.0%)

Macroscopic depression Present 34 (34.7%)

ulceration type 27

pure depression type 7

Absent 64 (65.3%)

Degree of differentiation Well differentiated 84 (85.7%)

Moderately differentiated 13 (13.3%)

Poorly differentiateda 1 (1.0%)

Lymphatic invasion Absent 81 (82.7%)

Present 17 (17.3%)

Venous invasion Absent 56 (57.1%)

Present 42 (42.9%)

Tumor budding Absent 43 (43.9%)

Present 55 (56.1%)

Lymph nodes metastasis pN0 67 (68.4%)

ITCs (pN0i(-) and pN0i(+)) 16 (16.3%)

pN1mi 2 (2.0%)

pN1 12 (12.2%)

pM1(LYM) 1 (1.0%)

Depth of submucosal invasion (μm; mean ± SD) 3200±1900

a The histologic type of poorly differenciated adenocarcinoma was medullary

HE hematoxylin and eosin staining, ITCs Isolated tumor cells, pM1(LYM) lateral lymph node metastasis
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stained sections were scanned at low power (x40), and the
areas of specimens with the highest number of capillaries and
small venules stained for CD34 or D2-40 (hot spots) were
selected. Subsequently, microvessel counting was performed
in three fields in the hot spots at ×200 (×20 objective lens and
×10 ocular lens) magnification. The mean value of the three
fields for each case was used for further analysis.

Definition of Tumor Budding and Lymph Node Metastasis

To detect tumor budding and lymph node micrometastasis,
the anti-cytokeratin antibody CAM5.2 (Becton Dickinson,
San Jose, CA, USA) was used at a dilution of 1:3. The
streptavidin-biotin immunoperoxidase method was per-
formed as described previously [31]. Tumor budding was
defined as microscopic microtubular cancer nests and
undifferentiated cancer cells at the invasive margin of the
cancerous lesion, as previously reported by Morodomi et al.
[32]. Tumor budding is a cancer cell cluster that is

immunopositive for CAM5.2 and is composed of not more
than five cancer cells or undifferentiated cells. Sections that
had 5 or more budding formations at the invasive front
under light microscopy at ×200 magnification were defined
as budding-positive sections.

Tumor deposits within lymph nodes were classified
according to the revised guidelines set by the American
Committee on Cancer (AJCC) [33]. Lymph nodes were
classified as pN0 (pN0i-, pN0i+), pN1mi, pN1, pN2mi, or
pN2 according to the current AJCC criteria for colorectal
cancer. Tumor cells that measured no more than 0.2 mm
detected by H.E. and/or immunohistochemical staining
were defined as isolated tumor cells (ITCs) (pN0i+).
Moreover, micrometastasis (pN1mi, pN2mi) was diagnosed
when a tumor nodule in the lymph node was smaller than
2 mm in diameter [33]. Cases with lymph node metastasis
or micrometastasis were classified as the node-positive
group; cases with ITCs or without lymph node metastasis
were classified as the node-negative group.

Fig. 1 Submucosal sigmoid colon cancer, depressed type. a Colono-
scopy showing the tumor with depression and redness. b Macroscopic
appearance of depressed-type cancer resected surgically. c Immuno-
histochemical staining using a monoclonal antibody, ATX/lysoPLD,

identified mast cells in the submucosal layer (original magnification,
×25). d Immunohistochemical staining using a monoclonal antibody,
ATX/lysoPLD, showed 8.8 mast cells per field in the submucosal
layer (original magnification, ×50)
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Statistical Analysis

All statistical calculations were carried out with JMP7
statistical software (JMP for Macintosh, version 7; SAS
Institute, Tokyo, Japan). Chi-squared test and Student's t-
test were used to analyze data. Simple regression analysis
was used to analyze the correlation between the index of
ATX/lysoPLD-positive cells and MVD and LVD. A P value
<0.05 was considered to indicate statistical significance.

Results

Patient Data

As shown in Table 1, there were 67 men and 31 women
with a median age of 63.6 (range, 40-83) years. All tumors
were treated by primary resection and had a mean size of
23.3 (range, 6-95) mm. Three tumors were located in the
cecum (3.1%), 13 in the ascending colon (13.3%), 14 in the

Histopathological factors Index of P value

n ATX/lysoPLD-positve cells

Age (years)

≧64 48 5.208±3.560 N.S
< 64 50 4.498±2.709

Gender

Male 67 5.232±3.048 N.S
Female 31 4.155±3.300

Size of tumor (mm)

≧24 35 4.428±2.681 N.S
< 24 63 5.149±3.380

Macroscopic depression

Present 34 6.458±4.087 0.003

Ulceration type 27 5.919±3.508 0.015

Pure depression type 7 8.543±5.671 0.083

Absent 64 4.059±2.219

Degree of differentiation

Well 84 4.964±3.337 N.S
Moderately, Poorly 14 4.457±1.696

Depth of submucosal invasion (mm)

≧3200 41 4.351±2.552 N.S
< 3200 57 5.280±3.493

Lymphatic invasion

Absent 81 4.686±3.063 N.S
Present 17 5.870±3.485

Venous involvement

Absent 56 4.903±3.674 N.S
Present 42 4.876±2.327

Tumor budding

Absent 43 5.213±3.769 N.S
Present 55 4.640±2.581

Lymph node metastasis

Absent 83 4.783±3.078 N.S
Present 15 5.493±3.597

Lymph node metastasis (including ITCs)

Absent 67 4.839±3.278 N.S
Present 31 5.006±2.915

Location of the tumor

Colon 71 4.977±3.439 N.S
Rectum 27 4.666±2.276

Right side 30 4.586±2.769 N.S
Left side 68 5.026±3.319

Table 2 The relationship
between histopathological fac-
tors and index of ATX/lysoPLD-
positve cells in submucosal
invasive cancer
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transverse colon (14.3%), 2 in the descending colon (2.0%),
39 in the sigmoid colon (40.0%), and 27 in the rectum
(27.6%). Macroscopic type was classed as pedunculated in
51 cases (52.0%), and sessile in 47 cases (48.0%). The
number of cases with depression was 34 (34.7%). In 34
cases with depressed lesions, 32 cases were sessile group,
while two cases were pedunculated group. The size of
depressed lesions is 10.5±4.8 (5-22) mm. Among 34 cases
with depression, 7 (20.6%) cases were diagnosed pure
depressed type, while 27 (79.4%) cases were ulcerated type,
respectively. The number of cases with lymph node
metastasis, micrometastasis, and ITCs was 13 (13.2%), 2
(2.0%), and 16 (16.3%), respectively. The histological type
was classed as well differentiated adenocarcinoma in 84
cases (85.7%), moderately differentiated adenocarcinoma in
13 (13.3%) and poorly differentiated adenocarcinoma in
one (1.0%). Lymphatic invasion and venous invasion were
identified in 17 (17.3%) and 42 cases (42.9%), respectively.
Among 17 cases with lymphatic involvement, eight were
diagnosed by H.E. staining, while an additional nine that
were not detected by conventional H.E. staining were
detected by D2-40 immunostaining. Among 42 cases with
venous involvement, 32 were diagnosed by H.E. staining
and 10 by Victoria blue elastic fiber staining; the latter
cases were not detected by H.E. Tumor budding was found
in 55 cases (56.1%) using CAM5.2 staining. The mean
objective submucosal invasive depth was 3,200 μm (range,
500-8,100).

Immunodetection of ATX/lysoPLD in Submucosal Layer

ATX/lysoPLD-positve cells could be clearly detected in the
mesenchymal area of the tumor tissue with submucosal
invasion, as reported by Mori et al. (Fig. 1). The mean
index of ATX/lysoPLD-positive cells in each field was 4.9
(range, 1.2-19.6). We then examined the relationship
between the density of ATX/lysoPLD-positive cells and
clinicopathological features. As shown in Table 2, it did not
show a significant relation with most features. Interestingly,

however, tumors with macroscopic depression on colono-
scopy showed significantly more ATX/lysoPLD-positve
cells than those without depression (6.458±4.087 vs
4.059±2.219, P=0.003). Tumors with ulceration (5.919±
3.508) showed significantly more ATX/lysoPLD-positve
cells than those without depression (P=0.015). Tumors
with pure depression (8.543±5.671) also tended to show
more ATX/lysoPLD-positve cells than those without de-
pression (P=0.083), but not significantly.

Correlation Between ATX/lysoPLD Expression and MVD
and LVD

Next, we assessed MVD and LVD in the submucosal layer
and assessed their relation with the density of ATX/
lysoPLD-positve cells. Mean MVD and LVD were 47.7
(range, 10.7-179.0) and 15.6 (range, 4.3-35.3), respectively.
As shown in Fig. 2, the density of ATX/lysoPLD-positive
cells tended to have a positive correlation with MVD,
although the p-value did not reach statistical significance
(MVD=40.3+1.5xATX, p=0.0655, respectively), while it
showed no correlation with LVD.

Discussion

LPA is involved in the etiology of a variety of diseases such
as atherosclerosis, obesity, and cancer as well as in
physiological responses such as wound healing, vascular
tone, vascular integrity, and reproduction [34]. Since LPA is
usually rapidly degraded in the body, the production of LPA
in local areas is considered to be physiologically important.
ATX/lysoPLD is a key enzyme in the production of LPA
through the catalysis of LPC, which is abundant in plasma
and tissue fluids [14, 15]. Therefore, the detection of ATX/
lysoPLD may be extremely important to realize the role of
LPA in physiological and pathological conditions.

In our previous study, we found that submucosal mast
cells in the gastrointestinal tract highly expressed ATX/

Fig. 2 Microvessel density (MVD, a) and lymphatic vessel density (LVD, b) in relation to ATX/lysoPLD expression in submucosal colorectal cancer
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lysoPLD, suggesting those mast cells may play important
roles in the pathogenesis of gastrointestinal diseases. It has
been shown that mast cells regulate immune responses in
local areas through the production of various inflammatory
cytokines and mediators such as IL-1, IL-4, IL-5, IL-6,
TNF-α, prostaglandins, leukotrienes, and platelet activating
factor [35]. Moreover, mast cells have been shown to
produce various angiogenic and vascular permeability
factors as well as many proteases, which are known to
be critically involved in tumor invasion and metastasis
[36, 37].

These findings raise the hypothesis that the density of
ATX/lysoPLD-positive mast cells may be closely related to
the characteristics of colorectal cancer, especially tumor
budding, vessel invasion and nodal metastasis, and we thus
examined the correlation with clinicopathological features
in submucosal colorectal cancer. In our results, however,
the density did not show any significant correlation with
budding, venous or lymphatic invasion as well as nodal
metastasis. These results might be caused by the fact that
the number of patients was too low to find significant
associations. Instead, it did correlate with macroscopic
findings. In fact, tumors with macroscopic depression,
especially tumors of ulcerated type, contained significantly
more ATX/lysoPLD-positive mast cells than those without
depression. This finding raises the possibility that local
production of LPA may be important for the formation of a
depressed lesion in a tumor. Another possibility is that the
presence of a depressed lesion may result in the recruitment
of many ATX/lysoPLD-positive mast cells in tumor tissue.
In fact, an increase in intestinal mast cells was observed in
ulcerative lesions associated with inflammatory conditions
in both in rats [38] and humans [39].

Another finding of our study was that the density of
ATX/lysoPLD-positive mast cells showed a possible corre-
lation with MVD in tumor tissue. This is consistent with the
recent finding that LPA can promote angiogenesis [40–42].
In fact, ATX has been shown to be essential for the
development of blood vessels in mouse embryogenesis
[43]. These findings suggest the possibility that pharmaco-
logical inhibition of ATX/lysoPLD may be potentially
effective to suppress tumor development or metastasis
through interference with LPA signaling.

A recent study by Lin et al. has shown that LPA
enhanced VEGF-C production and expression of a lym-
phatic vessel marker in human endothelial cells both in
vitro and in vivo, and suggested that LPA may also have a
functional property to promote lymphoangiogenesis [44]. In
our immunostaining results, however, LVD, in contrast to
MVD, showed no correlation with the density of ATX/
lysoPLD-positive mast cells, suggesting that LPA does not
play a major role in lymphatic vessel formation. Since LPA
elicits most of its cellular responses via a redundant

receptor system [45, 46], the discrepancy may be explained
by different receptor usage, or that the presence of other
major lymphangiogenic factors in human cancer tissue may
mask the effect of LPA.

In summary, ATX/lysoPLD-positive cells can be
detected in early colorectal cancer tissue, and their density
is correlated with the formation of a macroscopically
depressed lesion in tumors. Although the density of ATX/
lysoPLD-positive cells is not an indicator of tumor
aggressiveness, it might show a positive association with
microvascular density, supporting a functional correlation
between LPA-derived signaling and tumor angiogenesis.
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