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vacvated L1ICAM expression in precursor lesions and primary
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Abstract. The promigratory molecule LICAM is over-
expressed in various tumors, often representing an unfavor-
able prognostic marker. Recently, we identified LICAM
expression in pancreatic ductal adenocarcinoma (PDAC) cells
accounting for chemoresistance and increased cell migration.
Thus, the present study aims at further elucidating the role
of LICAM in a larger cohort of PDAC specimens including
precursor lesions and metastasis. LICAM expression was
determined by immunohistochemistry in tissues of 123 patients
including tissues of 110 primary PDACs, 15 lymph node
metastases and 14 liver metastases. The immunohistochemical
analyses revealed LICAM expression in 92.7% of primary
PDACsSs, 80% of lymph node metastases and 100% of liver
metastases. Furthermore, we have investigated PDAC pre-
cursors, pancreatic intraepithelial neoplasia (PanIN) lesions,
revealing a significant increase of LICAM expression with
the PanIN grade (6.4 and 6.8% in PanIN 1A and B, 35% in
PanIN 2 and 20% in PanIN 3). The elevated expression of
L1CAM already found in PanINs points to a role of LICAM
quite early in tumorigenesis of PDAC. Furthermore, its broad
expression in primary tumors as well as in metastases of
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PDAC patients provide a rationale to further explore the value
of LICAM as a therapeutic target in the treatment of this highly
malignant tumor.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly
malignant tumor characterized by rapid tumor progression
and early metastatic spread (1,2). In Western countries,
PDAC is 4th in the rank order of fatal tumor diseases with an
overall 5-year survival rate <2%, exhibiting a still increasing
prevalence (3). Displaying a largely symptomless progression,
PDAC is mostly diagnosed in an advanced stage with wide-
spread metastasis. Accordingly, for the majority of the patients
no option for a curative surgical resection exists at the time
of diagnosis. Furthermore, conventional chemotherapies
generally prove to be poorly effective due to the pre-existing
(innate) or acquired resistance of PDAC cells towards chemo-
therapeutic drugs (4,5). Thus, there is an urgent need to
define new molecular tumor markers of PDAC to improve
diagnostic procedures and therapeutic options.

The promigratory molecule LICAM (CD171) is a 200- to
220-kD glycoprotein and a member of the immunoglobulin
superfamily. It consists of six immunoglobulin-like domains
at the amino terminal end of the molecule followed by five
fibronectin type III homologous repeats, a single transmem-
brane region and a short intracellular domain (6). Initially,
L1CAM has been detected in neuronal cells (7), but in recent
years it has been found in an increasing number of tumors,
among others in malignant melanoma, glioma, ovarian and
colon cancer, and gastrointestinal stromal tumors (8-12). In
several tumor entities, high LICAM expression was
associated with poor prognosis and short survival times
(11,13). Beside its cell surface localization, LICAM can also
be cleaved by various proteases, i.e., the matrix metallo-
proteinases ADAM10 and ADAMI17 or by y-secretases
(14,15). Soluble LICAM has been reported to be important
for migration of neuronal as well as of tumor cells (14,15),
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and several studies support a role for LICAM in tumor growth
in vivo (16) as well as tumor cell invasion and metastasis of
various cancers (8,9,15).

Under physiological conditions LICAM expression
within the pancreas has been shown to be restricted to
neuronal structures, while the acinar parenchyma and the
pancreatic ducts do not express LICAM (17-19). In pan-
creatic disease, LICAM has been shown to be expressed in
poorly-differentiated pancreatic endocrine carcinomas and
in anaplastic pancreatic cancer (4,20). In PDAC, reported
findings on LICAM expression have been controversial
(17,22). However, at least in a small series of tumors L1ICAM
expression has been detected in up to 80% of the analysed
tumor samples (17) as well as in various PDAC derived cell
lines, essentially contributing to a chemoresistant and migra-
tory phenotype (17,18,23). Furthermore, we could show that
LICAM is already expressed in non-neoplastic ductal cells in
chronic pancreatitis (18). Accordingly, in vitro simulation of
an activated, stroma-rich environment, comparable to the
fibrosis in chronic pancreatitis, revealed an enhanced LICAM
expression in the human pancreatic ductal epithelial cell line
(HPDE) when cultured in the presence of pancreatic myofibro-
blasts (18). Altogether, these data point to a crucial role of
L1CAM in the tumorigenesis of PDAC. Thus, the aim of this
study was to further evaluate the LICAM expression in an
extended series of PDAC, including not only primary tumors,
lymph node and hepatic metastases from PDAC patients but
also precursor lesions, pancreatic intraepithelial neoplasia
(PanIN), to substantiate its putative role in the progression of
PDAC.

Materials and methods

Patients. According to protocols approved by the ethics
committees of the University of Kiel and the University of
Heidelberg, tumor specimens and clinical data were obtained
from 123 patients who underwent surgery for pancreatic
cancer and/or metastases of pancreatic cancer in the Clinic of
General Surgery and Thoracic Surgery of the University Kiel
or the Department of General Surgery of the University of
Heidelberg between 1997 and 2007.

The specimens included 110 primary pancreatic ductal
adenocarcinomas, 15 regional lymph node metastases (with
corresponding primaries available in all cases) and 14 liver
metastases (with corresponding primary available in one case).
The diagnoses were established according to the World Health
Organisation classification of tumors (24).

Immunohistochemistry. For immunohistochemical analyses,
4-pum sections were obtained from formalin-fixed and paraffin-
embedded tumor specimens. Furthermore, for the analyses of
pancreatic intraepithelial neoplasia lesions, multitissue arrays
were designed as described elsewhere (25,26). Sections
obtained from both paraffin blocks and multitissue arrays
were further processed as previously described (17,27).
Briefly, the primary antibody (clone L1-14.10) was used at a
concentration of 10 yg/ml and incubated overnight. Detection
was performed using the avidin-biotin complex method. The
immunohistochemical stainings were evaluated according to
the following scheme: -, negative staining in all tumor cells;
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+, positive staining in up to 20% of tumor cells; ++, positive
staining in up to 50% of tumor cells; +++, positive staining in
>50% of tumor cells. Positively stained nerves served as
intrinsic positive controls.

Statistical analysis. Correlations between the expression of
L1CAM and stage (pNO vs. pN1), grade (G1-3), and survival,
as well as the grade of PanIN lesions were tested using the
Mann-Whitney test, the Kruskal-Wallis test and the log-rank
test, respectively. A p-value <0.05 was considered statistically
significant.

Results

Clinicopathological findings. The present series included 123
patients, 64 women and 59 men. At the time of surgery,
patients were aged 37-88 years (mean 63.4 years).

As summarized in Table I, primary tumors were obtained
from 110 patients (58 women and 52 men). These tumors were
located in the pancreatic head (n=83), the head and the body
(n=4), the body (n=7), the body and tail (n=6), the pancreatic
tail (n=9) or the entire pancreas (n=1). The tumor sizes were
1.2-11 cm in largest diameter (mean 3.6 cm). According to
the location and local extent of the masses, tumors were
surgically removed performing a pylorus preserving
Whipple procedure (n=76), a classic Whipple procedure
(n=15), a pancreatic left resection (n=15) or a pylorus
preserving total pancreatectomy (n=4). Histopathological
examination revealed 9 well-differentiated pancreatic ductal
adenocarcinomas (PDAC), 66 moderately-differentiated
PDAC and 35 poorly-differentiated PDAC. According to
the local tumor extent, the masses were staged as pT3 (n=108)
or pT4 (n=2). 95 patients presented regional lymph node
metastases (pN1). Distant spread was histologically detected
in 5 patients (non-regional lymph nodes or liver), while 105
patients clinically displayed no evidence for distant metastases.
Follow-up information could be obtained for 98 of the 110
patients. At the latest follow-up, 17 patients were alive after
time periods between 3 and 64 months (average 20 months)
while 81 patients had died of disease after time periods
between 2 and 39 months, resulting in a median survival of
15.2 months.

All 15 immunohistochemically investigated lymph node
metastases were obtained from operation specimens of the
above listed primary tumors (Table II). Liver metastases
were obtained from 14 patients (7 woman and 7 men), aged
between 47 and 76 years (mean 64.5 years). The corre-
sponding primary was available in one case of the present
series (Table II). Of seven patients with available follow-up,
6 had died of disease after time periods between 3 and 36
months while one patient was alive after 29 months of follow-
up (median survival 3 months).

Immunohistochemical findings. As mentioned above, under
physiological conditions the expression of LICAM in the
pancreas is restricted to nerve fibre structures, which also
showed strong staining in tissues of the present series, thus
serving as positive internal staining control (Fig. 1A). Within
the PDAC, positivity for LICAM was detected in 102 of 110
primary tumors (92.7%). As shown in Table I, 24 tumors
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L1CAM ‘low’ L1CAM ‘high’
Total L1CAM - L1CAM + L1CAM ++ L1CAM +++
n 110 8 24 26 52
Gender
Female 58 4 13 13 28
Male 52 4 11 13 24
Age (average) 37-88 (63.2) 48-88 (65.5) 38-79 (60.0) 50-82 (65.1) 37-79 (63.5)
(years)
Location
Head 83 7 19 18 39
Body 7 1 2 2 2
Head and body 4 2 1 2
Body and tail 6 1 4
Tail 9 5 4
Head to tail 1 1
Tumor size 2.0-11.0 (3.6) 2.5-45(3.3) 2.5-7.0(3.3) 2.0-5.0 (3.3) 2.0-11.0 (3.8)
(average) (cm)
T
pT3 108 8 22 26 52
pT4 2 2
N
pNO 15 2 1 5 7
pN1 95 6 23 21 45
M
MO 105 8 24 22 51
pM1 5 4 1
G
Gl 10 6 4 4 2
G2 65 2 12 13 34
G3 35 8 9 16
Follow-up
D.O.D. 81 6 15 16 44
Alive 17 2 5 4 6
ni. 12 4 6 2
Median survival 152 21.8 150
(months)

D.O.D., died of disease; n.i., no information available; -, negative staining in all tumor cells; +, positive staining in up to 20% of tumor cells;
++, positive staining in up to 50% of tumor cells; +++, positive staining in >50% of tumor cells.

displayed immunoreactivity in up to 20% of the tumor cells, In the 15 lymph node metastases, L1ICAM expression was
26 tumors showed immunoreactivity in up to 50% and 52  detected in 12 cases (80.0%). In detail (Table II), one tissue
tumors revealed positivity in >50% of the tumor cells. In  sample showed immunoreactivity in up to 20% of the tumor
Fig. 1B, a representative image is shown of strong LICAM cells, 6 tissue samples in up to 50% and 5 tissue samples in
expression in carcinoma cells of primary PDAC. >50% of the tumor cells, as exemplarily demonstrated in
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Table II. Clinicopathological findings and L1ICAM expression in lymph node and liver metastases.

LI1CAM reactivity
Gender/ Location of Follow-up Corresponding primary
Patient Age (years) metastasis (months) Metastasis (if available)

1 M/66 Lymph node D.OD. (3) ++ ++
2 F/57 Lymph node D.O.D.(13) ++ -
3 F/79 Lymph node D.OD. (7) +++ +++
4 M/73 Lymph node D.0.D.(20) +++ +++
5 F/58 Lymph node D.OD. (9 +++ ++
6 F/75 Lymph node D.OD. (8) +++ +++
7 FI77 Lymph node D.OD. (9 ++ +++
8 M/75 Lymph node D.OD. (%) - -
9 F/65 Lymph node D.0O.D.(10) +++ +++

10 F/54 Lymph node D.0O.D.(37) + +

11 M/65 Lymph node D.O.D.(17) ++ ++

12 M/69 Lymph node D.OD. 4) ++ +++

13 F/54 Lymph node D.O.D.(17) - +++

14 M/71 Lymph node D.OD. (8) ++ +4++

15 F/69 Lymph node D.0O.D.(19) - +++

16 F/69 Liver n.. ++

17 F/68 Liver n.i. +

18 M/70 Liver D.OD. 4) ++

19 F/73 Liver n.i. ++

20 M/76 Liver n.. ++

21 M/68 Liver D.OD. (2) +

22 F/63 Liver D.O.D. (3) ++ ++

23 F/56 Liver D.0.D.(36) +

24 M/73 Liver D.OD. (3) ++

25 F/67 Liver n.i. +

26 M/47 Liver n.i. +

27 F/61 Liver Alive (29) ++

28 M/61 Liver D.OD. (2) ++

29 M/50 Liver n.i. ++

F, female; M, male; D.O.D., died of disease; n.i., no information available; -, negative staining in all tumor cells; +, positive staining in up to
20% of tumor cells; ++, positive staining in up to 50% of tumor cells; +++, positive staining in >50% of tumor cells.

Fig. 1C. Besides expression in lymph node infiltrating tumor
cells, LICAM immunoreactivity was also detected in immune
cells, a finding well corresponding to recent reports on
L1CAM expression in dendritic cells (28). In addition,
L1CAM expression was verified in all analysed liver
metastases (100%) comprising 5 cases with staining in up to
20% of tumor cells and 9 cases with positivity in up to 50%
of tumor cells (Fig. 1D).

Statistical analysis of the data obtained with primary
PDAC:s revealed no significant correlations between LICAM
expression and tumor grade, stage (data not shown) or survival
(Fig. 1E). Nevertheless, there was a trend for a better survival
for patients with tumors showing no or low LICAM expres-
sion (up to 20% of tumor cells) vs. high LICAM expression

(>20% of tumor cells), resulting in median survival rates of
21.8 months (low L1CAM expression) and 15 months (high
L1CAM expression).

Since we could already detect considerable LICAM
expression in chronic pancreatitis indicating that LICAM up-
regulation is an early event in PDAC tumorigenesis (18), we
also analysed LICAM expression in PDAC precursor lesions,
PanINs. As depicted in Fig. 2A-C, the examination of PanIN
lesions (total n=126) showed a focal expression of mostly
few, isolated cells in 3 of 47 PanIN 1A (6.4%) and in 3 of 44
PanIN 1B (6.8%). In PanIN 2, a focal LICAM expression was
seen in 7 of 20 lesions (35%), and 3 of 15 PanIN 3 lesions
(20%) showed a focal (n=1) or diffuse (n=2) expression of
L1CAM. A statistical comparison between low grade precursor
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Figure 1 Immunohistochemical staining of LICAM in primary and metastatic pancreatic ductal adenocarcinoma (PDAC). (A) Strong positivity for LICAM in
a nerve in primary PDAC (arrowhead), serving as internal control. (B) Strong LICAM expression in primary PDAC. LICAM expression in carcinoma cells
in a (C) lymph node metastasis and (D) liver metastasis of PDAC patients. Original magnifications: x70 (A, C and D), x40 (B). (E) Correlation of LICAM

expression in tissues of primary PDAC and survival of 98 patients.

lesions (PanIN 1A/B) versus high grade lesions (PanIN 2
and 3) revealed a significant difference in LICAM
expression (p<0.001) (Fig. 2D).

Discussion

The prognosis of pancreatic ductal adenocarcinoma (PDAC)
is extremely poor. At the onset of clinical symptoms, most
PDACs have progressed to inoperable, locally and systemi-
cally advanced tumors. But also in cases of operability,
radical resections (RO) are achieved in less than 25% of the
patients (29), and many PDACs recur within the first years
after surgical intervention. Furthermore, PDAC shows a
pronounced resistance towards conventional radio- and/or
chemotherapy. This urges the need for the identification of
new, tumor specific molecular markers which may help to
detect the tumors at an earlier stage of disease or may serve

as target structures of a specific tumor therapy. In this study,
based on a large series of 123 patients we show that LICAM
is expressed in the vast majority of PDAC (92.7%), most
frequently exhibiting a diffuse pattern of immunoreactivity
within the tumors. This finding is in good accordance with
previous results obtained in a smaller series of 20 PDAC,
having revealed LICAM expression in more than 80% of
the tumors. However, in contrast to this, another study group
reported L1ICAM expression in only 2% of PDAC (22). One
may speculate whether this discrepancy might be explained
by different experimental protocols, including the criteria for
evaluation of LICAM positivity and for the selection of cases
and/or eventual sampling errors in small probes. Nevertheless,
several in vitro analyses indicate a role of LICAM during the
initiation and progression of PDAC, accounting for a chemo-
resistant and migratory phenotype of the tumor cells (17,18).
In the present series, the latter might be mirrored by a trend


https://www.spandidos-publications.com/10.3892/or_00000936

914

BERGMANN et al: L1CAM EXPRESSION IN PANCREATIC CANCER

100 -~ 6.6% 26.3% -
I | 1CAM positive

@ 3 L1CAM negative
0 75 9
o
(4]
§ 50 4
@
o
s
225

0 -

low grade high grade

Figure 2 Immunohistochemical staining of LICAM in pancreatic intraepithelial neoplasia (PanIN) grade 1A (A), grade 2 (B) and grade 3 (C). Original
magnifications, x100. (D) LICAM expression is significantly increased in high grade PanINs (PanIN 2 and 3) compared to low grade PanINs (PanIN 1A/B);

*p<0.001.

for a slightly better survival times in PDAC showing no or
little (<20% of tumor cells) expression of LICAM. However,
most likely due to the fact that the prognosis of PDAC is
generally very poor, this difference does not reach statistical
significance. In the same line, no correlation between L1ICAM
expression and tumor grade and stage were found. However,
as also reflected by the tumors of our series which exclusively
presented at stage pT3 or pT4 and mostly displayed at least
local metastatic spread, PDAC are only rarely found at early
stages, and one might hypothesize that less pronounced
L1ICAM expression might be found at lower tumor stages.
Apart from L1ICAM expression in primary PDACs, we also
identified LICAM expression in 80% of the analysed lymph
node metastases and in all liver metastases. These findings
are in accordance with our recent results showing that
LI1CAM is an important mediator of cell migration of PDAC
cells (18). Similar conclusions were drawn from studies with
colorectal cancer patients (30) demonstrating L1CAM expres-
sion in micrometastases in lymph nodes and bone marrow.
Besides LICAM expression in tissues, detection of soluble
LI1ICAM in the serum of patients with ovarian and uterine
carcinomas has been described (13). This proteolytically
cleaved form of LICAM could mainly be detected in the
serum of patients with stage III-IV tumors, pointing to a
potential use as prognostic marker (13). However, validation
of these findings in a larger study is still pending. In contrast,
cleavage of LICAM seems not to be required for mediation
of chemoresistance and migration of PDAC cells (17,18) and
soluble LICAM could not be detected in serum samples of

patients with PDAC (data not shown) which impairs its
suitability for diagnostic purposes of PDAC patients.

In the present study, expression of LICAM was also
determined in PDAC precursor lesions, pancreatic intra-
epithelial neoplasia (PanIN). While PanIN 1A and PanIN 1B
lesions seem to harbour only a rather small risk to transform
into PDAC, malignant transformation is thought to expedite
starting at PanIN 2 and PanIN 3 lesions (31). Correspondingly,
in this study we demonstrate infrequent L1ICAM expression
in PanIN 1A and 1B lesions, while the frequency of LICAM
expression significantly increased in PanIN 2 and PanIN 3
suggesting a role of LICAM in the early tumor initiating
events. This finding further strengthens previous immuno-
histochemical findings in chronic pancreatitis specimens,
revealing notable LICAM expression in ductal structures
surrounded by dense fibrotic tissue, indicating LICAM
induction in ductal epithelium already in a premalignant
stage during the onset of desmoplasia upon persistent inflam-
mation (18). Moreover, these data could be further supported
by in vitro coculture experiments demonstrating that LICAM
expression in pancreatic ductal epithelial cells is induced by
pancreatic myofibroblasts via TGF-61, a mechanism which is
still operating in TGF-81 responsive PDAC cells (18).

Since L1CAM is a cell surface molecule that is over-
expressed in the vast majority of carcinoma cells in primary
tumors and metastases, but only rarely expressed in normal
tissues, its use as a therapeutical target appears to be reason-
able. LICAM has been implicated in various tumor-associated
processes such as cell migration, metastasis, proliferation and
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r progression at numerous points, thereby enhancing
anti-tumor responses. Indeed, blocking or knock-down of
L1CAM expression in various tumors decreased cell migration
(9,18), increased the apoptotic response towards cytostatic
drugs in vitro (17,32), and suppressed tumor growth in vivo
(16,33). In the latter context, it has been shown that a sub-
population of glioma cells, defined as CD133* tumor-initiating
or cancer stem cells, is also characterised by the expression
of LICAM (33). Knock-down of L1ICAM expression in these
tumor cells reduced tumor growth and increased survival of
tumor-bearing nude mice (33). These data suggest that
therapeutic targeting of LICAM will allow the elimination of
tumor-initiating, therapy resistant cells. Most notably, com-
binations of LICAM targeting strategies with other therapeutic
options (e.g., chemo- or radiotherapy, labelling of LICAM
antibodies with radioactive substances) appear to be most
promising because of the expected synergistic and/or additive
effects, e.g., as it has been already shown for the chemosensi-
tizing effect of LICAM blockade in PDAC cells (17).
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