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Abstract: Activated leukocyte cell adhesion molecule (ALCAM, or CD166) is a cell adhesion molecule and one of 
potential tumour metastasis ‘soil’ receptors that via homotypic and heterotypic interactions, mediates cancer cell 
adhesion. The present study investigated clinical, pathological and prognostic values of ALCAM in patients with 
pancreatic cancer. Human pancreatic cancer (PANC-1 and Mia PaCa-2) and human vascular endothelial cell lines 
were used to construct cell models differentially expressing levels of ALCAM. Tumour-endothelial interaction and 
tumour migration were assessed by a DiI-based method and electric cell-substrate impedance sensing (ECIS) as-
say. Pancreatic cancer tissues (n=223), collected immediately after surgery, were analysed for levels of the ALCAM 
transcripts, which were also analysed against clinical, pathological and clinical outcomes of the patients. ALCAM 
protein was assessed by immunohistochemistry on a tissue array. Our study demonstrate that pancreatic cancer 
tissues had significantly higher levels of ALCAM transcripts than normal tissues (P<0.00001). There were no signifi-
cant differences with staging, differentiation and tumour locations. Tumours from patients who died of pancreatic 
cancer had significantly high levels of ALCAM compared with those who lived (P=0.018), and this finding was further 
supported by ROC analysis (P=0.016). Multivariant analysis showed that ALCAM is an independent prognosis factor 
for overall survival (HR=5.485), with both nodal status and TNM staging contributing to the model (HR=2.578 and 
3.02, respectively). A surprising finding was the relationship between ALCAM expression and microvessel embolism 
of tumour cells (P=0.021, with vs without tumour embolism). Levels of ALCAM were found to be a determinant factor 
to adherence of the pancreatic cancer cells to vascular endothelial cells, as demonstrated by pancreatic cancer cell 
models genetically engineered to express differential levels of ALCAM. The tumour-endothelial interaction mediated 
by ALCAM was readily blocked by addition of soluble ALCAM. Our data supports the conclusion that ALCAM expres-
sion is aberrant in pancreatic cancer and its raised expression is an independent prognostic factor for the survival 
of the patients and the microvascular embolism by cancer cells. Our results suggest that ALCAM plays a key role in 
mediating tumour-endothelial cell interactions and enhancing tumour embolism in pancreatic cancer, and targeting 
ALCAM represents a potential therapeutic strategy for treating human pancreatic cancer.
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Introduction

Activated leukocyte cell adhesion molecule 
(ALCAM), also known as CD166 is a transmem-
brane protein that is widely expressed in the 
variety of cell (epithelial, endothelial, and major-
ity of cell types) and tissue types, offering a piv-
otal cell adhesion mechanism [1]. ALCAM con-

fers cell-cell adhesion by interacting with anoth-
er ALCAM molecule on the opposing cells 
(homotypic interactions) [2]. It also interacts 
with other proteins on the opposing cells includ-
ing CD6 (heterotypical interactions) [3, 4]. Such 
interactions offer cell-cell adhesion strength in 
the tissues. Since expressed in multiple cell 
types, ALCAM is able to mediate cell-cell adhe-
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sion both in the same cell, namely epithelial-
epithelial or cancer-cancer cell interactions and 
between different cell types, namely leukocyte-
endothelial interactions.

In solid tumours, the expression of ALCAM and 
the impact of the ALCAM expression pattern in 
cancer cells have been widely explored [5]. 
High levels of ALCAM in cancer cells and tis-
sues often lead to poor clinical outcome of the 
patients and increased tendency of distant 
metastases. This connection seems to exist in 
selective tumour types, including cancers 
derived from squamous cell lineages (namely 
squamous cell carcinoma) in skin and oesopha-
gus [6, 7] as well as in malignant melanoma [8], 
gastrointestinal cancers [9-11] and neurologi-
cal malignancies [12]. It seems that in most 
endocrine-related cancers, the relationships 
between ALCAM and the clinical course of the 
patients are in contrast to other cancers. For 
example, high levels of ALCAM in breast [13, 
14], prostate [15], thyroid [16] and pituitary 
tumours [5] are linked to favourable outcome of 
the patients, and less bony metastasis. The 
reason behind the difference between endo-
crine-related cancers and other solid cancers 
remains unknown.

Given that both cancer cells and endothelial 
cells are amongst cell types that express high 
levels of ALCAM, the potential role of ALCAM in 
cancer-endothelial cells is recognised and 
hypothesized to be important for the vascular 
spread of cancer cells. Traditionally, it  
was thought that upon entering the vascular 
stream, cancer cells would utilise surface mol-
ecules and adopt the ‘docking, locking and 
invading’ steps to develop a vascular invasion 
through to the tissues. In this extravasation 
process, cancer cells use the abundant carbo-
hydrate branches to interact with the same 
molecules on vascular endothelial cells and 
rapidly form the weak cancer-endothelial inter-
action, a process to slow the travelling of can-
cer cells in the blood stream, and hence can- 
cer cells would dock over the endothelial sur-
face in a weak matter. The docking gives rise  
to opportunities for cancer cells to later firmly 
lock onto the endothelial cells by protein-medi-
ated cell adhesion mechanism, which happens 
slower, but stronger. The protein-protein inter-
actions between cancer cells and endothelium 
pave the way for cancer to penetrate the endo-

thelium and initiate the extravasation process. 
The protein-mediated cancer-endothelial inter-
actions are regulated by cell adhesion mole-
cules including homotypic and heterotypic cell 
adhesion interactions. One such adhesion mol-
ecules is ALCAM. Whilst it has been recognised 
that ALCAM-mediated cancer-endothelial adhe-
sion is important, it has rarely been demon-
strated in a clinical setting.

Pancreatic cancer is one of the most aggres-
sive solid cancers with long term survival 
amongst the poorest in all the cancer types. 
Whilst the anatomical location of pancreas is 
hidden and difficult to reach, the lack of specif-
ic symptoms often leads to delays in pa- 
tients seeking medical attention and hence 
diagnosis at a late stage. Even with the 
improved imaging technologies, early diagnosis 
still remains a challenge. Lack of effective ther-
apies is another contributing factor to the poor 
prognosis of pancreatic cancer. The pancreas 
resides in a location that is rich in both lym-
phatic and vascular circulation and the organ 
itself is highly rich in blood supply owing to its 
highly active exocrine and endocrine activities. 
One consequence of such histological and ana-
tomical structures is its early and ready status 
of metastasis, locally, regionally and to distant 
locations.

Studies on the role of ALCAM in human pancre-
atic cancer are limited and tend to be small in 
cohort size. An early study by Kahlert et al. [17] 
using a single method, namely immunohisto-
chemistry on 97 pancreatic tumour patients 
reported the ALCAM staining pattern differen- 
ce between normal and tumour cells, in which 
normal pancreatic tissues had membranous 
staining pattern while tumour tissues had 
mainly cytoplasmic. The study showed that 
strong ALCAM staining, as well as the cellular 
location of the staining, had significant links to 
recurrence free survival and overall survival. 
However, it appears that only the level of stain-
ing in cancer cells is an independent progno- 
stic factor for overall survival in multivariate 
analysis [17]. In another cohort of 20 patients 
with metastatic or locally advanced pancreatic 
adenocarcinoma, it was reported that circulat-
ing cancer cells had higher levels of ALCAM 
message, along with a few other markers, than 
tumour cells at the primary site and that when 
circulating cancer cells had high levels of 
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ALCAM, patients tended to have significantly 
shorter survival [18]. In a sharp contrast to that 
in pancreatic adenocarcinoma, ALCAM in endo-
crine tumours from the pancreas, namely pan-
creatic neuroendocrine tumours (PNET), were 
found to have mainly cytoplasmic staining and 
a favourable prognostic factor for both recur-
rence free survival and disease specific surviv-
al (n=38) [20]. In a larger cohort of 264 tissues 
and 115 sera of patients with pancreatic ade-
nocarcinoma, Tachezy et al. [21] did not find 
any survival correlation between tissue ALCAM 
staining and the survival of the patients, 
although the levels of circulating ALCAM had 
bearing with the clinical outcomes, arguing for 
further investigations. The impact of ALCAM on 
the adhesion and migration of pancreatic can-
cer cells have also been reported [19, 22].

In the present study, we have explored the 
expression pattern of ALCAM in pancreatic ade-
nocarcinoma and the link with the clinical out-
come. One of our striking findings was that the 
levels of ALCAM in pancreatic cancer are linked 
with the presence of vessel embolism, and that 
vessel embolism and ALCAM are clearly linked 
with the survival of the patients. We went on to 
demonstrate, using genetically constructed cell 
models, that expression of ALCAM in both pan-
creatic cancer cells and endothelial cells are a 
key determination factor for cancer-endothelial 
cell adhesion. Our study further showed that 
the ALCAM-ALCAM interaction-mediated can-
cer-endothelial cell adhesion can be controlled 
by soluble ALCAM, arguing a potential value of 
targeting ALCAM in this cancer type as a strat-
egy for therapeutic intervention.

Materials and methods

Cell lines

Human pancreatic cancer cell lines PANC-1 and 
Mia PaCa-2 were purchased from ECACC and 
Human vascular endothelial cells HECV was 
purchased from Interlab, Naples, Italy.

Key materials

Recombinant human ALCAM-Fc chimera, con-
taining ALCAM Trp28-Ala526 and the human 
IgG Fc region was purchased from R&D sys-
tems (Abingdon, UK). A monoclonal antibody to 
human ALCAM was purchased from Novaca- 
stra, Milton Keynes, UK.

Anti-ALCAM shRNA and ALCAM expression 
constructs

To modify the expression of ALCAM in target 
cell lines multiple plasmid systems were 
designed and purchased from VectorBuilder 
(Chicago, USA). A number of shRNAs targeting 
ALCAM and control scramble sequences were 
designed in order to affect ALCAM expression. 
Additionally, the ALCAM expression sequence 
or stuffer control sequence was used for ALCAM 
over-expression models. Plasmids were trans-
fected into cell lines using Fugene HD (Promega, 
Southampton, UK).

Establishing pancreatic cancer and endothe-
lial cell models with differential expression of 
ALCAM

The anti-ALCAM shRNA plasmids were used  
to transfect PANC-1 and HECV cells and, 
through a selection process, we established 
ALCAM knockdown PANC-1 (designated as 
PANC1ALCAMkd) and HECV (designated HE- 
CVALCAMkd) submodels together with the respec-
tive scramble controls. Mia PaCa-2 which 
expressed low levels of ALCAM was transfected 
with ALCAM expression construct, resulting in 
the establishment of the ALCAM over-expres-
sion submodel, MiaPaCa2ALCAMexp. These mod-
els were then used for the in vitro in- 
vestigations.

Tumour-endothelial interaction assay

Tumour-endothelial interaction was assessed 
using a method we previously described [23]. 
Briefly, pancreatic cancer cells, control and 
transfected were cultured to subconfluence.  
On collection of the cell suspension, they  
were stained with 5 µM DiI (1,1’-Dioctadecyl-
3,3,3’,3’Tetramethylindocarbocyanine Perchlo- 
rate) for 30 minutes. After extensive washing  
to remove the free dyes, fixed number of cells 
were added to an endothelial cell monolayer 
(control or ALCAM knockdown), precoated on 
the floor of the 96-well plates. After 20 min-
utes, the culture wells were carefully washed 
with PBS to remove the non-adherent cancer 
cells. The remaining cells that adhered to the 
endothelial cell monolayer were fixed with  
4% formalin. Representative bright field and 
fluorescence images were captured on a Leica 
fluorescent inverted microscope (Leica Micro- 
systems Ltd., Milton Keynes, UK) at ×20 objec-
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tive magnification, and the images of merged 
and attached cancer cells were quantified.

Cell adhesion and migration assay by ECIS 

ECIS assay was applied to investigate cellular 
behaviour based on the impedance parameter 
detected from gold electrodes coated on the 
bottom of a 96-well array (Applied Biophysics 
Inc., NJ, USA). The assay was modified from the 
previously descried method [24, 25]. In brief, 
prior to cell seeding, ECIS arrays containing 
growth medium were stabilised using the  
stabilisation function within the system and 
washed. Cells were seeded at an appropriate 
density before the 96-well array was equipped 
in the incubated array station and changes in 
resistance/impedance measured over the 
course of the experiment. The first 4 hours of 
data was analysed for initial attachment and 
spreading. Once the resistance curve reached 
plateau electrical wounding was applied for 20 
seconds at 2000 μA and 60,000 Hz, to gener-
ate a wound in the monolayer before recording 
the change in resistance following recovery of 
the monolayer to analyse cellular migration  
over a four-hour period. The second ECIS assay 
used was the automated tracking of cancer-
endothelial interactions. Here, HECV cells, con-
trol or HECVALCAMkd were plated in the ECIS array 
and allowed to reach confluence. Pancreatic 
cancer cells were added to the endothelium 
and the interaction was monitored immediately 
after adding at a frequency of 4,000 Hz.

Pancreatic cancer tissue arrays (TMA) and 
staining of ALCAM by immunohistochemical 
assay

A pancreatic tissue array (No. PA2081c) was 
obtained from Biomax Inc. Rockville, MD, USA. 
Following antigen retrieval, the TMA was 
blocked for 2 hours with 10% horse serum 
before being incubated with ALCAM primary 
antibody (2 µg/ml). We used a universal sec-
ondary antibody and biotin tertiary reagents to 
bind to the ALCAM antibody and to conjugate 
peroxidase (Vectastain Elite Universal ABC kit, 
Vector Laboratories ltd., Peterborough, UK). 
DAB (diaminobenzidine, 5 mg/ml; Sigma-Ald- 
rich, Dorset, UK) was used to develop colour 
and the TMA was counterstained with Gill’s 
hematoxylin (Vector Laboratories ltd., Peter- 
borough, UK). The staining was assessed by 
three independent assessors and scored as no 
(0), weak (1), moderate (2), or strong (3) stain-

ing, based on method previously reported [26, 
27].

Fresh pancreatic cancer and normal tissue 
collation and clinical information

Pancreatic cancer tissues, together with nor-
mal unaffected normal tissues were collected 
immediately after surgery at Peking University 
Cancer Hospital and Institute. Tissues obtain- 
ed from surgery theatre were immediately 
stored in liquid nitrogen until use. Ethical 
approval was granted by the Ethics Research 
Committee of Peking University Cancer Hos- 
pital and is fully in accordance with the Hel- 
sinki declarations. Consent was obtained from 
the patients. In total, 223 patients were recruit-
ed to the study. Patients were followed in the 
clinics and the current study has a median fol-
low-up period of 12 months. Clinical, pathologi-
cal information and follow-up information were 
collected retrospectively.

Extraction of RNA from tissues and quantita-
tive analysis of ALCAM gene transcript

Tumour and normal tissues were retrieved from 
liquid nitrogen storage vessels and subse-
quently homogenised in an RNA isolation buf-
fer. Total RNA was extracted using an ether-
based method. After extensive washing, total 
RNA was purified and quantified by a UV spec-
trophotometer and standardised to the same 
concentration. Reverse transcription was car-
ried out using a reverse transcription kit 
(Promega, Southampton, UK). Quantitative 
analysis of ALCAM gene transcript was per-
formed on a StepOne Plus thermocycler (Fisher 
Scientific, UK). The primers used in the study 
are listed in Table 1. The chemistry employed 
here was the FAM tagged UniprimerTM and 
worked with the reverse primer via a unique 
sequence (z-sequence, underlined in Table 1). 
GAPDH was used as a house keeping control.

Statistical analysis

Pairwise comparisons were made by Mann-
Whitney U test and Kruskal-Wallis H test. RUC 
model by way of the Receiver Operating 
Characteristic method was used to categorise 
patients into groups with differential expres-
sion in accordance with clinical outcome and 
presence of tumour emboli. Survival analysis 
was carried out with the Kaplan Meier’s meth-
od and Cox regression model. Multiple variate 
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analysis and logistic regression were used. All 
the analyses were carried out using SPSS ver-
sion 26.

Results

Levels of ALCAM expression in normal pan-
creatic tissues and pancreatic cancer tissues 
determined by immunohistochemistry (IHC)

Pancreatic tissues, normal and tumour, all 
stained positive for ALCAM (Figure 1 and Table 
2). The staining was of membranous and cyto-
plasmic nature. Most of the tissues had both 
cytoplasmic and membrane ALCAM staining 

except for several cases in which only cytoplas-
mic staining could be observed. The intensity  
of ALCAM staining was different among differ-
ent pathology types of tissues (P<0.001). 
Therein, adjacent normal pancreas tissue 
(P=0.028) and Islet cell tumour (P=0.017) had 
significantly lower levels of ALCAM staining 
compared to duct adenocarcinoma, whilst  
metastatic tumours (P=0.732) and chronic 
pancreatitis (P=0.126) showed no statistical 
difference compared to duct adenocarcinoma. 
There was no difference in ALCAM staining 
among different differentiation grade (P= 
0.408), TNM staging (P=0.241), tumour staging 

Table 1. Primers
Gene name Forward primer Reverse primer
ALCAM (PCR) TTATCATACCTTGCCGACTT GGGTGGAAGTCATGGTATAG 
ALCAM (qPCR) CAGGAGGTTGAAGGACTAAA ACTGAACCTGACCGTACAGGGATCAGTTTTCTTTGTCA
GAPDH (PCR) GGCTGCTTTTAACTCTGGTA GACTGTGGTCATGAGTCCTT
GAPDH (qPCR) AAGGTCATCCATGACAACTT ACTGAACCTGACCGTACAGCCATCCACAGTCTTCTG

Figure 1. ALCAM staining in normal and tumour pancreatic tissues. Shown are representative staining from normal 
pancreatic tissues (A), Islet cell tumour (B) and pancreatic ductal adenocarcinoma (C and D). The scale bar repre-
sent 100 μm.
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(P=0.074) and node metastasis (P=0.662). In 
general, despite the small sample size, tumour 
tissues stained stronger than normal tissues 
and benign tumour tissues.

Expression of ALCAM gene transcript in pan-
creatic cancer

Pancreatic cancer tissues had markedly high 
levels of ALCAM transcript compared with nor-
mal tissues (P<0.000001) (Figure 2A and 
Table 3). Whilst the difference between differ-
ent groups of histological types, differentia- 
tion, tumour staging, TNM staging, and nodal 
metastasis did not reach significant difference 
(Table 3), tumour from patients who died of 
pancreatic cancer during the follow-up period 
had significantly higher levels of ALCAM than 
tumours from those who remained alive 
(P=0.018) (Figure 2B and Table 3).

Levels of ALCAM transcript and clinical out-
comes

Using the RUC model, it was demonstrated that 
levels of ALCAM have significant power in pre-

dicting the mortality of the patients (RUC value 
0.614, P=0.016) and that high levels of ALCAM 
indicate high probability of pancreatic cancer 
related death. Based on the cut-off value from 
the RUC model, we divided patients into two 
groups, with high level expression and low lev-
els of expression, respectively. Using the 
Kaplan-Meier model, it was found that patients 
with high levels of ALCAM had a significantly 
shorter survival, compared with those of low 
ALCAM levels with median survival time being 
19.7 vs 24.7, respectively (P=0.041) (Figure 3). 
Although in univariate analysis, ALCAM expres-
sion level and nodal status are significant fac-
tors for the clinical outcome, only ALCAM was 
found to be an independent prognostic factor 
for the mortality of the patients by using uni-
variate analysis (P=0.005, HR=3.000) and mul-
tivariate analysis (P=0.023, HR=5.485) (Table 
4).

We have also explored the TCGA dataset 
(RNAseq) which has a smaller number of 
patients than the present study [28, 29]. As 
shown in Figures S1 and S2, the links between 

Table 2. ALCAM staining score in pancreatic tissues

Group N
Distribution Intensity Statistical significance

Both Cytoplasm Membrane 1 2 3 Chi value P
Pathology
    Duct adenocarcinoma 54 53 1 0 6 37 11 42.492 <0.001a

    Adjacent normal pancreas tissue 48 37 11 0 13 32 3 7.185 0.028b

    Metastatic 10 10 0 0 2 6 2 0.625 0.732b

    Islet cell tumour 20 20 0 0 8 10 2 8.120 0.017b

    Chronic pancreatitis 12 10 2 0 4 7 1 4.135 0.126b

Differentiation Grade
    1 11 11 0 0 1 7 3
    2 19 19 0 0 0 13 6 1.794 0.408c

    3 2 2 0 0 2 0 0 NA NA
TNM stage
    I 22 22 0 0 1 14 7
    II 30 29 1 0 3 23 4 2.844 0.241d 
    III 2 2 0 0 2 0 0 NA NA
Tumour stage
    T2 28 28 0 0 1 18 9
    T3 24 23 1 0 3 19 2 5.205 0.074e

    T4 2 2 0 0 2 0 0 NA NA
Node metastasis
    N0 42 42 0 0 4 30 8 0.825 0.662
    N1 12 11 1 0 2 7 3
aOverall chi-square test among all pathology types; bCompared with Duct adenocarcinoma; cCompared with differentiation 
Grade 1; dCompared with TNM stage I; eCompared with Tumour stage T2.
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ALCAM gene transcript and patients’ survival, 
OS (overall survival) and RFS (relapse free sur-
vival), are not significant. However, it is note-
worthy that high levels of ALCAM were seen to 
be associated with a shorter RFS survival but 
longer OS survival, although neither was statis-
tically significant.

ALCAM expression and link to vascular embo-
lism

Our data has further revealed that tumours 
with cancer emboli in microvessel had signifi-
cantly higher levels of ALCAM compared those 
without (P=0.021) (Figure 4A). It was further 
revealed that the presence of microvessel 
emboli had a significant impact on the overall 
survival of the patients (Figure 4B). RUC model 
analysis showed that the levels of ALCAM had a 
significant value in predicting the presence of 
embolism (RUC value 0.613, P=0.013).

Creation of cell models from pancreatic cancer 
cells and vascular endothelial cells that dif-
ferentially express ALCAM and the impact on 
pancreatic cancer cells

With the findings that both ALCAM and tumour 
embolism were significantly linked to clinical 
outcome and that levels of ALCAM had signifi-

cant connection with the presence of embo-
lism, we sought to explore if levels of ALCAM in 
pancreatic cancer cells and in vascular endo-
thelial cells may contribute to the tumour-en- 
dothelial interactions, a significant factor lead-
ing to formation of tumour embolism. PANC- 
1 cancer cells had positive expression of 
ALCAM, in contrast to Mia PaCa-2 which was 
weakly positive for ALCAM. Using anti-ALCAM 
shRNA, we created PANC-1 knockdown sub-
model, designated here as PANC1ALCAMkd, 
together with a transfection control (designat-
ed as PANC1control) (Figure 5). Similarly, we cre-
ated an ALCAM over-expression subline from 
Mia PaCa-2 cell line with a respectively control 
that are designated as MiaPaCa-2ALCAMexp and 
MiaPaCa-2control.

In vitro, it was shown that levels of ALCAM 
expression in these submodels did not influ-
ence the rate of cell growth. However, using an 
automated cell analyser, it was clearly demon-
strated that loss of ALCAM in PANC1ALCAMkd, 
resulted in significant reduction in both cell 
adhesion (left) and migration (right) (Figure 6, 
top). In a less striking contrast to PANC-1 cells, 
over expression of ALCAM in Mia PaCa-2 cells 
resulted in cells being more adhesive (left) and 
less mobile (right), although the difference is 
not highly significant (Figure 6, bottom).

Figure 2. A: Levels of expression of ALCAM transcript in normal and pancreatic cancer tissues. B: Expression of AL-
CAM in those who died and remain alive. Statistical method was Mann-Whitney U test. Shown are median and IQR.
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ALCAM expression in endothelial cells and in 
pancreatic cancer cells, the impact on tumour-
endothelial interactions

We conducted a direct tumour-endothelial 
interaction assay to determine how expression 

of the patients. This finding is important as it is 
the first large cohort investigation using the 
quantitative approach to assess the ALCAM 
transcript and on its link to the clinical and 
pathological factors of the tumour type. This 
finding is in line with some of the earlier studies 

Table 3. Expression level of ALCAM transcript  and the 
clinical and pathological groupings
Group Median Q1 Q3 Pa

Tissue types <0.001
    Tumour 68.2 0.1 60.2
    Normal 15.5 0 1.7
Sex 0.452
    Male 2.43 0.09 76.3
    Female 7.8 0 56
Differentiation 0.312
    High 0 0 162.9
    High-Medium 16.5 0.1 165
    Medium 0.76 0.07 53.64
    Medium-Low 6 0.09 52.373
    Low 11 2 34
Anatomical site 0.427
    Head 3.3 0.1 50.97
    Body 24.4 0 76.4
    Body/Tail 13.2 0 87.57
    Tail 19.3 11.4 113.3
    Other locations 108.3 21.2 176.3
Tumour staging 0.315
    T1 18.1 8.3 89.2
    T2 7.6 0 108.1
    T3 0.3 0 28.6
    T4 14.3 0.1 84.1
Lymph nodes 0.73
    Negative 15.85 0.08 85.5
    Positive 18.1 8.3 89.2
Metastatic at diagnosis 0.996
    No 3.5 0.1 61.51
    Yes 6 0.12 16.62
TNM stage 0.924
    1 13 0 135
    2 0.4 0.1 50.33
    3 11.6 0.1 84.1
    4 10.9 0.1 33.5
Combined 0.473
    TNM1-2 0.4 0.1 52.7
    TNM3-4 11.6 0.1 68.8
Clinical Outcome 0.018
    Alive 0.2 0 14.9
    Died 11.9 0.1 67.9
aby Mann-Whitney U test.

of ALCAM in vascular endothelial cells 
influences the interaction and adhesive-
ness between the two cell populations. As 
shown in Figure 7, knockdown of ALCAM 
from PANC-1 cells significantly reduced 
the adhesion of cancer cells to endothe- 
lial cells. In contrast, over-expression of 
ALCAM in Mia PaCa-2 cells significantly 
increased the adhesiveness between the 
two cell types. It was also demonstrated 
that soluble ALCAM (sALCAM) at a higher 
concentration blocked this interaction to a 
significant degree.

The tumour-endothelial interactions aff- 
ected by ALCAM expression was similarly 
reproduced in the ECIS based cell-cell 
interaction assay in that loss of ALCAM in 
endothelial cells resulted in a rapid rise of 
capacitance when the PANC-1 ALCAM 
knock-down cancer cells were added. It is 
noteworthy that when both PANC-1 and 
HECV cells were knocked down for ALCAM, 
the capacitance reached the maximum 
(Figure 8). To confirm the reproducibility of 
the knockdown, we tested two separate 
shRNAs, which showed a reproducible 
outcome.

Discussion

The present study reports that in a large 
pancreatic cancer cohort, the expression 
of ALCAM, particularly at the transcript lev-
els, was highly aberrant in tumour tissues 
and is a strong prognostic factor. This is 
linked to the tumour embolism in pancre-
atic tumours, attributable to the expres-
sion of ALCAM in pancreatic cancers, as 
demonstrated by in vitro cell models.

ALCAM and clinical outcome of pancre-
atic cancer

ALCAM transcript levels were increased in 
pancreatic tumours compared with normal 
pancreas tissues, and this increase in 
tumour tissues was particularly high in 
tumours from patients who died from pan-
creatic cancer. Collectively, raised levels of 
ALCAM transcript presented an indepen-
dent prognostic factor for overall survival 
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showing high levels of ALCAM protein staining 
in pancreatic adenocarcinoma are associated 
with a poor survival [17].

The present study of immunohistochemical 
staining analysis of the pancreatic tissue array 
did not show a marked difference amongst  
the clinical and pathological factors. This is in 
line with an early study on pancreatic cancer 
tissues using a similar immunohistochemical 
method [21]. The reason for the discrepancies 
between different studies with the same  
methods, namely immunohistochemistry, and 
between different methods, namely transcript 
analysis vs protein staining, are not entirely 
clear but could be due to the following possibili-
ties. Firstly, the presence of an antagonistic 
mechanism to ALCAM could make assessment 

reported here are in line with reports of smaller 
cohorts in the past [17, 18], but clearly in con-
trast to those reported on PNET in that high lev-
els of ALCAM indicated a favourable clinical 
outcome [20]. The observation seen with PNET 
is not alone and has been reported in breast, 
prostate and thyroid cancers in which patients 
with high tumour levels of ALCAM had good 
clinical outcome. It is noted that a possible rea-
son is the endocrine nature of the tumour 
types. Tachezy et al. [20] reported that PNET 
tumour with hormone production tended to 
have stronger ALCAM staining (100%) com-
pared with non-hormone production tumours 
(63% strong and 37% weak) (P=0.037).

In a context of pancreatic cancer, it has been 
reported that ALCAM is involved in the pancre-

Figure 3. ALCAM levels and overall survival of the patients by Kaplan-Meier 
survival analysis. Patients with high levels of ALCAM transcript had signifi-
cantly shorter survival (P=0.041).

Table 4. ALCAM expression, clinical and pathological factors in 
relationship with the survival of the patients

Factor
Univariate analysis Multivariate analysisa

P value HR P value HRb

ALCAM expression 0.005 3.000 0.023 5.485
Gender 0.268 1.456 0.915 1.075
Age 0.264 1.016 0.397 1.025
Tumour differentiation 0.138 1.293 0.930 1.029
Location of tumours 0.906 1.024 0.875 0.940
Local invasion 0.855 0.946 0.713 0.666
Nodal involvement 0.005 2.750 0.187 2.578
TNM staging 0.147 1.509 0.441 3.020
aCox Regression model against pancreatic related death; bHazard Ratio.

of ALCAM protein alone insuf-
ficient. This is likely to relate to 
the presence of circulating 
soluble ALCAM, a truncated 
form of ALCAM shed from the 
cell surface. Indeed, the study 
by Tachezy et al. [21] that 
measured both cellular and 
circulating ALCAM did not find 
a prognostic value of either in 
pancreatic cancer, suggesting 
that a more viable approach  
is required to assess this  
protein. Secondly, the discor-
dance between levels of mRNA 
and protein is another reason 
for potential discrepancy. Al- 
though mRNA and translation 
into protein are highly con-
nected, the fate of protein 
post-translation is however 
highly variable. For the same 
reason as stated earlier, a 
mature and functional ALCAM 
may be cleaved, shed from cell 
surface and may become an 
antagonist. Thus, to evaluate a 
total level of a molecule, mRNA 
in this case may be a more 
suitable option.

Pancreatic adenocarcinoma 
versus other tumour types

The relationship between AL- 
CAM and clinical outcome  
in pancreatic adenocarcinoma 
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atic interaction with the stellate cells of the 
pancreas and knocking down ALCAM in pancre-

atic cancer cells reduces this contact [30]. 
Pancreatic stellate cells are important stromal 

Figure 4. A: Levels of ALCAM in tumour without and with microvessel emboli. P=0.021 by Mann-Whitney U test. B: 
Relationship between the presence of microvessel embolism and survival of the patients. C: Levels of ALCAM had a 
significant value in predicting tumour microvessel embolism (RUC value 0.613, P=0.013).

Figure 5. Creation of pancreatic and endothelial cell models. Expression of ALCAM in the cells were verified by PCR.
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Figure 6. ALCAM differential expression, cell adhesiveness and migration as detected by ECIS. Top panel: PANC1 cells; Bottom Panel: Mia PaCa-2 cells. Left: cell 
adhesiveness; Right: Wounding assay for cellular migration.
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and periductal cells that can facilitate fibrosis 
and some aspect of tumour progression. 
Although brief, the finding does indicate that 
ALCAM is important for the communication 
between pancreatic cancer cells and other 
cells such as stellate and mutually influence 
each other to facilitate the progression of pan-
creatic cancer.

ALCAM and tumour-endothelial interactions 
and the clinical value of tumour microvessel 
embolism

ALCAM is known to be expressed in both lym-
phatic and vascular endothelial cells [31] and is 

a key to the tubule formation and the integrity 
of endothelium by, in this case, ALCAM-me- 
diated endothelial-endothelial interactions. The 
present study clearly demonstrated that under 
a static culture condition, ALCAM is an impor-
tant factor for the cancer-endothelial interac-
tion, an important part in the locking stage of 
tumour circulation and extravasation. It has 
been established that ALCAM on breast cancer 
cells is also able to interact with Galectin-8 
(Gal-8) of endothelial cells [32]. Thus, ALCAM 
on pancreatic cancers is likely to adopt mul- 
tiple forms of interaction with its partners on 
endothelial cells, including homotypic (ALC- 
AM-ALCAM) and heterotypic (ALCAM-galectin, 

Figure 7. Top panel: images showing adherence of PANC1 (A-D) and Mia PaCa-2 (E-H) cells to endothelial cells. (A/C 
and E/G) are the respective control cells. (B/D) are ALCAM knockdown cells and (F/H) are ALCAM over-expression 
cells. Top rows (A/B/E/F) are control treatment; Bottom rows (C/D/G/H) are cells treated with 1.0 µg/ml sALCAM. 
Red coloured cells are the respective cancer cells labelled with DiI. The background cells are endothelial cells. 
Bottom: Graphical representation of pancreatic cancer cells adherence to endothelial cells. Left: * vs PANC1control 
without treatment; # vs PANC1ALCAMkd without treatment. Right: * vs MiaPaCa2control without treatment; # vs MiaPa-
Ca2ALCAMexp without treatment; ❖ vs MiaPaCa2control with similar sALCAM concentration.
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ALCAM-CD6) interactions to facilitate the 
aggregation and adhesion of cancer cells on 
endothelium. It is interesting to note a similar 
report in non-small cell lung cancers (NSCLC) 
showing that ALCAM on lung cancer cells facili-
tates the adhesion of cancers with cerebral 
endothelial cells and subsequent formation of 
brain metastases [33]. This role of ALCAM dur-
ing tumour-endothelial interaction and during 
cancer cell extravasation bears resemblance  
of its role in monocyte extravasation [34]. 
These known functions between ALCAM, can-
cer cells and endothelial cells have important 
bearing to the findings of the present study.  
We found that loss of ALCAM in pancreatic can-
cer cells and in endothelial cells substantially 
weakened the adhesiveness between pancre-
atic cancer cells and vascular endothelial cells. 
This would render pancreatic cancer cells less 
likely to settle on the endothelium to complete 
an essential step of metastasis, to cluster and 
extravasate, hence hindering the probability of 
vascular spread. This finding also supports  
well the clinical findings that the presence of 
cancer embolism is highly correlated with the 
level of ALCAM in pancreatic cancer and that 
the presence of tumour embolism is linked well 
with the poor clinical outcome. Collectively, this 
study has shown that levels of ALCAM in pan-
creatic cancer cells are closely linked with 
tumour-endothelial adhesion, and arguably 
subsequent clustering of cancer cells over the 
endothelium. This would support a well-estab-
lished hypothesis that clustering of cancer cells 
over the vascular endothelium bed results in 
the slowdown of flow, locking of cancer cells 

over endothelium and subsequent extravasa-
tion of cancer cells. One must also bear in mind 
that ALCAM is only one of the many proteins 
involved in this process. Other proteins include 
Galectins, CD6, and CD44, etc, should also be 
considered. The present study provides suffi-
cient evidence that ALCAM is amongst the  
most important ones in this context in pancre-
atic adenocarcinoma.

Soluble ALCAM and potential therapeutic value

Soluble ALCAM or sALCAM, a truncated form of 
ALCAM as the result of enzymatic cleavage of 
mature ALCAM, is antagonistic to mature 
ALCAM by competing for the homotypic bind- 
ing. sALCAM as a potential therapeutic target 
for cancer intervention has been suggested 
[35]. The present study has demonstrated that 
sALCAM can indeed block ALCAM-mediated 
tumour-endothelial interactions and pancreatic 
cancer adhesiveness to matrix, two important 
factors contributing to the metastatic process. 
Limited by the availability of serum samples 
from the patients in the present study, we were 
unable to assess the levels of the circulating 
soluble ALCAM in the same patients. However, 
in a previous study, patients with high levels of 
soluble ALCAM, as opposed to tissue levels of 
ALCAM, had a significant link to the poor clinical 
outcome of the patients [18]. Similar relation-
ships have been reported in other cancer types 
including oesophageal cancer [7], prostate 
cancer [26], breast cancer [36], to name a few 
(for a comprehensive summary, please refer  
to a recent review [5]). Together, with previous 

Figure 8. ECIS based analyses of tumour-endothelial cell interaction. Showing are two ALCAM knockdown cell mod-
els over endothelial cells which also had ALCAM expression modified.
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reports on soluble ALCAM in antagonizing the 
functions of ALCAM, it would be plausible to 
suggest that sALCAM has an important thera-
peutic role in this particular cancer type and is 
worthy of further exploration.

As an important member of cell adhesion mol-
ecules, ALCAM has been shown to participate 
in the progression of various tumour types, 
including pancreatic cancer, as reported here. 
The impact of ALCAM on tumour-endothelial 
cells and on the presence of tumour embolism 
is of particular interest. Together with the find-
ings of potential role of sALCAM in this context 
argues a therapeutic implication. It is clear  
that there is a need to further explore how the 
adhesion mediated tumour-endothelial and 
indeed tumour-tumour interaction are governed 
outside and inside the cells, the latter most 
probably requires the understanding of the sig-
nalling events triggered by the interaction. To 
our knowledge, a series of vital signalling mol-
ecules and pathways are involved in the regula-
tion of ALCAM, including the primary promoter 
element of ALCAM gene transcription nuclear 
factor-kappa B (NF-κB) and Sp1, actin cytoskel-
eton and binding partner CD9 which both  
have fixation effect on membrane ALCAM, and 
proteolysis ADAM17 and MMP14 which can 
regulate the shed of ALCAM extracellular 
domain, etc [1]. They are clearly important and 
a fertile area to explore in the future and are 
indeed ongoing research in our institute.

In conclusion, the present study has shown 
that levels of ALCAM transcript in human pan-
creatic adenocarcinoma have a significant 
prognostic value and are also an important pre-
dictor for the development of tumour microves-
sel embolism, which is likely to be mediated by 
highly levels of ALCAM protein in pancreatic 
cancer cells and endothelial cells.
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Figure S1. TCGA dataset of ALCAM transcription expression in human pancreatic cancer detected by RNAseq (www.
kmplot.org) for overall survival (OS) (n=207) (Left) and relapse free survival (RFS) (n=69) (right). Patients had high 
levels of ALCAM had a median overall survival of 20.9 months compared with 17.03 months of those with low levels 
(P=0.21). In contrast and statistically non-significant fashion, patients had high levels of ALCAM had a median re-
lapse free survival of 23.9 months compared with 50.4 months of those with low levels (P=0.21) [28].

Figure S2. ALCAM protein expression in pancreatic adenocarcinoma from the proteinatlas dataset (n=176) [29] 
(www.proteinatlas.org). Cut-off point was median level. P=0.88.


