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Abstract. Background/Aim: Activated leukocyte cell adhesion
molecule (ALCAM/CD166), a member of the immunoglobulin
superfamily, has been shown to regulate cell adhesion through
both homotypic and heterotypic interactions. In cancer, it might
be involved in disease progression and chemotherapy drug
resistance. The present study explored the clinical and
prognostic significance of ALCAM in gastric cancer and its
impact on patient’s responses to neoadjuvant chemotherapies
and cancer cells' response to chemodrugs in vitro. Materials
and Methods: Two independent cohorts were included to
evaluate the link between ALCAM and the clinical outcomes
and pathological factors of the patients. The gastric cancer cell
lines HGC27 and AGS were used to generate ALCAM
knockdown cell models. The cytotoxicity of chemotherapy drugs
was examined using ALCAM knockdown cell models. Results:
Patients with gastric cancer who had high levels of ALCAM
transcripts showed a significantly shorter overall survival in
both cohorts (p=0.043 and 0.006, respectively). Patients who
resisted to neoadjuvant chemotherapy had marginally higher
levels of ALCAM than those responded (p=0.056). Patients with
low levels of ALCAM expression and resisted to neoadjuvant
chemotherapy had the worst clinical outcome with a

significantly shorter overall survival (p=0.004) and disease-free
survival (p=0.006), whereas such results did not appear in high
ALCAM expression patients. ALCAM knockdown cells were
more sensitive to Cisplatin, Oxaliplatin and 5-Fluorouracil
compared with their respective control cells. Conclusion:
ALCAM acts as a negative prognostic indicator in patients with
gastric cancer and high levels of ALCAM expression result in
increased chemotherapy drug resistance.

Gastric cancer (GC) is one of the most common malignant
tumours worldwide. It accounted for approximately 5.6%
new cancer cases and 7.7% cancer-related death in 2020
according to the GLOBOCAN report (1). Despite recent
advances in gastric cancer treatment, the long-term survival
of patients with gastric cancer remains unsatisfactory (2).
The reasons of this poor prognosis are diverse (2, 3)
including lack of specific symptoms leading to late
presentation, difficulties in early diagnosis, recurrence and
metastasis, and the emergence of chemotherapy resistance.
Hence, there is a pressing clinical and research need to
explore and recognize molecular mechanisms and critical
molecules involved in gastric cancer progression and
metastasis and chemotherapy drug resistance. 

Activated leukocyte cell adhesion molecule (ALCAM) or
otherwise known as CD166, is a cell adhesion molecule that
belongs to the immunoglobulin superfamily (4, 5). It is
expressed in multiple cell types in the body and, as a
transmembrane protein, confers homotypical and heterotypical
adhesions between the cells (6). Whereas ALCAM-ALCAM
interaction occurs in the same cell and between different cells,
it offers adhesion between tumour-tumour cells, tumour-
endothelial cells, and tumour interaction with other cells (6, 7).
ALCAM can also interact with other molecules on different
cells. The heterotypical interaction partners of ALCAM include
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CD6, CD9, CD44 and certain member of the integrin family
proteins (5, 8, 9). This interaction is commonly seen in the
interactions between tumour cells and lymphocytes and immune
cells, which strongly and to some degree exclusively express
CD6. The role of ALCAM in cancer has been well explored
(10). At the cellular level, ALCAM can mediate tumour-
endothelial interactions, thus facilitating tumour vascular
embolism (11). In the tumour microenvironment, ALCAM may
mediate tumour cell seeding and facilitate metastasis (12, 13).
Beyond its role as a cellular protein, ALCAM can be shed from
the cell surface by ectodomain cleavage by proteinases such as
ADAM17 and MMP14, thus giving rise to a circulating soluble
form of ALCAM (sALCAM) (14). This soluble form may act
as an antagonist of the membrane bound mature ALCAM (11).
Beside the biological impact of ALCAM on cancer cells,
ALCAM may also have an impact on the response of cancer
cells to chemotherapies in myeloma (15), pancreatic cancer (16)
and recently gastric cancer (17). 

Clinically, the role of ALCAM in solid tumours has been
well investigated over the past two decades. It has been
shown that ALCAM has two facets in different cancer types.
Overall, ALCAM tends to act as a tumour suppressor in
endocrine related cancers including breast cancer, prostate
cancer, thyroid cancer, and potentially pituitary tumours.
However, ALCAM seems to promote other solid tumour
types, notably pancreatic cancer, colorectal cancer and
squamous cell carcinoma (10). Studies on the role of
ALCAM in gastric cancer are limited. A study with limited
number of patients has shown that ALCAM protein is
increased in gastric tumours compared with normal tissues
and patients with gastric cancer have increased levels of
soluble ALCAM (18). Work by Ishigami et al. (19) showed
that the expression of ALCAM in gastric cancer patients was
associated with significantly shorter survival and related to
nodal involvement and vascular invasion.

The present study aimed to investigate the expression
pattern of ALCAM, at transcript and protein levels, in clinical
gastric cancer and its relationship with patient clinical
outcomes. We also explored whether the expression of
ALCAM was associated with response of patients with
gastric cancer to neoadjuvant chemotherapies. In the light of
the findings that ALCAM expression was associated with

patient’s response drug treatment, cell models were generated
with differential expression of ALCAM and tested their
responses to chemotherapeutic drugs.

Materials and Methods

Cell lines and key materials. The human gastric cancer cell lines
AGS and HGC27 were purchased from ECACC (European
Collection of Animal Cell Culture, Salisbury, UK). The cells were
routinely maintained in DMEM-F12 supplemented with 10% foetal
calf serum and antibiotics (penicillin at 100 unit/ml and
streptomycin at 100 μg/ml), in an incubator at 37˚C with 5% CO2.

An experimental plasmid containing ALCAM-targeted shRNA and
a control plasmid containing scramble sequence were purchased from
VectorBuilder (Chicago, IL, USA) as previously reported (11, 13).
Gastric cancer cells were transfected with the plasmids to establish
ALCAM knockdown cells lines. Fugene HD (Promega, Southampton,
UK) transfection reagent, which was a novel, non-liposomal
transfection reagent designed to transfect DNA into a wide variety of
cell lines with high efficiency and low toxicity, was used in accordance
with manufacturer’s instructions. Following transfection, cells were
subject to selection with 2 μg/ml puromycin (Fisher Scientific UK,
Leicestershire, UK), prepared in growth medium. Once sufficient cell
death had occurred, cells were taken out of selection and grown in
maintenance medium containing 0.2 μg/ml puromycin.

Clinical cohorts of gastric cancer tissues. The present study
employed two independent clinical gastric cohorts as we previously
reported (20, 21). One cohort contained 316 gastric cancer tissue
specimens of which 175 cases also had matched normal tissue
specimens. It was used to assess the expression profile of ALCAM
and its association with clinical, pathological, and clinical outcomes
of the patients. The other cohort (n=86) additionally had information
on patients’ response to neoadjuvant chemotherapies. Both cohorts
were collected with the same protocol and tissues were collected
immediately after surgical resection of the gastric tumours. The
cohorts were collected under a local research ethics committee
approval (ethics number 2006021) with patients’ consent.

The clinical cohort analysis was supplemented with information
available through TCGA online datasets. The TNM plot and KM
plot websites and resources were accessed to further explore the
clinical significance of ALCAM in gastric cancer and its implication
in patients’ survival.

RNA extraction from cells and tissues, PCR, and quantitative PCR.
RNA extraction was carried out using the TRI Reagent (Sigma-
Aldrich, Dorset, UK). For tissues, this was carried using a
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Table I. Primers used in the study.

Target                                             Forward primer                                                       Reverse primer

ALCAM (PCR)                              TTATCATACCTTGCCGATT                                GGGTGGAAGTCATGGTATAG
GAPDH (PCR)                              GGCTGCTTTTAACTCTGGTA                           GACTGTGGTCATGAGTCCTT
ALCAM (qPCR)                            CAGGAGGTTGAAGGACTAAA                        ACTGAACCTGACCGTACAGGGATCAGTTTTCTTTGTCA*
GAPDH (qPCR)                            AAGGTCATCCATGACAACTT                          ACTGAACCTGACCGTACAGCCATCCACAGTCTTCTG*

*The underlined sequence represents z sequence. 
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Figure 1. Immunohistochemical staining of ALCAM in gastric cancer and normal stomach tissues. A) Representative images of varying intensities
of ALCAM staining in gastric cancer TMA. a: negative staining (0); b: weak staining (1); c: moderate staining (2); d: strong staining (3). B)
Representative images of ALCAM staining in adjacent normal tissues and gastric cancer tissues. a: normal tissues; b: gastric cancer tissues. C)
Representative images of ALCAM staining in gastric cancer tissues with different pathological grades. a: G1-G2; b: G2; c: G3. 



homogeniser (Cole Parmer, Cambridgeshire, UK). The same
concentrations of RNA from cells and tissues were used to produce
cDNA using a GoScript™ reverse transcription mix, Oligo (dT) kit
(Promega, Southampton, UK) in accordance with the
manufacturers’ guidelines. The levels of the ALCAM in cells and
tissues were determined using qPCR. The chemistry used here was
a molecular beacon based Amplifluor™ Uniprimer Universal qPCR
system (Intergen Inc., Oxford, UK). The system is characterised by
the integration of a Z sequence (5’-ACTGAACCTGACCGTACA-
3’) to the FAM-tagged Uniprimer probe (Table I). The reaction and
detection were carried out using a StepOnePlus™ Real-Time PCR
System (Thermo Fisher Scientific, Leicestershire, UK). The
amplification and detection conditions were: 95˚C for 10 min, 80
cycles of 95˚C for 10 s, 55˚C for 35 s (programmed for signal
detection) and 72˚C for 10 s. The transcripts were quantified
alongside an internal standard to allow calculation of relative
transcript copy numbers of the cells and tissues. 

Immunohistochemical detection of ALCAM protein on a tissue
microarray (TMA). This was carried using a human tissue
microarray purchased from US Biomax, Inc., (Derwood, MD,
USA). The gastric cancer TMA (HStm-Ade090PG-01) was first
processed for antigen retrieval in 0.1 M EDTA buffer, heated in a
microwave for 20 min. This was followed by blocking the non-
specific binding in 5–10% horse serum for two hours. The primary
anti-ALCAM primary antibody (2 μg/ml; Novacastra, Milton
Keynes, UK) was applied to the array overnight. Following
extensive washing, the TMA was incubated with secondary and
tertiary reagents from a Vectastain Elite Universal ABC kit (Vector
Laboratories Ltd., Peterborough, UK), in accordance with the
manufacturer’s guidelines. The TMA was then developed with
diaminobenzidine (5 mg/ml; Sigma-Aldrich, Dorset, UK) for 10
min, counterstained with Gill’s haematoxylin (Vector Laboratories
Ltd., Peterborough, UK), dehydrated, cleared in xylene, and
mounted in DPX (Sigma-Aldrich, Dorset, UK). Once dried, sections
were viewed under the microscope and digital images were captured
and scored. The evaluation of the staining was using a method we
recently reported (11).

Gastric cancer cell’s response to chemotherapeutic drugs. Cells
were seeded into 96 well plates, treated with serially-diluted drugs,
and then incubated in suitable conditions. The concentrations of the
drugs were chosen based on their known IC50 and previous studies.
After 72 h, the cells were fixed with 4% formalin, stained with 0.5%
crystal violet and extracted with 10% acetic acid after washing. The
absorbance was measured at 595 nm using a spectrophotometer to

detect cell densities. The percentage drug toxicity was calculated
using the following formula: Percentage drug toxicity=(Absorbance
in untreated well - Absorbance in drug treated well)/Absorbance in
untreated well. The scatter plots of percentage toxicity and drug
concentration were plotted, and fitting curves were used to calculate
the IC50 value for the drugs.

Statistical analysis. Mann–Whitney U tests or Kruskal–Wallis tests
were used to compare expression between patient groups and were
undertaken using Minitab (version 14; Minitab Ltd, Coventry, UK).
Two sample t-test and Kaplan–Meier survival analysis were
performed using the SPSS statistical software (version 27; SPSS,
Chicago, IL, USA). The drug response in relationship to ALCAM
expression was analysed using the ROC method on SPSS. 

Results

ALCAM protein staining in gastric cancer tissue. A gastric
cancer TMA (HStm-Ade090PG-01) was used to examine the
expression patten of ALCAM in both gastric cancer and normal
tissues. In normal tissues, the staining varied between different
patients. Where the staining can be assessed, the areas of
staining were seen both as membrane and cytoplasmic staining
(Figure 1A). It is interesting to note that normal gastric
epithelial cells displayed more prominent intercellular staining
(Figure 1B). In gastric cancer tissues, however, the staining was
more cytoplasmic whereas intercellular staining appeared to be
weakened. The intensity of ALCAM was then scored as follow:
0. Negative staining; 1. Weak staining; 2. Moderate staining; 3.
Strong staining, based on an established method reported
previously (22). As shown in Table II, gastric cancer tissues had
significantly lower levels of ALCAM staining compared to
normal adjacent tissues (p=0.045). However, no statistical
significance could be found between tumour tissues with
different pathological grades (Figure 1C). 

ALCAM transcript expression in gastric cancer tissues.
ALCAM transcript expression was analysed in both gastric
cancer cohorts. A total of 316 gastric cancer patients were
included in the first cohort. As shown in Table III, there was
a significant difference in ALCAM transcript levels between
normal and tumour gastric tissues (p=0.003). The was no
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Table II. The score of ALCAM staining in gastric cancer TMA.

                                                                                   n                                                     Intensity                                            Chi value             p-Value

                                                                                                              0                    1                      2                     3
                                                                                      
Type                  Tumour tissues                                30                      21                    5                      3                     1                     8.03                   0.045
                         Normal adjacent tissues                 30                      11                    7                    11                     1                                                    
Grade               G1-G2                                               2                        1                    1                      0                     0                                                    
                         G2                                                    12                        8                    1                      2                     1                    1.821                   0.61
                         G3                                                    16                      10                    4                      1                     1



significant difference regarding sex, T stage, lymph nodes
involvement, metastasis, TNM staging, differentiation
degree, tumour invasion, tumour vascular embolism, radical
surgery, and clinical outcomes, between normal and tumour
gastric tissues. 

Similar to the first cohort, significantly higher levels of
ALCAM were observed in normal tissues compared with
tumour tissues in the second cohort (p<0.001, Table IV).
Tumours which were more than 50 mm in diameter had higher
ALCAM expression compared with those less than 50 mm
(p=0.004). No significant difference was found regarding sex,
T stage, tumour location, Bormann staging, surgical approaches
(D1/D2), differentiation, tumour vascular invasion, tumour
size, T stage, lymph nodes involvement, TNM staging, gastric
cancer related incidence, and clinical outcomes between normal
and tumour gastric tissues. 

ALCAM transcript expression and the clinical outcome of the
patients. The survival of gastric cancer patients was also
analysed. The cohorts were divided into ALCAM high
expression and low expression groups based on their respective
ROC best cut-off value. As shown in Figure 2, patients with low
levels of ALCAM had significantly longer overall survival (OS)
compared with those with high ALCAM expression in the first
cohort (55.9±3.5 versus 43.4±2.9 months, p=0.043). The results
were similar in terms of disease-free survival (DFS), namely
high ALCAM expression patients tend to have shorter DFS
(55.1±3.6 versus 41.9±2.7 months, p=0.038). 

In the second cohort in which patients received
neoadjuvant chemotherapy treatment (Figure 3), the OS of
the patients who had low ALCAM expression was also
longer compared with the high ALCAM expression group
(47.5±4.9 versus 22.8±3.1 months, p=0.006) (Figure 3, left).
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Table III. ALCAM transcript expression in adjacent normal and gastric cancer tissues in the first cohort.

                                                      Variable                                n                          Median                       Q1                           Q3                          p-Value

Tissue type                                     Tumour                              316                               6.5                           0                            476                          0.003
                                                        Normal                              182                             67.6                           0                            635                               
Sex                                                  Male                                   226                             10.2                           0                            461                          0.971
                                                        Female                                 90                               2.8                           0                            553                               
T stage                                            T1                                        16                             51.8                           0                         3,568                          0.498
                                                        T2                                        25                               0.4                           0                         5,460                               
                                                        T3                                        41                               2.7                           0                            187                               
                                                        T4                                      226                               8.6                           0                            510                               
                                                        T1+T2                                  41                               4.0                           0                         3,261                          0.733
                                                        T3+T4                                267                               7.0                           0                            408                               
Lymph nodes                                  N0                                        70                               5.0                           0                         2,045                          0.526
                                                        N1                                        47                               0.3                           0                            179                               
                                                        N2                                        61                             10.8                           0                            205                               
                                                        N3                                      132                             10.2                           0                            599                               
                                                        N1+2+3                             240                               6.4                           0                            307                               
Metastasis at diagnosis                  M0                                     275                               5.3                           0                            483                          0.527
                                                        M1                                       40                             13.3                           0                            468                               
TNM staging                                  TNM1                                  25                             40.4                           0                         7,264                          0.910
                                                        TNM2                                  59                               2.7                           0                         1,925                               
                                                        TNM3                                214                               8.0                           0                            260                               
                                                        TNM4                                    9                               0.4                           0                            889                               
Differentiation                                High                                       1                                                                                                                                  
                                                        High/moderate                      6                             73.6                           0                         2,758                          0.970
                                                        Moderate                             61                               0.8                           0                         1,948                               
                                                        Moderate/low                      81                               5.7                           0                            524                               
                                                        Low                                   134                             10.2                           0                            370                               
Invasion                                          Whole layer                       227                             10.8                           0                            546                          0.221
                                                        Subserosa                            36                               1.3                           0                              40                               
                                                        Muscular layer                    30                             10.3                           0                       12,848                               
                                                        Mucosa                                11                               0.2                           0                              81                               
Embolism                                       No                                      150                             12.8                           0                            965                          0.306
                                                        Yes                                     152                               4.8                           0                            285                               
Radical surgery                              No                                        69                             16.1                           0                         1,287                          0.060
                                                        Yes                                     243                               2.7                           0                            265                               
Clinical outcomes                          Alive                                  133                               1.7                           0                            586                          0.476
                                                        Died                                   180                             10.8                           0                            443                               



The same results were observed regarding DFS (40.5 versus
20.3 months, p=0.020) (Figure 3, right).

ALCAM expression and patients’ responses to drug
treatment. We further explored whether ALCAM

expression in gastric cancer was associated with patient’s
responses to drug treatment, namely neoadjuvant
chemotherapies. This study was performed in the second
cohort in which patients were evaluated for their response
to treatment. As shown in Figure 4A, tumour tissues from
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Table IV. ALCAM transcript expression in adjacent normal and gastric cancer tissues in the second cohort.

                                                      Variable                                n                          Median                        Q1                           Q3                          p-Value

Tissue type                                     Tumour                                87                               1.5                           0                            312                        <0.001
                                                      Normal                                 87                       1,312.3                       198                       11,165                            

Sex                                                  Male                                     63                               1.3                           0                              98                           0.260
                                                      Female                                 24                               6.7                           0                            529                            

Location                                          Proximal                              31                               2.5                           0                              45                           0.550
                                                      Distal                                   46                               1                              0                            525                            
                                                      Whole stomach                     7                             17.9                           1                       14,966                            

Bormann staging                            1                                             3                               1                              0                              45.1                        0.530
                                                        2                                           13                               5.5                           0                            178                            

                                                      3                                           35                               2.1                           0                         1,292                            
                                                      4                                             9                               0.5                           0                                4                            

Differentiation                                Differentiated                      20                               9.3                           0                            503                           0.436
                                                        Undifferentiated                  56                               1                              0                            101                            

                                                      Others                                    8                               1.4                           0                            358                            
Vascular invasion                           No                                        41                               1.9                           0                            389                           0.268
                                                        Yes                                       43                               0.8                           0                            193                            
D2 Surgery                                     No                                        21                               2.7                           0                            422                           0.550

                                                      Yes                                       66                               1.1                           0                            284                            
Tumour size                                    T>50 mm                            42                               4.5                           0                            986                           0.004
                                                        T<50 mm                            35                               0.4                           0                              17                            
T-stage                                            T1-2                                       8                               0.7                           0                              10.3                        0.198

                                                      T3-4                                     78                               2.1                           0                            525                            
Node involvement                          No                                        16                               0.7                           0                            465                           0.474
                                                        Yes                                       71                               2                              0                            312                            
TNM staging                                  TNM1                                    4                               1.26                         0.49                         10.27                     0.400
                                                        TNM2                                  14                               3.2                           0                            826                            
                                                        TNM3                                  45                               2.2                           0                            505                            
                                                        TNM4                                  23                               1.1                           0                            260                            
GC related incidence                     Free                                      59                               2.1                           0                            533                           0.157
                                                        With incidence                    27                               0.4                           0                              98                            
Clinical outcomes                          Alive                                    31                               1.5                           0                              18                           0.553
                                                        Died of GC cancer              56                               1.9                           0                            584

Table V. IC50 of chemotherapy drugs in control and ALCAM knockdown groups of different gastric cancer cell lines.

Cell lines                      Drugs                                                                                                                   Mean±SD                                                  

                                                                                                      Control group                              ALCAM-KD group                                    p-Value

HGC 27                        Cisplatin                                                  12.090±3.645                                    4.607±1.447                                           0.048
                                      Oxaliplatin                                               0.433±0.091                                     0.360±0.147                                           0.504
                                      5-Fluorouracil                                         11.107±0.702                                    8.017±1.706                                           0.044
                                      Paclitaxel                                                 0.100±0.019                                     0.104±0.009                                           0.721
AGS                              Cisplatin                                                  10.967±3.461                                    1.207±0.561                                           0.009
                                      Oxaliplatin                                               8.527±0.477                                     6.553±0.152                                           0.306
                                      5-Fluorouracil                                          1.753±0.952                                     0.857±0.380                                           0.204
                                      Paclitaxel                                                 0.009±0.003                                     0.025±0.016                                           0.175



patients who resisted the neoadjuvant therapies had
marginally significantly higher levels of ALCAM than
those responded (p=0.056, Figure 4A). Patients who
resisted neoadjuvant chemotherapies had a significantly
poorer OS than those who responded (p=0.013, Figure 4B)
and indeed a poor DFS (p=0.017, Figure 4C). It was very
interesting to note that this relationship was particularly
prominent in patients with tumours of low levels of
ALCAM (Figure 4D), in that patient’s OS was far more
sensitive to their response to neoadjuvant chemotherapies
(64.5±6.8 months versus 32.1±8.1 months, p=0.004).
However, the survival of patients with gastric tumours
expressing high levels of ALCAM, was not different
between those responded and resisted to neoadjuvant
chemotherapies (41.2±8.9 months versus 36.5±5.6 months,
p=0.581, Figure 4E). The same results were also observed
with DFS (Figure 4F and G).

ALCAM expression of gastric cancer in TCGA database. The
above survival analysis showed that patients with lower
levels of ALCAM had longer OS and higher chance to
response to neoadjuvant chemotherapy, which indicated that
ALCAM may acted as a poor prognostic factor in gastric
cancer. However, the ALCAM expression levels in gastric
cancer patients seemed to be lower than that in normal
patients according to the results of IHC staining and our
clinical cohort data. Hence, we used TCGA database to
further explore the effect of ALCAM in gastric cancer and
its clinical outcomes. As shown in Figure 5, there was a
significant decrease of ALCAM expression in gastric cancer
tissues compared with normal tissues (p<0.001). In contrast,
patients with lower levels of ALCAM seemed to have shorter
OS and post-progression survival (PPS), although no
statistical significance was reached (Figure 6, p=0.29 and
0.23, respectively). The TCGA data was largely in line with
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Figure 3. The overall survival (OS) (left) and disease-free survival (DFS) (right) curves of high/low ALCAM expression groups in the second cohort
of gastric cancer patients.

Figure 2. The overall survival (OS) (left) and disease-free survival (DFS) (right) curves of high/low ALCAM expression groups in the first cohort
of gastric cancer patients.
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Figure 4. ALCAM expression, patient’s response to neoadjuvant chemotherapies and the clinical outcomes. A) Levels of ALCAM expression in gastric
tumours from patients who responded and resisted neoadjuvant chemotherapies; patients who resisted the treatment had marginally significant
higher levels of ALCAM than those who responded (p=0.056). B and C) Patient response to neoadjuvant chemotherapies and the clinical outcome
as shown by OS (B) and DFS (C). Patients who resisted to therapies had a significantly shorter OS (p=0.013) and DFS (p=0.017), compared with
those who responded. D and E: OS of the patients who responded and resisted to neoadjuvant chemotherapies, stratified by expression of ALCAM.
Patients who had low ALCAM expression and resisted to therapies had poorer outcome than those who responded (p=0.004) (D), whereas patients
who had high ALCAM expression showed no significant difference in their OS irrespective of their responses to neoadjuvant chemotherapies
(p=0.0581). F and G: DFS of the patients according to their response to neoadjuvant chemotherapies and stratified by expression of ALCAM.
Patients who had low ALCAM expression and resisted to therapies had the poorer DFS than those who responded (p=0.006) (F), whereas patients
who had high ALCAM expression showed no significant difference in their survival irrespective of their responses to neoadjuvant chemotherapies
(p=0.527) (G). Survival curves were drawn using the Kaplan–Meier method and p-value was calculated using the log-rank test.



our above results, namely higher levels of ALCAM
expression led to poor clinical outcomes in gastric cancer
patients, while opposite results were obtained when it was
used as a diagnosis factor. This suggested a complex role of
ALCAM in the regulation of cancer progression.  

Generation of ALCAM gene-manipulated cell models. Since
the association between ALCAM expression, patients’
responses to treatment and clinical outcome have been
indicated in the previous sections, we further explored if
such association could be demonstrated in vitro. Here, we
created ALCAM knockdown cell models using the gastric
cancer cell lines AGS and HGC27. The transfection
efficiency was verified by PCR. As shown in Figure 7, both
AGS and HGC27 showed a clear reduction of ALCAM
expression following ALCAM knockdown, demonstrating
the reliability of the gastric cancer cell models.

Drug toxicity assays based on ALCAM gene-manipulated
cell models. To validate our clinical findings on the
relationship between ALCAM expression and patients’
responses to drug treatment, we performed drug toxicity
assays using ALCAM knockdown cell models as mentioned
above. Figure 8 and Figure 9 show the cytotoxicity curve of
AGS and HGC27 cell lines treated with four representative
chemotherapy drugs: Cisplatin, Oxaliplatin, 5-Fluorouracil
and Paclitaxel. The ALCAM knockdown cells appeared to
be more sensitive to Cisplatin, Oxaliplatin and 5-Fluorouracil
compared with their respective control cells, whereas in the
Paclitaxel-treated group, the control and ALCAM
knockdown cells did not exhibit significant difference. 

As shown in Table V, the IC50 of Cisplatin in HGC27
ALCAM knockdown cells was significantly lower than that in
HGC27 control cells (12.090±3.645 μM versus 4.607±1.447
μM, p=0.048). In the HGC27 cell line, 5-Fluorouracil was
found to have a reduced IC50 following ALCAM knockdown
(11.107±0.702 μM versus 8.017±1.706 μM, p=0.044). In the
AGS cell line, Cisplatin had lower IC50 in ALCAM knockdown
groups compared with AGS control cells (10.967±3.461 μM
versus 1.207±0.561 μM, p=0.009). Αlthough the rest of the
groups showed the same trend according to our hypothesis, they
did not reach statistical significance.

Discussion

The present study presented the findings on the relationship
between ALCAM expression and the clinical, pathological,
and clinical outcome of patients with gastric cancer. By
employing two separate cohorts, we collectively found that
ALCAM transcript is a valuable prognostic indicator for OS
and DFS. The study also demonstrated that the levels of
ALCAM transcript is a useful indicator for evaluating
patient’s response to neoadjuvant chemotherapies, and this
is supported by in vitro cell model-based investigations. It
was very surprisingly to discover that ALCAM and patient’s
response to neoadjuvant therapies together identified patients
with the poorest clinical outcome. 

Neoadjuvant chemotherapy before surgery is administered
for “downstaging and downsizing” locally advanced gastric
tumours. It has been shown to increase the chance for
curative resection, reduce micro metastases in early stages,
and allow an in vivo response assessment of treatment (23,
24). However, not every patient would benefit from
preoperative drug treatment due to the responsiveness of
chemotherapy drugs, side effects of the treatment and the
postponement of surgery timing. Hence, surgeons should
fully evaluate patients’ conditions beforehand and perform
neoadjuvant chemotherapy with caution. It is clear from the
present study that when patients had high levels of ALCAM
in gastric tumours, neoadjuvant chemotherapies did not result
in additional benefit whether patients responded or resisted
to the treatment. However, when gastric tumours had low
levels of ALCAM, responders to neoadjuvant chemotherapies
experienced huge survival benefits, measured by both OS and
DFS, compared with those who resisted. Thus, this interesting
finding has clinical significance but needs to be interpreted
with reasonable caution due to the size of the present study.
It is thus strongly argued for a larger and ideally prospective
study to further validate this finding.  

Previous studies have focused on the correlation between
ALCAM, the survival of cancer patients and chemotherapy
resistance. Hong and colleagues (16) reported that silencing
of ALCAM via siRNA could reduce cell adhesion and induce
chemoresistance in pancreatic cancer cells. A study by Zhou
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Figure 5. ALCAM gene expression in normal (left) and gastric cancer
tissues (right) from TCGA database. Gastric cancer group had
significantly lower ALCAM expression compared with the normal group
(p<0.001). Data analysis was conducted, and images obtained from the
TNM plot website.  



et al. (25) showed that ALCAM-positive giant cell tumours of
bone (GCTB) exhibited increased resistance to chemotherapy-
induced cell death, and ALCAM expression was associated
with clinical outcomes of patients with GCTB. In non-small

cell lung cancer (NSCLC), EpCAM+/ALCAM+/CD44+ cells
were found to have higher alkaline dehydrogenase (ALDH)
activity and relatively higher resistance to both 5-fluorouracil
and cisplatin compared to EpCAM-/ALCAM-/CD44- cells
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Figure 7. The ALCAM transcript expression in ALCAM knockdown cell models as detected by PCR.

Figure 6. The overall survival (OS, left) and post-progression survival (PPS, right) of low and high ALCAM expression groups in gastric cancer
patients from TCGA database. Data analysis was conducted, and images obtained from the KM plot website. ROC cut-off value was used as the
cut-off point of the cohorts. Survival analysis was performed by Kaplan–Meier model.



(26). In terms of gastric cancer, Ni et al. (17) conducted
magnetic-activated cell sorting and successfully isolate
CD133+/CD166+ cell populations from the gastric cell lines
BGC-823 and SGC-7901. The CD133+/CD166+ cells showed

more malignant features, including cell proliferation, invasion,
and migration. Notably, the CD133+/CD166+ gastric cancer
cells were highly resistant to both cisplatin and oxaliplatin
compared with other groups of cells in chemotherapy
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Figure 9. Effect of ALCAM knockdown on chemotherapy drug toxicity in AGS cells. X-axis: drug concentration. Y-axis: percentage cytotoxicity.

Figure 8. Effect of ALCAM knockdown on chemotherapy drug toxicity in HGC27 cells. X-axis: drug concentration. Y-axis: percentage cytotoxicity.



resistance assay. These previous studies lend additional
support to the present study, which showed that the levels of
ALCAM in gastric cancer cells and the response of cells to
chemotherapeutic drugs are also drug dependent and cell
dependent. For example, two gastric cancer cell lines showed
increased sensitivity to cisplatin and 5- fluorouracil following
ALCAM knockdown. This was not observed with paclitaxel
and oxaliplatin. Together with the clinical findings, these
results suggest that ALCAM expression may indeed aid the
decision making in selecting suitable patients and suitable
drugs for neoadjuvant drug treatment.

The present study presented limited data on the protein
expression in normal gastric tissue and gastric cancer tissues.
It was noted that membranous staining of ALCAM in normal
epithelial cells is more prominent than that in gastric cancer
tissues. Owing to the small number of available tissues for
immunohistochemistry, we were unable to assess whether
this pattern of protein distribution had a clinical significance.
However, Ishigami et al. (19) assessed the
immunohistochemical staining of ALCAM in 142 gastric
cancer tissues, and found out that the membranous staining
pattern of gastric cancer cells appears to be a useful indicator
for patients with poor clinical outcomes when compared with
ALCAM negative tumours. This together with the present
study suggests that a more comprehensive and large analysis
of protein distribution is necessary. In a separate study,
Erturk et al. (27) showed that patients with gastric cancer
had significantly higher levels of serum ALCAM, arguably
the shed soluble ALCAM, than controls. Together, these
results suggests that there should be more investigation into
ALCAM in gastric cancer both at tissue level and in the
circulation. However, the current study supports the finding
that determination of ALCAM transcript represents a useful
approach in assessing patient’s prognosis and patients
response to drug treatment in gastric cancer.

Conclusion

The present study reports that ALCAM transcript expression
in human gastric cancer is a strong prognostic indicator for
the clinical outcome of the patients, notably their OS and
DFS. ALCAM expression is also a tentative indicator for
patient’s response to neoadjuvant chemotherapies and
patients with low levels of ALCAM and failure to respond
to neoadjuvant chemotherapies tend to have a very poor
clinical outcome. Together with the in vitro findings, the
study further demonstrates that ALCAM is an indicator for
gastric cancer cell sensitivity to chemotherapy drugs.

Conflicts of Interest
The Authors have no conflicts of interest to declare in relation to
this study.

Authors’ Contributions

Conceptualization, WGJ, AJS and JJ; methodology, AJS, YY, WGJ;
formal analysis, YY, FR, WGJ, AJS; investigation, YY, FR, JK, SJ,
WGJ, AJS; resources, JJ, SJ, KJ; data curation, KJ, SJ, YJ, JJ, WGJ,
AJS; writing – original draft preparation, YY, AJS, WGJ, FR;
writing – review and editing, YY, AJS, FR, WGJ, JJ and JK;
visualization, YY, FR; funding acquisition, WGJ and JJ. All Authors
have read and agreed to the published version of the manuscript.

Funding

The study was supported by Cardiff China Medical Scholarship and
RealCan Fellowship (to AJS).

References

1 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I,
Jemal A and Bray F: Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers
in 185 countries. CA Cancer J Clin 71(3): 209-249, 2021. PMID:
33538338. DOI: 10.3322/caac.21660

2 Smyth EC, Nilsson M, Grabsch HI, van Grieken NC and
Lordick F: Gastric cancer. Lancet 396(10251): 635-648, 2020.
PMID: 32861308. DOI: 10.1016/S0140-6736(20)31288-5

3 Song Z, Wu Y, Yang J, Yang D and Fang X: Progress in the
treatment of advanced gastric cancer. Tumour Biol 39(7):
1010428317714626, 2017. PMID: 28671042. DOI: 10.1177/
1010428317714626

4 Patel DD, Wee SF, Whichard LP, Bowen MA, Pesando JM,
Aruffo A and Haynes BF: Identification and characterization of
a 100-kD ligand for CD6 on human thymic epithelial cells. J
Exp Med 181(4): 1563-1568, 1995. PMID: 7535342. DOI:
10.1084/jem.181.4.1563

5 Bowen MA, Bajorath J, D'Egidio M, Whitney GS, Palmer D,
Kobarg J, Starling GC, Siadak AW and Aruffo A:
Characterization of mouse ALCAM (CD166): the CD6-binding
domain is conserved in different homologs and mediates cross-
species binding. Eur J Immunol 27(6): 1469-1478, 1997. PMID:
9209500. DOI: 10.1002/eji.1830270625

6 von Lersner A, Droesen L and Zijlstra A: Modulation of cell
adhesion and migration through regulation of the
immunoglobulin superfamily member ALCAM/CD166. Clin
Exp Metastasis 36(2): 87-95, 2019. PMID: 30778704. DOI:
10.1007/s10585-019-09957-2

7 van Kempen LC, Nelissen JM, Degen WG, Torensma R, Weidle
UH, Bloemers HP, Figdor CG and Swart GW: Molecular basis
for the homophilic activated leukocyte cell adhesion molecule
(ALCAM)-ALCAM interaction. J Biol Chem 276(28): 25783-
25790, 2001. PMID: 11306570. DOI: 10.1074/jbc.M011272200

8 Dippel V, Milde-Langosch K, Wicklein D, Schumacher U,
Altevogt P, Oliveira-Ferrer L, Jänicke F and Schröder C:
Influence of L1-CAM expression of breast cancer cells on
adhesion to endothelial cells. J Cancer Res Clin Oncol 139(1):
107-121, 2013. PMID: 22983139. DOI: 10.1007/s00432-012-
1306-z

9 Bartolomé RA, Pintado-Berninches L, Jaén M, de Los Ríos V,
Imbaud JI and Casal JI: SOSTDC1 promotes invasion and liver
metastasis in colorectal cancer via interaction with ALCAM/CD166.

ANTICANCER RESEARCH 43: xxx-xxx (2023)

12



Oncogene 39(38): 6085-6098, 2020. PMID: 32801337. DOI:
10.1038/s41388-020-01419-4

10 Yang Y, Sanders AJ, Dou QP, Jiang DG, Li AX and Jiang WG:
The clinical and theranostic values of activated leukocyte cell
adhesion molecule (ALCAM)/CD166 in human solid cancers.
Cancers (Basel) 13(20): 5187, 2021. PMID: 34680335. DOI:
10.3390/cancers13205187

11 Yang Y, Sanders AJ, Ruge F, Dong X, Cui Y, Dou QP, Jia S, Hao
C, Ji J and Jiang WG: Activated leukocyte cell adhesion
molecule (ALCAM)/CD166 in pancreatic cancer, a pivotal link
to clinical outcome and vascular embolism. Am J Cancer Res
11(12): 5917-5932, 2021. PMID: 35018233.

12 Davies SR, Dent C, Watkins G, King JA, Mokbel K and Jiang
WG: Expression of the cell to cell adhesion molecule, ALCAM,
in breast cancer patients and the potential link with skeletal
metastasis. Oncol Rep 19(2): 555-561, 2008. PMID: 18202807.

13 Sanders AJ, Owen S, Morgan LD, Ruge F, Collins RJ, Ye L,
Mason MD and Jiang WG: Importance of activated leukocyte
cell adhesion molecule (ALCAM) in prostate cancer progression
and metastatic dissemination. Oncotarget 10(59): 6362-6377,
2019. PMID: 31695844. DOI: 10.18632/oncotarget.27279

14 Rosso O, Piazza T, Bongarzone I, Rossello A, Mezzanzanica D,
Canevari S, Orengo AM, Puppo A, Ferrini S and Fabbi M: The
ALCAM shedding by the metalloprotease ADAM17/TACE is
involved in motility of ovarian carcinoma cells. Mol Cancer Res
5(12): 1246-1253, 2007. PMID: 18171982. DOI: 10.1158/1541-
7786.MCR-07-0060

15 Wang F, Dan Z, Luo H, Huang J, Cui Y, Ding H, Xu J, Lin Z,
Gao Y, Zhai X, Yang Y, Qu Y, Zhang L, Chen F, Wang Q, Wang
X, Feng Y, Liu T, Yi Q, Niu T and Zheng Y: ALCAM regulates
multiple myeloma chemoresistant side population. Cell Death
Dis 13(2): 136, 2022. PMID: 35145058. DOI: 10.1038/s41419-
022-04556-8

16 Hong X, Michalski CW, Kong B, Zhang W, Raggi MC,
Sauliunaite D, De Oliveira T, Friess H and Kleeff J: ALCAM is
associated with chemoresistance and tumor cell adhesion in
pancreatic cancer. J Surg Oncol 101(7): 564-569, 2010. PMID:
20461761. DOI: 10.1002/jso.21538

17 Ni T, Wang H, Zhan D, Tao L, Lv M, Wang W, Chu Z, Zhou Z,
Sunagawa M and Liu Y: CD133+/CD166+ human gastric
adenocarcinoma cells present the properties of neoplastic stem
cells and emerge more malignant features. Life Sci 269: 119021,
2021. PMID: 33450261. DOI: 10.1016/j.lfs.2021.119021

18 Ye M, Du YL, Nie YQ, Zhou ZW, Cao J and Li YF:
Overexpression of activated leukocute cell adhesion molecule in
gastric cancer is associated with advanced stages and poor
prognosis and miR-9 deregulation. Mol Med Rep 11(3): 2004-
2012, 2015. PMID: 25395097. DOI: 10.3892/mmr.2014.2933

19 Ishigami S, Ueno S, Arigami T, Arima H, Uchikado Y, Kita Y,
Sasaki K, Nishizono Y, Omoto I, Kurahara H, Matsumoto M,
Kijima Y and Natsugoe S: Clinical implication of CD166
expression in gastric cancer. J Surg Oncol 103(1): 57-61, 2011.
PMID: 20886585. DOI: 10.1002/jso.21756

20 Jia Y, Ye L, Ji K, Zhang L, Hargest R, Ji J and Jiang WG: Death-
associated protein-3, DAP-3, correlates with preoperative
chemotherapy effectiveness and prognosis of gastric cancer
patients following perioperative chemotherapy and radical
gastrectomy. Br J Cancer 110(2): 421-429, 2014. PMID:
24300973. DOI: 10.1038/bjc.2013.712

21 Ji J, Jia S, Jia Y, Ji K, Hargest R and Jiang WG: WISP-2 in
human gastric cancer and its potential metastatic suppressor role
in gastric cancer cells mediated by JNK and PLC-γ pathways.
Br J Cancer 113(6): 921-933, 2015. PMID: 26291058. DOI:
10.1038/bjc.2015.285

22 Xin L, Liu C, Liu Y, Mansel RE, Ruge F, Davies E, Jiang WG
and Martin TA: SIKs suppress tumor function and regulate drug
resistance in breast cancer. Am J Cancer Res 11(7): 3537-3557,
2021. PMID: 34354859.

23 Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J,
Kasper S, Kopp HG, Mayer F, Haag GM, Luley K, Lindig U,
Schmiegel W, Pohl M, Stoehlmacher J, Folprecht G, Probst S,
Prasnikar N, Fischbach W, Mahlberg R, Trojan J, Koenigsmann
M, Martens UM, Thuss-Patience P, Egger M, Block A,
Heinemann V, Illerhaus G, Moehler M, Schenk M, Kullmann F,
Behringer DM, Heike M, Pink D, Teschendorf C, Löhr C,
Bernhard H, Schuch G, Rethwisch V, von Weikersthal LF,
Hartmann JT, Kneba M, Daum S, Schulmann K, Weniger J,
Belle S, Gaiser T, Oduncu FS, Güntner M, Hozaeel W, Reichart
A, Jäger E, Kraus T, Mönig S, Bechstein WO, Schuler M,
Schmalenberg H, Hofheinz RD and FLOT4-AIO Investigators:
Perioperative chemotherapy with fluorouracil plus leucovorin,
oxaliplatin, and docetaxel versus fluorouracil or capecitabine
plus cisplatin and epirubicin for locally advanced, resectable
gastric or gastro-oesophageal junction adenocarcinoma
(FLOT4): a randomised, phase 2/3 trial. Lancet 393(10184):
1948-1957, 2019. PMID: 30982686. DOI: 10.1016/S0140-
6736(18)32557-1

24 Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de
Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ,
Smith DB, Langley RE, Verma M, Weeden S, Chua YJ and
MAGIC Trial Participants: Perioperative chemotherapy versus
surgery alone for resectable gastroesophageal cancer. N Engl J Med
355(1): 11-20, 2006. PMID: 16822992. DOI: 10.1056/NEJ
Moa055531

25 Zhou Z, Li Y, Wang X, Hu J, Kuang M, Wang Z, Li S, Xu W
and Xiao J: ALCAM(+) stromal cells: role in giant cell tumor of
bone progression. Cell Death Dis 9(3): 299, 2018. PMID:
29463803. DOI: 10.1038/s41419-018-0361-z

26 Satar NA, Fakiruddin KS, Lim MN, Mok PL, Zakaria N,
Fakharuzi NA, Abd Rahman AZ, Zakaria Z, Yahaya BH and
Baharuddin P: Novel triple positive markers identified in human
non small cell lung cancer cell line with chemotherapy-resistant
and putative cancer stem cell characteristics. Oncol Rep 40(2):
669-681, 2018. PMID: 29845263. DOI: 10.3892/or.2018.6461

27 Erturk K, Tastekin D, Bilgin E, Serilmez M, Bozbey HU and
Sakar B: Serum activated leukocyte cell adhesion molecule and
intercellular adhesion molecule-1 in patients with gastric cancer:
Can they be used as biomarkers? Biomed Pharmacother 77: 86-
91, 2016. PMID: 26796270. DOI: 10.1016/j.biopha.2015.12.006

Received January 18, 2023
Revised February 8, 2023

Accepted February 9, 2023

Yang et al: ALCAM in Gastric Cancer and Drug Response

13


