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Review Article
Dysregulation of JAM-A plays an important  
role in human tumor progression
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Abstract: Junctional adhesion molecule A (JAM-A) is a transmembrane protein that belongs to the immunoglobulin 
(Ig) superfamily. Evidence determines that JAM-A plays a role in numerous cellular processes, including tight junc-
tion assembly, leukocyte migration, platelet activation, angiogenesis and virus binding. Recent research suggests 
that JAM-A is dysregulated in various cancers and is vital for tumor progression. JAM-A is implicated in carcinogen-
esis via different signal pathways such as TGF-β1 signaling. Furthermore, JAM-A expression in cancers is usually 
associated with certain outcome of patients and might be a prognostic indicator. In this review, the correlation 
between JAM-A expression and human cancers will be described.

Keywords: Tight junction, junctional adhesion molecule-A, tumor progression

Introduction

Tight junction (TJ) is a multi-protein structure 
and is the apical most junctional complex in 
certain epithelial and endothelial cells [1]. The 
traditional functions of TJ are barrier function 
and fence function. The barrier function means 
regulating the passage of ions, solutes, water 
and other molecules through paracellular spac-
es, and is deeply involved in edema, jaundice, 
diarrhea and blood-borne metastasis. The 
fence function divides apical and basolateral 
domains of plasma membranes [2], forms a 
fence to prevent intermixing of molecules in the 
apical membrane with those in the lateral 
membrane in order to maintain cell polarity. 
This function is thus related to cancer cell prop-
erties in terms of loss of cell polarity [3].

Junctional adhesion molecule (JAM), which was 
firstly reported in 1998, is an important compo-
nent of TJs. As a member of JAMs, JAM-A is 
located in TJs and along the lateral membrane 
of endothelial and epithelial cells (Figure 1) and 
is involved in the barrier function of TJs in both 
endothelial and epithelial cells, and develop-
ment of apicobasal cell polarity in epithelial 
cells [4-6]. The expression of JAM-A has been 

shown on the surface of endothelial and epithe-
lial cells of various tissues as well as platelets 
and cells of the immune system [4, 6-9]. JAM-A 
participates in diverse cell-cell adhesion pro-
cesses, such as leukocyte migration, platelet 
activation, angiogenesis, reovirus binding and 
TJ assembling (Figure 2) [10-16].

Recent research reports that the TJ structure 
plays an important part in tumor development 
through the dysregulation of its barrier and 
fence functions. Loss of cohesion of the TJ 
structure can lead to invasion and ultimately to 
the metastasis of cancer cells [17]. As a new 
molecular target implicated in cell adhesion, 
migration and TJ formation, dysregulation of 
JAM-A may involved in tumor proliferation, inva-
sion and metastasis.

In this review, we discuss the role of JAM-A 
involved in different cancers and potential 
mechanisms, especially in the breast cancer.

Roles in cancer

Cell migration is an early requirement for tumor 
metastasis. In order to metastasize, cancer 
cells must migrate out of the primary tumor 
then reach a distant organ and potentially pro-
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Figure 1. Cellular location and basic structure of JAM-A. JAM-A is component of TJ and located along the lateral 
membrane. JAM-A has two extracellular immunoglobulin-like domains, a single transmembrane segment and a 
cytoplasmic tail.

liferate into a secondary tumor [18]. TJ proteins 
contribute to tumor cell migration, invasion and 
adhesion. The loss of TJs appears to constitute 
an essential step in tumor development [19]. 
Loss of epithelial TJ barrier function has been 
implicated in many pathological conditions 
such as inflammation and cancers [20]. 
Damage of cell polarity is also an early indicator 
of carcinoma progression [21]. Dysregulation of 
JAM-A may, therefore, plays important roles in 
disease progression.

Expression of the JAM-A has been linked to pro-
liferation and tumor progression. Goetsch et al. 
reported that JAM-A overexpression is detected 
in all other evaluated tumor tissues compared 
to normal tissues except of ovarian and esoph-
agus tumor tissues [22]. The higher expression 
of JAM-A on tumor tissues is an obvious evi-
dence to consider it as a potential target for 
tumor therapy.

Endometrial carcinoma

In endometrial carcinoma, JAM-A expression is 
negatively correlated with grade, myometrial 
invasion, or stage and low JAM-A expression is 
significantly associated with low overall survival 

rate and progression-free survival rate. Addi- 
tionally, in 3-dimensional epithelial cell culture, 
JAM-A expression in well-differentiated adeno-
carcinoma is significantly higher than that in 
poorly differentiated adenocarcinoma. Thus, 
JAM-A expression is supposed to be reduced in 
high-grade or advanced endometrial carcinoma 
and may be a prognostic marker [23].

Pancreatic cancer

Low levels of JAM-A expression is an indepen-
dent prognostic marker for adverse clinical out-
come and is linked to tumor aggressiveness in 
pancreatic cancer. Depletion of JAM-A is relat-
ed to positive lymph node status, the presence 
of distant metastasis and tumor grade, which 
suggests it may be involved in tumor progres-
sion [24]. Moreover, an important role of ZO-2, 
another member of the JAM-associated protein 
complex has participated in the pathogenesis 
on pancreatic cancer [25].

Testicular cancer

JAM-A is expressed on germ cells in normal tes-
tis, but only in spermatogonia and spermato-
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Figure 2. Dysregulation of JAM-A expression is required for cancer cell metastasis. Damage of JAM-A function con-
tributes to tumor progression. In cancer cells, JAM-A overexpression (a) or underexpression (b) is related to in-
creased migration and invasion.
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cytes. Besides JAM-A, TJ proteins are disorga-
nized in testicular cancer. JAM-A localization is 
disorganized in tubules with testicular carcino-
ma in situ (CIS) and there is an aberrant high 
expression of JAM-A in seminoma. The expres-
sion of JAM-A by seminoma cells may promote 
tumor cell migration and infiltration [26]. 
However, further studies are needed to demon-
strate the relevance of JAM-A overexpression to 
the disease process.

Melanoma

JAM-A inhibits melanoma transendothelial mi- 
gration. It has been provided in melanoma that 
inhibition of JAM-A expression promotes the 
transmigration efficiency of the melanoma cell 
lines (SLM8 cells). While the inhibition of JAM-C 
protein diminishes the efficiency of the A375 
cell line to cross the endothelial cells, which 
means that JAM proteins may play opposite 
roles in melanoma cells migration. Neverthe- 
less, the JAM-A expression level between mela-
noma and normal tissue remains unknown 
[27].

Renal cell cancer

JAM-A protein expression is significantly down-
regulated in patients with clear cell renal cell 
carcinoma. Depletion of JAM-A is an early event 
in the development of renal cancer and increas-
es the migration of renal cancer cells. 
Underexpression of JAM-A is associated with a 
more aggressive phenotype but no prognostic 
value of JAM-A could be demonstrated [28].

Lung cancer

JAM-A mRNA in squamous cell carcinoma is 
about the same level compared to lung paren-
chyma while lower than in bronchial cells. On 
the other side, JAM-A mRNA level in adenocar-
cinoma is higher than those in lung parenchy-
ma but slightly lower than in bronchial cells 
[29]. Goetsch et al. [22] investigated JAM-A 
expression in the lung tumor and normal tis-
sues, JAM-A overexpression is detected in lung 
cancer tissues compared to normal tissues.

Recently JAM-A expression is determined by 
Zhang et al. [30] in non-small cell lung cancer 
(NSCLC) tissues and cell lines by immunohisto-
chemistry, the results showed that JAM-A is 
expressed relatively high amounts in NSCLC 
tissues and some types of NSCLC cell lines, 

and that cell membrane-associated JAM-A lev-
els are correlated with tumor aggressiveness. 
High expression of JAM-A is significantly associ-
ated with TNM stage, lymph node metastasis 
and shorten overall survival. Furthermore, the 
results also suggested that suppression of 
JAM-A expression induces cell cycle arrest in 
the G1-phase and inhibits lung cancer cell 
growth. From the above, JAM-A promotes 
NSCLC cells proliferation by modulation of cell 
cycle-related molecules.

Breast cancer

Recent research of JAM-A involved in breast 
cancer and potential mechanisms is quite 
detailed. However, the role of JAM-A in tumor gro- 
wth and dissemination remains controversial. 
Naik et al. [31] first reported that JAM-A expres-
sion is down-regulated in metastatic breast 
cancer. Expression of JAM-A is inversely corre-
lated to the ability of the breast cancer cells to 
migrate in their study of tumor cell lines. 
Overexpression of JAM-A in highly migratory 
cells (MDA-MB-231 cells) affects their morphol-
ogy and inhibits both migration and invasion 
through collagen gels. Furthermore, knock-
down of JAM-A using short interfering RNAs 
enhance the invasiveness of breast cancer 
cells [31].

However, the results from McSherry et al. [32] 
and Murakami et al. [33] studies are divergent 
from those reported by Naik et al. [31]. 
McSherry et al. [32] revealed a novel associa-
tion between JAM-A protein upregulation and 
poor prognosis in the 270 cases of invasive 
breast cancer tissues. Murakami et al. also 
found that a strong correlation between high 
JAM-A expression and reduced patient survival 
in the 273 cases of breast cancer clinical data-
set [33]. It should be noted that Naik et al. [31] 
used a small commercially available TMA (112 
cases) and several breast cell lines while 
McSherry et al. [31] studied a larger patient 
dataset and had the additional advantage of 
associated clinicopathological and survival 
data. Another possibility to explain the diver-
gence of data could be that the type/grade of 
population analyzed are different among these 
studies [22]. The downregulation of JAM-A in 
carcinoma cells may be detrimental to the sur-
vival of breast cancer patients. Thus, JAM-A 
could be used as a prognostic marker for meta-
static breast cancer [34]. Some contradictory 
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cellular adhesion and polarity and favor tumor 
initiation while its overexpression may promote 
integrin-mediated migratory events and favor 
tumor progression [38]. Together with the study 
of different tumors, JAM-A expression seems to 
be cell type-dependent, its expression level in 
diverse tumors and relationship with clinical 
outcome may be different or even contradictory 
(Table 1). Owing to the complicated cellular 
genetic background and microenvironment, 
JAM-A may play different roles in various types 
of cancer tissue. The diverse mechanisms in 
regulating these processes remain to be deter-
mined. Activation or depletion of JAM-A might 
be mediated by numerous signal pathways as 
well as a variety of signal molecules. The inter-
action with other TJ proteins may also contrib-
ute to the final balance of JAM-A function in 
tumor progression.

In conclusion, JAM-A is a new emerging target 
in carcinogenesis and the influence of JAM-A on 
tumor development and progression is com-
plex. The role of JAM-A in tumor progression 
may be regulated in a tissue-dependent man-
ner. Much research still needs to be done to 
elucidate the tumor type–specific and complex 
functional roles of JAM-A in tumor progression. 
In the future, based on better understanding of 
the molecular mechanisms of regulation and 
functions, JAM-A may become a prognostic 
indicator and beneficial target in tumor the- 
rapy.
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Table 1. JAM-A expression level in different tumors and correlation with 
clinical outcome
Type of tumor JAM-A expression level Correlation with poor prognosis
Endometrial carcinoma ↓ -
Pancreatic cancer ↓ -
Testicular cancer ↑ *
Renal cell cancer ↓ 0
NSCLC ↑ +
Breast cancer ↑↓ +
NSCLC: non-small cell lung cancer. ↓: JAM-A is lower expressed in tumor tissue than in 
corresponding normal tissue. ↑: JAM-A is overexpressed in tumor tissue than in cor-
responding normal tissue. ↑↓: JAM-A expression in tumor is controversial. +: JAM-A expres-
sion positively correlates with poor prognosis. -: JAM-A expression negatively correlates 
with poor prognosis. 0: no prognostic value of JAM-A could be demonstrated. *: unknown.

results of JAM-A expression in breast cancer 
may be attributed to the diverse cell lines used, 
different cell density, growth factors containing 
or not [30].

Additionally, overexpression of JAM-A in breast 
cancer may increase cell motility via down-
stream effects on β1-integrin, which is one of 
several proteins used by cells migration [32]. 
Another study provides further evidence that 
JAM-A knockdown or inhibition in breast cancer 
cells significantly decrease the activity of Rap1 
GTPase, a known activator of β1-integrin as 
well as a regulator of cellular adhesion. This 
reveals a novel role for JAM-A in driving breast 
cancer cell migration via activation of Rap1 
GTPase and β1-integrin [35]. A research of sig-
nal pathway identified that JAM-A as a down-
stream target of TGF-β1 represents a crucial 
mechanism in cancer progression. It was con-
cluded that TGF-β1 down-regulate JAM-A 
expression via its effect on both transcriptional 
and post-translational regulations of JAM-A, 
thus inducing cell invasion [36]. The study in 
vitro evaluation and xenograft models suggests 
that JAM-A can interfere with tumor prolifera-
tion and JAM-A is a potential novel target in 
oncology [22].

As a correct organization of cell to cell junctions 
induces cell resistance to apoptotic stimuli 
through activation of different pathways, down-
regulation of JAM-A reduces breast cancer 
aggressive behavior by increasing cell suscepti-
bility to apoptosis [33]. Recently, JAM-A is co-
expressed with HER2 and related to aggressive 
breast cancer phenotypes. Furthermore, JAM-A 
may regulate HER2 proteasomal degradation 
and activity, probably offering a promise as an 

important therapeutic tar-
get in HER2-positive 
breast cancers [37].

Summary

JAM-A is an integral pro-
tein of TJs that is impor-
tant for the assembling 
and maintenance of cell–
cell adhesion. Disorder of 
JAM-A expression is requ- 
ired for cancer cell metas-
tasis (Figure 2). The fact 
might be that low expres-
sion of JAM-A may impair 
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