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Many immunological studies have associ-
ated exosomes with the function of cross- 
presentation of antigens to immune cells4.

Hood et al.3 previously reported that 
melanoma-derived exosomes have a role in 
priming the lymph node environment to a 
proangiogenic state and also induce tumor 
growth–supporting extracellular matrix 
(ECM). However, the mechanisms by which 

Malignant melanoma is an aggressive form 
of skin cancer whose incidence continues to 
increase worldwide. Although a large number  
of primary melanomas can be cured through 
surgery, treatment of metastatic melanomas 
remains challenging1. In most cases, melanoma 
begins with the transformation of a benign 
nevus that develops into dysplastic lesions 
before progressing into a primary melanoma 
that can invade into the dermis and regional 
lymph nodes and from there disseminate to 
distant metastatic sites1. 

Unfortunately, in melanoma, there are 
no good prognostic biomarkers to predict 
the progression of the disease to metastasis. 
Genetic analyses of the primary melanomas 
have revealed that the invasive characteris-
tics of the cancer are predetermined and are  
present in the early lesions2. However, the rea-
sons for metastatic dissemination to regional 
lymph nodes and distant organs remain 
unclear. Growth factors such as vascular endo-
thelial factor, transforming growth factor-β and 
tumor necrosis factor-α secreted by lymphoid 
and stromal cells of the uninvolved regional 
lymph nodes can prime their microenviron-
ment to create a favorable ‘tumor niche’ for the 
migration of melanoma cells3.

Exosomes were originally identified as 
small (30–100 nm) membrane vesicles that  
are actively shed by a diverse popula-
tion of living normal and malignant cells4. 
These vesicles are of endosomal origin and  
composed of multivesicular bodies fused with 
the plasma membrane. Members of the Rab 
family of proteins are involved in the forma-
tion and secretion of exosomes4. Most studies 

have described exosomes as vesicles for excess  
secretion of cellular components into the 
extracellular milieu. Secreted components of  
exosomes include proteins, cell surface  
molecules such as human leukocyte antigens, 
tumor-associated antigens, co-stimulatory  
molecules and cytokine factors that are 
involved in immune regulation, and RNA 
molecules (both mRNAs and microRNAs)4. 
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Melanoma exosomes: messengers of metastasis
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A new study shows that melanoma-derived exosomes contribute to metastatic invasion by carrying messenger 
proteins that direct bone marrow–derived cells toward a prometastatic phenotype. This leads to the promotion of 
proangiogenic events and modification of the extracellular matrix at premetastatic sites (pages 883–891).

Figure 1  Melanoma-derived exosomes are messengers for angiogenesis and metastatic invasion. 
Peinado et al.5 show that tumor-derived exosomes from people with advanced metastatic melanoma 
contain high concentrations of TYRP2, VLA4, HSP70, MET and Rab27a proteins. They provide 
evidence that melanoma-derived exosomes that are shed in the extracellular milieu travel to bone 
marrow, lungs, lymph nodes and other organ sites of metastasis, where they are involved in the 
preparation of a tumor niche by altering the ECM, inducing tissue inflammation, increasing vascular 
permeability and promoting other proangiogenic events. They show that exosomes activate and modify 
the phenotype of BMDCs, inducing them to express increased amounts of the oncoprotein MET, which 
is phosphorylated and activated, thus resulting in the mobilization of BMDCs to the lungs and lymph 
nodes, where they initiate a metastatic niche. TNF-α, tumor necrosis factor-α.
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increased vascularization and modification of 
the ECM is achieved were not addressed by this 
study. In the current issue of Nature Medicine, 
Peinado et al.5 report that exosomes contain 
vital cellular components that participate in 
disseminating primary tumor cells to distant 
metastatic sites.

Peinado et al.5 performed extensive studies 
using melanoma-derived exosomes obtained 
from both mouse and human melanoma cells, 
and, importantly, their findings may be relevant 
to the clinical monitoring of melanoma pro-
gression and prevention of metastasis. Using 
sera from patients with melanoma, the authors 
found that tumor-derived exosomes contain 
distinct proteins (TYRP2, VLA4, HSP70, 
MET and Rab27a (Fig. 1)) that constitute a  
‘melanoma signature’. Increased concentrations 
of TYRP2 and MET in circulating serum exo-
somes were found to be a predictor of disease 
progression. In addition, the authors found 
that patients with melanoma who had serum 
exosomes with high protein content had a poor 
prognosis when compared to patients with exo-
somes of low protein  concentrations5.

Peinado et al.5 then used a mouse model 
of melanoma to show that tumor-derived 
exosomes promote both melanoma invasion 
and metastasis. They found that intravenously 
injected exosomes from a highly metastatic 
mouse melanoma cell line (B16-F10) local-
ized in the lungs, lymph nodes and other target  
organs typical for B16-F10 cell metastasis and 
primed these sites, thus increasing vascular 
permeability and inflammation to promote 
the migration of primary tumor cells.

Exosomes can transfer molecules to recipient 
cells, so, to identify candidate molecules present 

in exosomes that could mediate the increased 
metastatic behavior of the primary tumor 
cells, the authors compared the proteomes of 
exosomes derived from the highly metastatic 
mouse melanoma cell line with those derived 
from a poorly metastatic melanoma cell line 
(B16-F1 cells). Peinado et al.5 found a number  
of proteins that showed higher expression in 
the more metastatic exosomes, including MET, 
an oncoprotein known to be important in the 
migration, invasion, angiogenesis and mobili-
zation of bone marrow cells. They then showed 
that the prometastatic exosomes indirectly 
increased the metastatic behavior of primary 
melanoma cells by increasing the amounts of 
MET and activated phospho-MET in bone 
marrow–derived cells (BMDCs), a process 
the authors termed BMDC ‘education’. The 
reprogrammed BMDCs had a provasculo-
genic phenotype and were then mobilized to 
lungs or lymph nodes where they could aid 
angio genesis, invasion and metastasis of pri-
mary tumor cells (Fig. 1). Notably, reducing 
MET expression in the tumor-derived exo-
somes diminished the prometastatic behavior  
of BMDCs.

The authors then corroborated their mouse 
data using human studies in which they 
showed that circulating BMDCs isolated from 
people with advanced melanoma had increased 
expression of MET and phospho-MET. As 
members of the Rab family have been impli-
cated in exosome function, Peinado et al.5 
compared the expression of Rab mRNAs in 
human melanoma cell lines that produced 
high numbers of exosomes and those that pro-
duced low  numbers of exosomes. They found 
that the cell lines with increased  exosome  

production showed increased RAB27A,  
RAB5B and RAB7 expression compared with 
the cell lines that produced fewer exosomes. 
Rab27 is known to be important in exosome 
release, and, consistent with this, the authors 
found that knockdown of Rab27a by RNAi in 
mouse and human melanoma cell lines resulted 
in decreased exosome secretion and also pre-
vented modification of the BMDC phenotypes 
and their mobilization, thus preventing tumor 
invasion and metastasis in mice injected with 
these highly metastatic melanoma cells.

The results of Peinado et al.5, if validated in a 
larger number of patients with melanoma, could 
have important clinical implications for the 
prediction and prevention of meta stasis. Their 
work suggests that the detection of TYRP2 and 
the MET oncoprotein in serum exosomes could 
be used as a prognostic indicator for people 
with primary melanoma. It is also possible that 
metastatic events in patients with melanoma 
who have been identified to have exosomes 
with high expression of TYRP2 or MET could 
be prevented by designing therapeutic strate-
gies to target MET or Rab27a. Such interven-
tions to prevent or reduce the metastatic burden 
are hoped to greatly improve the likelihood of 
survival of patients with melanoma.
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arrest and apoptosis4. FOXO3a is sequestered in 
an inactive form in the cytoplasm when phos-
phorylated by AKT; inhibition of AKT signaling 
releases FOXO3a to translocate to the nucleus, 
where it regulates gene expression4 (Fig. 1).

In this issue of Nature Medicine, Tenbaum 
et al.5 show surprising findings that suggest  
a pre viously unappreciated role for nuclear 

Metastatic colorectal cancer is diagnosed 
annually in an estimated 240,000 indivi duals 
worldwide and has a five year survival rate of 

just 11% (ref. 1). The phosphoinositide 3-kinase  
(PI3K)-AKT and WNT–β-catenin signal-
ing pathways both have prominent roles in 
tumori genesis and disease progression in col-
orectal cancer2,3. Forkhead box O3a (FOXO3a) 
is a transcriptional regulator downstream of 
PI3K-AKT signaling that is normally regarded 
as a tumor suppressor, as it promotes cell cycle 
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FOXO3a and b-catenin co-localization: double 
trouble in colon cancer?
Yibing Yan & Mark R Lackner

Metastatic colorectal cancer is a largely incurable disease with a pressing need for targeted therapies. A new study 
sheds light on a surprising interaction between FOXO3a and b-catenin in metastatic colorectal cancer, suggesting 
new therapeutic avenues for agents targeting the PI3K-AKT pathway (pages 892–901).
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