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Recent studies show that cells can communicate through
the exchange of bioactive molecules via microvesicles.
These small vesicles include ectosomes (100-1,000 nm)
and exosomes (30-100 nm), which are shed or secreted by
almost all cell types (1). Endosome-derived microvesicles,
known as exosomes, are secreted as part of multivesicular
bodies into the extracellular space. Secreted microvesicles
can be engulfed by tissues locally or carried in biological
fluids to distant sites in the body (2). Intercellular
communication can be initiated through interactions
between circulating microvesicles and transmembrane
proteins of target cells. Microvesicles fuse with target
cell membranes, transferring cell surface molecules and
receptors from donor to recipient cells. In addition, target
cells engulf exosomes through endocytosis, resulting in
the intracellular release of bioactive molecules, which
include proteins, lipids, microRNAs, mRNAs, DNA, and
metabolites (3-6). Tumor exosomes have been shown to be
involved in various biological functions such as promoting
angiogenesis and inducing apoptosis of activated cytotoxic
T cells to create an immunosuppressive microenvironment
that promotes cancer progression (7-9).

Pancreatic cancer is one of the most lethal cancers
with an overall 5-year survival rate about 5%. The poor
prognosis of the disease is mainly due to the difficulties
in early stage detection, high metastatic potential and
resistance to conventional therapies (10). Pancreatic cancer-
induced paraneoplastic diabetes often associated with
profound weight loss, unlike type 2 diabetes, appears up
to 2 to 3 years before the diagnosis of pancreatic cancer.
Thus, the presence of weight loss might be an important
indicator of the development of pancreatic cancer-induced
diabetes and pancreatic cancer before diagnosis. In the
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absence of symptoms of muscle loss, which is a hallmark
of cachexia, this paraneoplastic weight loss is likely due to
the loss of adipose tissue (11). Increasing number of studies
are focusing on delineating the roles of pancreatic cancer-
derived exosomes in early detection and intervention of the
disease. For examples, pancreatic cancer-derived exosomes
were reported to be involved in liver pre-metastatic niche
formation in the context of pancreatic cancer metastasis (10)
and the dysfunction of dendritic cells that negatively
modulates the anti-tumor immune response (12).
Circulating pancreatic cancer-derived exosomes were also
reported to be used as biological markers for pancreatic
cancer (13). In addition, the role of a 52 amino acid bioactive
peptide, adrenomedullin, in pancreatic cancer progression
was gaining interest. Adrenomedullin is originally isolated
from human pheochromocytoma. It is believed to serve as
a multifunctional regulatory peptide (14). The expression
of adrenomedullin was found to be elevated in pancreatic
cancer patients (15). Exogenous adrenomedullin stimulates
pancreatic cancer cell proliferation and invasion iz vitro
while overexpression of adrenomedullin promotes cancer
growth and metastasis in vivo. The effects are abrogated
with an adrenomedullin antagonist and adrenomedullin
shRINA, respectively (14).

Recently, Sagar and colleagues reported that exosomal
transfer of adrenomedullin from pancreatic cancer to
adipocytes induces lipolysis via interaction with the
adrenomedullin receptors (ADMRs) and activation of p38 and
p44/42 MAPKSs. The activation subsequently phosphorylates
the hormone-sensitive lipase (HSL) to promote lipolysis,
which may explain the paraneoplastic phenomena of
pancreatic cancer patients including the concomitant weight
loss of new-onset diabetes (16). In addition, they showed that
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adrenomedullin is contained in pancreatic cancer-derived
exosomes and is delivered to adipocytes. The exosomal
adrenomedullin then induces lipolysis in adipocytes. They
examined lipolysis by accessing glycerol release and the
expression of markers for activated lipolysis. They also
found that exosomes from patients with pancreatic cancer
activate lipolysis in subcutaneous adipocytes compared with
exosomes from non-pancreatic cancer control subjects. They
further delineated the mechanism that mediates the exosomal
adrenomedullin-induced lipolysis and confirmed lack of
functionality with the levels of TNF-a, a known lipolytic
agent, in pancreatic cancer-derived exosomes with regard
to lipolysis. The TNF-a level in pancreatic cancer-derived
exosomes is less than 10 pg while lipolysis was only observed
at 50 ng of TNF-a. Finally, they also noticed the presence
of multiple processed forms of adrenomedullin in exosomes
secreted by pancreatic cancer patient-derived cell lines using
Western Blot and immunoprecipitation analyses. However,
details about possible mechanisms for packaging different
forms of adrenomedullin in exosomes were not explored in
this study (16).

The same research group previously reported that
pancreatic cancer-derived exosomes and the exosomal
adrenomedullin cause paraneoplastic B-cell dysfunction,
which inhibit insulin secretion through adrenomedullin-
induced ER stress and failure of the unfolded protein
response (17). Both studies showed that the effects of
adrenomedullin are exerted via the interaction with
ADMR. They employed the Duolink fluorescence method
to access the interaction between adrenomedullin and
ADMR. A functional ADMR is a seven transmembrane
domain G-protein-coupled receptor containing a calcitonin
receptor-like receptor (CRLR) and one of the three specific
receptor activity-modifying proteins (RAMPs). CRLR in
combination with RAMP2 or RAMP3 produces a functional
ADMR. On the other hand, CRLR in combination with
RAMP1 produces a receptor for calcitonin gene related
peptides (14,16-18).

Although it was reported that, in some cases, binding
of exosomes to recipient cells is sufficient to induce
physiological changes of the recipient cells, for example,
antigen presenting cell-derived exosomes present the
MHC-peptide complexes on the surface to antigen-specific
T cells. In many other cases, the cargos within the exosomes
have to be transferred and delivered into the recipient
cells to exert biological changes. It was reported that large
extracellular vesicles probably induce phagocytosis whereas
smaller sized ones such as exosomes can be internalized
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by non-phagocytotic process (6). There are various
mechanisms of internalization described before depending
on the recipient cells including receptor-mediated
endocytosis in dendritic cells (19), caveolin-dependent
endocytosis in epithelial cells (20) and clathrin-independent
but lipid-raft dependent endocytosis in endothelial cells and
some cancer cells (6,21). In this study, Sagar and colleagues
showed that the interaction between adrenomedullin and
ADMR occurs intracellularly, thus they also evaluated the
mechanism of the internalization of pancreatic cancer-
derived exosomes in adipocytes. They examined exosome
uptake by adipocytes after treating the adipocytes with
inhibitors of different endocytotic pathways. Only the
non-selective macropinocytosis and receptor independent
caveolin-mediated endocytosis were revealed to be involved
for the internalization of the pancreatic cancer-derived
exosomes (16).

While exosomal transfer of adrenomedullin is
described in this study, free adrenomedullin in the tumor
microenvironment may also play a role in lipolysis.
Differences between interaction of the free secretory
adrenomedullin with the surface ADMR and interaction
of the exosomal adrenomedullin with ADMR after
internalization into recipient cells are not investigated
in this study. These two processes may trigger different
signaling pathways to exert different biological functions.
Understanding the different modes of action of
adrenomedullin would be useful for developing therapeutic
tools of pancreatic cancer. Nevertheless, this study
provides insight into early onset paraneoplastic effects of
pancreatic cancer. It was reported that subjects with new-
onset diabetes are 8 times more likely to be diagnosed
with pancreatic cancer than the general population (16)
and the survival rate may be worse in patients with new-
onset diabetes before pancreatic cancer resection (22). It
is crucial to understand the mechanism of the new-onset
diabetes and the concomitant weight loss to develop novel
biomarkers for early detection of pancreatic cancer before
symptoms occur at late stages. It may also provide insight
into therapeutic strategy for the paraneoplastic weight loss.
Since the roles of adrenomedullin in paraneoplastic diabetes
are rather well-studied, it is possible to alter different steps
in the route of pancreatic cancer-derived exosomal transfer
of adrenomedullin including biogenesis, assembly and
release of exosomes to recipient cells to reduce lipolysis and
p-cell dysfunction.

This study suggests that strategies targeting the
synthesis and secretion of pancreatic cancer-derived
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exosomes may be a viable approach to inhibit lipolysis due
to exosomal transfer of adrenomedullin from pancreatic
cancer to adipocytes. On the other hand, targeted therapy
using engineered exosomes to target adrenomedullin
up-regulation in adipocytes could be another approach.
Different methods are proposed to engineer the content
in exosomes or tailor exosomes for specific transfer to
recipient cells. Electroporation of exosome suspension or
chemical based transfection of exosomes with cargos of
choice and incubation of exosomes with cargos of choice
under certain conditions were proved to be able to load
exosomes (23). Overexpression of microRNAs that target
oncogenic molecules delivered by exosomes, in this case,
adrenomedullin, is one of the possible ways to engineer
the exosomes for therapeutic purposes. MicroRNAs are
comparatively stable and they inhibit a gene function by
targeting the 3' untranslated region (UTR) of a gene.
Recent study showed that miR-879 interacts with the
3' UTR of ADM, which encodes adrenomedullin (24).
In addition, ADMR antagonist, which is a 22-52 amino
acid adrenomedullin peptide, could be transferred to
adipocytes or B-cell specifically via exosomes to abrogate
the interaction between adrenomedullin and ADMR (16,17).
Since the exosomal surface can be modified by incorporating
with different targeting peptides, which allow exosomes to
deliver cargos to a particular recipient cell type (23), one can
envision that bioengineered exosomes can be designed to
specifically deliver the ADMR antagonist and adrenomedullin
siRINAs to adipocytes and pancreatic cancer cells, respectively,
to suppress the effect of adrenomedullin on lypolysis.

In conclusion, Sagar and colleagues furthered their
studies in the role of pancreatic cancer-derived exosomal
transfer of adrenomedullin in paraneoplastic diabetes and
the concomitant weight loss in pancreatic cancer patients
in this publication. Future investigation on potential
therapeutic strategies via bioengineering of exosomes
and the possibility for adrenomedullin as a biomarker to
distinguish new-onset diabetes from type 2 diabetes will be
important for early detection of pancreatic cancer and the
improvement of survival rate in pancreatic cancer patients.

Acknowledgments

Funding: This work was supported in part by grants
RO1CA133057, RO1CA142832, RO1CA169200, and MD
Anderson Support Grant P30CA016672 from the National
Institutes of Health; the U.S. Department of Health and
Human Services.

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

S699

Footnote

Provenance and Peer Review: This article was commissioned
and reviewed by the Section Editor Jin Yan (Department of
Gastroenterology, the First Affiliated Hospital of Nanjing
Medical University, Nanjing, China).

Conflicts of Interest: Both authors have completed the
ICMJE uniform disclosure form (available at http://dx.doi.
0rg/10.21037/tcr.2016.10.94). The authors have no conflicts
of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Cocucci E, Racchetti G, Meldolesi J. Shedding
microvesicles: artefacts no more. Trends Cell Biol
2009;19:43-51.

2. Simons M, Raposo G. Exosomes--vesicular carriers
for intercellular communication. Curr Opin Cell Biol
2009;21:575-81.

3. Valadi H, Ekstrom K, Bossios A, et al. Exosome-mediated
transfer of mRNAs and microRNAs is a novel mechanism
of genetic exchange between cells. Nat Cell Biol
2007;9:654-9.

4. Au Yeung CL, Co NN, Tsuruga T, et al. Exosomal transfer
of stroma-derived miR21 confers paclitaxel resistance
in ovarian cancer cells through targeting APAF1. Nat
Commun 2016;7:11150.

5. Zhao H, Yang L, Baddour J, et al. Tumor
microenvironment derived exosomes pleiotropically
modulate cancer cell metabolism. Elife 2016;5:¢10250.

6. Colombo M, Raposo G, Théry C. Biogenesis,
secretion, and intercellular interactions of exosomes

Tirans! Cancer Res 2016;5(Suppl 4):S697-S700


http://dx.doi.org/10.21037/tcr.2016.10.94
http://dx.doi.org/10.21037/tcr.2016.10.94
https://creativecommons.org/licenses/by-nc-nd/4.0/

S$700

10.

11.

12.

13.

14.

15.

and other extracellular vesicles. Annu Rev Cell Dev Biol
2014;30:255-89.

Hong BS, Cho JH, Kim H, et al. Colorectal cancer cell-
derived microvesicles are enriched in cell cycle-related
mRNAs that promote proliferation of endothelial cells.
BMC Genomics 2009;10:556.

Taylor DD, Gercel-Taylor C. Exosomes/microvesicles:
mediators of cancer-associated immunosuppressive
microenvironments. Semin Immunopathol 2011;33:441-54.
Whiteside TL. Immune modulation of T-cell and NK
(natural killer) cell activities by TEXSs (tumour-derived
exosomes). Biochem Soc Trans 2013;41:245-51.
Costa-Silva B, Aiello NM, Ocean AJ, et al. Pancreatic
cancer exosomes initiate pre-metastatic niche formation in
the liver. Nat Cell Biol 2015;17:816-26.

Sah RP, Nagpal SJ, Mukhopadhyay D, et al. New insights
into pancreatic cancer-induced paraneoplastic diabetes.
Nat Rev Gastroenterol Hepatol 2013;10:423-33.

Zhou M, Chen J, Zhou L, et al. Pancreatic cancer derived
exosomes regulate the expression of TLR4 in dendritic
cells via miR-203. Cell Immunol 2014;292:65-9.

Lau C, Kim Y, Chia D, et al. Role of pancreatic cancer-
derived exosomes in salivary biomarker development. ]
Biol Chem 2013;288:26888-97.

Ramachandran V, Arumugam T, Hwang RE et al.
Adrenomedullin is expressed in pancreatic cancer and
stimulates cell proliferation and invasion in an autocrine
manner via the adrenomedullin receptor, ADMR. Cancer
Res 2007;67:2666-75.

Aggarwal G, Ramachandran V, Javeed N, et al.
Adrenomedullin is up-regulated in patients with pancreatic

cancer and causes insulin resistance in B cells and mice.

Cite this article as: Au Yeung CL, Mok SC. Pancreatic cancer-

derived exosomes: new role in paraneoplastic syndromes?
Transl Cancer Res 2016;5(Suppl 4):S697-S700. doi: 10.21037/
tcr.2016.10.94

© Translational Cancer Research. All rights reserved.

16.

17.

18.

19.

20.

21.

22.

23.

24.

tcr.amegroups.com

Au Yeung and Mok. New roles of pancreatic cancer-derived exosomes

Gastroenterology 2012;143:1510-1517.el.

Sagar G, Sah RP, Javeed N, et al. Pathogenesis of
pancreatic cancer exosome-induced lipolysis in adipose
tissue. Gut 2016;65:1165-74.

Javeed N, Sagar G, Dutta SK, et al. Pancreatic Cancer-
Derived Exosomes Cause Paraneoplastic p-cell
Dysfunction. Clin Cancer Res 2015;21:1722-33.

Korc M. Pancreatic cancer-associated diabetes is an
"exosomopathy". Clin Cancer Res 2015;21:1508-10.
Morelli AE, Larregina AT, Shufesky W], et al.
Endocytosis, intracellular sorting, and processing of
exosomes by dendritic cells. Blood 2004;104:3257-66.
Nanbo A, Kawanishi E, Yoshida R, et al. Exosomes derived
from Epstein-Barr virus-infected cells are internalized via
caveola-dependent endocytosis and promote phenotypic
modulation in target cells. J Virol 2013;87:10334-47.
Svensson KJ, Christianson HC, Wittrup A, et al. Exosome
uptake depends on ERK1/2-heat shock protein 27
signaling and lipid Raft-mediated endocytosis negatively
regulated by caveolin-1. J Biol Chem 2013;288:17713-24.
Hart PA, Chari ST. Diabetes mellitus and pancreatic
cancer: why the association matters? Pancreas
2013;42:1207-9.

Johnsen KB, Gudbergsson JM, Skov MN, et al. A
comprehensive overview of exosomes as drug delivery
vehicles - endogenous nanocarriers for targeted cancer
therapy. Biochim Biophys Acta 2014;1846:75-87.
Wetzel-Strong SE, Li M, Espenschied ST, et al. Cohort
of estrogen-induced microRNAs regulate adrenomedullin
expression. Am J Physiol Regul Integr Comp Physiol
2016;310:R209-16.

Tirans! Cancer Res 2016;5(Suppl 4):S697-S700



