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The microRNA-expression profiles of our ovarian tumor
cells confirmed the microRNA aberrations reported in previous
studies. Analyses of both circulating tumor exosomes and the
tumor cells from the same patients demonstrated that both were
positive for 46% of the tested microRNAs (218 /467). When the
intensities of the microRNA were normalized, most of these
microRNAs were expressed at similar levels between the cells
and exosomes or were elevated within the exosomes (175 were
not significantly different and 31 were elevated within
exosomes). Thus, the aberrantly expressed microRNAs, used
to establish cancer-specific signatures, appear in both cellular
and exosomal compartments of ovarian cancer patients.

Our comparison of specific microRNAs, previously demon-
strated to be diagnostic, indicated a high degree of correlation
between the microRNA from the tumor and its corresponding
exosomes (ranging from 0.71 to 0.90). This high correlation even
holds for microRNAs that appeared to be present at higher pro-
portions in exosomes, such as for miR-214. The uniform elevation
of specificmicroRNAs in exosomes has lead to the suggestion that
compartmentalization ofmicroRNAs into to exosomes, for at least
some microRNAs, is an active (selective) process. Such a process
could be mediated by components, such as nucleolin or nucleo-
phosmin, which are aberrantly expressed on tumor exosomes.

Since these results suggest that exosomal microRNA profiling
could be used as a surrogate for tissue microRNA and the goal in
screening would be the identification of early stage disease, the
ability to detect circulating exosomal microRNAs in early stage
disease was examined. The exosomal microRNA expressions of
the diagnostic microRNAs between patients with early versus late
stage ovarian cancers were not significantly different for most of
these microRNAs (Fig. 4). miR-200c and miR-214 were lower in
patientswith Stage I, compared to Stages II and III; however, in all
cases, these microRNAs were significantly elevated over the
levels detected in exosomes derived from benign disease. The
small RNA fraction could not be demonstrated in normal controls

and attempts to assess the presence of microRNAs were negative.
Thus, the absence of exosomes and/or exosomal small RNA is
associated with normal, non-cancer-bearing individuals and
exosomal microRNAmirroring normal tissuemicroRNA profiles
appear to be associated with benign disease. The similarity across
the stages of ovarian cancer is likely the result of standardization
of starting exosomal small RNA quantities and the normalization
of the resulting array data. Despite this standardization and
normalization, the profiles obtained with exosomal microRNA
from patients with benign disease remained distinct. There are
several issues that are not analyzed in this pilot study. Since
previous studies examining the microRNA signatures obtained
comparing different histologic types of ovarian cancers (serous,
endometrioid, clear cell, and mixed) failed to demonstrate
differentially expressed microRNAs in terms of tumor stage or
grade, our proof of concept study focused on only serous papillary
adenocarcinomas and did not address differences in grade.
Further, beyond the 8 microRNAs identified by Iorio et al. [4],
some microRNAs appear to be differentially expressed between
early stage ovarian cancer and late stage disease; however, a larger
scale study including additional confounding factors will need to
be performed to define their significance. Patients with benign
ovarian disease were symptomatic and referred to the division for
resection of the ovarian mass. Thus, it is unclear what the profile
of women with asymptomatic masses would be. The women
constituting the control group, in addition to not having cancer,
also have no family history of ovarian or breast cancers; however,
the populations mostly to be screened would include such
individuals. Thus, it is unclear whether these two “control”
populations would be identical. Despite these limitations, these
results serve as a proof of concept that the analyses of specific
microRNAs associated with circulating exosomes can be applied
to all stages of ovarian cancer and that benign and malignant
diseases appear distinguishable based on the levels of these 8
specific microRNAs.

Fig. 4. Intensities for specific microRNAs derived from EpCAM-positive exosomes isolated from the peripheral blood (2.5 ml) of the patients with benign ovarian
disease and patients with ovarian cancer. Patients with ovarian cancer were separated between Stages I, II, and III. The bars represent the mean±standard deviation of
the normalized intensities of each group of patients (n=10 for each group).
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The microRNA signatures of exosomes parallel that of the
microRNA-expression profiles of the originating tumor cells,
indicating that microRNA profiling can be performed in the
absence of tissue and accurately reflect the tumor's profile. We
also have observed that tumor-derived exosomes from lung
cancer patients contain microRNA that is similar to the
corresponding tumor microRNA signatures. Circulating
tumor-derived exosomes can be easily isolated using tumor
markers, such as EpCAM, followed by analysis of exosome-
associated microRNA. Since this approach is non-invasive, in
that it does not require a mass to be biopsied, exosomal
microRNA profiling has the potential to be used as a screening
tool for the detection of cancer. As specific microRNAs
associated with tumor tissues are identified that predict
prognosis, including therapeutic resistance (such as let-7i,
miR-16, miR-21 and miR-214) [31,32], their presence in
tumor exosomes can also be assessed to further define the
utility of exosomal microRNA profiling as a prognostic
indicator. While validation studies will be necessary prior to

bypassing the use with tumor mass biopsies, the use of
exosomal microRNA profiling could extend this approach to
screening of asymptomatic individuals, as well as for
monitoring disease recurrence.
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Fig. 5. Comparison of specific exosomal microRNAs derived from the serum of an ovarian cancer patient, immediately after blood draw or 24, 48, and 96 h later with
sera stored at 4 °C (panel A) or after 7 to 28 days, stored at −70°C (panel B). Tumor exosomes were isolated by MACS using anti-EpCAM.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.ygyno.2008.04.033.
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