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Circulating microvesicles (cMVs) are 40-100nm membrane-bound

structures that play an important role in several biologic processes,

including angiogenesis and immune modulation. cMV levels are known to

change in response to certain pathologies, and specific subpopulations of

cMV can be isolated using antibodies targeted to membrane proteins

specific for the secreting cells. We examined whether the levels of specific

cMV subpopulations are altered in patients with a disease, specifically

breast cancer. In order to characterize individual cancer-associated

microvesicles (MVs), advanced breast cancer MVs were compared with

normal control MVs. Circulating microvesicles were isolated from breast

cancer patients and non-cancer control patients, stained with

fluorochrome-conjugated antibodies, and analyzed using flow cytometry.

Tumor-specific antibodies were paired with process-specific markers, such

as DLL4 and VEGFR2 for angiogenic cMVs, CTLA4 and FasL for

immunosuppressive cMV, and CD80 or CD83 for immunostimulatory cMV,

to identify and characterize cMV subpopulations.

Using this approach, distinct and informative cMV subpopulations were

identified and quantified between breast cancer patients and healthy

controls. For example, immunosuppressive MVs were elevated in the

cancer patients compared with noncancer controls (68% vs 44% of CD45+

cMV coexpressed CTLA4). Additionally, angiogenic MVs were elevated in

cancer plasma, with 44% coexpressing DLL4 and CD31 compared with

2% of cMV from noncancer controls.

This study suggests that in addition to potentially aiding in the diagnosis

of breast cancer, monitoring specific subpopulations of cMVs may offer

important information regarding biologic processes perturbed by breast

cancer in individual patients, without the need for an invasive biopsy or a

standard pathology evaluation such as immunohistochemistry. cMVs

therefore may also aid in prognosis of breast cancer.

Abstract

Plasma-derived cMVs from 5 women with advanced-stage breast

cancer (Stage III/IV) and 4 healthy women were labeled with panels of

fluorochrome-conjugated antibodies according to the indicated panels in

Table 1. The stained cMVs were analyzed using a Beckman-Coulter Mo-

Flow XDP. Four-color staining was used to evaluate immunosuppressive

cMVs (Tetraspanin+, CD45+, FasL+, CTLA4+), angiogenic cMVs

(Tetraspanin+, CD31+, DLL4+, VEGFR2+, HIF2a+, Tie2+, Ang1+) and

metastatic cMVs (tetraspanin+, Muc1+, CD147+, TIMP1+, TIMP2+, MMP7+,

MMP9+). Results were calculated as the percentage of positively stained

particles as well as number of positive particles per ul of plasma.

Methods

The results of these studies demonstrate increased percentage and

number of immunosuppressive, angiogenic and metastatic cMVs in late

stage breast cancer patients compared with healthy women.

Immunosuppressive cMVs were >700-fold higher, metastatic cMVs were

>3-fold higher and angiogenic cMVs were >21-fold higher by volume of

plasma in advanced breast cancer plasma compared to controls.

Results
These studies demonstrate that cMVs isolated from breast cancer

patient plasma may be useful for both the early detection of breast

cancer and to evaluate important biological processes occurring intra-

tumoral as well as systemically.

Conclusions
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Lectin protein cutoff

Normal

Cancer

Cancer (Lobular)

Marker 1 Marker 2 DT

TP 76 79 75

TN 30 17 31

FP 4 17 3

FN 4 1 5

Total 114 114 114

Sen 95.0% 98.8% 93.8%

Spe 88.2% 50.0% 91.2%

Acc 93.0% 84.2% 93.0%

Cutoff 550 180

Example Breast Cancer Immunosuppressive

1.4%
(244)

62.4%
(10,682)

6.4%
(1,099)

29.7%
(5,076)

Example Healthy Immunosuppressive

0%
(6)

1%
(15)

1.7%
(35)

97%
(2,036)

Example Breast Cancer Metastatic

0%
(2)

41.5%
(6,857)

16.8%
2,776)

41.7%
6,888)

Example Healthy metastatic

0%
(2)

7.5%
(2,042)

60%
(16,470)

32%
(8,824)

Example Breast Cancer Angiogenic

BC VEGFR2 PE-Log_Height Comp

0%
(0)

59%
(6,662)

9%
(1,011)

32%
(3,623)

Example Healthy Angiogenic

0%
(0)

11%
(304)

2.7%
(75)

86.2%
(2370)

Results continued
cMVs were also evaluated to identify the presence of breast cancer

in women. Two markers were most useful for this purpose. The sensitivity

using these two markers in a training set of 80 breast cancer and 34

healthy controls was ~94%, the specificity was ~91% and the accuracy of

this test was 93%. Additionally, 28 of the breast cancer cases were

diagnosed as lobular carcinoma. Of these 28 cases 25 were correctly

diagnosed in this assay for a sensitivity of ~90% for lobular carcinoma.

Because cMVs are known to play a role in cell-cell communication

and to be involved with immunosuppression, metastasis and

neoangiogenesis flow cytometry was used to compare the protein

expression of cMVs in breast cancer patients vs. controls. This staining is

analogous to phenotyping of cells to evaluate these same processes in

vivo. Phenotyping studies showed that typical “percentage positive”

analysis was not useful to identify subpopulations of biologically relevant

cMVs.

However, cancer patients tend to have elevated levels of cMVs

compared to healthy controls so these percentage differences are

magnified when we compare the total number of events in 1ul of plasma.

For example the number of immunosuppressive cMVs derived from DCs

(CD83+/FasL+) averages 22.5/ul in healthy controls and 686.6/ul in the

breast cancer patients. Similarly 8 metastatic (CD147+/TIMP1+) cMVs/ul

were detected in healthy volunteers compared to 28.8/ul in the breast

cancer plasma. Finally angiogenic cMVs (VEGFR2+/Tie2+) increased

from 10/ul to 222/ul in breast cancer plasma.

Marker  % 
(#/ul plasma) CD83+/  FasL+ CTLA4+/ CD80+ CD147+/ TIMP1+ TIMP2+/  MMP9+ HIF2a+/ Ang1+ VEGFR2+/  Tie2+

NP4 43%    (1,023) 1.3%        (29) 0.3%     (1) 0.5%      (4) 5%         (13) 6%        (63) 0.1%    (1)

NP5 92%     (3,895) 0.1%          (1) 0.2%       (4) 0.3%     (16) 3%      (115) 4%     (183) 0.7%    (35)

NP6 75%   (2,068) 0.1%          (4) 0.1%       (4) 0.1%      (7) 0.5%     (23) 1.8%    (90) 0.1%      (2)

NP9 83%   (3,364) 1.2%        (56) 0.03%    (2) 0.1%      (5) 1%        (32) 0.6%    (18) 0.05%     (2)

Ave Normal 73.3%  (2,587.5) 0.7%    (22.5) 0.2%    (2.8) 0.3%      (8) 2.4%    (45.8) 3.1%     (88.5) 0.2%    (10)

BC1 98%      (3,778) 3%            (15) 0.4%       (1) 0.2%      (3) 1.5%     (48) 1.6%     (53) 0.2%      (6)

BC2 59%     (2,301) 7%            (59) 0.5%      (5) 0.3%     (10) 4%     (124) 1.5%     (50) 0.3%      (5)

BC3 72%    (5,377) 5%         (105) 0.5%    (4) 0.1%      (7) 5%     (236) 2%     (131) 1%        (79)

BC7 33%     (932) 5%         (104) 0.1%      (4) 0.6%    (14) 5%     (122) 1%        (32) 1%          (4)

BC8 85% (3,462) 47%     (3,150) 5%     (263) 2%      (110) 1%          (5) 2%    (127) 15%   (1016)

Ave Br. Cancer 69.4%    (3,170) 13.4%   (686.6) 1.3%   (55.4) 0.6%   (28.8) 3.3     (107) 1.6%    (78.6) 3.5%   (222)


