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Abstract
Background—In breast cancer patients, venous drainage of the breast may contain cells of
immunological importance, tumor cells undergoing dissemination, and other biological factors
derived from the tumor microenvironment. Collecting axillary venous blood during modified
radical mastectomy and thus before dilution in the circulation may allow us to define biological
properties of the tumor microenvironment. Aims were to (1) develop a surgical approach to collect
blood from the breast tumor microenvironment through tributaries of the axillary vein and (2)
characterize and compare immune cells collected from the axillary vein with those in peripheral
blood of breast cancer patients.

Materials and Methods—We enrolled 17 women aged 30–50 years and diagnosed with breast
cancer by mammography, ultrasound, and biopsy (stages II–III). All patients were, preoperatively,
treatment-naive. During routine surgical dissection, blood was collected in heparin tubes, 10 mL
from tributaries of the axillary vein and 10 mL from peripheral blood. Mononuclear cells were
separated, and percentages of different leukocyte populations were determined by flow cytometry.

Results—We detected a significant increase in the percentage of total T lymphocytes and T
helper cells collected from axillary tributaries, but not in the percentages of cytotoxic T cells,
monocytes, natural killer, or B cells compared with peripheral blood.

Conclusions—The present study validated using an intra-operative surgical approach to collect
leukocytes drained from the tumor microenvironment through axillary tributaries. Our results
showed an increase in the infiltration of total T-lymphocytes and T helper cells in the tumor
microenvironment, suggesting that they may contribute to tumor pathogenesis.

Breast cancer is the most common cancer in women, with more than 1 million cases and
nearly 600,000 deaths occurring worldwide annually. Although breast cancer rates have
decreased in the United States over the last few years, studies suggest that the rate of breast
cancer in Egypt increased from 29% in 2003 to 37.5% of all reported cancer cases in Egypt
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in 2007.1–3 Invasive properties and involvement of positive lymph nodes are associated with
poor prognosis and low survival rate among Egyptian breast cancer patients.4 In Egypt,
modified radical mastectomy (MRM) is the most performed operation with an average of
85% compared with 15% breast conservation surgery.3 This may be attributed to many
factors including late presentation of the patients, high costs of neoadjuvant therapy, patient
anxiety from chemotherapy, difficulty of patient follow-up, and cultural issues.3

Intraoperative cellular and biochemical characterization of venous blood during MRM and
thus before dilution in the circulation may allow us to define critical biological properties of
the tumor.5

The significance of collecting venous blood from tumor sites other than breast cancer has
been described by different studies. For instance, circulating tumor cells (CTC) detected in
venous drainage of colorectal cancer could be used as a prognostic marker and a “mode of
staging” of the disease.6 In addition, CTC were detected in most pulmonary venous blood of
most lung cancer patients and not in their peripheral blood.7 In breast cancer patients,
venous drainage of the breast through internal mammary veins and axillary vein may contain
disseminated tumor cells and other factors derived from the tumor microenvironment.
Collecting blood from breast tumor site through the axillary vein has been described
previously in regard to assessing the level of serum tumor markers (sialic acid, ferritin, and
carcinoembryonic antigen [CEA]) in blood collected from axillary vein during breast cancer
surgery compared with peripheral blood.8 Although the results revealed no significant
difference between the assessed tumor biomarkers in axillary venous blood versus peripheral
blood, further studies were recommended to “clarify” the advantages of their surgical
method. In addition, this previous study did not look at the immunophenotype of the cells
collected at the two sites.8

Immune cells, including macrophages and T lymphocytes, are known to infiltrate various
tumors including breast, contributing to high levels of growth factors, hormones, and
cytokines in the tumor microenvironment.9,10 A strong association between breast tumor-
associated macrophages and poor prognosis has been reported.11,12 Furthermore, infiltration
of breast tumors by FOXP3-positive regulatory T cells has been found to be associated with
poor prognosis.13 On the other hand, human breast tumor tissues are also infiltrated with
dendritic cells, which are often localized in clusters with CD3 + T lymphocytes and thus are
indicative of an immune reaction.14

At present, there are no approaches during breast cancer surgery to capture cells migrating
from the tumor microenvironment. Therefore, the objectives of the present study are to: (1)
develop an innovative surgical approach to collect blood from the breast tumor
microenvironment through tributaries of the axillary vein during MRM and (2) characterize
and compare the leukocyte composition of blood collected from the tributaries of the
axillary vein with that of peripheral blood in breast cancer patients.

MATERIALS AND METHODS
Patients

All human specimens were obtained with informed consent as approved by Ain Shams
University Human Research Ethics Committee. A total of 17 women diagnosed with breast
cancer by clinical examination, ultrasound, mammography, and confirmed by biopsy (trucut;
stages II–III) were enrolled into this study from Ain Shams University Hospitals. Ages
ranges from 30 to 50 years old. All patients were preoperatively treatment naive and
scheduled to undergo MRM. Samples were collected during MRM for research purposes
and diagnosis. All patients were diagnosed as invasive ductal carcinoma stages II–III with
positive metastatic lymph nodes. Patients suffering from any viral infection or auto-immune
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diseases were excluded from our study. Routine pathological diagnosis was assessed for all
patients. Pathological diagnosis included: tumor size, histological type, tumor grade,
presence and absence of lymphovascular invasion, and level of expression of hormone and
growth factor receptors.15

Surgical Procedures to Collect Blood from Axillary Tributary During Modified Radical
Mastectomy

MRM operations took an average of 90 min, depending on patient anatomy. During axillary
dissection, the axillary adipose tissues were swept laterally from the chest wall and
inferiorly from the axillary vein. Superficial axillary tributaries of the axillary vein
collecting blood from the tumor site were identified as described elsewhere.16 About 10 ml
blood was withdrawn from the identified axillary tributaries in a heparinized syringe with
angular needle. We have to note that blood withdrawal was performed during routine
axillary dissection and before superficial axillary tributaries ligation. Also, 10 ml control
peripheral blood was collected from the antecubital vein in vacutainer heparin tubes.

Isolation of Blood Mononuclear Cells
Blood collected from axillary tributaries and peripheral blood was transferred directly to the
laboratory after surgical procedures for isolation of leukocytes. Each type of blood was
diluted with an equal amount of phosphate-buffered saline (PBS), pH 7.2 at room
temperature. Mononuclear cells were separated by Ficoll-Hypaque density gradient
centrifugation (Sigma, USA) at 2000 rev/min as described previously.17 The buffy coat
layer containing mononuclear cells was separated and washed twice in PBS. Cells were
suspended in RPMI 1640 medium (Invitrogen, USA) supplemented with penicillin G (200
U/mL), streptomycin sulfate (100 μg/ml), L-glutamine (2 mM) and 10% heat-inactivated
pooled human AB serum (Hyclone, USA). Mononuclear cells were used fresh for
immunophenotyping by flow cytometric analysis or stored in freezing media containing
95% FBS (Hyclone, USA) and 5% DMSO (Sigma, USA) and kept in liquid nitrogen until
used for flow cytometric analysis.

Immunophenotyping of Isolated Blood Mononuclear Cells (BMC)
We compared the immunophenotype of mononuclear cells isolated from axillary tributaries
with that of peripheral blood of the same patient. Briefly, mononuclear cell suspensions
were adjusted to 1 × 106 cells/ml, and the phenotype of the isolated leukocytes was assessed
using flow cytometry. T cells were defined by expression of CD3+, whereas NK cells were
defined as CD56+ and CD3−. NK T cells were defined as CD3+/CD56+ cells. However,
CD4+ T cells were defined by expression of both CD3+ and CD4+ and lack of CD8−
expression and CD8+ T cells by expression of both CD3+ and CD8+ and lack of CD4−
expression. B cells were defined as CD19+ CD3−and CD14− cells and monocytes/
macrophages as CD14+, CD3−, and CD19−. Immunophenotypic characterization was
determined using the following fluorochrome-labeled monoclonal antibodies (FITC-CD4,
PE-CD3, PerCP-CD3, PerCP-CD8, PerCP-CD19, APC-CD56, and APC-CD14; all from BD
Pharmingen, CA). Each sample was stained with a combination of 4 monoclonal antibodies
listed before and cell phenotype was detected using 4-color FACSCalibur flow cytometer
(BD Biosciences, CA). Briefly, the isolated mononuclear cells were stained with
monoclonal antibodies for cell surface markers unique to particular cell types. After an
incubation time of 30 min at 4°C in a dark place, the cells were washed twice and
resuspended in 500 μl wash buffer and then analyzed with a FACCalibur flow cytometer
(Becton Dickinson, San Jose, CA); 50,000 events were acquired on a FACSCalibur flow
cytometer and data were analyzed using FlowJo software (Tree Star Inc., CA).
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Statistical Analysis
Data are expressed as mean ± standard deviation (SD). Statistical significance was
determined using t test with P ≤ 0.05 considered significant.

RESULTS
Patient Clinical and Pathological Characteristics

Clinical and pathological characterization of patients tested is described in Table 1. Patients’
ages ranged from 30 to 50 years (with median age of 47.4 years). Tumor sizes ranged from 3
to 8 cm (median size of 5.5 cm). There were 11 patients diagnosed as tumor grade II and 6
patients diagnosed as tumor grade III. All patients were lymph node positive: 8 patients with
≤4 and 9 patients with>4 positive metastatic lymph nodes. Test for hormone receptor
expression revealed that 7 patients were ER positive, 9 patients were PR positive, and 6
patients were HER-2 positive. Invasion of tumor cells into lymphatic vessels was detected in
3 patients.

Exposure of Axillary Tributaries and Collection of Blood
Blood was collected from the superficial tributaries of the axillary vein (Fig. 1a, b). About
10 ml of blood was withdrawn with a heparinized syringe via an angular needle to facilitate
blood withdrawal as shown in Fig. 1c–e. Intraoperative blood withdrawal from tributaries of
the axillary vein took about 10 min. After blood withdrawal the axillary tributary was ligated
(Fig. 1f) before proceeding with a routine MRM operation. During axillary dissection, level
I and level II lymph nodes (n) were dissected and sent for pathological diagnosis. The
number of positive metastatic lymph nodes (x) was recorded in the pathology report (x/n).
Peripheral blood was also collected during surgery for comparative purposes.

Analysis of Mononuclear Cells Collected from Axillary Vein Tributaries and Peripheral
Blood in Breast Cancer Patients

Blood mononuclear cells collected from axillary tributaries and peripheral blood were
separated and subjected to immunophenotyping using specific monoclonal antibodies to
identify the following cells: T cells (CD4+ and CD8+), NK cells (CD56+), B lymphocytes
(CD19+), and monocytes (CD14+) as described in the Materials and Methods section. Flow
cytometric immunophenotypic data of cells collected from axillary tributaries and peripheral
blood of breast cancer patients were expressed as percentage of each cell type and are
summarized in Table 2.

Increased Percentage of T Lymphocytes (CD3+) Cells in Blood Collected from Axillary
Tributaries

The immunophenotype of mononuclear cells collected from axillary tributaries and isolated
from peripheral blood was analyzed by immunofluorescent staining and multi-color flow
cytometry and expressed as a percentage of the total cell population (Figure 2a, b). The
analysis revealed a significant increase (P < 0.05) in the percentage of T-lymphocytes
collected from axillary tributaries (63 ± 8%) compared with peripheral blood (37 ± 5%;
Table 2; Fig. 2c). These data suggest that more T cells are present in the venous drainage of
the breast than in peripheral blood in breast cancer patients.

Predominance of T Helper Cells (CD3+/CD4+) in Blood Collected from Axillary Tributaries
To further phenotype the CD3+ T cells isolated from the tumor microenvironment and those
of peripheral blood into T helper (CD4+) and cytotoxic (CD8+) subsets, cells were stained
with monoclonal antibodies specific for CD3 and CD4 (Fig. 3a, b). Cytotoxic T cells were
further identified using both CD3 and CD8 expression showing the same outcome as CD3+/
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CD4− staining. Results revealed a significant increase (P < 0.05) in the percentage of CD4+
T cells collected from axillary tributaries (44 ± 8%) versus peripheral blood (21 ± 1%; Table
2; Fig. 3c). However, the average percentage of CD8+ T cells collected from axillary
tributaries (17 ± 4%) and peripheral blood (15 ± 6%) was not statistically different (Table 2;
Fig. 3c).

Nonsignificant Differences in the Percentage of Natural Killer Cells (CD56+), B Cells
(CD19+) and Monocytes (CD14+) Collected from Axillary Tributaries and Peripheral Blood

We stained NK cells with monoclonal antibodies specific for CD56 and CD3. NK cell were
defined as CD56+/CD3− (Fig. 2a, b). The percentage of CD56+ collected from axillary
tributaries (8 ± 4%) and peripheral blood (8 ± 3%) were not significantly different (Table 2;
Fig. 2c).

B-lymphocytes and monocytes/macrophages were stained with monoclonal antibodies
specific for CD19 and CD14. B-lymphocytes were defined as CD19+/CD14−, while
monocytes/macrophages were defined as CD14+/CD19− (Fig. 4a, b). There were no
significant difference in the percentage of B-lymphocytes and monocytes/macrophages
collected from axillary tributaries versus peripheral blood, where the percentage of B cells in
the 2 sites were 13 ± 4% and 14 ± 4%, while the percentage of monocyte/macrophages were
7 ± 2% and 6 ± 1%, respectively (Table 2; Fig. 4c).

DISCUSSION
Our study presents a surgical approach to collect cells from the breast tumor
microenvironment through venous drainage system of the breast. This was a modification of
a previously described method, which suggested that collecting blood during MRM from the
internal mammary vein or axillary vein yields an amount of blood sufficient for cellular
analyses and for biological studies.5 In the present study, we found that during axillary
dissection, we had easy access to the superficial axillary tributaries rather than to the internal
mammary and axillary veins. The number of axillary tributaries ranged from 2 to 3
depending on the anatomy of the patient. We concluded that collecting blood from axillary
tributaries during MRM for further analysis of different biological properties of the patients
is more appropriate than method suggested before.5,8

We analyzed and compared using flow cytometry the immunophenotype of cells collected
from axillary tributaries, which represent immune cells leaving the breast tumor
microenvironment through the venous circulation, versus cells in peripheral blood of breast
cancer patients. Indeed, the surgical approach used may be more efficient in collecting
immune cells infiltrating tumor microenvironment than method described by Allinen and
colleagues by mince breast tissues into small pieces using proteolytic enzymes and
collecting different cellular fractions using the bead collection method.18

Cells collected from axillary tributaries possessed an immunophenotypic composition that
was different from those collected from peripheral blood with a significant increase in the
percentage of CD3+ T lymphocytes. As a host adaptive immune response, CD3+ T cells are
known to infiltrate into the breast tumor microenvironment.19 The presence of T cells in the
tumor microenvironment has been shown to predict clinical outcome better than tumor stage
and nodal involvement in colon cancer, breast cancer, and cervical cancer.20–22

Since subsets of T cells have opposing actions against cancer cells, we further phenotyped
the T-lymphocyte subsets isolated from axillary tributaries and that of peripheral blood into
CD4+ T-helper and CD8+ T-cytotoxic subsets. We detected a significant increase in CD4+
cells collected from axillary tributaries; no significant increase was detected in the
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percentage of CD8+ cells. Macchetti et al. had previously identified CD4+ T-helper cells in
breast cancer patients with positive lymph nodes.23 Since all patients enrolled in our study
had positive meta-static lymph nodes, our findings recapitulate those of Macchetti et al.23

Indeed, CD4+ T cells play a crucial role in adaptive immunity in early tumor rejection by
activating CD8+ tumor specific T-cytotoxic cells.24 It is also possible that different T helper
cell subsets have contradictory actions on tumor development. In this regard, T-helper 1
cells producing IFNg activate macrophages and enhance the cytolytic function of tumor-
specific T cells.25 Interestingly, a recent study using the MMTV-PyMT mice model shows
that T-helper 2 cells producing IL-4 promote tumor growth and metastasis by enhancing
macrophages “pro-tumor” properties leading to increased tumor dissemination.26 CD4+
cells can also contribute to immunosuppressive properties within the tumor
microenvironment by secreting IL-4 and IL-13 that induce accumulation and differentiation
of polarized type II macrophages and T-regulatory cells.27 The increased infiltration of
CD4+ cells detected in breast cancer patients with positive metastatic lymph nodes suggests
their role in augmentation of invasion and metastasis of breast cancer cells by secreting
factors that stimulate tumor progression such as VEGF and matrix metalloproteinases
(MMPs).23,28–30

There was no significant difference between percentages of NK cells and B cells collected
from tumor microenvironment versus peripheral blood. A “paucity” of tumor-infiltrating B
lymphocytes and NK cells in breast cancer tissues has been observed before.23 However,
natural killer cells are one of the main arms of the immune system against cancers (innate
immunity), where they kill tumor cells and play a significant role in antibody-mediated
cytotoxicity promoting immunotherapy such as those of Trastuzumab.31,32 The lack of a
significant difference between the percentage of NK cells isolated from the tumor
microenvironment and peripheral blood need may be attributed to host tumor
microenvironment of the studied group.

Tumor-associated macrophages play a crucial role in tumor invasion and metastasis; here we
did not detect a significant difference between monocytes/macrophages (CD14+) isolated
from axillary tributaries and peripheral blood. Since macrophages infiltrate the breast tumor
microenvironment, their collection from axillary tributaries may not actually reflect their
distribution in the breast tissue. In this regard we assessed percentage of CD14+ cells in
paraffin tissue samples using immunohistochemistry. We found that CD14+ cells constitute
about 30% of tumor tissue (data not shown).

It is also possible that the quality and phenotype of monocytes/macrophages isolated from
both sites are different. In this regard, M1 macrophages, which are induced by Th1 cells, can
contribute with CD8 T cells in suppressing tumor growth.26,33 However, M2 macrophages
induced by Th2 cells and IL4 produce TGF-β, which suppresses antitumor activity, and
EGFR ligands, which enhance growth and dissemination of the tumor.26,33

In summary, the data presented in this study provide a new method to collect blood from
breast tumor microenvironment through axillary tributaries during MRM. Our results
revealed immunophenotypic differences in the cellular composition of blood collected from
axillary tributaries versus peripheral blood. This technique may be useful to improve our
understanding of critical biological and functional properties of tumors and their cellular
infiltrates.
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FIG. 1.
a, b represent dissection of the axilla and identification of the superficial tributaries of the
axillary vein in a female breast cancer patient during modified radical mastectomy. c–e
represent a time series showing collection of blood from identified superficial tributary
(white arrow) of the axillary vein (black arrow) by angular needle (gray arrow)
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FIG. 2.
Representative dual-parameter staining density plots of CD3+ and CD56+ cells from the
axillary tributaries (Panel a) and peripheral blood (Panel b). Bars (Panel c) represent
cumulative data (n = 17) for the mean percentage of CD3+ and CD56+ cells. Data are
shown as the mean ± SD. * P value<0.05 as determined by t test

El-Shinawi et al. Page 10

Ann Surg Oncol. Author manuscript; available in PMC 2012 July 23.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIG. 3.
Representative dual-parameter staining density plots of CD4+ and CD8+ T lymphocytes
from axillary tributaries (Panel a) and peripheral blood (Panel b). Bars (Panel c) represent
cumulative data (n = 17) for the mean percentage of CD3+ T, CD4+ T, and CD8+ cells.
Data are shown as the mean ± SD. * P value <0.05 as determined by t test
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FIG. 4.
Representative histogram for cells staining for CD19+ and CD14+, from the axillary
tributaries (Panel a) and peripheral blood (Panel b) of the same patient. Cumulative data are
shown in panel c for the mean percentage of CD19+ and CD14+ cells in peripheral blood
and axillary tributaries of BC patients. Data are shown as the mean ± SD
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TABLE 1

Patients and tumor characteristics (Total 17)

Characteristics N (%)

Age (years)

 Median 47.4

 Range 30–50

Tumor size (cm)

 Median 5.5

 Range 3–8

Tumor grade

 Grade I 0 (0%)

 Grade II 11 (65%)

 Grade III 6 (35%)

No. of metastatic lymph nodes

 ≤4 8 (47%)

 > 4 9 (53%)

Lymphovascular invasion

 Positive 3 (18%)

 Negative 14 (82%)

Estrogen receptors

 Positive 7 (41%)

 Negative 10 (59%)

Progesterone receptors

 Positive 9 (53%)

 Negative 8 (47%)

HER-2

 Positive 6 (35%)

 Negative 10 (59%)

 Unknown 1 (6%)
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TABLE 2

Immunophenotype of mononuclear cells collected from axillary tributaries and peripheral blood of breast
cancer patients (n = 17)

Cell surface antigens % of cells in the axillary tributaries % of cells in peripheral blood

T cells (CD3+) 63 ± 8* 37 ± 5

NK cells (CD56+) 8 ± 4 8 ± 3

CD4+ T cells (CD4+ CD3+) 44 ± 8* 21 ± 1

CD8+ T cells (CD3+ CD4−) 17 ± 4 15 ± 6

B cells (CD19+) 13 ± 4 14 ± 4

Monocytes (CD14+) 7 ± 2 6 ± 1

*
Statistically significant difference, P ≤ 0.05
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