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Abstract Expression levels of VEGF and Her-2, levels of

T-regulatory (Treg) cells, levels of CD3? cells, and ratios

of Th (CD4? T cells)/Tr (Treg) cells were compared

between stage I, II, III, and IV breast cancer patients

(n = 120) prior to chemotherapy and healthy women

(n = 30). Cells from peripheral blood were counted by

flow cytometry, Her-2 and VEGF expression was detected

by pathological examination, and Her-2 was detected by

FISH. Breast cancer patients had more Treg cells and a

lower ratio of Th/Tr cells than the healthy women. Stage

IV breast cancer patients had more Treg cells and a lower

ratio of Th/Tr cells than stage I, II, or III breast cancer

patients. Patients positive for VEGF had a lower ratio of

Th/Tr cells compared with patients negative for VEGF, and

those positive for both VEGF and Her-2 also had a lower

ratio of Th/Tr cells compared with patients not positive for

both VEGF and Her-2. The decreased Th/Tr cells ratio

indicates impaired immune function, suggesting that the

stage IV breast cancer and the Her-2/VEGF-positive breast

cancer patients have lower immune function.
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Introduction

Immunity plays a dual role in the interactions between

tumors and the host, so the role of the immune system in

cancer is now described by the concept of ‘‘cancer

immunoediting,’’ which involves three Es: elimination,

equilibrium, and escape [1]. The occurrence, development,

recurrence, and metastasis of tumors are processes of tumor

escape from immune surveillance, which is strongly related

to host immune function [2]. Assessing the status of

immune function remains elusive, since no ideal indicators

have been developed. Lymphocyte numbers are used to

assess immune function, but this parameter does not apply

to all cancer patients. Detecting subsets of lymphocytes

may be beneficial to understand immune function; assist in

the clinical diagnosis of diseases; provide evidence for the

pathogenesis, disease course, and prognosis of disease; and

determine clinical treatment [3].

Poor immune responses in breast cancer patients have

been associated with increased T regulatory (Treg) cell

activity [4]. Treg cells maintain immune tolerance and

protect the body against hyper-response-induced injury, yet

they also can suppress the immune activity of tumor-spe-

cific T cells, allowing tumor escape from immune sur-

veillance, and facilitating the growth and progression of

tumors by negatively regulating the immune response. A

study of Treg knock-out mice found that in the absence of

Treg cells, the host immune system could reject inoculated

tumor cells. Also, blocking Treg cell function with CD25

antibody and CTLA-4 antibody reduces the suppression of

cytotoxic T cells and natural killer cells by Treg cells,

enabling an effective tumor-specific immune response [5].

Non-small cell lung cancer patients with cancer infiltration

in the peripheral blood and lymphoid tissues also have been

found to have a significantly increased number of Treg
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cells [6]. In breast cancer patients, Treg cells are valuable

in assessing disease prognosis [4].

A poor prognosis for breast cancer patients is predicted

by overexpressed human epidermal growth factor receptor

2 (Her-2) and vascular endothelial growth factor (VEGF)

proteins [7, 8]. Her-2 is a proto-oncogene and plays

important roles in the growth, infiltration, and metastasis

of breast cancer. Overexpressed Her-2 is strongly asso-

ciated with angiogenesis and increased VEGF expression

[9, 10]. The protein VEGF is a key factor that can pro-

mote angiogenesis by facilitating proliferation of endo-

thelial cells and increasing the permeability of blood

vessels to promote the migration of endothelial cells [11].

About 25% of breast cancer patients overexpress Her-2,

and about 88% of those patients have up-regulated VEGF

expression [12]. Our previous study found a positive

correlation between Her-2 and VEGF in primary and

recurrent breast cancers, which indicates that Her-2 and

VEGF may synergistically affect breast cancer occurrence

and development [13].

Here, we have examined the expression of Her-2 and

VEGF, the proportions of Treg and CD3? cells, and the

ratios of T helper (Th)/Tr (Treg) cells and of CD4?/CD8?

in peripheral blood from breast cancer patients and healthy

women. We aimed to explore correlations among these

parameters to understand whether they could be useful as

indicators of immune function.

Subjects and methods

Clinical information

The Ethics Committee of Chinese PLA General Hospital in

Beijing approved this study, and informed consent was

obtained from the patients and volunteers. We recruited

120 breast cancer patients in our department from January

2008 to June 2010, and their mean age was

46.38 ± 8.93 years (range 24–73 years). The inclusion

criteria were as follows: invasive ductal carcinoma,

women, 18–75 years old, normal liver and kidney func-

tions, Karnofsky performance status C60, no radiotherapy

and chemotherapy before hospitalization, no immune sys-

tem-related diseases or other tumors, and no treatment with

steroids or immunosuppressants. Cancer was staged

according to the criteria of the Sixth Edition of the

American Joint Committee on Cancer (AJCC) [14], with

18 participating patients having stage I cancer, 24 having

stage II cancer, 23 having stage III cancer, and 55 having

stage IV cancer. An additional 30 healthy female volun-

teers served as controls and had a mean age of

31.56 ± 11.23 years (range 21–64 years).

Methods

Detection of lymphocyte subsets

Fasting patients allowed us to collect 2 ml of blood from

their elbow vein, which was stored in EDTA anti-coagulate

tubes. Detection was performed within 4 h by mixing

100 ll of peripheral blood in 500 ll of OptiLyse C

(Beckman Coulter,Los Angeles, California, USA), incu-

bating the mixture for 10 min, and then adding 500 ll of

PBS to discontinue hemolysis. Next, 20 ll of PC5-conju-

gated mouse anti-human CD antibody, PE-conjugated

mouse anti-human CD25, or CD3 antibodies conjugated to

FITC were added, along with the isotype antibody that

served as the negative control. The antibodies were all

from Beckman Coulter (Los Angeles, California, USA).

The samples were then incubated at room temperature for

30 min in the dark and then were analyzed with a flow

cytometer (FC500 MPL, Beckman Coulter) for regulatory

T cells (Treg or Tr), defined as CD4? CD25?; T helper

cells (Th), defined as CD4?; CD3? T cells, and CD8? T

cells. The data were analyzed with the corresponding CXP

software (Beckman Coulter). The proportion of positive

cells was calculated and normalized by non-specific

staining. The percentage or level of T-cell subsets was

based on total leukocytes after hemolysis.

Tissues prepared by standard immunohistochemistry

techniques were incubated at 4�C overnight with either

Her-2 monoclonal antibody at 1:200 or VEGF monoclonal

antibody at 1:200 (both antibodies from Dako, Copenha-

gen, Denmark). The known positive sections served as

positive controls, and the primary antibody that was

replaced with PBS served as negative controls.

Pathological evaluation

The slides were pathologically evaluated by randomly

selecting five fields at high magnification and counting

more than 500 cells in each field. The slides were scored

based on the proportion of positive cells and the intensity

of the staining. Cells considered positive were scored as: 0

(0% positive), 1 (1–30% positive), 2 (31–70% positive), or

3 (71–100% positive) [15–17]. Staining intensity scores

were as follows: 1 (light brown), 2 (yellowish brown), or 3

(dark brown). The final scores were the product of both

scores, and they ranged as follows: 0 (negative), 1–2 (?),

3–4 (??), and 5–6 (???). The cells positive for Her-2 or

VEGF had granules in the cytoplasm and the cell mem-

brane. Slides stained for VEGF with scores higher than

‘‘?’’ were considered positive. Slides stained for Her-2

with scores of ‘‘???’’ or higher were considered positive,

and also those with scores of ‘‘? to ??’’ that had Her-2
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gene amplification by FISH were considered positive.

Sections that stained positive (either ? or ??) for Her-2

were analyzed by FISH [18] using the PathVysion Her-2

DNA probe kit (Vysis, West Chester, Pennsylvania USA).

Statistic analysis

Data are expressed as means and standard deviations (SDs).

Means between two groups were compared by the student’s

t test. The differences in cell counts among three groups

(healthy women, breast cancer patients of stage I–III, and

breast cancer patients of stage IV) were compared by one-

way analysis of variance (ANOVA). Multiple comparisons

were performed by the Bonferroni procedure with type-I

error adjustment when significance was found. The level of

significance was set at 0.05. Statistics were analyzed with

SAS 9.1 software (SAS Institute Inc., Cary, NC).

Results

This study enrolled 120 women with breast cancer (mean

age 46.38 ± 8.93 years) and 30 healthy women (mean age

31.57 ± 11.23 years). The breast cancer patients with

stage IV disease had a higher proportion of Treg cells than

patients with stage I, II, or III (11.86 ± 4.75% vs. 7.83 ±

2.47%, P \ 0.05) and healthy women (6.20 ± 1.42%,

P \ 0.05). But, the levels of Treg cells did not significantly

differ between healthy women and patients of stage I–III.

Regarding Th cells, both patients with stage IV disease

(40.62 ± 8.20%) and those with stage I, II, or III

(41.19 ± 10.76%) had a significant lower proportion than

healthy women (54.77 ± 9.88%), but the difference in Th

cells between patients of stage I–III and stage IV was not

significant. However, in terms of ratio of Th/Tr cells, the

lowest ratio was observed among patients of stage IV

(3.64 ± 1.17 fold), the next lowest was among patients of

stage I, II, and III (5.71 ± 1.45 fold), and the highest was

among healthy women (9.02 ± 1.42 fold). Each pairwise

comparison (healthy vs. stage I–III, healthy vs. stage IV,

and stage I–III vs. stage IV) had significant differences in

the ratio of Th/Tr cells. All three groups had similar pro-

portions of CD3? T cells and similar ratios of CD4?/

CD8? T cells (Fig. 1).

To evaluate whether there is association between the

VEGF expression level and another prognostic factor, Her-

2, with the relative level of Treg and Th/Treg ratio, the

VEGF and Her-2 expression levels in each breast tumor

samples were determined by either immunohistochemistry

for VEGF or FISH for Her-2 overexpression. The repre-

sentative result of the immunohistochemistry for low

VEGF expression (Fig. 2a), high VEGF (Fig. 2b) expres-

sion, normal HER-2 expression (Fig. 2c), and HER-2

overexpression (Fig. 2d) by FISH were shown. The breast

cancer patients who were negative for VEGF expression

had a higher ratio of Th/Tr cells than those who were

positive for VEGF expression (4.99 ± 1.74 vs. 4.22 ±

1.42, P = 0.022) (Table 1). Breast cancer patients who

were positive for both Her-2 and VEGF expression had a

lower ratio of Th/Tr cells than those who were not positive

for both (4.88 ± 1.70 vs. 3.99 ± 1.34, P = 0.047). The

proportions of CD3?, Treg, Th, or CD4?/CD8? cells did

not differ significantly based on Her-2 or VEGF expression

status.

Discussion

The breast cancer patients in our study had a higher pro-

portion of Treg (CD4? CD25?) cells than the healthy

control women, in agreement with other research [19]. The

stage IV breast cancer patients had significantly more Treg

Fig. 1 The percentages of CD3?, Treg, and Th cells (a) and the

ratios of CD4?/CD8? cells and Th/Tr cells (b) were compared

among healthy adult women (n = 30), breast cancer patients of stage

I–III (n = 65), and breast cancer patients at stage IV (n = 55). Data

are expressed as means with the standard deviations indicated by the

bar. For comparisons where P \ 0.05, the * represents a significant

difference between stage I–III and the healthy women, the �
represents a significant difference between stage IV and the healthy

women, and � represents a significant difference between stage I–III

and stage IV
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cells than those with stage I, II, or III cancer, indicating the

close relationship between the number of Treg cells and the

occurrence and development of cancer. This agrees with

research indicating that metastatic spread of cancer cells

requires Treg cells [20] and with others suggesting that

higher numbers of Tregs are associated with a poor prog-

nosis [21, 22]. Ovarian cancer patients having more Treg

cells in the cancer and malignant ascites had a poorer

prognosis and lower overall survival [23]. Our results

suggest that the number of Treg cells in the peripheral

blood is closely associated with the occurrence and stage of

breast cancer, in agreement with a study finding that Treg

cells may be an effective predictor for the value of

immunotherapy for advanced stage breast cancer patients

[24]. However, another study suggested that Treg cell

frequency did not correlate directly with clinical stage of

breast cancer, though their study only looked at stage II and

IV breast cancer patients [25].

We also found a trend toward higher levels of Treg in

Her-2-positive individuals compared with Her-2-negative

individuals, though it did not reach significance. This

agrees with another study, which found that Her-2-positive

individuals had higher levels of Treg than healthy indi-

viduals, though they observed similar proportions of Treg

cells between breast cancer patients who were negative for

Her-2 and healthy individuals [26]. Our study defined Treg

Fig. 2 The immunohisto-

chemistry results evaluated the

overexpression of VEGF and

Her-2. To evaluate the

expression of VEGF, breast

tissue sections from healthy

women (a) and cancer patients

(b) were immunostained with

anti-VEGF antibody and

visualized by DAB. The

detection of Her-2 gene

expression status was evaluated

by FISH. The results from a

normal Her-2 expressing (c) or

overexpressing (d) tissue were

shown. The scale bar = 50 lm

in (a) and (b). The scale
bar = 2 lm in (c) and (d)

Table 1 Breast cancer patient Her-2 and VEGF status compared with CD3? and Treg cell percentages and ratios of CD4/CD8? and Th/Tr cells

HER-2 P value VEGF P value HER-2 and VEGF P value

Positive

(n = 23)

Negative

(n = 97)

Positive

(n = 35)

Negative

(n = 85)

Both positive

(n = 16)

Not both

positive

(n = 104)

CD3? (%) 73.03a ± 5.47 71.66 ± 8.57 0.341 72.51 ± 7.21 71.68 ± 8.42 0.607 72.83 ± 5.71 71.78 ± 8.38 0.632

Treg (%) 11.37 ± 5.90 9.28 ± 3.61 0.115 11.04 ± 5.18 9.11 ± 3.61 0.050 12.43 ± 6.39 9.25 ± 3.61 0.069

Th (%) 41.85 ± 10.00 40.90 ± 9.10 0.659 41.42 ± 9.51 40.94 ± 9.19 0.798 43.77 ± 10.60 40.67 ± 9.01 0.213

CD4?/CD8?

(ratio)

1.86 ± 0.92 1.72 ± 0.69 0.413 1.79 ± 0.81 1.73 ± 0.71 0.689 2.04 ± 0.91 1.70 ± 0.70 0.088

Th/Tr (ratio) 4.29 ± 1.73 4.88 ± 1.66 0.130 4.22 ± 1.41 4.99 ± 1.74 0.022* 3.99 ± 1.34 4.88 ± 1.70 0.047*

a Data are expressed as mean ± standard deviation

* Indicates P \ 0.05, which is a significant difference
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cells as those which were CD4? CD25?, while they

defined Treg cells as CD4? FoxP3?. They explained that

reductions in non-regulatory CD4? T cells may explain the

apparent increase in Treg cell numbers that they observed

in breast cancer patients.

The breast cancer patients in our study had a lower

ratio of Th/Tr cells than in the healthy control women,

suggesting that the patients were immunosuppressed and

had significantly compromised immune function. How-

ever, the association between Th/Tr cell ration and cancer

stage is still controversial [26]. Other studies have found

that the ratio of Th/Tr cells is an appropriate indicator to

evaluate the anti-tumor state [27, 28] and have suggested

the use of peripheral blood leukocytes to predict immu-

notherapy responses [29]. We suggest that the lower Th/

Tr cells ratio that we observed in stage IV breast cancer

patients compared to stage I, II, or III cancer patients

indicates that the peripheral Th/Tr cells ratio decreases as

cancer develops. As the disease progressed, immune

function progressively declined. Cancer development

leads to more imbalanced T-cell subsets, with the com-

promised immune function resulting in cancer progression

[30].

Patients who were positive for VEGF had a lower Th/Tr

cells ratio than those negative for VEGF, which suggested

the close relationship of angiogenesis and the Th/Tr cells

ratio. Patients positive for both Her-2 and VEGF proteins

had a lower ratio of Th/Tr cells compared with patients

who were not positive for both proteins, indicating that

highly malignant tumors have the ability of evading

immune surveillance. In those patients with advanced stage

breast cancer, we suggest that Treg cell proliferation is

promoted, and, in turn, the tumor-specific immune

response is suppressed. These conditions benefit the growth

and metastasis of cancer, while they are detrimental for

immunotherapy and are involved in the escape of tumors

from immune surveillance.

Our study is limited by the small sample size and by the

age difference between the breast cancer patients and

healthy volunteer women. Our data do suggest that the

ratio of Th/Tr cells is associated with Her-2 and VEGF

expression.

Our results reveal that higher counts of Treg cells are

related to the occurrence of breast cancer and to the

development of stage IV breast cancer. We suggest that the

ratio of Th/Tr cells may be used to evaluate the immune

function of patients, as this ratio was lower in stage IV

patients than in stage I, II, or III patients. A decreased Th/

Tr cells ratio implies impaired immune function and sus-

ceptibility to metastasis. This information may provide a

link between poor immune function and late stage of breast

cancer and also between the expression of both Her-2 and

VEGF.
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