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FOXP3 expression of micrometastasis-positive
sentinel nodes in breast cancer patients
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Abstract. A number of methods have been established for
identifying sentinel nodes (SNs). In the present study, we
attempted to clarify the immunological status of SNs with or
without micrometastasis in breast cancer patients. SNs were
identified by the dye- and y probe-guided method. Total RNA
was extracted from the SNs, and the expression of 7-BET,
GATA-3, and FOXP3 were evaluated using quantitative real-
time reverse transcriptase-polymerase chain reaction (RT-
PCR). Micrometastasis was identified as microscopically
negative but positive by RT-PCR specific for mammaglobin.
Of 88 patients, 17 (19.3%) showed positive metastasis in
SNs (pN1, 14; pN2, 3). Of the 71 metastasis-negative SN,
11 showed positive bands on RT-PCR specific for mamma-
globin [pNO(mol+)]. There was no significant correlation
among clinicopathological features with or without micro-
metastasis. Immunological parameters were compared among
the 60 pNO, 11 pNO(mol+), and 17 pN1-2. Although T-BET
expression was higher in pNO(mol+) than pNO, FOXP3
expression was also higher in pNO(mol+) than pNO. In pN1-2,
T-BET expression decreased compared with pNO(mol+),
but FOXP3 expression did not. On the other hand, GATA-3
expression inversely increased in pN1-2 compared with
pNO(mol+). In patients with breast cancer, micrometastasis
can stimulate Thl response in SNs. However, the Treg cell
response is also induced at the micrometastasis level and
persists during the progression of metastasis in SNs. Then, the
shift in the Th1/Th2 balance may preferentially lean toward
Th2 responses in pN1-2 SNs and suppress antitumor immune
responses. Micrometastasis [pNO(mol+)] is a status immuno-
logically distinguishable from pNO and pN1-2.
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Introduction

Draining lymph nodes that are targeted to be reached first
by tumor cell metastasis have been identified as the sentinel
nodes (SNs) (1). The SN concept is one of the most high-
lighted issues in recent surgical oncology, and staging merits
and individualized surgical management have been proposed
for melanoma (2) breast cancer (3,4) and upper gastro-
intestinal (GI) cancer (5) based on the SN concept. This has
become possible due to the establishment of a methodology
for detecting SNs (2,4,5). However, few reports to date have
clarified the immunological status of SNs and non-SNs in
cancer patients (6,7).

Mature dendritic cells (DCs) contribute significantly to
antigen presentation, which results in the emergence of
antigen-specific immune responses, including T-helper
type 1 (Thl) responses, which is desirable for antimetastatic
responses (8). Thl cells are identified by T-BET, a novel
member of the T-box family of transcription factors, which
was originally cloned both by virtue of its ability to bind
to the Thl-specific interleukin (IL)-2 promoter, and by its
expression in Th1l but not Th2 cells (9). On the other hand,
Th2 responses, which represent IL-4 or IL-10 production (10)
are identified by GATA-3, a member of the GATA family of
zinc finger proteins which is a Th2-specific transcription
factor (11).

In the immune regulation between Th1 and Th2 responses,
regulatory T (Treg) cell responses, which are identified
by CD4+*CD25* cells and FOXP3 expression,12 have been
recognized as serving in anti-Thl, anti-defense responses
(10,13) and may have a deleterious effect in suppressing anti-
tumor immune responses (14). Our previous study (15) showed
that, when comparing among metastasis-negative breast
cancer patients, populations of HLA-DR, CD80, CD86 and
CDA40 as assessed by flow cytometric analysis (FCM) and
the expression of CD83 and IFN-y determined by quantitative
real-time reverse transcriptase-polymerase chain reaction
(RT-PCR) were depressed in SNs more than in non-SNs.
When comparing microscopically metastasis-negative with -
positive SN, the expression of CD83, IL-12p40 and IFN-y as
determined by quantitative real-time RT-PCR increased more
in metastasis-positive than in -negative SNs. These results
clearly indicate that the immunological status of SNs, including
DC maturation and Thl responses, is depressed in SNs before
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metastasis, but is up-regulated after metastasis occurs. How-
ever, we did not clarify the immunological status of micro-
metastasis-positive SNs.

In the present study, we addressed the immunological
status of SN, especially those with micrometastasis, based
on Thl, Th2 cell responses and on Treg cell responses, and
examined their clinicopathological significance in breast
cancer patients.

Materials and methods

Patients. Our subjects were adult female patients with primary
breast cancer who underwent SN biopsy as part of their
surgical treatment at Hiroshima University Hospital between
2001 and 2005. Each of the patients had clinically NO lymph
node metastasis. The study was approved by the institutional
review board of Hiroshima University Hospital, and written
informed consent was obtained from all enrolled patients.

Detection of SNs. Detection of SNs was performed using two
independent methods: the dye- and y probe-guided method.
In brief, 1 ml of *™Tc-phytate (0.5 mCi total) was injected
intradermally at the site of the breast tumor 1 day before
surgery. Indigo carmine dye (3 ml) was injected intra- and
subcutaneously at the areola of the nipple under general
anesthesia immediately before starting the operation. During
surgery, the radiation levels of each node were assessed using
a navigational global positioning system (Tyco Electronics
Japan). Lymph nodes displaying radioactivity in excess of
10 cps were considered SNs. SNs were also detected as blue
nodes; non-blue-dying lymph nodes demonstrating an uptake
of less than 10 cps in the same surgical fields were regarded
as non-SNs. We identified a total of 88 SNs.

Detection of metastasis. Each SN was immediately cut
into two pieces, one of which was subjected to histological
analysis, while the other half was frozen for mRNA analysis.
To detect micrometastases, mammaglobin expression, which
is the most informative marker for lymph node metastasis
of breast cancer (16) was analyzed by quantitative real-time
RT-PCR.

Tumors studied. The histological type of each tumor was
evaluated based on a representative hematoxylin-eosin (HE)
specimen of the tumor and a nuclear grade was assigned
according to the standard scoring system (17-19).

Immunohistochemistry. Three sections 4 ym in thickness were
serially cut from formalin-fixed, paraffin-embedded tissues
and mounted on precoated slides. Evaluation of the status of
estrogen receptor (ER) and progesterone receptor (PgR) was
performed in the standard manner by immunohistochemistry
(IHC) using a Ventana HX system BenchMark (Ventana
Medical Systems, Tucson, AZ, USA). Anti-ER mouse mono-
clonal antibody (mAb), 6F11 (Ventana) and anti-PgR mAb,
16 (Ventana) were used. All procedures were performed
automatically by the BenchMark. IHC findings of ER and
PgR were evaluated using Allred score, whose cut-off value
has been clinically validated in several studies (20-24). To
evaluate Her2 protein, a Herceptest was performed on each
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tumor (Dako, Glostrup, Denmark) and scored according to
Herceptest criteria.

Quantitative RT-PCR. Stored SN tissues were subjected to
total RNA extraction using an RNeasy Mini Kit (Qiagen,
Hilden, Germany). DNase I treatment was performed during
the protocol to avoid amplification of pseudogene sequences
from contaminating genomic DNA. The quality and quantity
of the obtained total RNA preparation were determined
by absorbance at 260 and 280 nm, and adjusted at a con-
centration of 0.10 ug/ul. The prepared total RNA served
as the template for the first-strand cDNA synthesis using
Ready-To-Go™ You-Prime-First-Strand Beads (Amersham
Pharmacia Biotech Inc., Piscataway, NJ, USA) with 0.5 ug
of Oligo(dT)15 primer (Novagen, Darmstadt, Germany)
following the manufacturer's instructions. Each cDNA pro-
duct was diluted 10-fold with RNase-free water, and PCR
was carried out using a LightCycler with software version
3.5 (Roche Diagnostics, Mannheim, Germany) using a Fast-
Start DNA Master SYBR-Green I Kit (Roche Diagnostics).
For each primer pair, the amplification conditions and cali-
bration curves were the same as those described previously
in our own study (15) and in that of Ueno et al (25). The
primers for FOXP3, T-BET, GATA-3 and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) were obtained from
Search-LC GmbH (Heidelberg, Germany). The sequences of
the mammaglobin primer pairs used were 5'-cggatgaaactctg
agcaatgt-3' and 5'-ctgcagttctgtgagccaaag-3' (26). All clinical
samples from patients with breast cancer were analyzed in
parallel with standard samples from Search-LC, calculating
the copy numbers on LightCycler software version 3.5 (15,25).

Statistical analysis. Clinicopathological features associated
with SNs were evaluated by the y? test and the Mann-
Whitney U-test. Because of the skewed nature of some of the
RT-PCR data, differences between unpaired groups were
evaluated by the Mann-Whitney's U-test, and differences
among multi-groups were evaluated by the Kruskal-Wallis
test using StatView software (Version 5; SAS Institute Inc.,
Cary, NC, USA) on a Windows computer. P-values of <0.05
were considered significant.

Results

Patient characteristics and SN status. The characteristics of
the 88 patients enrolled are shown in Table I. The enrolled
patients were 55.1+11.7 years old (mean + standard deviation)
in age, ranging from 33 to 79. Breast-conserving surgery
and mastectomy were performed for 63 (72%) and 25 (28%)
of patients, respectively. Pathological tumor size ranged from
0 to 4.6 cm in diameter, including non-invasive carcinoma.
Approximately two-thirds of the tumors expressed estrogen
and progesterone receptors (60%). One fifth of the tumors
were HER2 positive. More than half of the patients were
assigned nuclear grade 2-3 (56%). Forty-three percent of
the patients exhibited no trend of invasion into lymphatics
(Iy0), and 86% no trend of venous invasion (v0).

Of the 88 SNs studied, 17 were histologically diagnosed
as metastasis-positive (pN1-2), and 71 were defined as metas-
tasis-negative (n0); nO tumors were further analyzed by RT-
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Table I. Clinicopathological features of the examined SNs.

SN metastasis status: no. of patients (%)

Total pNO SNs pNO(mol+) SNs pNI1-2
Features (n=88) (%) (n=60) (%) (n=11) (%) (n=17) (%) p-value
Age (years)
Mean + SD 55.1x11.7 54.6x12.5 56.0+10.6 56.5+£9.6 0.7793
Range 33-79 33-79 40-75 41-74
Type of surgery
Breast-conserving 63 (72) 49 (82) 6 (55) 8 (47) 0.0082
Mastectomy 25 (28) 11 (17) 5 (45) 9 (53)
Tumor size (cm)
Mean + SD 2.2+1.1 22+14 2714 2.3x1.1 0.3758
Range 0.0-4.6 0.0-44 1.0-44 0.8-4.6
Hormone receptor status
ER+ and PgR+ 53 (60) 38 (63) 6 (55) 9 (53) 0.1693
ER+ or PgR+ 12 (14) 7 (12) 3(27) 2(12)
ER- and PgR- 14 (16) 6 (10) 2 (18) 6 (35)
Unknown 9 (10) 9 (15) 0 (0) 0 (0)
HER?2 status
Negative 57 (65) 36 (60) 7 (64) 14 (82) 0.6772
Positive 14 (16) 8 (13) 3(27) 3(18)
Unknown 17 (19) 16 (27) 109 0(0)
Nuclear grade
I 28 (32) 20 (33) 5 (45) 3(18) 0.463
I 30 (34) 17 (28) 4 (36) 9 (53)
11 19 (22) 12 (20) 2 (18) 5(29)
Unknown 11 (13) 11 (18) 0 (0) 0 (0)
Lymphatic invasion score
0 38 (43) 32 (53) 6 (55) 0 (0) <0.0001
1 29 (33) 17 (28) 3(27) 9 (53)
2 9 (10) 0(3) 2 (18) 7 (41)
3 1(1) 0(0) 0(0) 1(6)
Unknown 11 (13) 11 (18) 0 (0) 0(0)
Vascular invasion score
0 76 (86) 49 (82) 11 (100) 16 (94) 0.1673
1 1(1) 0 (0) 0 (0) 1(6)
Unknown 11 (13) 11 (18) 0 (0) 0 (0)
Histological classification
DCIS 8(9) 8 (13) 0 (0) 0(0) 0.1595
Papillotubular carcinoma 22 (25) 17 (28) 2 (18) 3(18)
Solid tubular carcinoma 25 (28) 15 (25) 3(27) 7(41)
Scirrous carcinoma 24 (27) 12 (20) 5(45) 7(41)
Others 9 (10) 8 (13) 1(9) 0 (0)

SN, sentinel lymph node; Mean + SD, mean + standard deviation; ER, estrogen receptor; PgR, progesterone receptor; DCIS, ductal
carcinoma in situ. An immunohistochemical (IHC) study of Her-2/neu was conducted, followed by fluorescent in situ hybridization
(FISH) validation for Her-2/neu gene amplification in cases initially scored as positive 2+ by IHC.

PCR specific for mammaglobin to examine the possibility — metastasis. Among the 71 n0 SNs, 11 showed positive bands
of microscopically negative but RT-PCR-positive micro- on the RT-PCR [pNO(mol+)]. When the 60 pNO, 11
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Table II. Comparison of immunological parameters analyzed
using RT-PCR in non-invasive carcinoma and invasive carci-
noma in 60 cases of pNO SNs.

Copy number

Non-invasive pNO-invasive

Expression carcinoma (n=9) carcinoma (n=51) P-value
T-BET 101.3+71.3 258.2+315.4 0.3305
GATA-3 2045.8+1691.4 2066.6+1594.9  0.9587
Th2/Thl 23.2427.6 51.7+100.0 0.6864
FOXP3 454.0+414.8 412.5+401.7 0.7249

Copy numbers (mean + standard deviation) were compared in 60
cases of pNO SNs between non-invasive carcinoma and invasive
carcinoma SNs and are shown as p-values. Definition of Th1/Th2
ratio is the calculation of 7-BET/GATA-3 ratio.

pNO(mol+) and 17 pN1-2 tumors in breast cancer patients
were compared, no significant differences were found in mean
age, tumor size, steroid receptor status, HER2 expression,
nuclear grade or venous invasion levels (Table I). Patients with
pNO SNs underwent breast-conserving surgery significantly
more often than those with pNO(mol+) SNs or pN1-2 SNs
(pNO, 82% vs. pNO(mol+), 55% vs. pN1-2 47%; p=0.0082).
The potential for lymphatic invasion (ly) was significantly
higher in the tumors from patients with pNO(mol+) and pN1-2
SN than in those from patients with pNO SNs (1y0 53% vs.
55% vs. 0% 1y1, 28% vs. 27% vs. 53%; 1y2,0% vs. 18% vs.
41%; 1y3,0% vs. 0% vs. 6%; p<0.0001) (Table I).

Comparison of immunological parameters of pNO,
PpNO(mol+) and pNI-2. Immunological status including Thl,
Th2 and Treg responses was analyzed in 60 cases of pNO, 11
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of pNO(mol+), and 17 of pN1-2 SNs (Table III). There is no
significant difference of the copy number of T-BET, GATA-3,
and FOXP3 in 60 cases of pNO SNs between non-invasive
carcinoma and invasive carcinoma (Table II). The copy
number of 7-BET showed a significant difference among
the three groups (pNO SN, 234.7+296.9 vs. pNO(mol+) SNs,
425.4+540.1 vs. pN1-2 SNs, 319.5£337.3; p=0.0421).
Although there was no significant difference in the expression
of GATA-3 between pNO (2063.5+1594.9) and pNO(mol+)
SNs (2747.8+2649.3), GATA-3 expression was significantly
higher in pN1-2 SNs (21908.5+34882.9) than in pNO or
pNO(mol+) SNs (p<0.0001). The Th2/Thl ratio was also
significantly higher in pN1-2 SNs (160.6+292.7) than in pNO
SNs (47.5+93.2) or pNO(mol+) SNs (13.9+19.4) (p=0.0114).
The copy number of FOXP3 was significantly higher in
pNO(mol+) SNs (914.8+816.1) and pN1-2 SNs (959.0+686.8)
than in pNO SNs (418.7+400.4) (p=0.0017) (Table III).

Comparison of immunological parameters in metastasis-
negative and -positive patients with respect to clinicopatho-
logical features. We compared immunological parameters
between metastasis-negative (pNO) and -positive [pNO(mol+)
and pN1-2] patients with respect to clinicopathological
features. Although no significant differences were found in
Her2 expression, tumor grade or venous invasion levels (data
not shown), the status of steroid hormone receptors appeared
to influence immunological status. The malignant potential
of certain hormonal status groups (ER and PgR-) was higher,
and more Treg cells were induced in metastasis-positive SNs
than in metastasis-negative SNs in the present study (data not
shown).

Discussion

In the present study, we questioned whether or not the
immunological status of SNs, including the response and

Table III. Comparison of immunological parameters analyzed using RT-PCR in pNO, pNO(mol+) and pN1-2 SNs.

Copy number
pNO pNO(mol+) pN1-2
Expression (n=60) (n=11) (n=17) P-value
T-BET 234.7+296.9 425.4+540.1 319.5+337.3 0.0421
| b | : !
GATA-3 2063.5+1594.9 2747.8+2649.3 21908.5+34882.9 <0.0001
| : | a !
Th2/Th1 4754932 13.9+194 160.6+292.7 00114
‘ ‘ a ‘ b ‘
FOXP3 418.7+400 .4 914.8+816.1 959.0+686.8 0.0017

SNs were obtained by SN biopsy from patients with breast cancer. RNA was extracted and subjected to quantitative RT-PCR analysis
specific for the immunological parameters indicated. Copy numbers (mean + standard deviation) were compared among pNO, pNO(mol+)
and pN1-2 SNs and are shown as p-values. Differences were compared among the three SN groups (%p<0.05; °p<0.01). Definition of

Th1/Th2 ratio is the calculation of T-BET/GATA-3 ratio.
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Figure 1. Proposal of the immunological dynamics of SN immunity with or without metastasis. The immunological status of SNs, including DC maturation
and Thl responses, was depressed in SNs before metastasis. The up-regulation of Th1 and Treg responses was induced at the micrometastasis level, followed
by the down-modulation of Thl responses and the up-regulation of Th2 responses along with enlargement of metastasis in SNs. Micrometastasis [pNO(mol+)]
is a status immunologically distinguishable from pNO and pN1-2. DC, dendritic cell; Treg, regulatory T cell; Th1, 2, T-helper type-1, 2.

balance of Th1/Th2 cells and Treg cells, is activated. Our
previous results (15) clearly indicate that the immunological
status of SN, including DC maturation and Th1 responses, is
depressed in SNs before metastasis, but is up-regulated after
metastasis occurs. In the present study, it was found that
Thl responses were up-regulated even in SNs with micro-
metastasis [pNO(mol+)]. These responses are not influenced
by primary tumor but by micrometastasis [pNO(mol+)]
because there is no significant difference of immunological
parameters of pNO SNs between non-invasive carcinoma and
invasive carcinoma. Importantly, up-regulation of Treg cells
was also found to occur without up-regulation of Th2 in the
micrometastasis-positive SNs [pNO(mol+)] in the present
study, indicating that pNO(mol+) SNs are immunologically
distinguishable from pNO and pN1-2 SNs. In addition, the
present study indicated that the shift of the Th1/Th2 balance
might preferentially lean toward Th2 and suppress anti-
tumor immune responses as the metastasis grew larger.
Taken together, it appears that immunological changes occur
in SNs along with the development of metastasis, as shown
in Fig. 1. These findings dramatically alter our understanding
of depressed cellular immune function in patients with breast
cancer and advance the role of Treg cells in facilitating tumor
immune evasion in SNs.

It is an interesting question whether Treg cells are involved
in the development of the Th1/Th2 balance. Stassen et al
(27) recently specified parameters governing the regulatory
capacity of natural CD25* Treg cells on the development,
functional activation and proliferation of Th2 cells, and demon-
strated that CD25* Treg cells can suppress the differentiation
of Th2 cells in a contact-dependent manner. Benghiat ez al (28)
have reported in a mouse model of acute allograft rejection that
the depletion of Treg cells enhances both Thl and Th2 cyto-

kine production by CD4* T cells and, reciprocally, that the
addition of purified natural CD25* Treg cells suppress both
cytokines in a dose-dependent manner. These observations
are in keeping with another report indicating that natural
CD25* Treg cells suppress Thl and Th2 responses during
experimental Leishmania major infection (29). On the other
hand, Suto et al (30) have demonstrated that Treg cell
depletion decreases the differentiation of antigen-induced
Th2 cells with IL-4 and IL-5 production, but increases Thl
differentiation in a mouse model of Th2-mediated allergic
inflammation in the airways, indicating the possibility that
CD4+CD25* Treg cells may modulate the Th1/Th2 balance
toward Th2 cells and up-regulate Th2 cells. In the present
study, it was observed that the expression of FOXP3 was
up-regulated in pNO(mol+) SNs, which was followed by the
up-regulation of Th2 expression in pN1-2 SNs, suggesting
the involvement of Treg cells in the modulation of Thl to
Th2 responses in SNs. During the establishment of micro-
metastasis and its enlargement in SNs, Treg cells may be
activated and, in turn, may up-regulate Th2 cells.

On the other hand, Zuo et al (31) demonstrated that
FOXP3 is an X-linked breast cancer suppressor gene and
an important regulator of the HER-2/ErbB2 oncogene. They
showed low levels of FOXP3 mRNA, which expressed less
than a half of HPRT mRNA and CK/9 mRNA, in the mice
breast tissues and human breast tumor cell lines which were
especially ER-positive breast cancer and normal breast epi-
thelium. We confirmed low levels of FOXP3 mRNA, which
did not affect high level of FOXP3 produced by Treg cells
in SNs, in the breast tumor cell line (data not shown). In
addition, we demonstrated that the copy number of FOXP3
was the same level between in pNO(mol+) SNs and in pN1-2
SNs in spite of metastasis-size in SNs (Table III), and
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significantly higher in pNO(mol+) and pN1-2 SNs than in
pNO SNs in the hormonal status of ER and PgR- (data not
shown), suggesting that FOXP3 expression, we observed
here, can be interpreted as Treg cell origin.

The correct identification of the immunological status of
SNs is important in order to develop novel immunotherapies
of SN activation. In a study of gastric cancer (32) the bio-
logical and clinical significance of isolated tumor cells and
micrometastasis in the lymph nodes has been discussed using
an animal model. It was found that natural killer (NK) cell-
mediated immunity plays an important role in the inhibition
of lymph node metastasis, especially in the early stage of
metastasis development, including isolated tumor cells, and
that the factor most responsible for the regression of isolated
tumor cells after primary tumor resection is the immunologic
activity conferred by NK cells against metastatic tumor cells
in the lymph nodes. Furthermore, it has been proposed that
micrometastasis in the early stage may be a good therapeutic
target to prevent recurrence in the form of lymph node metas-
tasis by immunotherapy that potentiates NK cell activity,
such as IL-2 or IL-12 (33,34). In breast cancer research,
Comes et al have indicated that immunotherapy for micro-
metastases using an IL-21-based cellular vaccine is strongly
potentiated by Treg cell depletion, using a single dose of a
depleting anti-CD25 mAb (35). The present results may
support the potential benefit of Treg cell-attenuating immuno-
therapy, even in a micrometastasis stage.

In summary, we examined the immunological status of
SNs based on Thl, Th2 and Treg cell responses by focusing
on the micrometastasis of SNs in breast cancer patients.
Micrometastasis [pNO(mol+)] is a status immunologically
distinguishable from pNO and pN1-2. The up-regulation of
Th1 and Treg responses occurred at the micrometastasis level,
followed by the down-modulation of Thl and the up-regu-
lation of Th2 responses together with enlargement of the
metastasis in SNs. The clinical significance of micrometas-
tasis in SNs may emphasize immunotherapy for SN activation
in patients with breast cancer.
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