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Abstract. The immune suppression of sentinel lymph node
(SN) is directly influenced by primary tumors. It has been
reported that the T-helper type 1 (Thl) to T-helper type 2
(Th2) ratio or T-cytotoxic type 1 (Tcl) to T-cytotoxic type 2
(Tc2) ratio of lymph node lymphocytes could be used to
evaluate direct immunological circumstances. We attempted
to evaluate the Thl to Th2 cell and Tc1 to Tc2 cell balance in
SN and non-SN and to clarify the immunological status of
sentinel nodes in breast cancer. To evaluate this balance, SN
and non-SN were identified by radioguided methods and
lymph node lymphocytes were collected, and prepared for
flow cytometry. The Thl to Th2 and Tcl to Tc2 ratio were
calculated by 3-color flow cytometry. The ratio of SN and
non-SN was compared. The results demonstrated that SN was
detected in 24 out of 24 patients (100%). As regards the
correlation between SN and non-SN in the same patients, the
Th1 to Th2 ratio in SN was significantly lower than that in
non-SN for all patients (p<0.05). Among clinicopathological
factors, a larger tumor diameter, histology and nodal
involvement affected the decreased Thl to Th2 ratio in SN
significantly (p<0.05). We reached the conclusion that the
increasing immunosuppressive conditions derived from the
tumor may deteriorate the Thl to Th2 ratio of SN in an earlier
stage as compared with non-SN. According to the tumor
extension and nodal involvement, the Th1 to Th2 ratio in SN
was significantly suppressed. The current result supports that
mainly helper T-cell paralysis occurred first in SN and this
seems to be a favorable condition in forming lymph node
metastases in SN. Moreover, the immunologic interaction
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between the primary site and regional lymph nodes may serve
as useful criteria for identifying sentinel nodes.

Introduction

Sentinel lymph node (SN) is one of the recent clinical topics
in the surgical field. SN is defined as the first drainage lymph
node from the primary cancer (1). The exploration of the
metastatic status of SN enables us to perform individualized
surgical management and a clinical application of SN
navigation surgery was started for melanoma and breast
cancer (2-4). It has been reported that the immune
modulation of SN occurred in breast cancer (5), melanoma
(6) and gastric cancer (7). These results suggested that
immunological paralysis may occur first in SN as compared
with non-SN. However, technically it seems difficult to
directly prove the immunosuppressive circumstance in SN.

T-helper type 1 (Thl) and 2 (Th2) and T-cytotoxic type 1
(Tcl) and 2 cells (Tc2) play important immunoregulatory roles
in cancer patients (8,9). Thl and Tcl cells activate a cellular
immunological response through increased interferon (IFN) -y
or interleukin (IL)-2 production. Th2 and Tc2 cells suppress
cellular immunity through increased IL-4 and IL-10
production. It was reported that the Thl to Th2 or Tcl to Tc2
ratio of the lymphocytes in peripheral blood reflected an
immunosuppressive condition directly in cancer patients. As a
result of the investigation of the Thl to Th2 ratio in tumor-
infiltrating lymphocytes in lung cancer, the Thl to Th2 ratio
decreased, according to the tumor progression (10). However,
there have been a few reports which disclose the Thl to Th2
ratio of SN lymphocytes with respect to the intracellular
cytokine level using flow cytometry. In the present study, we
investigated the Th1 to Th2 and Tcl1 to Tc2 ratio in connection
with SN and clinical factors.

Materials and methods

Patients. A total of 24 patients with primary breast cancer who
underwent curative operation with lymph node dissection,
including sentinel node exploration in Kagoshima University
Hospital were enrolled in the current study. All of the patients
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were evaluated to be free from nodal involvement before
surgery. Clinicopathological features were evaluated
according to the TNM classification of breast tumors (11).

Seven patients received partial mastectomy and 10 patients
had total mastectomy. The numbers of patients with less than
Level I, Level I and II lymphadenectomy were 5, 10 and 9,
respectively. Final pathology revealed that 5 patients had
lymph node metastasis. Five and 3 patients were positive for
estrogen and progesterone receptor, respectively. A histological
examination revealed that 3 patients had non-invasive cancer
and the remaining 21 had invasive carcinomas (Table I).

Exploration and detection of sentinel lymph nodes. The
sentinel nodes were detected by a radioguided method as
previously reported (12). In brief, 2 ml of Tc-labeled tin
colloid was injected into the peritumoral sites of the subdermal
space 12 h before surgery. During surgery, the radioisotope
uptake in each lymph node was measured using Navigator
GPS (Tyco Healthcare, Ltd, Tokyo, Japan). The radioisotope
uptake in all dissected lymph nodes was measured again after
surgery. When counts for individual lymph nodes were 10
times greater than background levels, the lymph node was
identified as an SN. Sentinel nodes were identified in all
patients (detection rate: 100%). After lymph node dissection,
between SN and non-SN in the same lymph node station
number, half of them were used for pathological examination
and the remainder were used for flow cytometric analysis.

Cell separation and stimulation. A set of lymphocytes of SN
and non-SN from each patient was collected and minced in a
culture medium that consisted of RPMI-1640 (Gibco, Grand
Island, NY) supplemented with 10% fetal bovine serum (FBS),
50 U/ml penicillin, and 50 g/ml streptomycin. Prepared cells
(107) of lymph node lymphocytes were incubated for 2 h at
37°C in a flat culture bottle. Adherent cells were removed with
mild centrifugation. Then, they were used for regional lymph
node lymphocytes.

Lymph node lymphocytes were stimulated with phorbol
12-myristate 13-acetate (PMA) 25 ng/ml plus ionomycin 1 mol/l
in the presence of brefeldin A 10 g/ml (Sigma) in 24-well
plates at a concentration of 2x10° cells/ml for 5 h at 37°C with
5% CO, in RPMI-1640 supplemented with FBS.

Antibodies. The determination of antibodies, procedure of
intracellular staining and flow cytometric analysis were
followed according to a previous report (10). Phycoerythrin
cyanine 5 (PE-Cy5)-conjugated anti-CD4 and PE-Cy5-
conjugated anti-CDS8, PE-Cy5-conjugated anti-mouse
immunoglobulin (Ig) G1, fluorescein isothiocyanate (FITC)-
conjugated anti-IFN- and phycoerythrin (PE)-conjugated
anti-IL-4, unlabeled anti-IFN and unlabeled anti-IL-4 were
obtained from Becton-Dickinson Immunocytometry Systems
(BDIS, San Jose, CA) and used to analyze cell surface antigens
and intracellular cytokines.

Intracellular cytokine staining. The stimulating cells were
washed in phosphate-buffered saline (PBS) with 0.5% bovine
serum albumin (BSA). Anti-CD4-PECy5 or anti-CD8-
PECy5 antibody was added to the lymphocytes and
incubated for 20 min at 4°C and the cells were then washed
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Table I. Patient background.

Clinical factors Patient number

Age 38-76 (average 57.4 yrs)
Gender
Female 24
Male 0
Tumor diameter
Tis 3
Tl 13
T2 6
T3 1
T4 1
Nodal involvement
Yes 6
No 18
Histology
Non-invasive 3
Invasive 21

Operation method
Mastectomy 11
Partial resection 13

Degree of lymphadenectomy

SN biopsy 6

Level I 13

Level IT 5
Number of sentinel nodes

1 12

2 5

3 4
>4 2

with PBS plus 0.5% BSA. The cell pellet was fixed and
permeabilized using a Fix and Perm kit (Dako, USA). Anti-
IFN- FITC and anti-IL-4 PE were added and incubated for 20
min at room temperature. As controls for the intracellular
cytokine detection, mouse IgG1 FITC was added to the cell
pellets and incubated for 20 min at 4°C. The cell pellets were
washed with PBS plus 0.5% BSA and fixed and
permeabilized with the above-mentioned Fix and Perm kit.
Unlabeled antibodies (anti IFN- and anti IL-4 antibody,
Pharmingen) were used for blocking special binding. IFN-
FITC and IL-4-PE were added without washing and incubated
for 20 min at room temperature. Then, the cells were analyzed
by flow cytometry.

Flow cytometry. Three-color flow cytometric analysis was
performed on a FACSCalibur flow cytometer (BDIS). Data
were acquired using CellQuest software (BDIS). Twenty
thousand cells were analyzed for the cell surface marker and
intracellular cytokine analysis. We defined the cell
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Figure 1. Three-color flow cytometric analysis of SN and non-SN for Thl to Th2 and Tcl to Tc2 balance.
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Figure 2. Comparison of Th1 and Tcl lymphocytes between SN and non-SN.
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Th1/Th2 ratio

p=0.03
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Figure 3. Comparison of the Th1 to Th2 ratio between SN and non-SN.

populations as follows: populations on CD4+ cells: Thl, IFN-
positive and IL-4-negative; Th2, IFN-negative and IL-4-
positive. Populations on CD8* cells were defined as: Tcl,
IFN-positive and IL-4-negative; Tc2, [FN-negative and IL-4-
positive.

Statistical analysis. Differences among the study groups were
assessed using an unpaired and paired Student's t-test because
the variables had parametric meaning. Statistical significance
was defined as p<0.05.

Results

SN status. The number of SNs ranged from 1 to 4 (average
2.4).In 6 out of 24 (25%) SNs, nodal involvement was found

N.S.

Th1/Th2 ratio
5.0 —

1.0 —
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by intraoperative histological examination. According to the
histological result during surgery, lymph node dissection was
converted from sentinel biopsy to level I lymphadenectomy in
2 patients.

Thi, Th2, Tcl and Tc2 lymphocytes in SN and non-SN.
According to flow cytometric analysis, Th1, Th2, Tcl and Tc2
lymphocytes were defined and the percentage was calculated
(Fig. 1). The percentage of Thl, Th2, Tcl and Tc2
lymphocytes in SN and non-SN was calculated. Average
percentages of Thl, Tcl, Th2 and Tc2 lymphocytes in SN
were 2.2+1.8, 11.3+7.8, 1.0+0.7 and 9.0+4.5, respectively and
those in non-SN were 2.3+1.6,9.4+7.4,1.1+0.9 and 10.3+6.2,
respectively. The Th1 and Tcl lymphocytes in SN tended to be
higher than that in non-SN. In contrast, the Th2 and Tc2
lymphocytes in SN tended to be lower than in the non-SN.
However, there was no statistical significance (Fig. 2). When
comparing the Thl to Th2 ratio between SN and non-SN, it
was significantly lower in SN than in non-SN (p=0.03) (Fig. 3).
Confined to the case with the tumor diameter =20 mm and
invasive carcinoma, the Th1 to Th2 ratio of SN was significantly
lower in SN than in non-SN (p=0.02) (Fig. 4). The presence or
absence of nodal involvement did not affect the Thl to Th2
ratio (Fig. 5). In contrast, there was no significant difference of
the Tcl to Tc2 ratio between SN and non-SN (Fig. 6). The Tcl
to Tc2 ratio was not affected by nodal involvement and
tumor diameter (data not shown).

The Thl to Th2 and Tcl to Tc2 ratio in SN or non-SN and
clinicopathological factors. The Thl to Th2 and Tcl to Tc2
ratio in SN and non-SN were analyzed by 4 clinical factors
(age, tumor diameter, nodal involvement and tumor histology).
In SN, a significantly high Thl to Th2 ratio was found in
patients with age <50, tumor size <1.5 cm or invasive
carcinoma (p<0.05, p<0.05 and p<0.01, respectively). In

p = 0.02

o—4%

Tumor diameter < 20mm (n=13)

Tumor diameter 2 20mm(n==8)

Figure 4. Comparison of the Th1 to Th2 ratio between SN and non-SN divided by tumor diameter.
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Figure 5. Comparison of the Th1 to Th2 ratio between SN and non-SN divided by nodal involvement.
Table II. Th1 to Th2 and Tcl to Tc2 ratio in SN according to clinicopathological factors.
Clinical factors Thl/Th2 ratio p value Tcl/Tc2 p-value
Age
<50 n=10 1.8+1.3 p<0.05 9.2+8.5 n.s.
=50 n=14 1.1+1.0 8.1+£8.0
Tumor diameter?
<1.5cm n=9 2.8+1.2 p<0.05 9.8+8.4 n.s.
=1.5cm n=12 1.4+1.1 9.3+9.2
Nodal involvement®
Yes n=6 0.8+1.3 p<0.05 5.61£5.6 n.s.
No n=15 23+1.3 10.1+9.5
Histology
Non-invasive n=3 0.35+0.28 p<0.01 3.5+1.1 p<0.01
Invasive n=21 1.9+14 8.8+8.5

4Limited to invasive carcinoma.

patients without nodal metastasis, the Th1 to Th2 ratio of SN
was also significantly higher compared with patients with
nodal metastasis (p<0.05) (Table IT). However, in the non-SN,
a significant difference was not found in age, tumor size and
lymph node metastasis (Table III). The Thl to Th2 and Tcl to
Tc2 ratio was significantly higher in invasive carcinoma than
in non-invasive carcinoma (p<0.01).

Discussion

The Th1 to Th2 ratio, which was thought to reflect the
immunological function of helper T-cells, was significantly
lower in SNs than in non-SNs. This result suggested that
immunological paralysis occurred in SN. Cochran et al also

reported that the number of dendritic cells decreased in SN in
melanoma (6). When immune competent cells were analyzed
by RT-PCR and flow cytometry using markers such as HL-DR,
CD80, CD83 and IFN-y, the level of infiltration of such cells
significantly decreased in SN compared with non-SNs in breast
cancer (13). In the current study, the significant differences
between SN and non-SN were prominent in patients with
invasive breast cancer tumors =20 mm in size. This result was
in agreement with the previous report that the immunological
paralysis of helper T-cells occurred according to tumor
proliferation.

The patients with a large tumor size showed a low Thl to
Th2 ratio in SN. It was suggested that as the tumor grew,
immunosuppressive substances from the tumor were secreted
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Table III. Th1 to Th2 and Tcl to Tc2 ratio in non-SN according to clinicopathological factors.

Clinical factors Th1/Th2 ratio p value Tcl/Tc2 p-value
Age
<50 n=10 2419 n.s. 9.129.6 n.s.
>50 n=14 1.5+¢1.3 8.6+9.2
Tumor diameter?
<1.5cm n=9 32+1.8 n.s. 8.5+6.8 n.s.
>1.5cm n=12 2.6x2.1 11.6+x11.8
Nodal involvement?
Yes n=6 1.6+2.1 n.s. 5.7+£7.6 n.s.
No n=15 3.0+19 10£11.0
Histology
Non-invasive n=3 0.3+0.1 p<0.01 39+42 p<0.01
Invasive n=21 2.6x2.0 9.349.5

4Limited to invasive carcinoma.

Tel/Tc2

50

N.S.

Figure 6. Comparison of the Tcl to Tc2 ratio between SN and non-SN.

and drained to the SN. The Th1 to Th2 ratio in SN or non-SN
may be influenced by the tumor volume. Ito et al reported
that the Thl to Th2 ratio in tumor-infiltrating lymphocytes
(TILs), but not in peripheral blood, correlated with clinical
factors in lung cancer (10). In this context, an immuno-
suppressive circumstance may first occur in locally affected
places such as the SN or TIL, but not in the non-SN or
peripheral blood lymphocytes. As for lymph node metastases
in SN, Matsuura et al analyzed the 58 breast cancer patients.
They concluded that the T-cell immunological status in SN
was up-regulated after metastasis was overt, although it was
depressed before the metastasis (13). In the current study, the
Thl to Th2 ratio of SN in node-positive patients was
significantly lower than that in node-negative patients. Since
node-positive SN lymphocytes coexisted with tumor cells, it
was speculated that tumor cells directly suppress the immune
system.

Contrary to the Th1 to Th2 ratio, no significant difference
was found in the Tcl to Tc2 ratio between SN and non-SN and
among the clinical factors. Ito et al reported that the Tcl to
Tc2 ratio in not only lymph node but also peripheral blood
lymphocytes did not affect clinical variables such as the
tumor diameter and nodal involvement in lung cancer patients,
which was similar to our results (10). The difference of the
Tcl to Tc2 ratio for tumor proliferation and lymph node
metastasis may suggest that the Tcl to Tc2 ratio is stable in
any clinical stage. Immunological paralysis may initially start
from the helper T-cell subset imbalance.

In the current study, we had 3 non-invasive carcinoma
patients who showed a significantly lower Thl to Th2 ratio of
SN, as compared with invasive carcinoma patients.
Considering the tumor biological behavior, these results did
not unexpectedly reflect the tumor aggressiveness of the non-
invasive carcinoma. However, the tumor volume of these
non-invasive carcinoma in 3 patients was larger than that of
the remaining 21 patients with invasive carcinomas and thus,
a significantly lower level of the Th1 to Th2 ratio may depend
on the tumor volume.

Schule et al showed that a significant loss of the CD3-{
chain expression of T cells in SN occurred at the early tumor
stage in breast cancer (14). In the current study, the population
density of Tcl-positive cells was preserved in SN; however,
cytotoxic T cells did not function well because of impaired
CD3 complex molecules. It has been reported that celecoxib
up-regulates the expression of the ¢ chain of the T-cell receptor
(15). The normalization of not only the T-cell subset imbalance,
but also the CD3-C chain expression may be essential to
retrieving intranodal anti-tumor immunoreaction, which
prevents or destroys nodal involvement.

In conclusion, our data suggested that the helper T-cell
deterioration was augmented by tumor proliferation and lymph
node metastases. We clarified that the functional change of
the helper T-cell immunity first occurred in SN lymphocytes in
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uppressive molecules from the tumor and SNs were

in preferential condition for nodal involvement. The tumor-
induced immune modulation of SLNs facilitates lymph node
metastases by deteriorating helper T balance in breast cancer.
The immune modulation of the lymph nodes may also serve
as useful criteria for identifying sentinel nodes (16).
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