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ABSTRACT

Background: Alteration in peripheral blood lymphocytes (PBLS) is usually investigated
to provide an evidence of the host immune responses to tumor antigens. The tumor
infiltrating NK cells interact most closely with the tumor cells and more accurately
reflect tumor host interactions. Objective: To analyze peripheral blood and tumor
associated Natural Killer (NK) cells in patients with breast cancer by immunopheno-
typing. M ethods: Twenty women suffering from breast cancer were examined; 12 of
them were confirmed histologically to be invasive ductal carcinoma. PBL and tissue
samples from patients and matched control group were processed for analysis by
flow cytometry. Results: Results of PBL analysis indicated a significant (P<0.05)
increase in both the total number and activated NK cells in invasive ducal carcinoma
patients compared to normal controls. No significant differences were noticed in the
percent of NK cells and their activation marker expression in intra tumor lesion of the
invasive ductal carcinoma and other tumors compared to benign lesions, however a
decrease in the total NK number and activated NK cells was observed with progression
of the tumor. Conclusion: Data of this investigation conclude that the total and
activated NK cell number increase in peripheral blood of patients with breast cancer.
The relationship between peripheral blood and intratumor NK cells needs more
clarification, however, a decrease in intratumor NK cell number and their activation
status occurs with tumor progression.
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INTRODUCTION

Invasive ductal carcinoma is the most common type of breast cancer in Iran. The
immune system is capable of responding to cancer as evidenced by systemic,
regional, and intratumoral leukocyte activation. For individual patients there is no
predictable relationship between leukocyte composition, or function, and the prognosis
of the disease ().

Infiltrated leukocytes to neoplastic tissues are a target for therapeutic intervention
(2). These cells are endowed with tumor destructive features, exerted directly on
neoplastic cells or via soluble mediators which affect components of the tumor tissue
(3). Although T cells are the most tumor infiltrating immune cells (4), the activity
status of different cytotoxic leukocytes (mononuclear, phagocytic and NK cells)
encompasses tumor cells resistant to chemotherapeutic agents(2).

Impaired immune responses occur frequently in cancer patients, but the mechanism
of the induced immune defects remains poorly understood (5). In clinical practice,
reports have been made on immunosuppression even after surgical excision of
primary tumor or at relapse. However, the relationship between undefined or overt
metastasis and the host immune system has been sufficiently examined over a
prolonged period (6).

It has been noted that the tumor host relationship and cell mediated immunity in the
PBL does not often correlate with prognosis (7).

MATERIALS AND METHODS

Sampling

Twenty patients who underwent surgical procedure in Institute of Cancer of
Imam-Khomeini Hospital, Tehran were studied. The age of patients ranged from 25-
65 (mean 45.4) years. The surgical procedure undergone was radial mastectomy.
Twelve of the patients were diagnosed histologically to be invasive ducta carcinoma
(IDC) (60%), two of the patients were invasive lobular carcinoma (ILC) (10%), one
patient was intra ductal carcinoma (IDCC), one patient was atypic medullary carci-
noma (AMC) and one patient was fibrocystic. Three patients had benign tumors that
were considered as a separate group. From each patient one centimeter tumor tissue
(biopsies) was obtained. PBL of 10 matched control women (groupl) and 8 cancer
patients (4 IDC as group 2 and 4 other types of tumor as group3) were collected in
EDTA-coated tubes prior to any chemoradiotherapy. The mononuclear cell fraction
of blood samples were isolated by ficoll and processed for immunostaining (see below).
The patients and control groups participated in this study after informed consent.
Preparation of Tumor Cell Suspension

Biopsies of human solid tumor were cut into small pieces with forceps and scalpel.
The pieces were rinsed twice with phosphate buffer saline, then 5ml of cocktail
enzymes (0.05 mg/ml collagenase and 0.002 mg/ml DNase) were added and the
mixture was placed in 37°C incubator for 2-4 hrs. The suspensions were passed
through 150-micron stainless steel mesh. Cell were washed twice and labeled with
monoclonal antibodies.
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Immunophenotyping

The following fluorescent monoclonal antibodies (mAb) (DAKO, Denmark) were
used to identify leukocytes and NK cells in both PBL and tumor cell suspensions:
anti-CD45" for detection of leukocytes; anti-CD45'/CD56" for detection of NK
cells and anti- CD56'/CD25" for detection of activated NK cells.

We established the reference immunophenotypic pattern using standard procedures.
In this study 100ul of each blood/tissue samples was immunostained with 10ul mAbs
directly conjugated with Fluorescein |sothiocyanate (FITC) or R-Phycoerythrin
(RPE) in Q-Prep apparatus, then, three immunopreps were added automatically, 0.7
ml immunoprep A (Formic Acid 1.2ml/L), 0.32ml immunoprep B (Sodium Carbonate
6.0g/L, Sodium Chloride 14.5 g/L, Sodium Sulfate 31.3 g/L) and 0.14 ml immunoprep
C (Paraformaldehyde 10.0 g/L, Phosphate Buffer). Each sample was then kept at 2-8
°C in the dark before analyzing in 24 hrs (8).

Flowcytometric Analysis

Cell samples were measured on a coulter flowcytometer with serid filter configuration.
The analysis was focused on the myeloid areas of the forward and side scatters.
Double stained cells were analyzed using coulter software.

Statistics

In this study one-way analysis of variance (ANOV A) and Kruskal-Wallis nonparametric
test were employed using SPSS software.

RESULTS

PBL Natural Killer Cellsin Patients and Controls

In order to estimate the percent of leukocyte (CD45'cells) and NK cells
(CD45'CD56" cells) in the PBL of patients suffering from breast cancer, the protocol
shown in table 1 was employed. Results of PBL indicated a significant (P<0.05)
increase in the total NK cell percent in invasive ductal carcinoma compared to normal
group. Whereas a significant (P<0.05) decrease was observed in other tumors (other
than invasive ductal carcinoma) compared to normal group (Tablel).

In the case of activated NK cells (CD56" CD25" cells) results indicated that the
mean percent of CD56" CD25" cells in the PBL of both invasive ductal carcinoma
and other breast tumors were significantly (P<0.05) increased compared to the normal
group (Tablel).

Percentage of Tumor Associated NK Cells

The results of intratumor NK cells are summarized in table2. No significant differences
were noticed in the percent of NK cells in intratumor lesion of the invasive ductal
carcinoma and other tumors compared to benign ones.

In order to detect the activated tumor associated NK cells, anti-CD25 mADb was used.
Results indicated no significant difference between patients with malignant and those
with benign tumors.
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Table 1. The percentage of the total and activated NK cells in the peripheral
blood of the breast cancer patients and normal group®

No. % % % % %
Subject of cases CD45* CD45' CD56"  CD45" CD56" CD56"
CD56'/CD45" CD25* CD25'/CD56"
Group 1 10 85.4 24 28 0.1 41
Normal
Group 2 b b b
\DC Patiert 4 79.4 2.97 37 155 52.1
Group 3
ILC+AMC+IDCC 4 89.8 167 18" 0.3° 17.9°
Patients

@ analysswasdonein Lymphocyte gate

b indicate a Significant differencein comparison with normal groupl (P<0.05)
IDC: invasive ductal carcinoma, ILC: invasive lobular carcinoma

AMC: atypic medullary carcinoma, IDCC: intra ductal carcinoma

Table 2. Immunostatus of tumor associated NK cells in breast cancer patients?

No. % % % % %
subjects of cases CD45'  CD45'CD56'  CD45' CD56' CD25"  CD56'
CD56'/CD45" CD25'/CD56"
Group 1 12 147 218 148 135 62
Group 2
ILC+AMC+IDCC 5 16 24 15 154 64
Patients
Group 3 3 175 23 131 15 65.2

Benign breast tumor

@ the analysis was done as ungated and results were not significant
IDC: invasive ductal carcinoma, ILC: invasive lobular carcinoma
AMC: atypic medullary carcinoma, IDCC: intra ductal carcinoma

Correlation between Intratumor NK Cellsand Clinical Tumor Staging

In order to assess the correlation between the intratumor total and activated NK cells
with different stages of tumor, patients with stages 1, 2, 3 and 4 were evauated. Re
aults in figure 1 indicate a significant (P<0.05) decrease in both total number and the
activated NK cells a the tumor site in stages 3 and 4 compared to stage 1.

Correlation between intratumor NK cells and stages of tumor
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Figurel. Correlation between intratumor NK cells and stages of tumor

131 VOL. 2 NO. 3 Summer 2005 155



NK Cells in Breast cancer

DISCUSSION

The great majority of tumors infiltrating lymphocytes (TILs) are CD3" T cells. NK
cells and B lymphocytes are usually very few in neoplastic tissues (4, 9). At least in
some immunogenic tumors, TILs contain a higher proportion of tumor specific
effecter lymphocytes in comparison to peripheral blood lymphocytes (PBLS). Tumor
antigen recognition by TILs is manifested by tumor killing or cytokine production
(10, 11).

Interleukin-12 (IL-12) has potent antitumor activities via NK and cytotoxic T cells.
However, the underlying molecular mechanisms are poorly understood. Shi X and
coworkers reported the genome-wide analysis of gene expression in a primary
murine mammary carcinoma model that resembles human breast cancer, following
the therapeutic application of recombinant IL-12, which restricted tumor growth and
metastasis (19). IL-12 was able to curtail neovascularization in the tumor as well as
enhance the number of tumor-infiltrating lymphocytes (20).

In this investigation we found that the peripheral blood NK cell number of patients
with IDC and activated NK cells from patients with IDC or other tumor types were
significantly increased compared to the normal group (Tablel). In concordance with
this study Murta et al. reported that patients with advanced breast cancer showed
increases in B and NK cellsin PBLs (20).

Despite of these differences in peripheral blood, no differences were observed in
total intratumor NK and activated NK cells when patients with malignant tumors
were compared with those with benign ones. Some investigators have believed that
PBL natural killer cells do not reflect the tumor host relationship and cell mediated
immunity in the PBL does not often correlate with prognosis (7, 22). Functional
analysis of TILs and PBLs have been also indicated that cellular immunity is down
regulated at the site of tumor whereas cytotoxic immune response as a part of cellular
immunity predominates in peripheral blood. (21).

We found a significant negative correlation between the both the total number and
activated NK cells and the stage of tumor (Fig.1). This finding is in agreement with
previous reports on murine models which reported that NK cells infiltrate the lesions
of tumor at a very early stage (13). Other studies have also indicated a low percent of
NK cells in the intratumor infiltration (13, 14) and NK cells presence isolated from
the infiltrate (4). Kuroda et a. found that the medulary carcinoma of the breast contained
very few NK cdlls (15). In contrary to our findings, however, Vgenopoulou et al.
showed that high-grade carcinomas exhibited higher numbers of endotumoral NK
cells and B-cell aggregates (16).

Recently, we reported that TAMs and PBL mononuclear cells were not different in
breast cancer patients and the control group (23), but here our results indicated that
the total number and the activation marker expression of PBL Natural Killer cells
significantly increased, at least, in IDC type of breast cancer while the total number
and activation marker of these cells decreased with tumor progression. Additional
studies concerning the tumor infiltrating T, B and NK cells are required to clarify
further relationship between these cells in the breast cancer and also their cytolytic
function against tumor cells.

131 VOL. 2 NO. 3 Summer 2005 156



Farazmand S, et al.

ACKNOWNEDGEMENT

This work was financially supported by a grant from Tarbiat Modarres University,
Tehran, Iran. The authors wish to thanks Dr. M. Atri (Institute of cancer of
Imam-khomeini hospital, Tehran, Iran) for providing breast cancer samples.

REFERENCES

1. Wong PY, Staren ED, Tereshkova N, Braun DP. Functional analysis of tumor-infiltrating leukocytes in breast
cancer patients. J Surg Res.1998;76:95-103.

2. Allavena P, Grandi M, D'Incalci M, Geri O, Giuliani FC, Mantovani A. Human tumor cell lines with pleotropic drug
resistance are efficiently killed by interleukin-2 activated killer cellsand by activated monocytes. Int J Cancer.1987;40:104-7.

3. Schwartzentruber DJ, Solomon D, Rosenberg SA, Topalian SL. Characterization of lymphocytes infiltrating human breast
cancer: specificimmune reactivity detected by measuring cytokine secretion. J Immunother.1992;12:1-12.

4. Grekou AN, Toliou T, Stravoravdi P, Patakiouta F, Tsoukalas T, Pinakidis M et a. Correlation of apoptosis with the
distribution and composition of lymphocytic infiltrate in human breast carcinomas. Anticancer Res.1996;16:3991-5.

5. Remedi MM, Hliba E, Demarchi M, Depiante-Depaoli M. Relationship between immune state and tumor growth rate in rats
bearing progressive and non-progressive mammary tumors. Cancer Immunol |mmunother.1998;46:350-4.

6. Nicolini A, Ferrari P, Spindli R, Carpi A, Sagripanti A, Ambrogi F. Cell-mediated immunity in breast cancer patients.
Biomed Pharmacother.1996;50:337-43.

7. Holmes EC. Immunology of tumor infiltrating lymphocytes. Ann Surg.1985;201:158-63.

8. Lal RB, Edison LJ, Chused TM. Fixation and long-term storage of human lymphocytes for surface marker analysis by flow
cytometry. Cytometry.1988;9:213-9.

9. Tang R, Beuvon F, Ojeda M, Mossei V, Pouillart P, Scholl S. M-CSF (monocyte colony stimulating factor) and M-CSF
receptor expression by breast tumour cells: M-CSF mediated recruitment of tumour infiltrating monocytes?. J Cell
Biochem.1992;50:350-6.

10. Whitesde TL, Jost LM, Herberman RB. Tumor-infiltrating lymphocytes. Potential and limitations to their use for cancer
therapy. Crit Rev Oncol Hematol.1992;12:25-47.

11. Mélief CJ. Tumor eradication by adoptive transfer of cytotoxic T lymphocytes. Adv Cancer Res.1992;58:143-75.

12. PerussaB. Tumor infiltrating cells. Lab Invest.1992;67:155-7.

13. Kurosawa S, Matsuzeki G, Harada M, Ando T, Nomoto K. Early appearance and activation of natural killer cels in
tumor-infiltrating lymphoid cells during tumor development. Eur J Immunol.1993;23:1029-33.

14. Georgiannos SN, Renaut A, Goode AW, Sheaff M. The immunophenotype and activation status of the lymphocytic
infiltrate in human breast cancers, the role of the major histocompatibility complex in cell-mediated immune mechanisms,
and their association with prognostic indicators. Surgery.2003;134:827-34.

15. Kuroda H, Tamaru J, Sakamoto G, Ohnis K, Itoyama S. Immunophenotype of lymphocytic infiltration in medullary
carcinoma of the breast. Virchows Arch.2005;446:10-4.

16. Vgenopoulou S, Lazaris AC, Markopoulos C, Boltetsou E, Kyriakou V, Kavantzas N et al. Immunohistochemical evaluation of
immune response in invasive ductal breast cancer of not-otherwise-specified type. Breast.2003;12:172-8.

17. Beitsch P, Lotzova E, Hortobagyi G, Pollock R. Natural immunity in breast cancer patients during neoadjuvant chemotherapy
and after surgery. Surg Oncol.1994;3:211-9.

18. Klimberg VS, Kornbluth J, Cao Y, Dang A, Blossom S, Schaeffer RF. Glutamine suppresses PGE2 synthesis and breast
cancer growth. J Surg Res.1996;63:293-7.

19. Shi X, Liu J, Xiang Z, Mitsuhashi M, Wu RS, Ma X. Gene expression analyss in Interleukin-12-induced suppression of
mouse mammary carcinoma. Int J Cancer. 2004;110:570-8.

20. Murta EF, de Andrade JM, Falcao RP, Bighetti S. Lymphocyte subpopulations in patients with advanced breast cancer
submitted to neoadjuvant chemotherapy. Tumori.2000;86:403-7.

21. Schondorf T, Engel H, Lindemann C, Kolhagen H, von Rucker AA, Mallmann P. Cdlular characteristics of peripheral
blood lymphocytes and tumour-infiltrating lymphocytes in patients with gynaecological tumours. Cancer Immunol Immunother.
1997,44:88-96.

22. Westermann J, Pabst R. Lymphocyte subsets in the blood: a diagnostic window on the lymphoid system? Immunol Today.
1990;11:406-10.

23. Amani D, Hassan ZM, Ravangard F, Frazmand S, Karim-Zadeh M. How cytometric Anadyss of Tumor Associated Macrophages
in Invasive Ductal Carcinoma of Breast. Iranian J Immunol. 2005;2:117-22.

131 VOL. 2 NO. 3 Summer 2005 157



