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Abstract
Background— We previously reported that cancer-related psychological stress is associated with
reduced natural killer (NK) cell lysis. We hypothesized that reduced NK cell cytotoxicity in patients
with increased levels of stress would correlate with alterations in the expression of inhibitory NK
cell receptors (killer immunoglobulin-like receptors, or KIRs). The specific aim of this study was to
examine KIR expression in patients with high or low levels of psychologic stress and correlate
alterations in KIR expression with NK cell function.

Materials and Methods— 227 patients underwent baseline evaluation of cancer-related
psychological stress and were randomized to psychosocial intervention versus observation. From
this population, two groups were defined based on pre-treatment measurements of NK lytic activity,
stress levels, and the availability of cryopreserved peripheral blood mononuclear cells (PBMC).
Group I (n = 9) had low stress by the Impact of Events Scale (IES), and high NK cell lysis at the 50:1
effector: target ratio (NK50 = 52–89%). Group II (n = 8) had high stress and low NK50 (27–52%).
Lymphokine activated killer (LAK) activity, antibody dependent cellular cytotoxicity (ADCC), and
expression of cytokine receptors, adhesion molecules, and killer immunoglobulin-like receptors
(KIRs) were assessed in PBMC.

Results— Incubation of PBMC with NK-stimulatory cytokines (IL-2, IL-12, or IL-15) led to
significant increases in cytotoxic activity regardless of IES/NK50 scores. There were no significant
group differences in NK cell surface expression of the IL-2 receptor components CD25 and CD122,
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antibody-dependent lysis of HER2/neu-positive SKBr3 cells treated with an anti-HER2/neu
monoclonal antibody, expression of adhesion molecules (CD2, CD11a, CD18) and markers of
activation (CD69), or expression of the KIRs CD158a, NKG2a, NKB1, and CD161. However, levels
of CD158b were significantly higher in Group I after incubation in media alone or with IL-2, and
CD94 expression was significantly lower in Group I after incubation with IL-2.

Conclusions— In this study of a small subset of breast cancer patients chosen from a previous
clinical trial of psychosocial intervention for breast cancer, impaired NK lysis in breast cancer
patients with high levels of psychological stress was associated with alterations in surface expression
of killer immunoglobulin-like receptors. However, immune effectors retained the ability to lyse
antibody-coated targets and to initiate lymphokine-activated killer activity, irrespective of stress
levels or baseline NK50.

Keywords
Breast cancer; Killer immunoglobulin-like receptors (KIR); Natural killer (NK) cells; Psychologic
stress

INTRODUCTION
Studies suggest that one-third of all oncology patients experience significant distress associated
with cancer diagnosis and treatment [1]. Manifestations may include depression, fatigue,
perturbation in intimate relationships and social support networks, destabilization of financial
situations, non-compliance with treatment, cessation of positive health behaviors, and
pursuance of negative health behaviors, e.g. cigarette smoking [1–9].

The level of psychological stress attributable to the cancer diagnosis can be quantitated with
various patient-reported tools, or by clinician assessment using instruments such as the Stress
Response Rating Scale [10–12]. The Impact of Events Scale (IES), developed by Horowitz et
al. in the late 1970’s, is a patient-reported instrument that quantitates stress-related intrusive
thoughts, denial of thoughts, and avoidance behavior [13]. It has been extensively validated in
studies of patients with diverse serious illnesses, including cancer [8,13–14]. Significant
reductions in cancer-associated psychological distress can be achieved with psychosocial
interventions aimed at decreasing stress levels, strengthening social support networks, and
improving coping and life management skills [15–17].

A large body of literature suggests that psychological stress associated with cancer diagnosis
and treatment contributes to impaired immunity [18–25]. The exact mechanisms are unknown,
but there is solid evidence for the impairment of natural killer (NK) cell and T cell function in
response to acute and chronic psychological stress. Surgery also has been associated with
impaired immunity in the immediate postoperative period, an effect that is compounded by the
use of adjuvant chemotherapy and radiation, which have short-term effects on the generation
and activity of immune effectors [26–29].

We previously reported that cancer-related stress correlated with impaired immunity in patients
with invasive breast cancer [15]. This study of 116 patients after surgical resection of Stage II
or Stage III breast cancer demonstrated decreased NK cell toxicity and T cell blastogenesis in
patients exhibiting high levels of cancer-related psychological stress [15]. We subsequently
conducted a randomized phase III trial testing the effects of psychological and behavioral
interventions aimed at stress reduction in 227 women with surgically treated Stage II or Stage
III breast cancer [16]. Patients were randomized to receive either psychosocial intervention or
assessment only. As predicted, patients in the intervention group demonstrated psychological
and behavioral improvements over time [16]. T cell proliferation in response to
phytohemagglutinin (PHA) and concavalin A (con A) remained stable or increased for patients
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in the intervention group, whereas both responses declined for patients in the assessment group.
This finding was statistically significant across multiple concentrations of PHA and con A
[16].

The purpose of the present study was to further investigate the finding that cancer-related
psychological distress is associated with decreased NK cell cytotoxic activity [15]. To study
this phenomenon, we identified two subsets of patients based on characteristics present upon
pre-study evaluation. Patients at opposite ends of the spectrum for preexisting levels of
psychologic stress and NK cell lysis (and for whom adequate numbers of cryopreserved cells
were available) were divided into two groups: Group I included patients (n = 9) with a low
stress level and high NK cell lysis, and Group II included patients (n = 8) with a high stress
level and low NK cell lysis.

MATERIALS AND METHODS
Patients

Subjects for this study were 17 women drawn from the Stress and Immunity in Breast Cancer
(SIBC) study conducted at The Ohio State University [16]. The SIBC study enrolled 227
women with Stage II (205 patients, 90%) or Stage III (22 patients, 10%) breast cancer treated
surgically within the previous three months (breast conservation therapy, 43%; modified
radical mastectomy, 57%; mean number of days after surgery = 50.8 ± 17.5). Prior to
psychosocial intervention, cancer-related psychological stress was evaluated using the IES.
Patients were then randomized: the intervention group received psychological and behavioral
interventions aimed at decreasing stress, and the control group received assessment only [16].
The present investigation utilized data from trial participants for whom banked PBMC were
available. Recruitment for the larger trial was conducted from May of 1994 through May of
2000, but PBMC banking was introduced relatively late during this process. Beginning in June,
1998, the amount of blood collected from each participant was increased in order to begin
banking PBMC. Fifty-eight participants were recruited into the trial after this change was
implemented. Of these 58, insufficient blood was obtained for three participants. Thus, banked
PBMC were available for 55 participants. Dividing the groups at the median of IES and
NK50 yielded four subgroups from whom the two subgroups of high stress/low NK50, and low
stress/high NK50 were chosen for this study (see Table 1). Due to the need for large numbers
of cryopreserved PBMC to complete the proposed studies, it was not possible to examine
additional trial patients. There were no statistically significant differences between the groups
with respect to age; time since cancer diagnosis; common risk factors such as menopausal
status, parity, family history of breast cancer, and personal history of atypical hyperplasia; and
tumor characteristics such as histologic type, histologic grade, tumor stage, and status of
estrogen and progesterone receptors (see Fig 1 and Table 1). Each participant gave informed
consent, completed the baseline IES exam, and had 60 mL of venous blood drawn prior to
treatment under this Institutional Review Board-approved study.

Blood separation procedures
Peripheral blood mononuclear cells (PBMC) were isolated from venous blood using Ficoll
density gradient centrifugation (Amersham Pharmacia Biotech, Inc., Piscataway, NJ), washed
in calcium- and magnesium-free Dulbecco’s Phosphate-Buffered Saline (PBS, Invitrogen
Corporation, Grand Island, NY), and counted on a Z1 Coulter Particle Counter (Beckman
Coulter Corp., Miami, FL). Aliquots of PBMC were resuspended at a final concentration of 1
× 107 cells/mL in RPMI-1640 supplemented with 10% fetal bovine serum (HyClone, Logan,
UT), 2-mercaptoethanol (Sigma, St. Louis, MO), 100X antibiotic-antimycotic stock (Gibco
BRL, Grand Island, NY), HEPES (Gibco), sodium bicarbonate (Gibco), and L-glutamine
(Gibco) (complete medium), and used for the studies described herein.
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NK cytotoxicity assay
To assess NK cell cytotoxicity, a microtiter chromium 51 (51Cr)-release assay was performed
as described previously [19]. Target cells for this assay were K562 cells, an NK-sensitive
human myeloid cell line. Briefly, PBMC were resuspended in complete medium at a density
of 10 × 106 cells/mL and seeded in triplicate into 96-well V-bottom microtiter plates (Corning
Incorporated, Corning, NY) in a volume sufficient to provide an effector-to-target (E:T) cell
ratio of 100:1, 50:1, 25:1, 12.5:1, 6.25:1, or 3.125:1. Complete medium was added to a total
volume of 100 μL. K562 cells were harvested, labeled with 51Cr, and washed. Labeled K562
cells (5 × 103 cells in 100 μL medium) were added to each well. Plates were centrifuged at 300
g × 5 minutes, incubated for 5 hours (5% CO2, 37°C), and centrifuged again at 300 g × 5
minutes. Supernatant (100 μL) was harvested and counted using a Beckman 5500 gamma
counter. Minimum and maximum 51Cr release were determined using target cells incubated in
complete medium or 5% SDS detergent solution, respectively. For the purpose of analysis,
data obtained at an E:T ratio of 50:1 were used. Cytotoxicity was calculated as follows:

Experimental 51Cr release - minimum release/maximum release- minimum release

Lymphokine activated killer (LAK) assay
PBMC were viably thawed and plated in complete medium at a density of 5 × 104 cells/well
in 96-well U-bottom plates (Corning Incorporated, Corning, NY) in the presence of IL-2, IL-12,
IL-15 (each at 20 ng/well) or control, and incubated for 24 hours (5% CO2, 37°C). These
cytokines were chosen because of their important roles in NK cell function [30]. IL-2, IL-12,
and IL-15 are all known activators of NK cell proliferation, target cell lysis, and cytokine
production. In addition, these cytokines are clinically available, so that the results obtained
with these factors are potentially applicable to the clinical situation. For this assay, cells from
the estrogen receptor-positive, human breast adenocarcinoma cell line MCF-7 were used as
targets. Following incubation with cytokine, target MCF-7 cells were labeled with 200 μCi
of 51Cr for 1 hour, washed, enumerated, and added to the wells (E:T ratio = 50:1). Plates were
centrifuged at 300 g for 5 minutes, incubated for 4 hours, and centrifuged again. Supernatant
(100 μl) was harvested and counted on a Beckman 5500 gamma counter. Minimum and
maximum release were determined using target cells incubated in complete medium or 5%
SDS, respectively. Percent specific lysis was calculated as previously stated.

Antibody dependent cellular cytotoxicity (ADCC) assay
PBMC were thawed, resuspended in complete medium, and plated at a density of 1 × 104 cells/
well in 96-well V-bottom plates. Aliquots of the HER2/neu-positive breast cancer line SKBr3
or the MDA-468 HER2/neu-negative breast cancer cell line were labeled with 200 μCi
of 51Cr, incubated with 0.05 mg of trastuzumab or control antibody for one hour (5% CO2, 37°
C), washed, and enumerated. Target cells (5 × 103 cells/well) were mixed with effector cells
to obtain an E:T ratio of 50:1. Plates were incubated for 18 hours (5% CO2, 37°C), centrifuged,
supernatant was analyzed, and percent specific lysis was calculated.

Monoclonal antibody sources
The following murine monoclonal anti-human antibodies were obtained from Beckman
Coulter Co. (Fullerton, CA): CD11a-PE, CD18-PE, CD44-FITC, CD56-PC5, CD94-PE,
CD122-FITC, CD158a-PE, CD158b-PE, NKG2A-PE, and appropriate fluorochrome-
conjugated isotype control antibodies. The following monoclonal antibodies were purchased
from BD PharMingen (San Diego, CA): CD2-FITC, CD25-FITC, CD69-FITC, CD161-PE
(NKR-P1A), and NKB1-FITC (DX-9). TCRζ-FITC antibody was obtained from Santa Cruz
Biotechnology, Inc. (Santa Cruz, CA). A summary of the functions of the different cell markers
assayed in this study is presented in Table 3.
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Flow Cytometry
Dual parameter flow cytometry for CD56 and the above mentioned cell surface markers was
employed for characterization of the NK cell population [31]. PBMC were thawed and plated
in complete medium at a density of 5 × 104 cells/well in 96-well U-bottom plates (Corning
Incorporated, Corning, NY) in the presence of IL-2, IL-12, IL-15 (each at 20 ng/well) or
control, and incubated for 24 hours (5% CO2, 37°C). Cells were then placed into tubes with
appropriate amounts of pre-titrated monoclonal antibodies (MAb), and incubated in the dark
on ice for 15 minutes. Cells were washed in PBS, fixed in 2% formalin, and analyzed on a
Coulter XL flow cytometer using at least 10,000 PBMC gated on the lymphocyte population,
as determined by light scatter properties. Mean fluorescence intensity (MFI) and the percentage
of positively stained cells were calculated for each condition.

Statistical analysis
To test for differences between Groups I and II, the Wilcoxon-Mann-Whitney test was used
as a nonparametric equivalent to the t test. Based on the relative ranks of the cases, the test
statistic U was analyzed to determine whether the groups were significantly different on each
variable of interest. This conservative alternative to the t test was chosen because the small
sample size yielded skewed distributions on six of the variables, and we wished to avoid the
possibility that influential data points or outliers would affect the outcome. The alpha level
was set at p = 0.05.

RESULTS
Patient selection

The patients evaluated in this study were chosen from among 227 women with surgically
treated Stage II or III breast cancer participating in a randomized Phase III clinical trial of a
psychological intervention for stress reduction [16]. In order to determine whether the group
of patients reported in this study was representative of the entire group of 227 patients in the
trial, we compared the demographic and prognostic information between the group reported
herein and the trial population as a whole. There were no statistically significant differences
between the patients in the trial and the subgroup reported herein with respect to age, marital
status, race, stage of disease, hormone receptor status, size of tumor, or number of positive
lymph nodes (all p values > 0.15). Thus, the patients in the present study appear to be a
representative sample of the entire trial population. These patients were subdivided into two
groups based upon pre-treatment measurements of lytic ability of NK cells in the peripheral
blood, and upon the degree of psychological stress related to the cancer diagnosis (measured
by the Impact of Events Scale, as described above). Group I consisted of 9 women with low
levels of cancer-related stress (mean IES = 14) and high NK50 (mean = 63.7% lysis). Group
II consisted of 8 women with high cancer-related stress levels (mean IES = 39) and low
NK50 (mean = 40.0% lysis) (p < 0.05 for both conditions, Fig 1a, 1b). There were no statistically
significant group differences in age, cancer stage, time since diagnosis, or the presence of risk
factors for breast cancer (Table 2). Importantly, there was no difference in the total number of
circulating NK cells between the two groups of patients in the present study.

Lyphokine activated killer (LAK) activity
We wished to determine whether the diminished NK cell activity in patients with high levels
of psychological stress translated into reduced sensitivity of PBMC to exogenous cytokines.
Cells were incubated for 24 hours in IL-2, IL-12, or IL-15 (20 ng/well) and tested against the
MCF-7 cell line at an effector-to-target ratio of 50:1. For both Groups I and II, there was a
significant increase in LAK activity following incubation with IL-2, IL-12, or IL-15, as
compared to control (all p values < 0.001) (Fig 2a). Observed levels of LAK activity for Groups
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I and II after incubation in IL-2 were 51.7 ± 17.6% and 38.6 ± 13.4%, respectively, as compared
to 12.7 ± 16.2% and 3.4 ± 0.2% after incubation in PBS, respectively (Fig 2a). For Groups I
and II respectively, LAK activity was 29.1 ±17.2% and 17.2 ± 5.7% after incubation in IL-12,
and 51.5 ± 17.1% and 39.3 ± 12.8% after incubation in IL-15 (Fig 2a). For any given condition
(media, IL-2, IL-12, or IL-15), the percent lysis was not significantly different between Group
I and Group II (p values > 0.39), although the PBMC from Group II patients had an overall
lower level of LAK activity. Similarly, surface expression of CD25, CD122 (components of
the IL2-R), and CD44 (an adhesion molecule expressed on both hematopoietic and non-
hematopoietic cells) were equivalent in Groups I and II after incubation in media alone or in
IL-2 (Fig 2b). These findings suggest that there were no significant group differences with
regard to the ability of patient NK cells to develop into functional LAK effectors in response
to NK-stimulatory cytokines.

Antibody dependent cellular cytotoxicity (ADCC) assay
NK cells have the capacity to lyse Ab-coated targets due to their expression of a low affinity
activating receptor for IgG (FcRγIIIa). Cryopreserved PBMC were tested for their ability to
lyse antibody-coated breast cancer target cells. Cells from the HER-2/neu-positive cell line
SKBr3 were incubated in the presence or absence of an anti-HER-2/neu mAb (trastuzumab;
Herceptin®), labeled with Cr51, and incubated with effector cells (PBMC). In the absence of
trastuzumab, lysis of SKBr3 cells was equivalent in Groups I and II (Figure 3). As expected,
the capacity of patient PBMC to lyse SKBr3 cells was markedly enhanced in the presence of
trastuzumab, but Groups I and Group II were not significantly different in this regard (Figure
3). We also examined NK cells for expression of CD16 (FcRγIIIa) and TCRζ, since these
molecules are critical mediators of ADCC. These proteins were equivalently expressed in the
two groups (data not shown).

Comparison of NK cell receptor expression
NK cells of patients in Groups I and II were assessed for their expression of surface molecules
that might impact their ability to conduct natural cytotoxicity (e.g. adhesion molecules and
KIR’s). Dual parameter flow cytometry for CD56 and cell surface markers of NK cell lytic
activity was used to characterize the effects of stress on the NK cell phenotype [31]. Cells were
examined after 24 hour culture in media or in media supplemented with IL-2, IL-12, or IL-15.
No differences were seen in the expression of CD2, CD11a, CD18, or CD69 in the presence
of these cytokines (data not shown). Next, we wanted to determine whether differences in KIR
expression between Groups I and II could explain the impaired NK cell lysis observed in
patients with high levels of psychological stress. Cells of patients in Group I showed
significantly higher levels of CD158b (KIR2DL1, an inhibitory KIR) than cells of patients in
Group II after incubation in medium or medium plus IL-2 (p = 0.03 and 0.02, respectively)
(Fig 4). Levels of CD158a between the two groups did not achieve statistical significance (p
= 0.055). In contrast, levels of CD94 (the common subunit of the C-type lectin NKG2 receptor
family) were significantly lower in Group I than in Group II after incubation in IL-2 (p = 0.03)
(Fig 4). Expression of the KIRs NKB1 and CD161 was not significantly different between
Groups I and II. Notably, there is considerable inter-patient variation in the KIR expression,
and although the results are statistically significant, the clinical significance may be small.
Subsequent studies employing larger numbers of patients would help to further elucidate this
phenomenon.

DISCUSSION
The goal of this study was to further characterize the impaired NK cell function that had been
previously identified in patients with high levels of psychologic stress. Two groups of patients
were chosen from a randomized clinical trial of psychological intervention in breast cancer
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patients: those having low stress and high NK cell lysis, and those having high stress and low
NK cell lysis. PBMC from both groups of patients exhibited similar increases in LAK activity
after incubation with exogenous cytokines (IL-2, IL-12, or IL-15). Antibody-dependent
cellular cytotoxicity was also not significantly different between the patients with low levels
of stress and those with high levels of stress. NK cells in the two patient groups had similar
levels of CD16 and TCRζ (mediators of ADCC) and similar expression of CD2, CD11a, CD18,
and CD69 (adhesion molecules and activation markers). Importantly, cells of patients in the
low-stress group had significantly higher levels of the KIR CD158b [32]. Also, lower levels
of the common lectin-type receptor subunit CD94 were found in the low-stress group as
compared to the high-stress group. These findings may provide a potential explanation for the
impaired NK lysis that has been observed among patients with high levels of cancer-related
psychologic stress.

The aim of the present study was to examine the previously observed phenomenon of reduced
NK cytotoxicity in the presence of psychological stress among a subgroup of patients enrolled
in a trial of psychosocial intervention versus observation for patients with Stage II or Stage III
breast cancer. The relationship between chronic stress and NK cytotoxicity has been well
documented [15,33]. However, individuals vary in the degree of physiologic response to
psychological stress [34–35]. Because this was an exploratory study, our goal was to examine
only patients exhibiting a physiological response to stress. Thus, we selected individuals who
appeared to be exhibiting the physiological effects of psychological stress (i.e., the high stress/
low NK group) and compared this group to individuals who did not appear to be suffering from
excessive stress (the low stress/high NK group). This study design was chosen to maximize
statistical power in view of the necessarily small sample size. Importantly, the small sample
size and corresponding low power may have prevented the detection of various differences
(unrelated to stress or the physiologic response to stress) between the two groups of patients.
If such differences exist, they may be responsible for the differential expression of KIRs by
cytokine-treated PBMCs. One way to test this hypothesis would be to show that the patient
characteristics are at least weakly related to group assignment and that the same patient
characteristics are related to the outcome variables. Therefore, we first visually examined the
two groups’ patient and disease characteristics (as described in Table 2). We identified three
variables that appeared to be weakly related to group assignment: family history of breast
cancer (none vs. some), histologic grade, and hormone receptor status. Using analysis of
variance, we tested whether these patient characteristics were related to the three variables in
which significant differences were observed between the study groups (i.e., CD158b in media,
CD158b with IL-2, and CD94 in IL-2). The ANOVAs revealed no statistically significant
effects based on patient characteristics (all p values > 0.47). Of course, these ANOVAs also
have the problem of low power. However, if group differences in patient characteristics were
responsible for the statistically significant effects reported in the present study, they would
demonstrate strong relationships with the outcome variables. Thus, it appears unlikely that the
results reported here were artifacts of group differences in patient characteristics.

Several previous reports have demonstrated an effect of psychologic stress on the immune
response, particularly NK cell activity [18,20,21,25]. In general, acute psychologic stress leads
to the upregulation of the immune response, but chronic psychologic stress, such as is
experienced due to the diagnosis of chronic illness, is associated with impairment of immune
parameters, such as decreased T cell mitogenesis, impaired NK cell activity, and decreased
PBMC production of IgG2a, IL-2, and IFN-γ [36]. Potential mechanisms for the effect of stress
on NK function include processes leading to decreased total numbers of NK cells or to impaired
function of existing NK cells. Importantly, the number of NK cells was equivalent between
the two groups of patients in the present study. A focus of recent research has been the
relationship between chronic stress and cellular senescence. Epel et al. reported that high levels
of perceived psychologic stress led to higher oxidative stress, lower telomerase activity, and
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accelerated telomere shortening in the PBMC of healthy, post-menopausal women [37]. In a
previous study, we reported that high levels of stress in patients with breast cancer were
associated with decreased NK cell lytic activity [16]. Importantly, interventions aimed at
decreasing psychologic stress may ameliorate these effects. Fawzy et al. have reported that a
six-week psychosocial intervention in patients with early-stage malignant melanoma led to
alterations in the immune system including increased percentages of NK cells, increased NK
cell cytolytic activity, and decreased percentage of CD4+ helper T cells [38]. Patients in the
intervention group demonstrated a significant increase in survival as compared to the control
group, even at ten years after the intervention [39]. Similarly, our previous Phase III
randomized trial demonstrated that breast cancer patients receiving a planned psychological
intervention for stress reduction exhibited significant improvement in immune function (e.g.,
T cell proliferation) as compared to patients receiving assessment only [16].

Killer immunoglobulin-like receptors are expressed on the surface of all NK cells and on some
T cells, and are of two main types: members of the Ig superfamily (such as CD158) are
considered to be inhibitory to NK lysis, and members of the lectin-type superfamily (defined
as CD94 associated with a specific NKG2 subunit) are considered to be activating [40,41].
However, it is becoming increasingly clear that the role of KIR’s in NK cytotoxicity is more
complex than was once thought. The role of the common lectin-type subunit CD94 is regulated
in part by the other moieties with which it associates: CD94/NKG2A has an inhibitory effect
on NK function, while the other CD94/NKG2 complexes (e.g., CD94/NKG2C) lead to NK
activation [12]. KIR2DL2 (CD158b) is known as an inhibitory KIR [42]. Recent transfection
studies with the YTINDY NK-like cell line have shown that cells transfected with CD158b
(but not those transfected to express CD94/NKG2A C-type lectin) exhibited decreased MHC
class I-mediated cytotoxicity [43]. Likewise, Guerra et al. suggested that CD158b negatively
modulates the lytic activity of tumor-infiltrating T lymphocytes in patients with renal cell
carcinoma [44].

Interestingly, in the present study, patients in Group II (high stress and low NK lysis) had
increased levels of CD94 and decreased levels of CD158b as compared to patients in Group I.
These findings suggest that CD94 might be mediating an overall negative effect on NK cell
cytotoxicity. Support for this hypothesis is provided by the recent study of Nguyen et al. which
found that NK cells generated after stem cell transplant exhibited an immature phenotype
characterized by decreased expression of KIRs and increased expression of CD94/NKG2A.
This phenotype was associated with decreased in vitro cytotoxicity against the K562 cell line
[45]. Furthermore, these cells also exhibited decreased cytotoxicity against primary
mismatched AML blasts that could be restored by blockade of CD94/NKG2A. These findings
provide a possible explanation for the association of increased CD94 and impaired NK cell
function that was observed in patients of Group II (high stress, low NK cell lysis). Another
potential explanation for the seemingly contradictory finding of decreased levels of CD158b
in patients in Group II as compared to patients in Group I is the presence of disparate levels of
other regulatory molecules (not measured) between the patients. These findings highlight the
complexity of the interactions between KIRs, specifically CD158, and other effectors of the
immune response to malignant cells. It should be noted that in order to compare the KIR
expression with several conditions (cytokine or media), multiple comparisons were performed.
There were 10 statistical comparisons performed on KIR variables (of which three tests were
significant) and 30 comparisons performed with other variables (of which none was
significant). Thus, there is a possibility that the observed differences seen between the two
groups in KIR expression may be attributable to the performance of multiple comparisons,
rather than representing a true significant difference between the groups. Interpretation of
significant results in the context of multiple comparisons includes examining the consistency
or pattern of results. Of note, all significant group differences were observed in KIR expression.
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However, not all KIR variables were significantly different between groups. The results of this
study require replication.

In summary, the presence of high levels of psychologic stress in cancer patients may contribute
to impaired immunity. The present study of a small group of breast cancer patients suggests
that the observed impairment of NK lysis among patients with high levels of cancer-related
psychologic stress may be due to dysregulation of NK cell inhibitory and activating receptors.
Further studies in larger numbers of patients are warranted.
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LIST OF ABBREVIATIONS
ADCC  

antibody dependent cellular cytotoxicity

BCT  
breast conservation therapy

Con A  
Concavalin A

E  
T, effector-to-target ratio

IES  
Impact of Events Scale

HPA  
hypothalamic-pituitary-adrenal axis

IL-2  
Interleukin-2

KIR  
killer cell immunoglobulin-like receptor

LAK  
lymphokine activated killing

Mab  
monoclonal antibody

NK cells  
natural killer cells

NK50  
NK cell lysis at an effector:target ratio of 50:1

PBMC  
peripheral blood mononuclear cells

PHA  
phytohemagglutinin
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Figure 1. Patient characteristics
Schematic view of individual patient values for the Impact of Events Scale (IES) and natural
killer cell lysis of K562 cells at an effector:target ratio of 50:1 (NK50) for patients in Group I
(low stress, high NK lysis) and Group II (high stress, low NK lysis). Each individual patient
is represented by a black diamond.
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Figure 2. Lymphokine activated killer (LAK) activity
a) Patient PBMC were analyzed for their ability to conduct lymphokine activated killing against
the MCF-7 cell line in the presence of media alone, IL-2, IL-12, or IL-15 via a standard 51Cr
release assay. Percent specific lysis at the E:T ratio of 50:1 is shown. b) Levels of expression
of the T cell markers CD25, CD44, and CD122 after incubation in media alone or in IL-2,
quantitated by flow cytometric analysis, are shown. Error bars represent the standard deviation.
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Figure 3. Antibody dependent cellular cytotoxicity (ADCC)
Patient PBMC were analyzed for their ability to conduct ADCC against the HER2/neu-positive
breast cancer line SKBr3, in the absence or presence of Trastuzumab, via a standard 51Cr
release cytotoxicity assay. Shown is the average percentage of specific lysis for patients in
Group I and Group II at an E:T ratio of 50:1. ADCC against the MDA-468 HER2/neu-negative
breast cancer cell line was less than 5% in the presence or absence of Ab (not shown). Error
bars represent the standard deviation.
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Figure 4. Killer cell immunoglobulin-like receptors
PBMC were thawed, incubated in medium alone or in the presence of IL-2 for 24 hours, and
assayed for levels of the KIRs CD158a, CD158b, CD94, NKG2a, NKB1, and CD161 by flow
cytometric analysis. Levels are expressed as percent positive cells ± standard deviation.
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Table 1
Patient subgroups.

Low NK50 NK50 ≤ 52% High NK50 NK50 ≥ 52%
Low stress IES ≤ 28 N = 11 n= 18 (present study, n =9; 50%)
High stress IES > 28 N = 17 (present study, n = 8; 47%) n = 9
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Table 2
Patient Information.

Characteristic Group I Group II
Age (years)
Mean
Range

52.78
40 − 68

52.25
33 − 70

Race
Caucasian
African American

7
2

8
0

Psychosocial support (patient-reported)
Present
Absent

7
2

7
1

Average age of menarche (years) 12.0 12.1
Menopausal status
Pre-menopausal
Peri-menopausal
Post-menopausal

2
3
4

2
1
5

Parity
Nulliparous
At least one previous pregnancy

2
7

0
8

Family history of breast cancer
None
One second-degree relative
Two second-degree relatives
Mother, unilateral disease
Sister, unilateral disease

4
0
2
2
1

6
1
0
1
0

History of benign breast disease
None
Atypical hyperplasia

7
2

6
2

Prior use of oral contraceptive or estrogen replacement therapy
Yes
No

7
2

7
1

Histologic type
Infiltrating ductal NOS (not otherwise specified)
Lobular with infiltrating ductal NOS

8
1

8
0

Histologic grade
G1, well differentiated
G2, moderately differentiated
G3, poorly differentiated
Not assessed

1
2
5
1

1
4
2
1

TNM stage
IIA
IIB
IIIA

6
2
1

5
2
1

Estrogen receptor status
Positive
Negative

5
4

2
6

Progesterone receptor status
Positive
Negative

5
4

3
5
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Table 3
Cell Markers.
Name Function
CD11a Forms leukocyte function-associated molecule with CD18
CD18 Forms leukocyte function-associated molecule with CD11a
CD122 Interleukin-2 receptor β chain
CD158a Killer immunoglobulin-like receptor
CD158b Killer immunoglobulin-like receptor

CD16 (FcγRIII) Low affinity receptor for Fc region of IgG
CD161 Killer immunoglobulin-like receptor
CD2 Adhesion molecule involved in T cell activation
CD25 Interleukin-2 receptor α chain
CD44 Adhesion molecule mediating leukocyte attachment and homing
CD56 NK cell marker
CD69 Marker of NK cell activation
CD94 Common subunit of C-type lectin receptor family
NKB1 Killer immunoglobulin-like receptor
NKG2a Killer immunoglobulin-like receptor
TCRζ Component of the T cell receptor; associates with CD16

Excerpted in part from Kuby Immunology, 4th Edition, eds. Goldsby et al. New York, NY: W.H. Freeman and Company, 2000.
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