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Breast Cancer Risk and Immune Responses
in Healthy Women

Na-Jin Park, RN, PhD, and Duck-Hee Kang, RN, PhD, FAAN

Purpose/Objectives: To summarize the findings of objective and
subjective breast cancer risk assessments and their association with
psychological distress and immune responses in healthy women with a
family history of breast cancer.

Data Sources: Published articles and book chapters.

Data Synthesis: Healthy women with a family history of breast cancer
have shown decreased immune responses (i.e., low natural killer cell
activity and low Th1 cytokine production), exaggerated biophysiologic
reactivity to stimuli, and increased psychological distress.

Conclusions: Objective and subjective breast cancer risk is associ-
ated with impaired immune responses and exaggerated biophysiologic
responses in healthy women with a family history of breast cancer. In-
creased psychological distress can contribute further to negative immune
responses. Additional studies are warranted to substantiate and extend
the findings based on more comprehensive assessments of objective
and subjective breast cancer risk.

Implications for Nursing: Biophysiologic assessment is a useful
approach for nurses in early identification of women at risk for breast
cancer and developing appropriate strategies to reduce the risk.

American women, and an estimated 212,920 new

cases will be diagnosed in 2006 (American Cancer
Society [ACS], 2006). Despite advances in early detection
and treatment, breast cancer remains the second-leading cause
of cancer death among American women, and the incidence
rate has continued to increase in the United States since the
1980s (ACS). Greater attention clearly is needed regarding
early detection of at-risk women and risk reduction for breast
cancer. One step toward that goal is a better understanding
of breast cancer risk assessment and its relationship between
breast cancer risk and immune responses.

Breast cancer is a multifactorial disease of gene-environ-
ment interactions. Breast cancer is categorized largely into
hereditary and sporadic breast cancer based on its etiology.
Hereditary breast cancer accounts for 5%—10% of all breast
cancer cases (McCance & Jorde, 1998) and is accompanied
by a strong genetic predisposition with inherited germline
mutations, predominantly in the breast cancer susceptibility
genes BRCAI and BRCA2 (Pasacreta, 1999). Germline mu-
tations are present in all cells of the body and can be passed
on from one generation to the next. However, not all women
with germline mutations develop breast cancer, indicating
additional complexity and gene-environment interactions in
the phenotypic expression of the disease. Most breast cancer
is sporadic without genetic predisposition. In sporadic breast
cancer, mutations in somatic cells are precipitated by envi-

Breast cancer is the most common cancer among

Key Points . . .

» The immune system is the major defense mechanism against
tumor insult.

» The study of objective and subjective breast cancer risk on im-
mune responses needs to be expanded.

» Impaired immune responses, either inherited or induced by
psychological distress, may account for a mechanism underly-
ing an increased risk of developing breast cancer in women
with a family history of the disease.

» Selective impaired immune responses may serve as biophysi-
ologic markers for early identification of women at increased
risk for developing breast cancer.

ronmental factors (Pasacreta; Pharoah, Stratton, & Mackay,
1998), clearly indicating the significance of gene-environment
interactions in the development of breast cancer.

The known breast cancer risk factors are female gender,
age, family history of breast cancer, reproductive and men-
strual history of early menarche, late menopause, late first
live birth, current and previous hormone therapy, exposure
to radiation, mammographic breast density, lifestyle factors
(e.g., exercise, diet, alcohol intake), and history of benign
breast disease (ACS, 2006). In particular, a family history of
breast cancer increases the risk for developing the disease by
two to three times (Pharoah, Day, Duffy, Easton, & Ponder,
1997, Slattery & Kerber, 1993). The risk for developing
breast cancer is even greater if the affected relatives are
younger, the number of affected relatives is larger, and the
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biologic relationship is closer (Pharoah et al., 1997, 2000). An
estimated 6%—19% of the general population have a family
history of breast cancer (i.e., having blood-related relatives
diagnosed with breast cancer) (Hoskins et al., 1995). A posi-
tive family history of breast cancer contributes to sporadic and
hereditary breast cancer because of shared genetic suscepti-
bility or a shared environment and lifestyle within the family
(Pharoah et al., 1998). Furthermore, a strong family history
with early-onset or bilateral breast cancer, male breast cancer,
two or more breast or ovarian cancer cases in first-degree rela-
tives (i.e., parents, siblings, and children), and multiple breast
or ovarian cancer cases across several generations suggest the
presence of increased risk for hereditary breast cancer (Thull
& Farengo-Clark, 2003). Having risk factors or a genetic pre-
disposition, however, does not always predict the development
of breast cancer (Mahon, 1998), and not all breast cancer risk
factors may have been discovered.

The average lifetime risk for breast cancer in American
women is 13.22% (ACS, 2006). However, risk differs among
individuals and needs to be assessed based on genetic and
environmental background (Hutson, 2003; Mahon, 1998;
Rebbeck, 1999). The Gail and Claus models are the two most
common models used in breast cancer risk assessment. The
models provide an objective assessment of breast cancer risk,
but women typically have their own subjective assessment of
risk (Rhodes, 2002), which frequently serves as a source of
psychological distress (Bovbjerg & Valdimarsdottir, 2001;
Zakowski et al., 1997). Psychological distress is known to
influence various immune responses (Cohen et al., 2002; Co-
hen & Pollack, 2005); for example, women with breast cancer
and their unaffected family members have decreased immune
responses (Baxevanis et al., 1993; Shevde, Joshi, Shinde, &
Nadkarni, 1998; Strayer, Carter, & Brodsky, 1986). Given
the significant role of the immune system in tumor defense,
the links between objective and subjective breast cancer risk
and immune responses need to be examined further. Current
research in this area is limited.

The purpose of this review is to summarize what is pres-
ently known about (a) immune responses in breast cancer; (b)
breast cancer risk assessment; (c) the relationship between
breast cancer risk and immune responses; (d) the relation-
ship among breast cancer risk, psychological distress, and
immune responses; and (e) recommendations for future
research, focusing on healthy women with a family history
of breast cancer.

Immune Responses
The Immune System

The immune system is the major defense mechanism
against tumor insult. The highly integrated networks of
cells, tissues, and organs collectively protect the body from
the growth of tumor cells through nonspecific and specific
(humoral and cellular) immune responses (Goldsby, Kindt,
& Osborne, 2000). Decreased immune responses may lead
to decreased immunosurveillance against tumor cells and
increased risk of cancer development (Garssen & Goodkin,
1999; Trinchieri, 1989; Whiteside & Herberman, 1995). The
immune system is responsive to psychosocial factors, and
psychological distress is known to induce multiple immune
alterations (Segerstrom & Miller, 2004; Zorrilla et al., 2001).
A certain group of immune parameters are selected for their

relevance to tumor immunosurveillance and psychological
distress for this review. The immune parameters include
natural killer (NK) cell activity, lymphokine-activated killer
(LAK) cell activity, T-lymphocyte proliferation, and cytokine
production (Brittenden, Heys, Ross, & Eremin, 1996; Kang,
2003; Kiecolt-Glaser, Robles, Heffner, Loving, & Glaser,
2002).

NK cells play a major role in early immunosurveillance
against tumor cells without prior sensitizations and restriction
of major histocompatibility complex, which make NK cells
particularly effective in early antitumor activity (Brittenden et
al., 1996). When NK cells are incubated with a lymphokine or
cytokine, such as interleukin-2 (IL-2) and interferon-gamma
(IFN-vy), some cells proliferate and differentiate into aggres-
sive killer cells with NK-like activity, referred to as LAK
cells (Spaner, Radvanyi, & Miller, 1998). T cells are a major
group of lymphocytes involved in specific immunity and are
clustered into three major subtypes: T-helper, T-suppressor,
and T-cytotoxic cells. T-helper cells are pivotal in initiating
and sustaining immune responses, whereas T-suppressor cells
downregulate the immune response preventing its overactiva-
tion; T-cytotoxic cells kill cells that express foreign or non-
self antigens (Kang & Fox, 2001). Decreased T-lymphocyte
proliferation reflects the downregulation of normal immune
responses (Kiecolt-Glaser & Glaser, 1997).

Cytokines are immunopeptides that function as a major
signal of cell-to-cell communications for immune activation
and regulation. Many cells of the body can produce some
cytokines, but T-helper cells are the major source of cytokines.
T-helper cell cytokines are classified further into Thl (e.g.,
IFN-v, IL-2, IL-12), which primarily enhances cellular im-
munity, and Th2 (e.g., IL-4, IL-6, IL-10), which facilitates hu-
moral immunity (Del Prete, Maggi, & Romagnani, 1994). The
cytokines may have counterregulatory functions for each other,
but the balance of Th1- and Th2-type cytokines is believed to
be important in tumor defense (Paul & Seder, 1994).

Immune Responses in Breast Cancer

Although some reports are conflicting, a general consensus
acknowledges that women with breast cancer have significant-
ly lower immune responses than healthy women in various
immune parameters. Women with breast cancer, for example,
have lower NK cell activity than healthy women in general
populations prior to their surgery or treatment (Baxevanis
et al., 1993; Shevde, Joshi, Dudhat, Hawaldar, & Nadkarni,
1999). Shevde, Rao, et al. (1998) reported that women with
breast cancer, including those before surgery and adjuvant
treatment as well as those at least one year after treatment,
demonstrated lower NK cell activity than healthy controls. In
addition, preoperative immune findings indicate that women
with the most advanced stage (stage IV) of breast cancer
had the lowest NK cell activity compared with women with
stages [-III and healthy controls (Konjevic & Spuzic, 1993),
suggesting a greater immune impairment with advances in
breast cancer stage. When women who were disease free
after treatment for breast cancer had the highest quartile of
NK cell activity at baseline, they survived longer without
metastasis than women having the lowest quartile of NK cell
activity, demonstrating baseline NK cell activity as a possible
prognostic indicator (Pross & Lotzova, 1993).

The findings of LAK cell activity were similar to those of
NK cell activity. Before surgery and cancer treatment, women
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with breast cancer have lower LAK cell activity compared
with women with nonmalignant breast tumors (Sachs et al.,
1995) and healthy individuals (Baxevanis et al., 1993). Fur-
thermore, lower LAK cell activity was related to an increased
number of lymph nodes involved (Sachs et al.).

For T-cell responses, preoperative T-lymphocyte prolifera-
tion responses were lower in women with breast cancer than
healthy controls, and lower T-cell responses were related to
the advanced stage of the disease indicated by larger tumor
size and positive lymph node status (Shevde et al., 1999;
Wiltschke et al., 1995). In addition, Wiltschke et al. found that
women who showed a reduction in T-lymphocyte proliferation
in the first year following surgery had a higher incidence of
metastasis during the subsequent three-year period than those
who showed an increase in the T-cell response.

Similarly, women with breast cancer showed lower Th1-
type cytokine levels, such as IFN-y, IL-2, and IL-12, before
surgery and treatment compared with healthy controls (Camp-
bell, Scott, Maecker, Park, & Esserman, 2005; Merendino et
al., 1999). Lower IL-2 levels were associated with a higher
rate of breast cancer relapse during a follow-up period (i.e.,
10-12 months) in women who were treated for breast can-
cer and disease-free for more than six months following the
completion of cancer treatment (Arduino et al., 1996).

The findings collectively indicate that women with breast
cancer have multiple impairments in the immune system,
although the causality between impaired immune responses
and breast cancer development needs to be determined further.
Given the complexity of the immune system and the effects of
tumor and antitumor treatment on the immune system, debate
is ongoing as to whether the suppressed immune responses
are a cause of the disease or a result of the course of disease
(Brittenden et al., 1996; Whiteside & Herberman, 1995). The
limited sample sizes for most of the studies further restrict
reliable interpretations of the findings (Andersen, Kiecolt-
Glaser, & Glaser, 1994; Kiecolt-Glaser, McGuire, Robles, &
Glaser, 2002). Prospective and longitudinal studies with large
sample sizes would help to clarify the debate. Long-term fol-
low-up investigations of impaired and dysregulated immune
responses in healthy individuals at increased cancer risk may
provide important insight to the link of immune responses and
susceptibility for cancer development (Cohen, 1994).

Psychological Distress and Immune Impairment
in Breast Cancer

Psychological characteristics have been shown to influ-
ence immune responses in patients with cancer and healthy
individuals. Psychological distress (e.g., depression, anxiety,
intrusive thoughts) has been inversely associated with preop-
erative and pretreatment immune function, such as NK and
LAK cell activity, in women with breast cancer (Sachs et al.,
1995; Tjemsland, Soreide, Matre, & Malt, 1997). In women
who had recent breast cancer surgery, higher levels of psycho-
logical distress (intrusive and avoidant thoughts concerning
cancer) were associated with lower NK cell activity, decreased
LAK cell activity, and diminished T-lymphocyte proliferation
prior to adjuvant therapy (Andersen et al., 1998). The findings
indicate that psychological distress is associated with reduc-
tions in multiple immune responses during the early course
of breast cancer.

The magnitude of immune responses to the same distressful
situation may vary among individuals (Zorrilla et al., 2001).

Personal appraisal and perception of the situation (Lazarus
& Folkman, 1984) and coexisting physical health conditions
(McEwen, 1998) may be key factors in interindividual vari-
ability. Neuroendocrine pathways or the sensitivity of the im-
mune system may mediate the variability in the link between
psychological distress and immune responses (Cohen, 1994).
An understanding of objective and subjective breast cancer
risk and psychological distress and their relationships with
immune responses in healthy individuals at increased risk
would help to advance knowledge in this area.

Breast Cancer Risk Assessment:
Objective Versus Subjective

Breast cancer risk can be determined prior to the develop-
ment of the disease by various genetic and biologic charac-
teristics, personal health habits, lifestyle, or environmental
factors (Lancaster, 2005). In the past, family history of breast
cancer was a major source of breast cancer risk assessment,
guiding the interpretation of the genetic and environmental
context of disease (Loescher, 1999; Pharoah et al., 2000;
Slattery & Kerber, 1993). Most data about a family history of
cancer or breast cancer were obtained from self-reports based
on individual memory and recall, raising concerns about the
accuracy of data, especially cancer history in more distant
relatives (Kerber & Slattery, 1997; Parent, Ghadirian, Lacroix,
& Perret, 1997). Although many studies are examining genetic
linkages to family history, the interactions of family history of
breast cancer with other environmental risk factors have not
been investigated adequately, partly because of the limited
availability of comprehensive risk assessment models. A com-
prehensive model of breast cancer risk assessment should in-
clude many more relevant risk factors of breast cancer that are
not included in the current assessment models. Also, models
should provide a way of combining multiple risk factors into
a composite estimate of the overall risk for developing breast
cancer that can be useful for clinical counseling of women at
risk (Sakorafas, Krespis, & Pavlakis, 2002).

Objective Breast Cancer Risk Assessment

Among several breast cancer risk assessment models, the
Gail and Claus models are used most commonly, with each
model having unique characteristics based on a different com-
bination of risk factors (Baltzell & Wrensch, 2005; Domchek
et al., 2003). The Gail model (Gail et al., 1989) may be more
appropriate for women at risk for sporadic breast cancer,
whereas the Claus model (Claus, Risch, & Thompson, 1994)
may be a better assessment tool for women at risk for hereditary
breast cancer (Brown, 2005). The Gail model estimates breast
cancer risk based on the number of female first-degree relatives
(mother, sisters, daughters) with breast cancer, the number of
breast biopsies, age at first live birth, current age, age at men-
arche, atypical hyperplasia in biopsy, and race or ethnicity.
The Gail model, however, does not consider a relative’s age
at diagnosis, second-degree relatives (grandmothers, aunts,
nieces), paternal relatives, bilateral breast cancer, family history
of ovarian cancer, or personal history of lobular neoplasia. In
contrast, the Claus model is based on the assumed prevalence
of a highly penetrant breast cancer susceptibility gene and in-
corporates greater details of family history of breast cancer in
extended families. It assesses the family history of breast cancer
in maternal and paternal first- and second-degree relatives as
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well as the age of the relative at diagnosis of breast cancer.
The Claus model neglects other common hormonal and
clinical risk factors included in the Gail model and bilateral
breast cancer in a family, thereby frequently underestimat-
ing risk in women with these types of risk factors (Euhus,
2001). In general, the Claus model is more useful for women
with at least one female first- or second-degree relative with
breast cancer, whereas the Gail model is more appropriate
for women having risk factors other than a family history of
breast cancer (Armstrong, Eisen, & Weber, 2000; Sakorafas
et al., 2002). Because both models were developed from data
on predominantly Caucasian women, their applicability to
women of other ethnic backgrounds has been questioned
(Bondy & Newman, 2003; Euhus).

The Gail and Claus models were developed before the
discovery of BRCAI and BRCA?2 genes; as a result, the
models do not directly address the probability of carrying ge-
netic mutations. The BRCAPRO model (Parmigiani, Berry, &
Aguilar, 1998) and the Breast and Ovarian Analysis of Disease
Incidence and Carrier Estimation Algorithm (BOADICEA)
model (Antoniou et al., 2002; Antoniou, Pharoah, Smith, &
Easton, 2004) have been developed to predict the carrier prob-
abilities for genetic mutations in breast cancer susceptibility
genes, mainly BRCA I and BRCA2. Although the BRCAPRO
model considers the simultaneous effects of BRCA/ and
BRCA?2 only in calculating an individual’s risk of carrying a
mutation in these genes and of developing breast cancer, the
BOADICEA model incorporates the simultaneous effects of
BRCAI, BRCA2, and other low-penetrance genes on breast
cancer risk into the risk estimation of carrying BRCAI and
BRCA?2 mutations and of developing breast or ovarian can-
cer. The BOADICEA model provides a more comprehensive
assessment of objective breast cancer risk based on genetic
mutations. A summary for the comparison of the four risk
assessment models is presented in Table 1.

Subjective Breast Cancer Risk Assessment

Regardless of the levels of objective breast cancer risk,
every woman typically has her own subjective assessment of
risk (Rhodes, 2002). Although objective risk assessment is
based on the known risk factors of breast cancer, subjective
risk assessment can be influenced strongly by personal belief
and perception about breast cancer (Champion, 1999; Slovic,
1987). Objective components of breast cancer risk (e.g., the
presence of actual breast cancer risk factor) also may influ-
ence a person’s subjective risk assessment (Lancaster, 2005).
For instance, women with a family history of breast cancer
have shown significantly higher levels of subjective breast
cancer risk compared with women without any family history
(Erblich, Montgomery, Valdimarsdottir, Cloitre, & Bovbjerg,
2003; Valdimarsdottir et al., 1995; Zakowski et al., 1997).
Zakowski et al. demonstrated a significant positive correla-
tion between subjective and objective risk assessment from
the Claus model that mainly relies on a family history of
breast cancer. Evidence also exists that most women tend to
overestimate their subjective breast cancer risk regardless of
a family history of the disease (Davids, Schapira, McAuliffe,
& Nattinger, 2004; Mouchawar, Byers, Cutter, Dignan, &
Michael, 1999), suggesting that other factors contribute to
subjective risk assessment. The overestimated subjective as-
sessment of breast cancer risk was associated with increased
psychological distress (Meiser et al., 2001; van Dooren et al.,

Table 1. Summary of Factors Included in Four Breast
Cancer Risk Assessment Models

Model

Factor Gail Claus BRCAPRO BOADICEA

Age X X X X
Race or ethnicity X - - -
Family history of breast
cancer
First-degree relatives X
Second-degree relatives -
Age at onset of cancer -
Bilateral breast cancer -
Male breast cancer - -
Family history of ovarian -
cancer
Hormonal factors
Age at menarche X - - -
Age at first live birth X - - -
Personal breast disease
Number of breast biopsies
Atypical hyperplasia X - - -
Genetic factors
BRCA1 - -
BRCA2 - -
Other low-penetrant genes - - -

I X< X X

XX X X X X
<1 X

>

> X<

X
X
X

BOADICEA—Breast and Ovarian Analysis of Disease Incidence and Carrier
Estimation Algorithm

2004; Zakowski et al.), particularly in women who cared for
their mother and experienced the mother’s death from breast
cancer (Erblich, Bovbjerg, & Valdimarsdottir, 2000; Zakowski
et al.). No correlation was found between objective breast
cancer risk assessment and psychological distress (Zakowski
et al.). Close associations between subjective risk assessment
and psychological distress suggest that healthy women with
heightened subjective breast cancer risk assessment may
experience increased immune impairment because of high
psychological distress.

Breast Cancer Risk and Immune
Responses in Healthy Women

Objective Breast Cancer Risk and Immune
Responses

Only a few researchers have investigated the immune-
cancer link among healthy individuals at increased risk for
developing any cancer. In earlier studies, healthy individuals
with a family history of various types of cancer, including
breast cancer, have lower levels of NK cell activity than
individuals without a family history of cancer (Bovbjerg
& Valdimarsdottir, 1993; Hersey, Edwards, Honeyman, &
McCarthy, 1979; Strayer, Carter, Mayberry, Pequignot, &
Brodsky, 1984; Strayer et al., 1986). Hersey et al. observed
that a high proportion of patients with familial melanoma and
their clinically asymptomatic first-degree relatives had lower
levels of NK cell activity compared with patients with nonfa-
milial melanoma and their first-degree relatives, despite the
fact that all patients were clinically free of melanoma at the
time of the study. The levels of NK cell activity in the patients
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who previously had the disease were significantly correlated
with NK cell activity of their unaffected first-degree relatives,
suggesting genetic or environmental determination in the
family. Strayer et al. (1984) reported that healthy individuals
with a high incidence of mixed types of cancer in the family
(i.e., three or more cases among grandparents, parents, and
siblings) had lower NK cell activity than individuals with a
low incidence of cancer in the family (two or fewer cases).
The findings remained stable after controlling for the effects
of gender and smoking. In a subsequent study, Strayer et al.
(1986) also found that healthy individuals at high risk for
breast cancer (i.e., one case or more of breast cancer in first-
degree relatives or two cases or more in second-degree rela-
tives) had lower NK cell activity than those at low risk for the
disease (i.e., no cases of breast cancer in first-degree relatives
and one case or none among second-degree relatives). Even
after controlling for the influence of psychological distress on
NK cell activity, women with a family history of various types
of cancer in first-degree relatives still demonstrated lower NK
cell activity than those without any family history of cancer in
first-degree relatives (Bovbjerg & Valdimarsdottir, 1993).

The early findings of low NK cell activity in healthy indi-
viduals with a family history of cancer raised a question as to
whether impaired immune responses were inherited or were
more pervasive in other multiple immune effector mechanisms,
including an imbalance between Th1 and Th2 cytokines (Sredni
et al., 1996). Dubey, Alper, Mirza, Awdeh, and Yunis (1994)
found that low NK cell activity could be inherited as a reces-
sive trait linked to the major histocompatibility complex gene,
which was estimated in as many as 30% of Caucasians. Simi-
larly, a wide range of impaired immune responses was found
in unaffected members of families with a strong family history
of breast cancer. Unaffected family members with a family
history of breast cancer in at least two generations had signifi-
cantly lower NK cell activity, lower T-lymphocyte proliferation
response, lower T-cytotoxic lymphocyte function, and impaired
Iymphocyte responses to IFN-o and IL-12 compared with
healthy controls without any family history of cancer (Shevde,
Joshi, Advani, & Nadkarni, 1998; Shevde, Joshi, Shinde, et al.,
1998; Shevde, Rao, et al., 1998). In a more recent study, Cohen
et al. (2002) reported that daughters of women with breast
cancer had significantly lower NK cell activity, lower LAK cell
activity, and lower secretion of Th1-type cytokines (IL-2, IL-12,
and IFN-Y), compared with controls who had healthy mothers.
However, whether impaired immune responses are derived from
objective or subjective breast cancer risk or both is unclear. In
any case, immune impairments may be a potential mechanism
facilitating a phenotypic expression of breast cancer in women
at increased risk for breast cancer. More studies are warranted
to substantiate the findings. A summary of immune profiles in
women with a family history of breast cancer is presented in
Figure 1.

Objective Breast Cancer Risk and Genetic
Instability

Some researchers extended their investigations to cyto-
genetics, cellular aspects of the chromosome. Rao, Joshi,
Shinde, Advani, and Ghosh (1996) reported that a lymphocyte
culture from an unaffected family member with a family his-
tory of breast cancer showed constitutive genetic instability or
chromosomal anomalies, such as premature separation of cen-
tromeres and aneuploidy. Genetic instability is known to play

Decreased Inmune Responses
NK cell activity 4

LAK cell activity 1
T-lymphocyte proliferation |
Th1 cytokine production 4

o IFN-yd

o L2

o L1210

Increased Genetic Instability
Cytogenetic anomalies T
Deficient DNA repair capacity T

Increased Stress Hormones
Cortisol T
Catecholamine T

Increased Immune Reactivity to Acute Stressors
NK cell activity T
NK cell numbers T

Increased Neuroendocrine Reactivity to Acute Stressors
Change in heart rate T

Change in cortisol T

Change in epinephrine T

Change in norepinephrine T

T—increase; |—decrease; IFN—interferon; IL—interleukin; LAK—Ilympho-
kine-activated killer; NK—natural killer; Th1—T-helper type 1 cell

Figure 1. Biophysiologic Characteristics of Healthy Women
With a Family History of Breast Cancer Compared With
Healthy Controls With No Family History of Breast Cancer

a significant role in early events of carcinogenesis. Women
with breast cancer and their first-degree relatives also have
shown more deficient DNA repair capacity compared with
healthy controls without any family history of cancer (Kovacs
& Almendral, 1987; Parshad et al., 1996). Rao, Pai, Shinde,
and Ghosh (1998) found that, compared with healthy controls
without any family history, unaffected individuals with a
family history of breast cancer had cytogenetic anomalies, as
well as deficient DNA repair capacity, demonstrating genetic
instability. Shevde, Rao, et al. (1998) also reported that, in ad-
dition to immune impairments, a significant number of unaf-
fected family members with a family history of breast cancer
had increased cytogenetic anomalies in their lymphocyte
cultures compared with healthy controls without any family
history of cancer. Taken together, individuals with cytogenetic
anomalies and immune impairments may be at greater risk for
cancer than those with only one or none of the anomalies. If
the findings are substantiated in more studies, immune and
cytogenetic parameters may become useful biophysiologic
markers for women at risk of breast cancer.

Breast Cancer Risk, Psychological

Distress, and Immune Responses
Subjective Breast Cancer Risk, Psychological
Distress, and Immune Responses

Regardless of the actual objective risk of breast cancer,
healthy women with a family history of breast cancer are shown
to have significantly elevated levels of psychological distress
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(e.g., intrusive thoughts) compared with those without any fam-
ily history (Erblich et al., 2003; Kim, Duhamel, Valdimarsdot-
tir, & Bovbjerg, 2005; Valdimarsdottir et al., 1995; Zakowski
et al., 1997), identifying a family history of breast cancer as a
potent chronic stressor (Bovbjerg & Valdimarsdottir, 2001).
Similarly, a family history of breast cancer has been related
to higher levels of subjective breast cancer risk, leading to
increased levels of psychological distress (Valdimarsdottir et
al., 1995; Zakowski et al.). Psychological distress is known to
decrease various immune responses in healthy and ill popula-
tions (Bovbjerg & Valdimarsdottir, 1993; Cohen et al., 2002;
Cohen & Pollack, 2005; Sachs et al., 1995; Tjemsland et al.,
1997) and can lead to negative health behaviors (e.g., smoking,
drinking) (Bovbjerg & Valdimarsdottir, 2001; Trinchieri, 1989).
Bovbjerg and Valdimarsdottir (1993) examined the associations
among psychological (e.g., emotional distress) and behavioral
variables (e.g., alcohol consumption) and NK cell activity in
healthy women with a family history of various types of cancer.
Women with a family history of cancer in first-degree relatives
showed higher levels of distress at the time of a blood draw than
those without any family history of cancer that were inversely
related to the levels of NK cell activity. No differences existed
in demographic or behavioral variables between women with
and without a family history of cancer in first-degree relatives.
In addition, decreased NK cell activity in women with a fam-
ily history of cancer in first-degree relatives was independent
of psychological distress. The findings indicate that a family
history of cancer and psychological distress have direct nega-
tive effects on NK cell activity, a combination of which can
be particularly detrimental to immune responses. Whether the
combined effect is additive or synergistic needs to be tested
further.

Some additional efforts have been undertaken to explore
psychological and biophysiologic characteristics and their
relationships in women with a family history of breast can-
cer, especially in first-degree relatives. Cohen et al. (2002)
examined the relationship between psychological distress and
immune function in daughters of women with breast cancer
compared with controls whose mothers were healthy and
never had cancer. Levels of stress hormones, such as plasma
cortisol and urinary catecholamine, in daughters of women
with breast cancer were higher than those in controls, validat-
ing the higher levels of psychological distress in these women.
NK cell activity and in vitro Th1-type cytokine secretion
were inversely correlated with the degree of psychological
distress and the level of stress hormones in blood or urine
(Cohen et al.). In a recent study, daughters of women with
breast cancer and higher distress had lower IL-2—-induced NK
cell activity (i.e., LAK cell activity) and lower in vitro IL-2
and IL-12 secretion than those with lower distress, and the
levels of stress hormones mediated the relationship between
daughters’ levels of distress and their immune functions (Co-
hen & Pollack, 2005). Together, the findings indicated that
increased psychological distress in daughters of women with
breast cancer can further impair the immune function, which
may contribute to additional increases in breast cancer risk.
Subjective risk assessment for breast cancer, however, was not
measured directly in the studies.

Biophysiologic Reactivity to Distress

Evidence suggests that chronic distress can affect bio-
physiologic “reactivity” to unrelated acute stressors in

humans (Cacioppo et al., 2000; Pike et al., 1997), although
the effects appear to be more variable across studies. For
example, Valdimarsdottir et al. (2002) found that women at
risk for familial breast cancer had larger increases in self-
reported distress, heart rate, NK cell activity, and NK cell
numbers when challenged with laboratory stressors (speech
and mental arithmetic tasks) compared with women with
normal risk. The researchers used the Claus model to clas-
sify women into positive and negative familial risk groups
using a cut-off score of 11% lifetime risk. Using the same
classification, Gold, Zakowski, Valdimarsdottir, and Bovbjerg
(2003) found that women at risk for familial breast cancer
showed greater epinephrine and cortisol reactivity to the
acute laboratory stressors than those at normal risk. Elevated
plasma epinephrine in women at risk for familial breast can-
cer was sustained at 15 minutes following the termination of
stressors, whereas plasma epinephrine in the counterpart had
returned to baseline. The findings suggest that women at risk
for familial breast cancer may have elevated biophysiologic
reactivity to classic laboratory stressors under controlled ex-
perimental conditions compared with those at normal breast
cancer risk. Moreover, the exaggerated reactivity in NK cell
responses may indicate a heightened immune dysregulation
among women at risk for familial breast cancer, although the
role of the immune reactivity in cancer is not fully understood
(Valdimarsdottir et al., 2002).

In natural daily life, women with at least a first-degree rela-
tive with breast cancer showed a greater percentage increase
in urinary epinephrine and norepinephrine levels from sleep
to work hours and were more reactive to work distress than
women without any first-degree relative with cancer (James,
van Berge-Landry, Valdimarsdottir, Montgomery, & Bovbjerg,
2004). The cortisol responses to daily life distress also were
exaggerated in women with a family history of breast cancer
in first-degree relatives (Dettenborn et al., 2005). Women with
a family history of breast cancer may experience routine exag-
gerated biophysiologic responses to psychological distress,
and repetition of such exaggerated reactivity may lead to a
cumulative wear and tear of the body, compromising health
over time (McEwen, 1998).

Recommendations for Future Research

The study findings indicate that unaffected healthy women
with a family history of breast cancer have lower immune
responses, more cytogenetic anomalies, greater psycho-
logical distress, and exaggerated biophysiologic reactivity
to stressors than their counterparts with no family history of
cancer or breast cancer. Lower immune responses may be
attributed to inherited characteristics as well as increased
psychological distress in women with a family history of
breast cancer. Immune impairments along with anomalies
of cytogenetics and biophysiologic reactivity may serve as
a mechanism contributing to an increased risk of developing
breast cancer. Immune and cytogenetic parameters may be
useful biomarkers for identifying women at increased risk
for developing breast cancer. Most studies, however, have
been cross-sectional and correlational, with relatively small
samples; thus, the causality could not be determined clearly
between immune and cytogenetic impairments and the de-
velopment of breast cancer. Because of the long duration
required in the development of cancer, direct causality often
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is difficult to establish. Nevertheless, large-scale prospective
studies will help to determine the role of immune impair-
ments and other biophysiologic responses on the actual
development of breast cancer in women at increased risk.
The number of studies conducted in this area is relatively
small; therefore, more studies are necessary to substantiate
and extend the previous findings.

Healthy women with a family history of breast cancer
have been found to have increased psychological distress
along with an exaggerated, subjective assessment of breast
cancer risk. In the field of psychoneuroimmunology, psycho-
logical distress is known to induce significant alterations in
various immune responses in laboratory and natural settings
(Segerstrom & Miller, 2004; Zorrilla et al., 2001). In general,
however, the effects of psychological distress on immune re-
sponses and immune reactivity rarely have been investigated
in women with a family history of breast cancer. Although
heightened subjective assessment of breast cancer risk was
associated with increased psychological distress in women
with a family history of breast cancer, studies are lacking
that examine the link among subjective risk, psychological
distress, and immune responses. In addition, an appropriate
study design may help to explain separate contributions of
objective and subjective breast cancer risk and psychological
distress on immune responses. The findings, in turn, would
clarify what interventions need to be developed for at-risk
women to reduce immune impairments.

A family history of breast cancer has been used to repre-
sent objective assessment of breast cancer risk but has been
defined inconsistently across the studies. Collective empiri-
cal evidence suggests that a family history of breast cancer
may influence subjective risk appraisal and psychological
distress as well as objective breast cancer risk assessment.
A simple classification by a family history alone may not

advance understanding of the relationship between specific
types of breast cancer risk and immune responses. A clear
conceptual differentiation between objective and subjective
breast cancer risk and a more comprehensive model of objec-
tive breast cancer risk assessment would advance the knowl-
edge in this field. Although the Gail and Claus models have
been used widely and new models are being developed, the
models remain limited in providing a comprehensive assess-
ment for objective breast cancer risk. More comprehensive
assessment models should include multiple risk factors for
breast cancer. In addition, future studies need to determine
interactions of objective and subjective breast cancer risk
with psychosocial profiles on biophysiologic responses in
women at risk.

The significance of exaggerated immune and neuroendo-
crine reactivity in unaffected healthy women with a family
history of breast cancer is unclear. Given the possibilities
of long-term and repeated insults on the body over time,
the cumulative effect of exaggerated responses on defense
mechanisms needs to be investigated using a prospective
longitudinal design. The effect on the defense mechanisms
may be greater when several mechanisms are impacted si-
multaneously. Nurse scholars are well positioned to undertake
research in the area of relating objective and subjective breast
cancer risk with psychosocial issues such as distress and
biophysiologic responses for women at risk for breast cancer.
Given the clinical significance of breast cancer in women’s
health, greater attention needs to be directed at early identi-
fication of women at risk as well as risk reduction for breast
cancer before its expression. Biophysiologic assessment is a
critical tool in that endeavor.

Author Contact: Na-Jin Park, RN, PhD, can be reached at najinp@
uab.edu, with copy to editor at ONFEditor @ons.org.

References

American Cancer Society. (2006). Cancer facts and figures 2006. Atlanta,
GA: Author.

Andersen, B.L., Farrar, W.B., Golden-Kreutz, D., Kutz, L.A., MacCallum,
R., Courtney, M.E., et al. (1998). Stress and immune responses after surgi-
cal treatment for regional breast cancer. Journal of the National Cancer
Institute, 90, 30-36.

Andersen, B.L., Kiecolt-Glaser, J.K., & Glaser, R. (1994). A biobehavioral
model of cancer stress and disease course. American Psychologist, 49,
389-404.

Antoniou, A.C., Pharoah, P.D., McMullan, G., Day, N.E., Stratton, M.R.,
Peto, J., et al. (2002). A comprehensive model for familial breast cancer
incorporating BRCA1, BRCA2 and other genes. British Journal of Can-
cer, 86, 76-83.

Antoniou, A.C., Pharoah, P.D., Smith, P., & Easton, D.F. (2004). The BOADI-
CEA model of genetic susceptibility to breast and ovarian cancer. British
Journal of Cancer, 91, 1580-1590.

Arduino, S., Tessarolo, M., Bellino, R., Colombatto, S., Leo, L., Wierdis,
T., et al. (1996). Reduced IL-2 level concentration in patients with breast
cancer as a possible risk factor for relapse. European Journal of Gynae-
cological Oncology, 17, 535-537.

Armstrong, K., Eisen, A., & Weber, B. (2000). Assessing the risk of breast
cancer. New England Journal of Medicine, 342, 564-571.

Baltzell, K., & Wrensch, M.R. (2005). Strengths and limitations of breast
cancer risk assessment. Oncology Nursing Forum, 32, 605-616.

Baxevanis, C.N., Reclos, G.J., Gritzapis, A.D., Dedousis, G.V., Missitzis,
1., & Papamichail, M. (1993). Elevated prostaglandin E2 production by

monocytes is responsible for the depressed levels of natural killer and
lymphokine-activated killer cell function in patients with breast cancer.
Cancer, 72, 491-501.

Bondy, M.L., & Newman, L.A. (2003). Breast cancer risk assessment mod-
els: Applicability to African-American women. Cancer, 97(1, Suppl.),
230-235.

Bovbjerg, D.H., & Valdimarsdottir, H. (1993). Familial cancer, emotional
distress, and low natural cytotoxic activity in healthy women. Annals of
Oncology, 4, T145-752.

Bovbjerg, D.H., & Valdimarsdottir, H.B. (2001). Interventions for healthy in-
dividuals at familial risk for cancer: Biobehavioral mechanisms for health
benefits. In A. Baum & B.L. Andersen (Eds.), Psychosocial interventions
for cancer (pp. 305-320). Washington, DC: American Psychological
Association.

Brittenden, J., Heys, S.D., Ross, J., & Eremin, O. (1996). Natural killer cells
and cancer. Cancer, 77, 1226—1243.

Brown, P. (2005). Risk assessment: Controversies and management of moder-
ate- to high-risk individuals. Breast Journal, 11(Suppl. 1), S11-S19.

Cacioppo, J.T., Burleson, M.H., Poehlmann, K.M., Malarkey, W.B., Kiecolt-
Glaser, J.K., Berntson, G.G., et al. (2000). Autonomic and neuroendocrine
responses to mild psychological stressors: Effects of chronic stress on older
women. Annals of Behavioral Medicine, 22, 140—148.

Campbell, ML.J., Scott, J., Maecker, H.T., Park, J.W., & Esserman, L.J. (2005).
Immune dysfunction and micrometastases in women with breast cancer.
Breast Cancer Research and Treatment, 91, 163—171.

Champion, V.L. (1999). Revised susceptibility, benefits, and barriers scale

ONCOLOGY NURSING FORUM - VOL 33, NO 6, 2006

1157



Downloaded on 07-04-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

for mammography screening. Research in Nursing and Health, 22,
341-348.

Claus, E.B., Risch, N., & Thompson, W.D. (1994). Autosomal dominant
inheritance of early-onset breast cancer: Implications for risk prediction.
Cancer, 73, 643-651.

Cohen, M., Klein, E., Kuten, A., Fried, G., Zinder, O., & Pollack, S. (2002).
Increased emotional distress in daughters of breast cancer patients is as-
sociated with decreased natural cytotoxic activity, elevated levels of stress
hormones, and decreased secretion of Th1 cytokines. International Journal
of Cancer, 100, 347-354.

Cohen, M., & Pollack, S. (2005). Mothers with breast cancer and their adult
daughters: The relationship between mothers’ reaction to breast cancer
and their daughters’ emotional and neuroimmune status. Psychosomatic
Medicine, 67, 64-71.

Cohen, S. (1994). Psychosocial influences on immunity and infectious disease
in humans. In R. Glaser & J. Kiecolt-Glaser (Eds.), Handbook of human
stress and immunity (pp. 301-319). San Diego, CA: Academic Press.

Davids, S.L., Schapira, M.M., McAuliffe, T.L., & Nattinger, A.B. (2004).
Predictors of pessimistic breast cancer risk perceptions in a primary care
population. Journal of General Internal Medicine, 19, 310-315.

Del Prete, G., Maggi, E., & Romagnani, S. (1994). Human Thl and Th2
cells: Functional properties, mechanisms of regulation, and role in disease.
Laboratory Investigation, 70, 299-306.

Dettenborn, L., James, G.D., van Berge-Landry, H., Valdimarsdottir, H.B.,
Montgomery, G.H., & Bovbjerg, D.H. (2005). Heightened cortisol re-
sponses to daily stress in working women at familial risk for breast cancer.
Biological Psychology, 69, 167-179.

Domchek, S.M., Eisen, A., Calzone, K., Stopfer, J., Blackwood, A., & Weber,
B.L. (2003). Application of breast cancer risk prediction models in clinical
practice. Journal of Clinical Oncology, 21, 593-601.

Dubey, D.P., Alper, C.A., Mirza, N.M., Awdeh, Z., & Yunis, E.J. (1994).
Polymorphic Hh genes in the HLA-B(C) region control natural killer
cell frequency and activity. Journal of Experimental Medicine, 179,
1193-1203.

Erblich, J., Bovbjerg, D.H., & Valdimarsdottir, H.B. (2000). Looking forward
and back: Distress among women at familial risk for breast cancer. Annals
of Behavioral Medicine, 22, 53-59.

Erblich, J., Montgomery, G.H., Valdimarsdottir, H.B., Cloitre, M., & Bovb-
jerg, D.H. (2003). Biased cognitive processing of cancer-related informa-
tion among women with family histories of breast cancer: Evidence from
a cancer stroop task. Health Psychology, 22, 235-244.

Euhus, D.M. (2001). Understanding mathematical models for breast cancer
risk assessment and counseling. Breast Journal, 7, 224-232.

Gail, M.H., Brinton, L.A., Byar, D.P.,, Corle, D.K., Green, S.B., Schairer, C.,
et al. (1989). Projecting individualized probabilities of developing breast
cancer for white females who are being examined annually. Journal of the
National Cancer Institute, 81, 1879—-1886.

Garssen, B., & Goodkin, K. (1999). On the role of immunological factors as
mediators between psychosocial factors and cancer progression. Psychia-
try Research, 85, 51-61.

Gold, S.M., Zakowski, S.G., Valdimarsdottir, H.B., & Bovbjerg, D.H. (2003).
Stronger endocrine responses after brief psychological stress in women at
familial risk of breast cancer. Psychoneuroendocrinology, 28, 584-593.

Goldsby, R.A., Kindt, T.J., & Osborne, B.A. (2000). Kuby immunology (4th
ed.). New York: W.H. Freeman.

Hersey, P., Edwards, A., Honeyman, M., & McCarthy, W.H. (1979). Low
natural-killer-cell activity in familial melanoma patients and their relatives.
British Journal of Cancer, 40, 113-122.

Hoskins, K.F,, Stopfer, J.E., Calzone, K.A., Merajver, S.D., Rebbeck, T.R., Gar-
ber, J.E., et al. (1995). Assessment and counseling for women with a family
history of breast cancer: A guide for clinicians. JAMA, 273, 577-585.

Hutson, S.P. (2003). Attitudes and psychological impact of genetic testing,
genetic counseling, and breast cancer risk assessment among women at
increased risk. Oncology Nursing Forum, 30, 241-246.

James, G.D., van Berge-Landry, H., Valdimarsdottir, H.B., Montgomery,
G.H., & Bovbjerg, D.H. (2004). Urinary catecholamine levels in daily
life are elevated in women at familial risk of breast cancer. Psychoneuro-
endocrinology, 29, 831-838.

Kang, D.H. (2003). Psychoneuroimmunology in nursing research: A biobe-
havioral model. Research in Nursing and Health, 26, 421-423.

Kang, D.H., & Fox, C. (2001). Th1 and Th2 cytokine responses to academic
stress. Research in Nursing and Health, 24, 245-257.

Kerber, R.A., & Slattery, M.L. (1997). Comparison of self-reported and data-
base-linked family history of cancer data in a case-control study. American
Journal of Epidemiology, 146, 244-248.

Kiecolt-Glaser, J.K., & Glaser, R. (1997). Measurement of immune response.
In S. Cohen, R.C. Kessler, & L.U. Gordon (Eds.), Measuring stress: A
guide for health and social scientists (pp. 213-229). New York: Oxford
University Press.

Kiecolt-Glaser, J.K., McGuire, L., Robles, T.F., & Glaser, R. (2002). Psy-
choneuroimmunology: Psychological influences on immune function and
health. Journal of Consulting and Clinical Psychology, 70, 537-547.

Kiecolt-Glaser, J.K., Robles, T.F., Heffner, K.L., Loving, T.J., & Glaser,
R. (2002). Psycho-oncology and cancer: Psychoneuroimmunology and
cancer. Annals of Oncology, 13(Suppl. 4), 165-169.

Kim, Y., Duhamel, K.N., Valdimarsdottir, H.B., & Bovbjerg, D.H. (2005).
Psychological distress among healthy women with family histories of breast
cancer: Effects of recent life events. Psycho-Oncology, 14, 555-563.

Konjevic, G., & Spuzic, I. (1993). Stage dependence of NK cell activity and
its modulation by interleukin 2 in patients with breast cancer. Neoplasma,
40, 81-85.

Kovacs, E., & Almendral, A. (1987). Reduced DNA repair synthesis in
healthy women having first degree relatives with breast cancer. European
Journal of Cancer and Clinical Oncology, 23, 1051-1057.

Lancaster, D.R. (2005). Coping with appraised breast cancer risk among
women with family histories of breast cancer. Research in Nursing and
Health, 28, 144—158.

Lazarus, R.S., & Folkman, S. (1984). Stress, appraisal, and coping. New
York: Springer.

Loescher, L.J. (1999). The family history component of cancer genetic risk
counseling. Cancer Nursing, 22, 96—-102.

Mahon, S.M. (1998). Cancer risk assessment: Conceptual considerations for
clinical practice. Oncology Nursing Forum, 25, 1535—1547.

McCance, K.L., & Jorde, L.B. (1998). Evaluating the genetic risk of breast
cancer. Nurse Practitioner, 23(8), 14-27.

McEwen, B.S. (1998). Protective and damaging effects of stress mediators.
New England Journal of Medicine, 338, 171-179.

Meiser, B., Butow, P., Barratt, A., Gattas, M., Gaff, C., Haan, E., et al. (2001).
Risk perceptions and knowledge of breast cancer genetics in women at
increased risk of developing hereditary breast cancer. Psychology and
Health, 16, 297-311.

Merendino, R.A., Gangemi, S., Misefari, A., Arena, A., Capozza, A.B.,
Chillemi, S., et al. (1999). Interleukin-12 and interleukin-10 production
by mononuclear phagocytic cells from breast cancer patients. Immunology
Letters, 68, 355-358.

Mouchawar, J., Byers, T., Cutter, G., Dignan, M., & Michael, S. (1999).
A study of the relationship between family history of breast cancer and
knowledge of breast cancer genetic testing prerequisites. Cancer Detection
and Prevention, 23, 22-30.

Parent, M.E., Ghadirian, P., Lacroix, A., & Perret, C. (1997). The reliability
of recollections of family history: Implications for the medical provider.
Journal of Cancer Education, 12, 114-120.

Parmigiani, G., Berry, D., & Aguilar, O. (1998). Determining carrier prob-
abilities for breast cancer-susceptibility genes BRCA1 and BRCAZ2.
American Journal of Human Genetics, 62, 145-158.

Parshad, R., Price, EM., Bohr, V.A., Cowans, K.H., Zujewski, J.A., & San-
ford, K.K. (1996). Deficient DNA repair capacity, a predisposing factor
in breast cancer. British Journal of Cancer, 74, 1-5.

Pasacreta, J.V. (1999). Psychosocial issues associated with increased breast
and ovarian cancer risk: Findings from focus groups. Archives of Psychi-
atric Nursing, 13, 127-136.

Paul, W.E., & Seder, R.A. (1994). Lymphocyte responses and cytokines.
Cell, 76, 241-251.

Pharoah, P.D., Day, N.E., Dufty, S., Easton, D.F., & Ponder, B.A. (1997).
Family history and the risk of breast cancer: A systematic review and
meta-analysis. International Journal of Cancer, 71, 800-809.

ONCOLOGY NURSING FORUM - VOL 33, NO 6, 2006

1158



Downloaded on 07-04-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

Pharoah, P.D., Lipscombe, J.M., Redman, K.L., Day, N.E., Easton, D.F,, &
Ponder, B.A. (2000). Familial predisposition to breast cancer in a British
population: Implications for prevention. European Journal of Cancer,
36, 773-779.

Pharoah, P.D., Stratton, J.F., & Mackay, J. (1998). Screening for breast and
ovarian cancer: The relevance of family history. British Medical Bulletin,
54, 823-838.

Pike, J.L., Smith, T.L., Hauger, R.L., Nicassio, PM., Patterson, T.L., McClint-
ick, J., et al. (1997). Chronic life stress alters sympathetic, neuroendocrine,
and immune responsivity to an acute psychological stressor in humans.
Psychosomatic Medicine, 59, 447-457.

Pross, H.F., & Lotzova, E. (1993). Role of natural killer cells in cancer.
Natural Immunity, 12, 279-292.

Rao, N.M., Joshi, N.N., Shinde, S.R., Advani, S.H., & Ghosh, S.N. (1996).
Premature separation of centromere and aneuploidy: An indicator of high
risk in unaffected individuals from familial breast cancer families? Euro-
pean Journal of Cancer Prevention, 5, 343-350.

Rao, N.M., Pai, S.A., Shinde, S.R., & Ghosh, S.N. (1998). Reduced DNA
repair capacity in breast cancer patients and unaffected individuals from
breast cancer families. Cancer Genetics and Cytogenetics, 102, 65-73.

Rebbeck, T.R. (1999). Inherited genetic predisposition in breast cancer: A
population-based perspective. Cancer, 86(11, Suppl.), 2493-2501.

Rhodes, D.J. (2002). Identifying and counseling women at increased risk for
breast cancer. Mayo Clinic Proceedings, 77, 355-361.

Sachs, G., Rasoul-Rockenschaub, S., Aschauer, H., Spiess, K., Gober, 1.,
Staffen, A., et al. (1995). Lytic effector cell activity and major depressive
disorder in patients with breast cancer: A prospective study. Journal of
Neuroimmunology, 59, 83—89.

Sakorafas, G.H., Krespis, E., & Pavlakis, G. (2002). Risk estimation for
breast cancer development: A clinical perspective. Surgical Oncology,
10, 183-192.

Segerstrom, S.C., & Miller, G.E. (2004). Psychological stress and the human
immune system: A meta-analytic study of 30 years of inquiry. Psychologi-
cal Bulletin, 130, 601-630.

Shevde, L.A., Joshi, N.N., Advani, S.H., & Nadkarni, J.J. (1998). Impaired T
lymphocyte function and differential cytokine response pattern in members
from cancer families. Natural Immunity, 16, 146-156.

Shevde, L.A., Joshi, N.N., Dudhat, S.B., Hawaldar, R.W., & Nadkarni, J.J.
(1999). Immune functions, clinical parameters and hormone receptor
status in breast cancer patients. Journal of Cancer Research and Clinical
Oncology, 125, 313-320.

Shevde, L.A., Joshi, N.N., Shinde, S.R., & Nadkarni, J.J. (1998). Studies on
functional status of circulating lymphocytes in unaffected members from
cancer families. Human Immunology, 59, 373-381.

Shevde, L.A., Rao, N.M., Joshi, N.N., Shinde, S.R., Ghosh, S.N., & Nadkarni,
J.J. (1998). Natural killer cell function and genetic instability in unaffected
individuals from breast cancer families. European Journal of Cancer
Prevention, 7, 141-148.

Slattery, M.L., & Kerber, R.A. (1993). A comprehensive evaluation of fam-
ily history and breast cancer risk: The Utah population database. JAMA,
270, 1563-1568.

Slovic, P. (1987). Perception of risk. Science, 236, 280-285.

Spaner, D., Radvanyi, L., & Miller, R.G. (1998). Immunology related to
cancer. In L.F. Tannock & R.P. Hill (Eds.), The basic science of oncology
(3rd ed., pp. 240-262). New York: McGraw-Hill.

Sredni, B., Tichler, T., Shani, A., Catane, R., Kaufman, B., Strassmann,
G., et al. (1996). Predominance of Thl response in tumor-bearing mice
and cancer patients treated with AS101. Journal of the National Cancer
Institute, 88, 1276-1284.

Strayer, D.R., Carter, W.A., & Brodsky, I. (1986). Familial occurrence of
breast cancer is associated with reduced natural killer cytotoxicity. Breast
Cancer Research and Treatment, 7, 187-192.

Strayer, D.R., Carter, W.A., Mayberry, S.D., Pequignot, E., & Brodsky, I.
(1984). Low natural cytotoxicity of peripheral blood mononuclear cells
in individuals with high familial incidences of cancer. Cancer Research,
44, 370-374.

Thull, D.L., & Farengo-Clark, D. (2003). Genetics of breast cancer. In V.G.
Vogel & T. Bevers (Eds.), Handbook of breast cancer risk-assessment:
Evidence-based guidelines for evaluation, prevention, counseling, and
treatment (pp. 20—40). Sudbury, MA: Jones and Bartlett.

Tjemsland, L., Soreide, J.A., Matre, R., & Malt, U.F. (1997). Pre-operative
psychological variables predict immunological status in patients with
operable breast cancer. Psycho-Oncology, 6, 311-320.

Trinchieri, G. (1989). Biology of natural killer cells. Advances in Immunol-
ogy, 47, 187-376.

Valdimarsdottir, H.B., Bovbjerg, D.H., Kash, K.M., Holland, J.C., Osborne,
M.P., & Miller, D.G. (1995). Psychological distress in women with a
familial risk of breast cancer. Psycho-Oncology, 4, 133-141.

Valdimarsdottir, H.B., Zakowski, S.G., Gerin, W., Mamakos, J., Pickering,
T., & Bovbjerg, D.H. (2002). Heightened psychobiological reactivity to
laboratory stressors in healthy women at familial risk for breast cancer.
Journal of Behavioral Medicine, 25, 51-65.

van Dooren, S., Rijnsburger, A.J., Seynaeve, C., Duivenvoorden, H.J., Essink-
Bot, M.L., Tilanus-Linthorst, M.M., et al. (2004). Psychological distress
in women at increased risk for breast cancer: The role of risk perception.
European Journal of Cancer, 40, 2056-2063.

Whiteside, T.L., & Herberman, R.B. (1995). The role of natural killer cells
in immune surveillance of cancer. Current Opinion in Immunology, 7,
704-710.

Wiltschke, C., Krainer, M., Budinsky, A.C., Berger, A., Muller, C., Zeil-
linger, R., et al. (1995). Reduced mitogenic stimulation of peripheral
blood mononuclear cells as a prognostic parameter for the course of breast
cancer: A prospective longitudinal study. British Journal of Cancer, 71,
1292-1296.

Zakowski, S.G., Valdimarsdottir, H.B., Bovbjerg, D.H., Borgen, P., Holland,
J., Kash, K., et al. (1997). Predictors of intrusive thoughts and avoidance
in women with family histories of breast cancer. Annals of Behavioral
Medicine, 19, 362-369.

Zorrilla, E.P., Luborsky, L., McKay, J.R., Rosenthal, R., Houldin, A., Tax,
A., et al. (2001). The relationship of depression and stressors to immu-
nological assays: A meta-analytic review. Brain, Behavior, and Immunity,
15, 199-226.

ONCOLOGY NURSING FORUM - VOL 33, NO 6, 2006

1159



