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Abstract

Background: Adults who undergo chronic stress, such as the diagnosis and surgical treatment of
breast cancer, often experience adjustment difficulties and important biologic effects. This stress can
affect the immune system, possibly reducing the ability of individuals with cancer to resist disease
progression and metastatic spread. We examined whether stress influences cellular immune
responses in patients following breast cancer diagnosis and surgery.

Methods: We studied 116 patients recently treated surgically for invasive breast cancer. Before
beginning their adjuvant therapy, all subjects completed a validated questionnaire assessing the stress
of being cancer patients. A 60-mL blood sample taken from each patient was subjected to a panel of
natural killer (NK) cell and T-lymphocyte assays. We then developed multiple regression models to
test the contribution of psychologic stress in predicting immune function. All regression equations
controlled for variables that might exert short- or long-term effects on these responses, and we also
ruled out other potentially confounding variables.

Results: We found, reproducibly between and within assays, the following: 1) Stress level
significantly predicted lower NK cell lysis, 2) stress level significantly predicted diminished response
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of NK cells to recombinant interferon gamma, and 3) stress level significantly predicted decreased
proliferative response of peripheral blood lymphocytes to plant lectins and to a monoclonal antibody
directed against the T-cell receptor.

Conclusions: The data show that the physiologic effects of stress inhibit cellular immune responses
that are relevant to cancer prognosis, including NK cell toxicity and T-cell responses. Additional,
longitudinal studies are needed to determine the duration of these effects, their health consequences,
and their biologic and/or behavioral mechanisms.

A diagnosis of cancer and cancer treatments are objective, negative events in an individual's
life. Although negative events do not always produce stress and a lowered quality of life, data
from many studies document severe, acute stress at cancer diagnosis (1) and during recovery
(2). The negative psychologic responses of individuals with cancer to the diagnosis and
treatment are important in their own right because these responses are targets for cancer control
efforts (3,4). In addition, data suggest that stress responses are accompanied by nonrandom
(i.e., correlated) negative changes in a broad range of immune responses. This study examines
from a biobehavioral perspective whether stress influences cellular immunity in women with
breast cancer after diagnosis of breast cancer and during the postsurgical period (5).

Meta-analyses (6,7) suggest that psychologic stress and the experience of life stressors are
reliably associated with negative immune alterations in noncancer subjects; i.e., “higher” levels
of stress (e.g., self-reports of stress or negative affects, such as sadness or clinical diagnoses
of depression) are related quantitatively and functionally to “reduced” cellular immune
responses, such as lowered natural killer (NK) cell lysis. This effect has been found regularly
for individuals in the midst of chronic stressors, and some of the largest responses and changes
have been found for lengthy stressors and those that have interpersonal components.

Illustrative data come from Kiecolt-Glaser, Glaser, and colleagues (8-11), who have followed
individuals during the long, stressful experience of giving care to a spouse diagnosed with
Alzheimer's disease. Not surprisingly, caregivers report high levels of distress and negative
affect as they cope with their relative's difficult behavior and mental deterioration (8).
Moreover, these researchers have found, for example, that NK cells obtained from caregivers
are less responsive to the cytokine recombinant interferon gamma (rIFN y) and recombinant
inter-leukin 2 (rIL-2) than are cells obtained from matched community control subjects (9). In
addition, these highly stressed subjects have a poorer proliferative response to mitogens (8),
exhibit substantial deficits in the antibody and virus-specific T-cell responses to an influenza
virus vaccine (10), and demonstrate stress-related defects in wound repair (11).

There are fewer data on the relationship between stress and immunity among cancer patients.
Levy et al. (12) reported on these relationships in 66 women with stage | or Il breast cancer 3
months after treatment (lumpectomy or mastectomy with or without adjuvant therapy). In
addition to finding that estrogen receptor status predicted NK cell lysis, these researchers found
that social support—a variable hypothesized to reduce stress—contributed significantly to a
regression model predicting higher NK cell activity. These findings suggest that how a person
responds to stress may also influence how stress, in turn, influences the immune response.

There is considerable evidence that patients with cancer express abnormal cellular immune
responses; these abnormal responses have been found in patients with many different types of
cancer (13-15), including breast cancer (16,17). Stressors are not generic, and they would not
be expected to have identical physiologic outcomes. So too, the immune response involves a
cascade of responses and events that can occur over time. For these reasons, we used a
homogeneous breast cancer subject sample and timing of assessment to test the relationship
between stress and several components of the cellular immune response, including NK cell
and T-cell functions.
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Women who had been diagnosed with breast cancer and who had undergone surgery for the
breast cancer were studied before they began adjuvant therapy. Since we were interested in the
contribution of stress in predicting an immune response above and beyond known correlates,
we controlled for naturally occurring factors in our statistical analyses that affect the immune
responses—specifically, age, disease stage (lymph node status), and recovery (days since
surgery) (18). Because the immune system contains a considerable amount of redundancy, we
focused on three components that would each provide important, but complementary,
information.

First, we measured NK cell lysis. We chose to measure NK cell lysis because those cells are
believed to act early in the immune response and they have been demonstrated to play an
important role in immune surveillance against tumors and virally infected cells (19-21).
Second, we measured the ability of the NK cells to respond to rIFN y and rIL-2. It has been
shown that lymphokine-activated killer (LAK) cells are highly cytotoxic against a wider variety
of tumor cells than those lysed by resting NK cells (22), an effect also observed in patients
with breast cancer (23). Finally, to obtain information on the T-cell response, we measured the
response of peripheral blood leukocytes (PBLS) to two mitogens—phytohemag-glutinin (PHA)
and concanavalin A (Con A)—and we induced proliferation by stimulating the T cells with a
monoclonal antibody (MADb) to the T-cell receptor.

Subjects and Methods
Patient Eligibility and Data Collection

Participants were 116 women who had been diagnosed with invasive breast cancer and who
were surgically treated within the last 4 months but who had not yet begun adjuvant treatment.
Women were from 14 to 101 days (mean = 37 days; median = 33 days) after surgery for stage
11 (70%) or 111 (30%) invasive breast cancer. We used the American Joint Committee on Cancer
and the International Union Against Cancer staging system. The women ranged in age from
31 to 84 years (mean = 52 years). Recruited consecutively from mid-1994 to early 1997, the
majority (82%) were being treated at a National Cancer Institute-designated, university-
affiliated Comprehensive Cancer Center, and the remainder (18%) were receiving treatment
at local community hospitals. All women came to the General Clinical Research Center at the
university where psychologic, behavioral, and medical data were collected and a 60-mL blood
sample was taken from them. Assessments were conducted between 8:00 am and 12:00 au to
reduce diurnal variability.

Stress Measure

The Impact of Event Scale (IES) (24) is a standardized self-report questionnaire used to
examine intrusive thoughts (“I had dreams about being a cancer patient,” “Other things kept
making me think about cancer”) and avoidant thoughts and actions (“I tried not to talk about
it,” “l was aware that I still had a lot of feelings about cancer, but | didn't deal with them”)
concerning cancer. Fifteen items are used, and women rate each event or feeling in terms of
the frequency of occurrence (i.e., “not at all,” “rarely,” “sometimes,” and “often”) during the
previous 7 days. Scores range from 0 to 75. For this sample, descriptive statistics were as
follows: range, 0-65; mean = 26; median = 25; and standard deviation = 15.2. The scale has
satisfactory reliability with internal consistency of .78-.82 and a 2-week test-retest reliability
of .79-.89, respectively. The validity of the measure is suggested by data indicating that
individuals who experience involuntary, distress-related thoughts following traumatic life
events are also those who suffer the greatest negative effects psychologically [e.g., (2)].
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Immune Assays

Blood cell separation—PBLs were isolated from 60 mL of venous blood by use of Ficoll
gradients (Pharmacia Biotech, Inc., Piscataway, NJ). The isolated leukocytes were then washed
in calcium- and magnesium-free phosphate-buffered saline and counted on a Coulter counter
(Coulter Corp., Miami, FL). Aliquots of 8 x 106 isolated PBLs were suspended again in 0.8
mL of RPMI-1640 medium supplemented with 10% fetal bovine serum, 0.75% sodium
bicarbonate, 2 mM L-glutamine, and 10 pug/ mL of ciprofloxacin.

Quantification of total T lymphocytes, T-cell subsets, and NK cells—Isolated PBLs
were absorbed with MAbs conjugated to either fluorescein isothio-cyanate or rhodamine
according to the cell surface marker being studied: total T cells (CD3, fluorescein
isothiocyanate), T4 subset (CD4, rhodamine), T8 subset (CD8, fluorescein isothiocyanate),
and NK cells (CD56, rhodamine). All MAbs were purchased from Coulter Corp. Briefly, 0.5
x 100 cells were incubated with the MAb for 15 minutes at room temperature. After the
incubation, the cells were fixed, and the red blood cells were lysed with Optilyse C, a buffered
solution containing 1.5% formaldehyde, according to the manufacturer's instructions (Coulter
Corp.). Samples were analyzed with the use of a Coulter EPICS Profile Il flow cytometer as
described previously (8).

NK cell cytotoxicity—To determine NK cell activity, a microtiter >1Cr-release cytotoxicity
assay was used as described previously (9,25). The target cells used were K-562 cells, an NK
cell-sensitive human myeloid cell line. Target cells, labeled overnight for 16 hours with 51Cr,
were placed in triplicate wells of 96-well V-bottom plates, and PBLs were added, resulting in
effector-to-target (E:T) cell ratios of 100:1, 50:1, 25:1, 12.5:1, and 6.25:1.

NK cell response to cytokines—Procedures for treatment of PBLs with rIFN y and rlL-2
involved preparing isolated PBLs at a concentration of 3 x 106 cells/mL in complete
RPMI-1640 medium and then seeding the cells into three replicate tissue culture tubes (Falcon,
Becton Dickinson and Co., Lincoln Park, NJ) at 6 x 106 cells per tube. Cells were incubated
in complete RPMI-1640 medium alone or complete medium supplemented with 250 1U/mL
rINF y or 60 1U/mL rIL-2 (Genzyme, Boston, MA). Cell suspensions were gently mixed and
then incubated at 37 °C in an atmosphere of 5% CO, for 65 hours. For the assay, triplicate
aliquots of cell suspensions were placed in wells of VV-bottom plates, with E:T cell ratios of
50:1, 25:1, 12.5:1, 6.25:1, or 3.13:1. In addition, six wells with target cells and medium only
and target cells with detergent (5% sodium dodecyl sulfate in phosphate-buffered saline) were
prepared to determine spontaneously released chromium and maximal lysis, respectively. The
plates were centrifuged at 300g for 5 minutes at 20 °C to bring the effector and target cells into
close contact; they were then incubated at 37 °C in an atmosphere of 5% CO,, for 5 hours. After
this incubation, the plates were centrifuged at 300g for 5 minutes at 20 °C, 100 uL of supernatant
was collected from each well, and counts per minute were determined by use of a Beckman
9000 gamma counter (Beckman Instruments, Inc., Fullerton, CA) as described previously (9,
26).

Blastogenic response to PHA, Con A, and MAb to the T3 receptor—The
concentrations for PHA and Con A used were 2.5, 5.0, and 10.0 ug/mL. To measure the
blastogenic response to the MAb to the T-cell receptor, we used the following three dilutions
of the purified MAb: 32:1, 64:1, and 128:1. For all three assays isolated, PBLs seeded in
triplicate at 0.5 x 10° per well were incubated for 68 hours at 37 °C in 96-well flat-bottomed
plates and then labeled for 4 hours with MTS, i.e., 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt (Promega Corp.,
Madison, WI) to measure proliferative response. Briefly, the MTS procedure is a
nonradioactive calorimetric procedure that labels metabolically active cells via reduction of a
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colored substrate. The amount of proliferation was determined by optical density of the
suspension in the well. Optical density determinations were performed by use of a Titertek
Multiscan MCC microplate reader (Flow Laboratories, Inc., Finland) at a determination
wavelength of 492 nm and a reference wavelength of 690 nm as has been noted (27,28).

Statistical Analyses

Preliminary analyses—Before conducting the principal analyses, we checked the data for
the contribution of “nuisance” variables (covariates) that could potentially be related to
psychologic stress, immune outcomes, or both [see (25) for a discussion]. The variables
examined were measures of aspirin, alcohol, caffeine, and nicotine intake; amount of sleep;
plasma albumin level (as an indicator of nutritional status); incidence of recent infectious
illness; and the Karnofsky performance status rating. We examined the relationships between
these variables and each of the three sets of outcome variables: NK cell lysis, ability of NK
cells to respond to rIFN y and rIL-2, and the blastogenic response of PBLs to Con A, PHA, and
the T3 MAb. Analysis of variance was used for the categorical independent variables, and
simple correlations were used for numerically scaled independent variables.

Screening of these potential covariates involved examination of the relationships between 11
covariates and 20 dependent variables, or a total of 220 bivariate associations. Of these 220
associations, 15 were found to be statistically significant at .05 significance level. This number
of significant effects is only slightly more than would be expected by chance alone (i.e., 220
x .05 = 11). Inspection of the significant relationships showed that many of them were
attributable to the influence of a few outliers in the data. To be conservative, all of the regression
analyses described below were run twice, once including and once excluding those covariates
that had significant bivariate associations with the relevant dependent variables. In no case
were results of the regression analyses significantly altered by the inclusion of the covariates.
Given this fact and the consistently weak relationships of the covariates to the dependent
variables, we do not report further results involving the covariates.

Principal analyses—The principal analyses assess the relationship between the IES
measure of psychologic stress and the following three sets of outcome measures: 1) NK cell
lysis at five E:T ratios, 2) response of NK cells to rIFN y and rIL-2 stimulation at five E:T ratios
each, and 3) the PBL blastogenic response to PHA and Con A and proliferative response to
the T3 MADb at three concentrations or dilutions each.

We were interested in the role of stress in predicting these outcomes, over and above the impact
of disease and recovery variables on the immune response. Thus, we chose to control for three
variables: 1) age, which is associated with down-regulation of the immune system; 2) disease
stage, which is an indicator of the extent or burden of disease; and 3) days since surgery, which
is an indicator of the degree of recovery from surgical stress and related factors (e.g.,
anesthesia).

Using hierarchical multiple regression (29), we tested the predictive value of psychologic stress
for the measured immune outcomes. This procedure enters variables in a specified sequence
and, at the final step, provides a test of the variance of the dependent variable (immune
outcome) due to the predictor (stress), above and beyond the contribution of the control
variables (age, stage, and days since surgery). In these regression analyses, age, days since
surgery, and IES were considered as numerical variables. Stage was a categorical variable with
two levels: Il versus I1I.

For all of the analyses described below, any missing data were managed by the pairwise
deletion technique, wherein each bivariate association is estimated with the use of all subjects
for whom measures on both variables are available. This approach allows for more complete
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usage of available data than do alternative procedures (e.g., listwise deletion). For all of the
dependent variables except the response of NK cells to rIFN v, the quantity of missing data
was small—with never more than 10 observations missing for any bivariate association.
Effective sample sizes for the regression analyses ranged from 113 for the NK cell lysis ratios
to 103 for T3 MADb values. For rIFN y measures, sample sizes varied from 85 to 49 across the
range of concentrations employed.

For each analysis, we provided three regression models: models A, B, and C. Model A includes
only the control (independent) variables (i.e., age, stage, and days since surgery) in predicting
the immune outcome (e.g., NK cell lysis). Predictors in model A were introduced
simultaneously because we had no basis for or a strong interest in investigating their effects in
any particular sequence. Model B includes the three control variables as well as the psychologic
stress variable (IES) in the prediction of the immune outcome. Of particular interest in this
analysis was the increment in the squared multiple correlation (R?) from model A to model B
(i.e., R2g_a), indicating variance in a dependent variable (e.g., NK cell lysis) attributable to
stress (IES) beyond that explained by the control predictors. In addition, the standardized
regression beta (B) for the psychologic stress variable (IES) in model B (i.e., Bstress) indicates
the magnitude and direction of the influence of this predictor on the dependent variable. The
significance of the B weight was also tested. Finally, model C indicates the contribution of
psychologic stress as the lone predictor; this third model provides the simple association
between psychologic stress and immune function.

Analyses Predicting NK Cell Lysis

Table 1 provides the results from the three models, A, B, and C, predicting NK cell lysis. For
model A, in which age, stage, and days since surgery are the independent variables, R25 was
small and nonsignificant for every E:T ratio (all F ratios were <1.0). Because the percentage
of NK cells available would influence the total NK cell activity as measured by lysis, we next
added the percentage of NK cells, as determined by flow cytometry, into the analyses as an
additional, independent control variable as shown (model AA). Across all E:T ratios, the
R2,4 Values suggested that this variable added significant variance, as predicted, yielding
R2aa values ranging from .085 to .250.

More important was the addition of the stress variable (IES) as a predictor, shown in model B.
The value of R2g for lysis was noticeably larger than that of RZ5a, and it provided a significant
increment in prediction across the E:T ratios. These data indicate that the measure of
psychologic stress that was used accounted for significant variance in NK cell lysis above and
beyond that explained by age, stage, days since surgery, and percentage of NK cells. Moreover,
the sign of the B regression coefficient for IES was negative, as predicted, indicating that an
increase in measured stress was associated with a decline in NK cell lysis. The t tests for these
coefficients were significant at five of the six E:T ratios. Also, no other predictor in model B
had a significant regression coefficient.

We also provide the regression results when only IES was used as a predictor, eliminating the
control predictors from the model (model C in Table 1). These results showed that the simple
association between IES and NK cell lysis was statistically significant at five of the six E:T
ratios.

Analyses Predicting Response of NK Cells to Cytokines

Results for the NK cell response to rIFN vy are provided in Table 2 and show a similar pattern.
For model A, which used age, stage, and days since surgery as the independent variables, the
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value of R2, was small to moderate, ranging from .025 to .138. When stress (IES) was added
to the model B regression, the RZ values were statistically significant at all but one E:T ratio
(50:1). Furthermore, the increments in the prediction due to IES, R%g_a, were significant and
ranged from .054 to .119. This value reflects the proportion of variance in the cell response
accounted for by stress (IES) beyond that explained by the control variables. Again, the
negative weight of p for IES in model B indicated a negative influence of psychologic stress
on the response of the NK cells to rIFN y. Again, no other predictor in model B had a significant
regression coefficient. Finally, the results for model C in Table 2 showed a simple association
between IES and the rIFN y response. These correlations were significant at four of the five
E:T ratios; the proportions of variance accounted for were in the range of .077 to .149.

We attempted to calculate a parallel set of regressions for the response of NK cells to rlL-2.
However, cells from a large proportion of the patients (62%) had no response to riL-2. When
the regressions were conducted on data obtained from the remaining patients (38%), the
addition of stress (IES) in model B produced a significant R? value at the 25:1 E:T ratio only.
It appeared that the majority of the subjects' NK cells did not respond to treatment with riL-2.

Analyses Predicting Blastogenic Response of PBLs to Con A, PHA, and the T3 MADb

Table 3 shows regression results for the Con A and PHA blastogenic responses across three
concentrations each. Because the findings are similar for both assays, they will be discussed
together. For model A, which used age, stage, and days since surgery as the independent
variables, the value of R24 for Con A ranged from .035 to .054 and was of similar magnitude
for PHA, ranging from .022 to .033. Since the number of total T cells available will affect the
blastogenesis values, we next added the number of T3-positive cells into the analyses as an
additional, independent control variable as shown by the step model AA. Across all
concentrations for each mitogen, the value of R254 suggested that this variable added variance,
yielding the R2x4 values ranging from .105 to .125 for Con A and from .023 to .033 for PHA.

The addition of stress (IES) to the regression for blastogenesis added significant variance, as
indicated in model B. All of the R2 values were statistically significant. Considering the
increments in R? due to stress (IES), these were significant and ranged from .032 to .061 for
Con A and from .047 to .060 for PHA, reflecting the proportion of variance in the blastogenesis
accounted for by IES beyond that explained by the control variables. Again, the negative
weights for IES in model B indicated a negative influence of psychologic stress on the
blastogenic responses across concentrations. Moreover, no other predictor in model B had a
significant regression coefficient. Finally, results for model C in Table 3 showed a simple
association between stress (IES) and the blastogenic response. These correlations were
significant for each concentration of Con A and PHA.

Table 4 shows regression results for the proliferative response of T cells to three different
dilutions of the T3 MAb. For model A, the control R2 values were not significant for any
dilution. Addition of number of T3-positive cells available as a control increased the variance
accounted for as shown by the step model AA. The R2x4 values ranged from .088 to .143.
However, increments in R? due to the addition of stress (IES), as shown by R2g_aa, were
significant, ranging from .056 to .067. This indicates that about 6% of the variance was
accounted for by stress (IES) beyond that explained by the control variables. Once again, no
other predictor in model B had a significant regression coefficient. Results for model C again
showed the simple, significant association of stress (IES) with the response to the T3 MADb at
all dilutions, with R, values of .092 to .102.
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Discussion

Any immune response involves a complex cascade of events that occur over time. Studies
suggest that the peripheral products of stress can play numerous roles in regulating immunity,
and so the effects of stress will, necessarily, be variable. Current research suggests, for example,
that the acute stressors, both real stressors [e.g., parachute jumps (30)] and artificial stressors
[e.g., experimental tasks including speech or math stress (31)], are correlated with the
mobilization (increase) of NK cells. These changes are thought to be a result of alterations in
cell trafficking. In contrast, studies of chronic stressors [e.g., bereavement, caregiving, or
divorce (7,9)] suggest that stress can have an effect on the ability of NK cells to lyse a target
cell, the ability of NK cells to respond to rIFN y and rIL-2 in vitro, and other aspects of the
cellular immune response.

Our results suggest that stress, as assessed via a self-report measure of intrusive and avoidant
thoughts and behaviors about cancer, was related to a negative effect on NK cell lysis, the
ability of NK cells to respond to two cytokines, the blastogenic response of PBLs to two
mitogens, and the proliferative response to MAb T-cell receptor. These effects were inhibitory
and of similar magnitude (i.e., reliable), both between the assays and within an assay (i.e.,
across E:T ratios and mitogen concentrations). The analyses controlled for variables that might
also be expected to exert short-term or long-term effects on immunity—such as age, stage of
disease, and days since surgery—and ruled out other potentially confounding variables (e.g.,
nutritional status) that might also be influential. These controls reduced the plausibility of
alternative, rival hypotheses for these consistent findings.

Itis recognized that NK cells mediate natural immunity, but some researchers (32) suggest that
their role in health generally has been underestimated. For example, there is evidence to suggest
that the NK cells participate either directly or indirectly in multiple developmental, regulatory,
and communication networks of the immune system. Furthermore, NK cells are efficient
effector cells that not only are equipped for cell killing, but also are capable of rapid responses
to exogenous or endogenous signals by producing cytokines and other factors involved in
interactions between immune and nonimmune cells (20).

The ability to spontaneously lyse a broad range of infected cells or tumor cells is the best known
functional attribute of NK cells (20,22). Consistent with previous reports, these data suggest
that stress may impair this important process. Our findings highlight the specific effect of
cancer stress on immune function, whereas prior data obtained by Levy et al. (33) had suggested
that women's reports of fatigue were related to lower levels of NK cell lysis. Chronically low
levels of NK cell activity occur in patients with cancer, particularly when there are large tumor
burdens or disseminated metastases (32). In general, patients with low NK cell activity appear
to be at higher risk for infections, to have more prolonged diseases, or to suffer more severe
symptoms than patients whose NK cell activity remains normal (32,34).

A variety of biologic response modifiers are known to increase the activation, proliferation, or
cytotoxicity of NK cells (20). Among the best known activators of NK cells are IL-2 and IFN
v. Our data show that the physiologic changes associated with psychologic stress inhibited NK
cell lysis. Stress also affected the ability of NK cells to respond to rIFN v, a finding that is
consistent with two previous reports involving another life stressor [i.e., caregiving for a spouse
with Alzheimer's disease (9,26)]. It is interesting that NK cells from 62% of the women did
not respond to rIL-2. In subsequent analyses comparing women who did have an rlL-2 response
with those who did not, no stress or disease variable differentiated the two groups. Further
studies will need to be performed to explore this result, although it is possible that the lack of
responsiveness of NK cells to rIL-2 may be due to an overproduction of prostaglandin E, by
monocytes. It has been suggested that in breast cancer patients prostaglandin E, decreases IL-2
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production in effector cell populations, resulting in the down-regulation of the expression of
the 1L-2 receptor on NK cells (23). Follow-up studies will need to pursue and clarify this
difference in cytokine responses.

It has been shown that the ability of PBLs to respond to PHA is reduced, in general, in cancer
patients (35); this lowered response is related to tumor burden and declines in the ability of
PBLs to respond to PHA with disease progression (36). The negative effect of stress on
blastogenesis was replicated in this study across two mitogens, PHA and Con A, as well as in
the response of T cells to an MAb against the T-cell receptor. These findings are consistent
with correlational and experimental studies indicating that stress impairs the blastogenic
response of PBLs to mitogens and virus-specific T-cell responses (8,10,37-39). Mitogen-
induced proliferation has been used to indicate the immune system's ability to respond to
antigens from pathogens. Chronically stressed, but healthy, individuals showing decrements
in the cellular immune response (including NK cell lysis and the response of the PBLs to
mitogens) subsequently reported a higher incidence of infectious illnesses (8). If this effect is
reliable, these data would suggest that cancer patients who experience high levels of stress,
lowered levels of responsive T lymphocytes, and decreased NK cell function may be at greater
risk for infectious illnesses as they begin adjuvant therapy.

It is interesting that evidence is accumulating to suggest that psychologic and/or behavioral
stress reduction interventions may enhance certain aspects of the cellular immune response,
including NK cell lysis. In an early investigation, Kiecolt-Glaser et al. (40) studied 61 healthy
adults living in a retirement home. After receiving 1 month of training in progressive muscle
relaxation, the subjects showed evidence of a 30% increase in NK cell lysis in comparison with
those who received no treatment or only social contact. Fawzy et al. (41) studied 61 patients
with melanoma and reported that, 6 months after treatment, subjects receiving intervention had
significantly higher levels of IFN alfa-augmented NK cell activity than those who received no
treatment. These data suggest that, if behavioral interventions can reduce stress and enhance
the cellular immune response, then health outcomes might improve.

In conclusion, these data show a down-regulation of different aspects of the cellular immune
response associated with the psychologic stress that accompanies the diagnosis and initial
surgical treatment of cancer. We note that these study participants are part of a larger effort
testing the biobehavioral aspects of stress, immunity, and disease course (5). It will be important
to document the longitudinal nature of these findings, and future studies will provide such data.
Moreover, half of the women who participated have been randomly assigned to receive a
psychologic/behavioral intervention specifically designed to reduce stress, enhance quality of
life, and test for the biologic mechanism—such as immune responses—that may mediate any
positive effects of stress reduction on health and disease outcomes.
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Table 4
Results of regression analyses for predicting proliferative response of peripheral blood leukocytes to a monoclonal
antibody to T-cell receptor (T3) across three dilutions

Dependent variable: proliferative response at dilutions

128:1 64:1 32:1

Model A, R, 026 052 064

Model AA, R%,," 088 104 143
Model Bi

R% 155 160 200

R%_an .067 .056 .057

Begess -273 -.249 -.252

t(df = 101)1 -2.747 ~2514 ~2.604

P 008 014 012
Model C*

R% 102 092 .094

t(df = 201)T ~3.452 ~3.255 -3.307

P 002 002 002

*
Model A includes the control predictors of age, stage, and days since surgery for the immune outcome, proliferative response. The R2A is the total
variance in proliferation explained by these three predictors.

TModeI AA includes model A variables plus the control predictor of number of T cells for the immune outcome, proliferation. The RZAA is the total

variance in proliferation explained by these four predictors.

iModel B includes model AA control variables plus the stress predictor (i.e., Impact of Event Scale [IES] score) for the immune outcome, proliferation.
The RZB is the total variance in proliferation explained by the four control predictors and the stress predictor.

§R23_AA is the increment in variance due to stress only (i.e., variance beyond that explained by the control predictors) in predicting the proliferation
outcome.

BStress is the standardized beta (B) for the stress variable in model B. It indicates the magnitude and direction of the influence (negative) of stress on the
immune outcome.

ﬂdf refers to the degrees of freedom in model B.

Model C includes stress as the only predictor of the immune outcome, proliferation. The R2C is the total variance in proliferation explained by stress;
this model provides the simple association between psychologic stress and immune function.
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