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ARTICLE INFO ABSTRACT

Article history:

Converging evidence from basic and clinical studies suggests a role for proinflammatory cytokines in can-
cer-related fatigue, although the etiology of elevated inflammatory processes is unclear. We examined
single nucleotide polymorphisms (SNPs) in the promoters of cytokine genes as genetic risk factors for
cytokine-related fatigue in 33 fatigued and 14 non-fatigued breast cancer survivors, focusing on promoter
sequence polymorphisms in IL1B and IL6 associated with differential expression of proinflammatory cyto-
kines. Predictors of fatigue included presence of at least one cytosine at IL1B —511 (95%CI = 0.91-16.6,
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’F‘:{i""l‘l’g‘f&' p=.007) and homozyosity for either variant of the IL6 —174 genotype (G/G or C/C; 95%Cl = 1.12-17.9,
Canfer p=.027). Associations between fatigue status and IL1B genotype remained significant after covariate

adjustment for demographic, biobehavioral and treatment-related factors. These findings provide preli-
minary evidence that polymorphisms in IL1B may serve as a potential risk factor for persistent fatigue
in the aftermath of cancer.
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1. Introduction

Persistent, medically unexplained fatigue is one of the most
common and disabling sequelae of breast cancer treatment (Bower
et al., 2000, 2006). Experimental studies documenting effects of
proinflammatory cytokines on central nervous system function
and “sickness behavior” (Dantzer et al., 2008; Kent et al., 1992)
have led our group and others to examine proinflammatory cyto-
kine activity as a potential mechanism for cancer-related fatigue.
We have shown elevations in plasma and cellular markers of
inflammation in breast cancer survivors with persistent post-treat-
ment fatigue, including elevations in circulating levels of IL-1
receptor antagonist (IL-1ra) and soluble IL-6 receptor (sIL-6r) as
well as increases in ex vivo monocyte production of IL-6 following
LPS stimulation (Bower et al., 2002, 2003, 2007; Collado-Hidalgo
et al., 2006). However, the etiology of chronic inflammatory pro-
cesses and associated symptoms of fatigue has not been
determined.
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The present study was designed to test the hypothesis that
variations in cytokine-related fatigue are influenced by genetic
polymorphisms in the regulatory regions (promoters) of genes
that encode proinflammatory cytokines. In particular, we focus
on genes related to the proinflammatory cytokines IL-1B and
IL-6, given evidence of alterations in these systems among fati-
gued breast cancer survivors (Bower et al., 2002, 2003, 2007;
Collado-Hidalgo et al., 2006) and other cancer populations with
fatigue (Schubert et al., 2007). Single nucleotide polymorphisms
(SNPs) that influence quantitative gene expression levels have
been identified in the promoters of ILIB (—511 bases upstream
of the transcription start site) (Giovine et al., 1992) and IL6
(—174) (Fishman et al., 1998; Olomolaiye et al.,, 1998). Recent
evidence suggests a relationship between promoter polymor-
phisms in several proinflammatory cytokine genes and breast
cancer susceptibility and prognosis (Hefler et al., 2005; Smith
et al., 2004), as well as treatment-related changes in breast
appearance (Andreassen et al., 2005). However, links with behav-
ioral symptoms have not yet been examined. Based on the a pri-
ori hypothesis that polymorphisms affecting proinflammatory
cytokine levels should influence the risk of fatigue, we tested
promoter polymorphisms in IL1B and IL6 as candidate genes
for fatigue in breast cancer survivors.
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2. Methods
2.1. Participants

Breast cancer survivors were recruited from the Los Angeles
area through tumor registry listings, newspaper advertisements,
flyers, and other media coverage. Eligibility criteria included: (1)
originally diagnosed with early-stage breast cancer (Stage 0, I, or
II) between 1 and 5 years previously; (2) completed all cancer
treatment with the exception of tamoxifen/aromatase inhibitors;
(3) no evidence of cancer recurrence; and (4) no chronic medical
conditions involving the immune system or regular use of immu-
nosuppressive medications. From the 314 women screened for eli-
gibility, we identified 33 survivors who experienced significant
fatigue. Fatigue status was determined using the vitality subscale
of the SF-36, where scores below 50 represent limitations or dis-
ability related to fatigue (Ware et al., 1992). Women were classi-
fied as fatigued if their vitality score was <55, although the
majority (n=31) scored at or below 50. We have previously shown
that women scoring at or below 50 on the SF-36 vitality subscale
show significant alterations in behavioral, immune, and neuroen-
docrine parameters, supporting the validity of this classification
system (Bower et al., 2000, 2002, 2003, 2005a,b, 2007). A control
group of 14 non-fatigued survivors was also identified who scored
at or above 70 on the SF-36 vitality subscale.

A subset of study participants (n = 26 fatigued, 14 non-fatigued)
was examined in a previous study that focused on circulating and
cellular markers of proinflammatory cytokine activity (Collado-Hi-
dalgo et al., 2006). In the previous study, a slightly more stringent
criterion was used for determining fatigue status (i.e., score <50 on
the SF-36 vitality scale over two to three assessments).

2.2. Procedure

Participants completed self-report questionnaires and provided
blood samples for evaluation of genomic DNA. Height and weight
were measured for determination of body mass index (BMI). The
UCLA Institutional Review Board approved study procedures, and
written consent was obtained from all participants.

2.3. Measures

Self-report questionnaires were used to assess demographic
and medical characteristics, including age, ethnicity, menopausal
status, and cancer treatments. Fatigue symptoms were assessed
with the Multidimensional Fatigue Symptom Inventory (MFSI;
Stein et al., 1998, 2004), a validated measure of cancer-related fa-
tigue, and depressive symptoms were assessed with the Beck
Depression Inventory II (BDI-II) (Beck et al., 1996).

Genomic DNA was extracted from peripheral blood leukocytes
and amplified by PCR. PCRs were performed on a Bio-Rad iCycler
using established primers for IL6 —174 (G/C) (DeMichele et al.,
2003), and a newly developed primer pair designed using Primer
3 software for IL1B —511 (C/T) (see Table 1). PCR products spanning
IL6 —174 (G/C) and IL1B —511 (C/T) were assayed by restriction
fragment length polymorphism using the enzymes NIalll or Aval,
respectively.

Table 1
Primer sequences used for genotyping IL1B —511 (C/T) and IL6 —174 (G/C)

Primer name Sequence 5'-3’

IL-1B-511 Forward GTCTTGCAGGGTTGTGTGAG
IL-1B-511 Reverse GCCAATAGCCCTCCCTGT
IL-6-174 Forward ATGCCAAGTGCTGAGTCACTA
IL-6-174 Reverse TCGAGGGCAGAATGAGCCTC

2.4. Statistical analyses

Relationships between fatigue status (fatigued/non-fatigued)
and genotypes were analyzed using SAS v9.1 (SAS Institute, Cary,
NC). Simple associations were assessed by chi-square analysis
(SAS PROC FREQ), and multivariate logistic regression analyses
(SAS PROC LOGISTIC) analyzed relationships while controlling for
demographic, medical, or biobehavioral confounds. Strength of
relationships are expressed as odds ratios (OR) with 95% confi-
dence intervals (95% CI).

3. Results

Fatigue status in this sample was confirmed with the Multidi-
mensional Fatigue Symptom Inventory, with the fatigued group
scoring significantly higher on the general fatigue scale
(mean =12.5, SD = 5.1) than the non-fatigued group (mean = 3.9,
SD = 3.6; t(45) = —5.7, p <.0001). Demographic, medical, and treat-
ment-related characteristics of fatigued and non-fatigued survi-
vors are shown in Table 2. There were significant group
differences in depressive symptoms (t(45)=-2.8, p=.007) and
age (t(45)=2.6, p =.01). None of the other group differences were
significant (all ps >.10).

Analysis of the IL1B —511 (C/T) polymorphism revealed a sub-
stantial over-representation of CC alleles among fatigued survivors
and a substantial under-representation of TT alleles (Fig. 1A). In-
creased prevalence of C vs. T nucleotides at IL1B —511 yielded a lin-
ear dose-response relationship (p =.008), and the prevalence of at
least one cytosine at this position was substantially greater among
fatigued participants (100%) than among non-fatigued (78.6%; 95%
CI=0.91-16.6, p =.007).

Fatigued breast cancer survivors showed an elevated occur-
rence of homozygosity for both the variant C allele and the wild-
type G allele of the IL6 —174 (G/C) polymorphism, with approxi-
mately twofold greater representation of both GG and CC alleles
in the fatigued group compared to non-fatigued controls
(Fig. 1B). Only 33.3% of fatigued survivors were heterozygous for
IL6 —174, compared to 69.2% of non-fatigued controls (95%
Cl=1.12-17.9; p=.027).

To determine whether IL18 —511 and IL6 —174 rSNPs each con-
stitute independent predictors for post-cancer fatigue, we carried
out multivariate logistic regression analyses predicting fatigue sta-
tus from both polymorphisms in parallel. Results showed that each
polymorphism was independently associated with fatigue status,
with fatigue continuing to show significant association with homo-
zygosity at IL6 —174 (p =.024) and the prevalence of cytosine at
IL1B —511 (p =.021). Consistent results were obtained in analyses

Table 2
Demographic and treatment-related characteristics of study participants

Characteristic Fatigued (n=33) Non-fatigued (n=14)

Age (mean + SD)’ 54.1+8.3 61.1+8.5
Ethnicity

White 23 10

Hispanic 3

African-American 2 2

Asian 4 0

Other 1 1
Body mass index (mean * SD) 28.2+6.2 263+6.4
Treated with chemotherapy 20 5
Tamoxifen or aromatase inhibitor use 19 9
Years since diagnosis (mean + SD) 28+1.2 22+.71
BDI-II score (mean * SD)’ 11+7.6 49+42

p<.05.
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Fig. 1. Prevalence of polymorphisms in the interleukin-1 beta gene (IL1B) and the interleukin-6 gene (IL6) in fatigued and non-fatigued breast cancer survivors. Significant
predictors of fatigue status included presence of at least one cytosine at IL1B —511 (95%CI = 0.91-16.6, p =.007) and homozyosity for either variant of the IL6 —174 genotype

(95%CI =1.12-17.9, p =.027) by nonparametric chi-square analysis.

restricting fatigue to individuals who scored at or below 50 on the
SF-36 vitality scale.

To determine whether associations between genotype and fati-
gue status were independent of other demographic and clinical
confounds (i.e., age, ethnicity, menopausal status, body mass index,
depressive symptoms, and cancer treatments), we first identified
confounds that were significantly or nearly significantly associated
with one or more of the measured polymorphisms. Analyses con-
trolling for these variables (i.e., age, depressive symptoms, mastec-
tomy, breast reconstruction, and breast irradiation) continued to
show significant relationships between fatigue and the IL1B —511
polymorphism, with the exception that controlling for depressive
symptoms resulted in a near-significant association between fati-
gue and cytosine frequency at IL1B —511 (p =.052). However, rela-
tionships between IL6 —174 homozygosity and fatigue were
rendered non-significant by control for age, and by control for sev-
eral treatment-related characteristics (all p >.05). Analyses con-
trolling for ethnicity (white vs. non-white) continued to show
significant associations between each genotype and fatigue status.

As previously reported, fatigued women in the parent study
from which these women were drawn had elevated plasma levels
of IL-1ra and soluble IL-6R relative to non-fatigued survivors, as
well as elevations in monocyte intracellular production of IL-6 fol-
lowing ex vivo LPS stimulation (Collado-Hidalgo et al., 2006). Con-
sistent with results from the previous study, fatigued women in
this sample showed significantly higher levels of sIL-6R (p =.028)
and marginally significantly higher levels of IL-1ra (p = .074). There
were no significant differences in plasma levels of IL-6, again con-
sistent with results from the parent study.

Thus, exploratory analyses were conducted to evaluate whether
IL1B —511 and IL6 —174 rSNPs were associated with alterations in
these parameters using Spearman rank correlation coefficients. We
found significant correlations between circulating concentrations
of IL-1ra and the frequency of G alleles at IL6 —174 (r=.35,
p=.019), and between circulating concentrations of sIL-6R and
the frequency of C alleles at IL1B —511 (r=.33, p=.027). There
was also a trend towards an association between frequency of G al-
leles at IL6 —174 and increased ex vivo monocyte production of IL-6
(r=.26, p=.078). However, we found no association between fati-
gue genotypes and circulating levels of IL-6.

4. Discussion
This study is the first to identify a relationship between cyto-

kine gene regulatory polymorphisms and post-treatment fatigue
in breast cancer survivors. In particular, we found that fatigued

survivors showed an increased prevalence of cytosine at IL1B
—511 controlling for demographic and clinical confounds; results
for IL6 —174 were less reliable and appeared to be confounded
with age and clinical variables in this sample. These results build
on our previous findings of elevated inflammatory activity among
fatigued breast cancer survivors, including increases in circulating
inflammatory markers and functional alterations in proinflamma-
tory cytokine response to lipopolysaccharide (Bower et al., 2002,
2007; Collado-Hidalgo et al., 2006). It can be hypothesized that
presence of these genetic risk factors, particularly polymorphisms
in IL1B, leads to enhanced production of proinflammatory cyto-
kines triggered by the tumor and/or by cancer treatment, with sub-
sequent effects on fatigue via cytokine regulation of central
nervous system function (Dantzer et al., 2008).

Previous studies have shown that each of the genotypes as-
sessed in this study is associated with increased expression of its
respective cytokine (e.g., Brull et al.,, 2001; Burzotta et al., 2001;
Giovine et al., 1992). In this cohort, we examined the association
between these genotypes and circulating levels of IL-1ra and sIL-
6R, given our previous findings of elevations in these markers
among fatigued breast cancer survivors (Collado-Hidalgo et al.,
2006). The IL1B —511 and IL6 —174 genotypes were positively cor-
related with circulating levels of these inflammatory markers,
although not with circulating levels of IL-6. Of note, we also find
no association between fatigue status and plasma IL-6 in this sam-
ple (Collado-Hidalgo et al., 2006). The IL6 —174 genotype was also
associated with a marginally elevated cytokine production re-
sponse to LPS. These findings require confirmation in a larger sam-
ple, but lend preliminary support for the hypothesis that SNPs in
proinflammatory cytokine genes may influence cancer-related fati-
gue via activation of the proinflammatory cytokine network. Why
this activation persists into the post-treatment period in these
otherwise healthy survivors is unclear, but may be due to altera-
tions in cellular components of the immune system (Bower et al.,
2003) or in immune regulatory systems, such as the HPA axis
(Bower et al., 2005a,b, 2007).

The primary limitation of this study was the small sample size,
which renders the findings preliminary. In addition, because our
study did not include a control group of women with no cancer his-
tory, we cannot determine whether the association between these
cytokine polymorphisms and fatigue was specific to breast cancer
diagnosis and treatment. Given that proinflammatory cytokines
can trigger behavioral changes in healthy individuals (Reichenberg
et al,, 2001), it is possible that polymorphisms associated with in-
creased cytokine expression may also confer risk for fatigue in non-
cancer populations. Future research should evaluate the associa-
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tion between polymorphisms in cytokine-related genes and fatigue
in women with and without a cancer history to determine whether
this association is specific to cancer.

A growing number of studies have examined cytokine promoter
SNPs in breast cancer susceptibility and prognosis, with mixed re-
sults (Balasubramanian et al., 2006; Hefler et al., 2005). The role of
cytokine gene polymorphisms in cancer-related behavioral distur-
bances has received minimal attention, although there is prelimin-
ary evidence that promoter polymorphisms of IL-1p and IFN
receptor may increase risk for depression in non-cancer popula-
tions (McCulley et al., 2004; Yoshida et al., 2005). Our results,
though preliminary, suggest a novel role for cytokine SNPs in can-
cer-related fatigue and provide further support for an inflamma-
tory etiology for persistent fatigue in breast cancer survivors.
These findings may have clinical relevance by shedding light on
risk factors for post-treatment fatigue, and by suggesting avenues
for targeted treatment (e.g., anti-cytokine therapies).
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