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Myocardial infarction (MI) triggers an inflammatory 
response.1,2 Early in the post-MI inflammatory phase, 

proinflammatory cytokines with chemoattractant proper-
ties are activated and contribute to neutrophil recruitment 
to the infarcted area.1,2 In addition, proinflammatory cy-
tokines3 promote demargination of intravascular neutro-
phils, acceleration of the release of neutrophils by the bone 
marrow, and activation of neutrophils.4-6 Indeed, the early 
post-MI period is frequently marked by activation of neu-
trophils7,8 and elevation of the peripheral neutrophil count. 
We have previously demonstrated that neutrophil count on 
incident MI presentation is strongly and independently as-
sociated with adverse outcomes.9 Secondary analysis of 
clinical trials of ST-elevation MI also showed associations 
between peripheral neutrophil count and post-MI adverse 
outcomes.10

	 The proinflammatory cytokines include the tumor necro-
sis factor (TNF), interleukin (IL) 1 and IL-6 families,2,11,12 
which are not constitutively expressed in the heart.13,14 
However, these cytokines are consistently and rapidly ex-
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OBJECTIVE: To investigate the association between 347 single-
nucleotide polymorphisms within candidate genes of the tumor 
necrosis factor, interleukin 1 and interleukin 6 families with neu-
trophil count.

PATIENTS AND METHODS: Four hundred cases with heart failure 
after myocardial infarction (MI) were matched by age, sex, and 
date of incident MI to 694 controls (MI without post-MI heart 
failure). Both genotypes and neutrophil count at admission for 
incident MI were available in 314 cases and 515 controls.

RESULTS: We found significant associations between the TNFSF8 
polymorphisms rs927374 (P=5.1 x 10–5) and rs2295800 (P=1.3 x 
10–4) and neutrophil count; these single-nucleotide polymorphisms 
are in high linkage disequilibrium (r2=0.97). Associations per-
sisted after controlling for clinical characteristics and were un-
changed after adjusting for case-control status. For rs927374, 
the neutrophil count of GG homozygotes (7.6±5.1) was 16% lower 
than that of CC homozygotes (9.0±5.2).

CONCLUSION: The TNFSF8 polymorphisms rs927374 and rs2295800 
were associated with neutrophil count. This finding suggests that 
post-MI inflammatory response is genetically modulated.
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GWAS = genome-wide association study; HF = heart failure;  IL = inter-
leukin; MAF = minor allele frequency; MI = myocardial infarction; SNP = 
single-nucleotide polymorphism; TNF = tumor necrosis factor

pressed in response to myocardial injury, including MI.15-19 
The short-term limited expression of cytokines provides the 
heart with an adaptive response to injury. This protective 
response may occur at the cost of unwanted deleterious ef-
fects, including left ventricular dysfunction,20-23 which may 
manifest clinically as heart failure (HF) syndrome. In HF, 
increased levels of both TNF and IL-6 are associated with 
worse survival.6,24 After MI, levels of IL-6 are associated 
with an increase in left ventricular end-diastolic volume 
and remodeling.25

	 Production of proinflammatory cytokines is genetically 
modulated with heritability estimates ranging from 53% 
to 86%.26,27 It is unknown whether genetic variants of the 
proinflammatory cytokine families are associated with 
post-MI inflammation as assessed by the inflammatory 
marker of neutrophil count. Therefore, we investigated 
the association between 347 single-nucleotide polymor-
phisms (SNPs) within candidate genes of the proinflam-
matory cytokine families, including TNF (18 genes), IL-1 
(10 genes), and IL-6 (12 genes), and peripheral neutrophil 
count in a nested case-control study from the Olmsted 
County, Minnesota, cohort of incident MI.28 This study 
tests the hypothesis that variants within candidate genes 
of these proinflammatory cytokine families are associated 
with peripheral neutrophil count in patients with MI.

PATIENTS AND METHODS

Study Design

The parent study, which enabled the current investigation, 
consists of an observational cohort of patients with inci-
dent MI within the geographically defined population of 
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Olmsted County, where Mayo Clinic and Olmsted Medi-
cal Center provide medical care for all county residents. 
These facilities use a unified record linkage system that 
accumulates comprehensive clinical records. The Roch-
ester Epidemiology Project enables these records to be 
easily retrieved.29 Details of assembly of the DNA re
pository that was used for the identification and recruit-
ment of participants in this study have been previously 
published.28

	 The current study design was a case-control study of 
white patients nested in the incident MI cohort. The case 
group consisted of 400 patients with MI and post-MI 
HF (HF within 90 days after MI), and the control group  
consisted of 694 MI patients who did not experience  
post-MI HF (within 90 days after MI). We attempted to 
match cases and controls 1:2 by age (±5 years), sex, and 
date of diagnosis of the acute MI (±5 years). If 1:2 match-
ing was not possible, we applied 1:1 matching. The Mayo 
Clinic Institutional Review Board approved this study 
(1194-05), and all participants signed a written informed 
consent form.
	 The Framingham Heart Study criteria were used to di-
agnose HF.30 Masked abstractors unaware of the case-con-
trol status reviewed the records of all study participants 
and validated the diagnosis of post-MI HF. Ascertaining 
HF based on the Framingham Heart Study criteria in our 
experience yielded an excellent intraobserver agreement 
(κ=0.87; 95% confidence interval, 0.78-0.96).31 Clinical 
diagnoses were used to ascertain systemic hypertension, 
diabetes mellitus, hyperlipidemia, familial coronary ar-
tery disease, and smoking status (defined as current or 
prior smoking history). Body mass index was calculated 
using the admission height and weight. Clinical data ob-
tained also included Killip class. Reperfusion therapy was 
defined as the use of thrombolytic therapy, percutaneous 
coronary intervention, or coronary artery bypass surgery.
	 Left ventricular ejection fraction was measured during 
hospitalization for the acute MI by previously validated 
methods, including M-mode or bidimensional echocar-
diography using the Quinones formula from the parasternal 
views,32 by the quantitative bidimensional biplane volumet-
ric Simpson method,33 and by the bidimensional estimate 
method from multiple echocardiographic views.34 Ejection 
fraction values were averaged when multiple measure-
ments were performed. Wall motion in each of 16 segments 
was scored 1 through 5.35 The wall motion score index was 
determined as the sum of the segmental scores divided by 
the number of visualized segments.35 Diastolic function 
was assessed by a previously described approach,36 which 
integrates Doppler measurements of the mitral inflow and 
Doppler tissue imaging of the mitral annulus using the me-
dial annulus velocity.37

Peripheral Neutrophil Count

Clinically indicated blood samples were drawn at presen-
tation for the incident MI. The peripheral blood leukocyte 
count was estimated with an automated hematology ana-
lyzer. This instrument uses approximately 100,000 cells 
per differential to produce a differential count, includ-
ing absolute neutrophil count,38 which was used for this 
study.

SNP Selection

The candidate genes included the proinflammatory cy-
tokine families TNF (18 genes), IL-1 (10 genes), and 
IL-6 (12 genes), as described in the Kyoto Encyclope-
dia of Genes and Genomes (Table S1 [a link to which 
is provided at the end of this article]). Two approaches 
were used to select SNPs for genotyping, one based on 
haplotypes and the other on linkage disequilibrium. We 
based our haplotype tag SNP selection on the technique 
of Stram et al,39 using an r2 of 0.90, tagging haplotypes 
with a frequency of 2% or higher. We applied the link-
age disequilibrium select method developed by Carlson 
et al40 (http://droog.gs.washington.edu/ldSelect.html) on 
HapMap central ethnicity, Utah origin data. This popula-
tion consists of Utah residents with Northern and Western 
European ancestry from the Centre d’etude du Polymor-
phisme Humain collection. We used an r2 of 0.90 and a 
minor allele frequency (MAF) of 0.05. The SNPs with 
design scores greater than 0.60 (Illumina Inc, San Diego, 
CA) were preferentially selected.

Genotyping and Quality Control

Genotyping was performed in the Mayo Genotyping 
Shared Resource in 2 series using the Illumina Golden-
Gate assay.41 All pairwise replicate sample comparisons 
showed more than 99.5% genotype call concordance rate. 
Because all X-linked genes of this study lie outside the 
pseudoautosomal regions, males only have homozygous 
genotype for the relevant SNPs. We deleted 5 reported 
male samples because of varying degrees of heterozygos-
ity in the X-linked SNPs. Evaluation of paired identity 
by state in the remaining 1034 nonduplicated incident MI 
samples revealed one related pair of samples, indicating 
possible sample mix-up. This pair together with 12 other 
samples having genotype call rates of less than 98% was 
also excluded from the study. Besides these 23 SNPs, we 
eliminated an additional 33 SNPs for the following rea-
sons: 30 with an MAF less than 5%, 2 with a call rate 
less than 98%, and 1 with a difference in MAF of more 
than 10% between the 2 series. Three SNPs deviated sig-
nificantly from the Hardy-Weinberg equilibrium (χ2 test,  

P<.0001) but were retained on graphic review of their 
genotype clusters. Note that only female samples were 
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included in the calculation of MAF and Hardy-Weinberg 
equilibrium for the X-link SNPs.

Statistical Analyses

The clinical characteristics of patient groups were com-
pared using the χ2 test for categorical variables and the Wil-
coxon rank sum test for continuous variables. Individual 
SNP associations with neutrophil count were assessed with 
linear regression modeling adjusted for the clinical covari-
ates of age, sex, smoking, diabetes mellitus, presence of ST 
elevation, and reperfusion or revascularization. Analysis 
was also completed with no clinical covariates included in 
the linear regression model. The distribution of neutrophil 
count was highly positively skewed; hence, a natural log 
transformation was applied. Autosomal SNPs were coded 
as nominal variables with homozygotes for the major al-
lele in the reference group, whereas minor homozygotes 
and heterozygotes were used as the alternative categories. 
For the X-linked SNPs, the alternative categories were re-
placed by male hemizygotes, female heterozygotes, and 
female homozygotes. When homozygotes for the minor al-
lele of an SNP had a frequency of less than 5, we combined 
them with the heterozygotes. We performed a case-control 
stratification analysis to ensure that any significant associa-
tion was not a consequence of the study design. To correct 
for multiple comparisons, we used a Bonferroni correction 
based on the number of SNPs tested (0.05/347=1.4 × 10–4). 
The confidence interval–based haplotype block definition 
in Haploview version 4.2 (Broad Institute, Cambridge, 
MA)42 was used to generate a linkage disequilibrium plot 
of the genomic region of interest.

RESULTS

After application of the exclusion criteria previously de-
tailed (Figure 1), 1017 samples had adequate genotyping; 

of those, neutrophil count was available in 314 cases and 
515 controls. Baseline clinical characteristics are summa-
rized in Table 1. Cases had higher neutrophil counts and 
worse left ventricular function as indicated by higher Kil-
lip class, worse ejection fraction, and higher wall motion 
score index.
	 The associations between the TNFSF8 polymorphisms 
rs927374 (P=5.1 x10–5) and rs2295800 (P=1.3 × 10–4) and 
peripheral neutrophil count (Table 2) were deemed signifi-
cant with the Bonferroni correction. These associations re-
mained significant after controlling for age, sex, smoking, 
diabetes mellitus, presence of ST elevation, and reperfusion 
or revascularization. Ancillary analysis, including case-
control status as covariate and stratifying by case-control 
status, indicated that the associations were unaffected by 
case-control status (data not shown). The association of all 
TNFSF8 SNPs with neutrophil count is shown in Table 2. 
Other SNPs were marginally associated with neutrophil 

TABLE 1. Baseline Clinical Characteristics

			   Cases	 Controls	 P
	 Characteristic	 (n=314)	 (n=515)	 value

Baseline characteristics
	 Age (y)	   74 (13)	   73 (13)	 .05
	 Women	 157 (50)	 251 (49)	 .78
	 Body mass index	 29 (7)	 28 (6)	 .13
	 Ever smoker	 184 (59)	 283 (55)	 .34
	 Diabetes mellitus	 115 (37)	 134 (26)	 .002
	 Hypertension	 237 (75)	 379 (74)	 .63
	 Hyperlipidemia	 187 (60)	 334 (65)	 .14
	 Familial CAD	   43 (14)	   86 (17)	 .28
Electrocardiogram
	 Anterior location	 136 (43)	 137 (27)	 <.001
	 ST elevation	   55 (18)	   92 (18)	 .95
	 Killip class 2, 3, or 4	 228 (73)	 106 (21)	 <.001
Biomarkers			 
	 Troponin T peak 
		  (ng/mL)	 0.23 (0.07-1.47)	 0.27 (0.10-0.96)	 .98
	 Creatine kinase MB 
		  peak ratio (ng/mL)	 1.69 (0.87-4.73)	 1.65 (0.94-5.45)	 .61
	 Neutrophil count 
		  (× 109/L)	 8.0 (5.9-11.1)	 6.3 (4.5-8.8)	 <.001
Left ventricular function
	 Ejection fraction (%)	 47 (16)	 56 (11)	 <.001
	 Wall motion 
		  score index	 1.56 (1.06-2.00)	 1.13 (1.00-1.56)	 <.001
	 Diastolic dysfunction, 
		  moderate to severe	 168 (54)	 173 (34)	 <.001
Medications during 
	 hospitalization
	 β-Blockers	 230 (73)	 404 (78)	 .99
	 Statins	 160 (51)	 298 (58)	 .38
	 Aspirin	 223 (71)	 415 (81)	 .13
	 Angiotensin

2
 blockers	   33 (11)	 40 (8)	 .13

	 ACE inhibitors	 163 (52)	 244 (47)	 .03
Reperfusion or 
	 revascularization	 104 (33)	 244 (47)	 <.001

Data are presented as number (percentage), mean (standard deviation), 
or median (interquartile range). ACE = angiotensin-converting enzyme; 
CAD = coronary artery disease. 

FIGURE 1. Reasons for exclusion of samples.

1094 Initial sample

  2 Non-myocardial infarction
  1 Nonwhite
55 Not enough DNA or poor quality DNA
19 Quality control filtering discarded

1017 Final sample
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count. This finding could be explained by the strong linkage 
disequilibrium in the region (Figure 2). In particular, the r2 
value was 0.97 between TNFSF8 rs927374 and rs2295800 

FIGURE 2. Linkage disequilibrium plot for variants in the TNFSF8 gene. A = adenine; 
C = cytosine; chr9 = chromosome 9; G = guanine; SNP = single-nucleotide polymor-
phism; T = thymine.

TABLE 2. Association Between Inflammation Genotype and Neutrophil Count of TNFSF8a

	
Mean ± SD neutrophil count, × 109/L

	  	
			 

(No. of samples)
		  P valuec

	 TNFSF8	 0b	  1b	  2b	 P value    	 (multivariate)

rs2295800 (AA, AG, GG)	 9.0±5.2 (260)	 7.9±6.0 (393)	 7.7±5.1 (176)	 1.3 × 10–4d	 1.3 × 10–4d

rs1322055 (AA, AG, GG)	 7.9±5.4 (601)	 9.0±6.1 (202)	 8.4±4.6 (26)	 .007	 .004
rs1555457 (GG, GA, AA)	 8.5±5.7 (591)	 7.5±5.3 (219)	 7.3±4.8 (19)	 .001	 .001
rs927374 (CC, CG, GG)	 9.0±5.2 (260)	 8.0±6.0 (389)	 7.6±5.1 (180)	 5.1 × 10–5	   7.1 × 10–5d 
rs7036962 (CC, CA, AA)	 8.8±5.1 (298)	 8.0±6.2 (375)	 7.6±4.9 (156)	 4.3 × 10–4	 2.9 ×10–4	
rs3181360 (GG, GA, AA)	 8.2±5.6 (749)	 8.2±5.5 (80)	          …	 .89	 .85
rs3181354 (AA, AG, GG)	 8.4±5.4 (456)	 7.9±5.9 (312)	 8.2±6.0 (60)	 .07	 .06
rs3181348 (GG, GA, AA)	 8.9±5.1 (279)	 8.0±6.1 (387)	 7.5±5.1 (163)	 1.6 × 10–4	 2.2 × 10–4	
rs726658 (GG, GC, CC)	 8.4±5.3 (453)	 8.0±6.0 (314)	 8.2±5.9 (62)	 .13	 .12
rs726657 (GG, GA, AA)	 8.9±5.1 (287)	 8.0±6.1 (379)	 7.6±5.1 (161)	 3.0 × 10–4	 2.6 × 10–4

a A = adenine; C = cytosine; G = guanine.
b Copies of the minor allele.
c Controlling for age, sex, smoking, diabetes mellitus, presence of ST elevation, and reperfusion or revascularization. 
d Single-nucleotide polymorphism associations that were statistically significant (Bonferroni significance level = 

1.4 × 10–4).

(Figure 2). The results of the other SNP associations with 
neutrophil count are summarized in Table S2 (see Support-
ing Online Material.
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mation, than patients with rheumatoid arthritis without HF 
at follow-up.53 Collectively, those prior studies suggest that 
inflammation is a common mechanism for coronary artery 
disease, HF, and rheumatoid arthritis. Thus, there is a need 
to further investigate TNFSF8 variants with susceptibility 
to MI, HF, and systemic inflammatory diseases, such as 
rheumatoid arthritis.
	 A genome-wide association study (GWAS) in healthy 
Europeans identified a variant in CSF3 associated with 
total white blood cell count,54 but the genetic association 
with neutrophil count was not evaluated. Another GWAS 
demonstrated that variants in CSF3 were associated with 
neutrophil count in 5771 Japanese patients with 14 differ-
ent diseases55 recruited to a Japanese biorepository. Con-
versely, in the current study, variants in the CSF3 gene 
were not associated with peripheral neutrophil count in 
incident MI. This difference in results could relate to dif-
ferences in study design. The neutrophil count reported 
herein was likely regulated by a genetically modulated 
expression of proinflammatory cytokines released by the 
early post-MI inflammation, whereas participants of the 
GWAS were relatively healthy adults.54,55 Indeed, the Eu-
ropean study recruited healthy volunteers,54 whereas the 
Japanese study included 6% of patients with a history of 
prior MI.55 When comparing our results with the Japanese 
study, the differences in ethnicity could also have contrib-
uted to the inconsistent findings.
	 Our study has several strengths. It is a population-based, 
case-control study with detailed phenotype characteriza-
tion that follows strict and previously validated epidemio-
logical criteria.31,56,57 Clinically indicated blood samples 
were drawn at admission for the incident MI and were 
used to determine peripheral neutrophil count, which is an 
inflammatory marker. In addition, we report high-quality 
genotyping data. The primary limitations of our study are 
a limited sample size, lack of expression level of TNFSF8, 
and the unavailability of admission neutrophil count for all 
study participants. The positive findings in our report re-
quire replication in larger studies with greater power and 
ethnic diversity. Future studies should also address the ex-
pression level of TNFSF8.

CONCLUSION

In this case-control study nested in the Olmsted County 
cohort of incident MI, we found significant associations 
between TNFSF8 rs927374 and rs2295800 with peripheral 
neutrophil count in patients with MI. Moreover, our data 
were consistent with an association between neutrophil 
count and genotype. This finding suggests that post-MI in-
flammatory response is genetically modulated. These find-
ings require replication in larger multiethnic studies.

DISCUSSION

In this case-control study nested in the Olmsted County 
cohort of incident MI, we found significant associations 
between the TNFSF8 rs927374 and rs2295800 polymor-
phisms and peripheral neutrophil count in MI patients in-
dependent of case-control status. These 2 SNPs are in high 
linkage disequilibrium (r2=0.97), with rs927374 residing 
in an intron and rs2295800 outside the gene. For rs927374, 
the neutrophil count of the GG homozygotes was 16% low-
er than that of the CC homozygotes.
	 In a previous analysis of a multicenter trial of acute cor-
onary syndromes, there was no evidence of an association 
between selected genotypes of the IL-6 and IL-1 family 
of genes with white blood cell count after MI; however, 
variants in the TNF family of genes were not studied.43 In 
contrast to the previous study, we expanded the list of can-
didate genes, included TNF family and the IL-6 and IL-1 
families, evaluated their association with neutrophil count 
after MI, and identified an association between polymor-
phisms of the TNFSF8 gene with neutrophils in MI.
	 The SNP rs927374 is located in an intron of TNFSF8, 
and rs2295800 resides outside the gene. The TNFSF8 gene 
encodes the protein CD30L, which functions as the ligand 
for TNFRSF8 (CD30), a cell surface antigen. CD30L is 
a type 2 glycoprotein expressed on activated T cells and 
macrophages, as well as on B cells, mast cells, neutro-
phils, eosinophils, and various cancer cells.44-46 CD30L is 
constitutively expressed on neutrophils.47 Cross-linking of 
CD30L in neutrophils induced production of IL-8. That 
experiment also induced a strong, rapid oxidative burst,47 
which suggested that CD30L may contribute to activation 
of neutrophils. Activated neutrophils generate oxidizing 
agents through the myeloperoxidase pathway. Previously, 
in patients with acute MI and unstable angina, there was 
reduction in the neutrophil myeloperoxidase, which sug-
gested a significant release of myeloperoxidase from neu-
trophils and was a marker of neutrophil activation.7,8 How-
ever, the mechanism through which TNFSF8 variations 
might influence peripheral neutrophil count is unclear.
	 The association between genetic variations of TNFSF8 
and neutrophil count in MI is interesting given that CD30L 
has been shown to be elevated in patients with cutaneous 
inflammatory diseases (psoriasis and atopic dermatitis),48 
thyroid autoimmune diseases,49 and rheumatoid arthritis.50 
Patients with rheumatoid arthritis are more likely to have 
MI51 and HF52 when compared with controls without rheu-
matoid arthritis. In addition, a prior autopsy study showed 
increased coronary inflammation in patients with rheuma-
toid arthritis.53 In a prospective cohort study, patients with 
rheumatoid arthritis who developed subsequent HF had a 
higher erythrocyte sedimentation rate, a marker of inflam-
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