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Innate Immunity Genes Influence the Severity of Acute
Appendicitis

Fernando A. Rivera-Chavez, MD,* Dixie L. Peters-Hybki, MS,* Robert C. Barber, PhD,*
Guy M. Lindberg, MD,† Ishwarlal Jialal, MD, PhD,‡ Robert S. Munford, MD, �§ and

Grant E. O’Keefe, MD¶

Objective: Using acute appendicitis as a model, we tested the
hypothesis that polymorphisms in genes involved in host defense
can be associated with the severity of local infection-inflammation
in humans.
Summary Background Data: Innate immunity is the body’s front-
line system for antimicrobial host defense. Local inflammation is a
major innate immune mechanism for containing and destroying
microbes, but it may also contribute to tissue injury.
Methods: We studied 134 patients with acute appendicitis treated at
an urban hospital. We looked for associations between the severity
of appendicitis (uncomplicated vs. perforated or gangrenous),
plasma and peritoneal cytokine concentrations, and single nucleotide
polymorphisms in genes involved in recognizing bacterial molecules
�CD14 (�159 C3T); TLR4 (896 A3G)� and in mounting an
inflammatory response �IL-6 (�174 G3C), TNF-� (�308 G3A),
IL-1� (�31 C 3 T)�.
Results: Ninety-one patients (68%) had uncomplicated appendicitis
and 43 (32%) had complicated disease. The SNPs in the CD14,
TLR4, IL-1�, and TNF-� genes were not associated with the
severity of appendicitis. A strong association was found between
C-allele carriage at �174 in the IL-6 gene and decreased risk of
complicated disease (adjusted odds ratio � 0.24, 95% CI � 0.07–
0.76). Lower plasma and peritoneal fluid IL-6 concentrations in the
IL-6 �174 C-carriers than in the GG homozygotes suggest that this
polymorphism contributes to decreased IL-6 production in vivo.
Conclusions: Polymorphism in the IL-6 gene was associated with
the severity of appendicitis, even after adjustment for duration of

symptoms. The risk for developing appendiceal perforation or gan-
grene may be determined, in part, by variation in the IL-6 gene.

(Ann Surg 2004;240: 269–277)

The innate immune response has been highly conserved
during evolution. It involves an orchestrated polyphony

of local and systemic responses that rapidly destroy invading
microbes.1 Key innate immune mechanisms include those
that recognize microbial molecular patterns and initiate the
local response that attracts and activates leukocytes, increases
vascular permeability, elicits pain, and enhances blood flow
to the infected tissue.2

Many features of innate immunity are characteristic of
acute appendicitis, a common form of moderately severe, yet
localized, bacterial infection.3 Although the pathophysiology
of acute appendicitis is not entirely understood, obstruction of
the appendiceal lumen appears to be the initiating event in
most cases.4 Bacterial overgrowth and invasion occur within
the distended, obstructed appendix. The bacteriology is com-
plex, involving both aerobic and anaerobic bacterial constit-
uents of the normal gastrointestinal flora.5,6 Pathologically,
neutrophil infiltration of the muscularis is a necessary micro-
scopic feature; in complicated disease, it is often accompa-
nied by bacterial invasion. The likelihood of postoperative
complications, which are primarily infectious, is strongly
related to the severity of inflammation.3,7 In addition, the
severity of disease, and thus the risk for developing postop-
erative complications, has been tied to patient- and surgeon-
related delays in surgery and to the lack of health care
insurance, factors of considerable importance in the delivery
of health services.8,9

Furthermore, appendicitis is also a useful human model
of local inflammation, since appendiceal infection elicits both
regional and systemic responses and because standard man-
agement permits measurement of regional (peritoneal) and
systemic (blood) cytokine concentrations. Since the disease is
treated, in most cases, by appendectomy and as pathologic
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examination of the inflamed tissue is always performed, the
inflammatory response can be measured and characterized.
Additional advantages of acute appendicitis for the study of
local inflammation are that many patients are relatively young
and healthy prior to developing the disease and the duration
of symptoms prior to study is generally short.

We hypothesized that the severity of local inflamma-
tion, as it occurs in acute appendicitis, can be influenced by
polymorphisms in genes involved in innate immunity. To test
this hypothesis, we studied patients with acute appendicitis
for the occurrence of single nucleotide polymorphisms
(SNPs) in genes that encode participants in two general stages
of the innate response, microbial recognition and local in-
flammation. CD14 initiates the response to Gram-negative
organisms by binding to bacterial lipopolysacharide (LPS),
peptidoglycan, and other bacterial molecules,10 physical con-
tact between CD14-bound LPS, MD-2, and Toll-like receptor
4 (TLR4) initiates LPS signal transduction within macro-
phages, with the TLR4 molecule being the critical transmem-
brane component of the signaling pathway for LPS.11,12 Since
SNPs in the CD14 and TLR4 genes (CD14 �159 C3T,
TLR4 896 A3G) have been associated with altered re-
sponses to LPS,13,14 we hypothesized that these SNPs might
be present in individuals with complicated appendicitis. In
addition to these SNPs in CD14 and TLR4, we also studied
polymorphisms in the genes for three proteins that figure
prominently in local inflammation, regardless of the inciting
factor(s). Tumor necrosis factor-alpha (TNF-�), interleu-
kin-1� (IL-1�), and interleukin-6 (IL-6) link microbial rec-
ognition, as well as many noninfectious stimuli, to acute
inflammatory responses. Polymorphisms in the regulatory
regions of each of these genes have been associated with
altered cytokine responses and outcomes in a variety of
experimental and clinical conditions.15–17

MATERIALS AND METHODS

Appendicitis Patient Recruitment, Sampling,
and Clinical Diagnosis

From August 10, 2000 to September 8, 2001, we
recruited patients admitted to the Emergency Department at
Parkland Memorial Hospital who had a clinical diagnosis of
appendicitis and included those for whom the diagnosis was
confirmed by pathologic examination of the excised appen-
dix. All study subjects provided informed consent to blood
sampling, genotyping, and inclusion in the study. The Insti-
tutional Review Board at the University of Texas Southwest-
ern Medical Center approved the study protocol. Fifty-six of
these patients are the subject of a previous report concerning
the severity of appendicitis and local and systemic inflam-
mation.18

We obtained detailed clinical data including anti-in-
flammatory drug and antibiotic use, the presence of preexist-
ing medical illnesses and determined the duration of symp-
toms derived from the time the patient first felt ill to the start
of surgery. Blood anticoagulated with EDTA was obtained
preoperatively and peritoneal fluid was sampled intraopera-
tively, following a standardized procedure. After the perito-
neum was incised, 20 mL of 0.9% NaCl was instilled into the
peritoneal cavity adjacent to the appendix, allowed to dwell
for 1 minute, and then aspirated. Blood and peritoneal aspi-
rates were centrifuged (1000g, 20 minutes, 4°C) and the
plasma and supernatants were stored at �80°C until ana-
lyzed. A pathologist (G.L.), blinded to clinical data and to the
patient genotypes, confirmed the diagnosis and assigned the
severity of appendicitis. Complicated appendicitis required
microscopic confirmation, which included evidence of gan-
grene, necrosis, or perforation of the appendix. Patients were
followed in hospital and in clinic for postoperative infectious
complications. A surgical wound infection was defined as
purulent drainage from the wound, wound cellulitis that was
treated with antibiotics or opening of a previously closed
wound. Intraabdominal abscess was defined as an intraab-
dominal collection of purulent material that was drained
surgically or under radiologic guidance. The skin and subcu-
taneous tissue were closed at the discretion of the operating
surgeon. In general, delayed closure was limited to patients
with evidence of complicated appendicitis at the time of
surgery.

DNA Extraction, Polymerase Chain Reaction,
Pyrosequencing, and ELISA

Genomic DNA was extracted from buffy coats using
the QIAamp DNA Blood Midi Kit (Qiagen; Valencia, CA)
according to manufacturer’s instructions and DNA was stored
at �20°C until amplified. Fragments containing each of the
SNPs were individually amplified from genomic DNA by
polymerase chain reaction using TaqDNA polymerase
(Roche Diagnostics; Indianapolis, IN). All amplifications
were carried out in a PTC 200 thermal cycler (MJResearch;
Watertown, MA,) using a thermal profile, reaction conditions,
and primer sequences specific for each SNP (Table 1).

All genotypes were determined by pyrosequence anal-
ysis on a PSQ 96 Pyrosequencer (Pyrosequencing AB, West-
borough, MA) and genotypes were resolved using PSQ 96
SNP Software, v 1.2 AQ. Each SNP was assayed with a
specific primer sequence (Table 1), which enabled the scoring
of heterozygotes and alternate homozygotes with equal reli-
ability.19 All genotypes were confirmed by repeat pyrose-
quencing. We have determined the accuracy of pyrosequenc-
ing in comparison to dye terminator sequencing for TNF�
�308 and for IL-6 �174. For the other SNPs, repeat pyro-
sequencing agreed in all cases. An individual blinded to the
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clinical and biochemical data recorded genotype. The clinical
and DNA databases were then linked electronically using the
assigned study number, and no genetic information was ever
directly linked to patient identifiers.

Peritoneal fluid samples were available from 105 pa-
tients and plasma samples were available from 115 patients.
IL-1�, IL-6, and TNF-� concentrations in plasma and peri-
toneal fluid were determined by ELISA, using OptEIA Sets
(BD-Pharmingen, San Diego, CA) according to the manufac-
turer’s instructions. The lower detection limit for IL-6 and
IL-1� was 7.8 pg/mL, whereas that for TNF-� was 5.0
pg/mL. Peritoneal fluid was not diluted for TNF-� and IL-1�
analysis and was diluted 40-fold to measure IL-6. Plasma
samples were analyzed undiluted. TNF-� was infrequently
detectable in the plasma of the initial 56 subjects; therefore,
we did not measure this cytokine in the plasma of the
remaining patients. C-reactive protein was measured in the
plasma of the first 104 patients. In a pilot study, IL-1�, IL-6,
and TNF-� were not detectable in the plasma or peritoneal

fluid of 18 patients undergoing elective abdominal (laparot-
omy or laparoscopy) surgery.20 Plasma C-reactive protein
was measured by a high-sensitivity assay as previously de-
scribed.21

Data Presentation and Statistical Analyses

Comparisons of categorical data were made using �2

analysis while continuous data were compared with the Stu-
dent t test. Exact P values and/or 95% confidence intervals
are reported for all analyses. Initial comparisons were fol-
lowed by multivariate logistic regression analysis, which
tested potential clinical and genetic risk factors. We also
evaluated potential confounders. Variables remained in the
final model as risk factors (included and considered to be
significant if P � 0.05) or as confounders (observed to alter
the effects of other risk factors). Plasma and peritoneal
cytokine concentrations were compared using Student t test
and analysis of variance.

TABLE 1. Primers and PCR Conditions

Locus Amplimer Length Primer Sequences Amplification Conditions

IL-6 �174 111 nucleotides Forward:
5�-CGC TAG CCT CAA TGA C-3�
Reverse (Biotinylated):
5�-CGG GTG GGG CTG ATT GGA A-3�
Pyrosequencing primer (Forward):
5�-CCC TAG TTG TGT CTT GC-3�

1.5 mM MgCl2, 500 nM
primers, 0.2 mM dNTPs;
95°C for 6 min/35 cycles;
95°C for 45 s, 55°C for
30 s, 74°C for 45 s/74°C
for 6 min

TNF-� �308 107 nucleotides Forward (Biotinylated):
5�-AGG CAA TAG GTT TTG AGG GCC AT-3�
Reverse:
5�-TCC TCC CTG CTC CGA TTC CG-3�
Pyrosequencing primer (Reverse):
5�-GGC TGA ACC CCG TCC-3�

2.5 mM MgCl2, 500 nM
primers, 0.2 mM dNTPs;
95°C for 3 min/35 cycles;
95°C for 30 s, 60°C for
30 s, 74°C for 30 s/74°C
for 6 min

IL-1� �31 222 nucleotides Forward (Biotinylated):
5� CCT CCT ACT TCT GCT TTT GAA GGC-3�
Reverse:
5� AAG AGA GAG AGA GAG AGA ATA TGC-3�
Pyrosequencing primer:
5� TCC CTC GCT GTT TTT A-3�

2.5 mM MgCl2, 500 nM
primers, 0.2 mM dNTPs;
95°C - 5 min/35 cycles;
95°C - 30 s, 55°C - 30 s,
74°C - 30 s/74°C - 6 min

CD14 �159 193 nucleotides Forward (Biotinylated):
5�-ATC ATC CTT TTC CCA CAC C-3�
Reverse:
5�-GCC CCC TTC CTT TCC TGG A-3�
Pyrosequencing (Reverse):
5�-TTC AGG GAG GGG G-3�

1.5 mM MgCl2, 500 nM
primers, 0.2 mM dNTPs;
94°C for 3 min/30 cycles;
94°C for 30 s, 64°C for
60 s, 72°C for 30 s/72°C
for 5 min

TLR4 �896 193 nucleotides Forward (Biotinylated):
5�-AGT CCA TCG TTT GGT TCT GG-3�
Reverse:
5�-CAC ACT CAC CAG GGA AAA TG-3�
Pyrosequencing (Reverse):
5�-ACA ATT AAA TAA GTC AAT AA-3�

1.5 mM MgCl2, 500 nM
primers, 0.2 mM dNTPs;
95°C for 5 min/30 cycles;
95°C for 60 s, 55°C for
60 s, 72°C for 60 s/72°C
for 5 min
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RESULTS
Of 209 patients who underwent emergency appendec-

tomy, 14 were found not to have acute appendicitis and 61
did not provide informed consent (they either declined or
were not approached). The clinical features of the 134 in-
cluded patients are shown in Table 2. Patients with compli-
cated appendicitis were slightly older, had symptoms for a
longer time prior to surgery, and were more likely to develop
a postoperative infectious complication. As expected, plasma
C-reactive protein concentrations were higher in patients with
complicated appendicitis than in patients with uncomplicated
disease. All but 7 patients met one or more SIRS criteria at
the time of evaluation in the emergency department, and 66%
met 2 or more criteria. By self-report, most of our subjects
(86%) were of Hispanic ancestry.

To determine whether these SNPs were risk factors for
the development of appendicitis, we compared the allele
frequencies in the patients with acute appendicitis to those in
a control group (n � 150) of similar age, gender, and ethnic
background. No statistically significant differences were
noted (data not shown). We then focused our attention on the
patients with acute appendicitis. Carriage of the C-allele at
IL-6 �174 was associated with a lower risk of complicated
appendicitis (unadjusted relative risk � 0.42, 95% CI �

0.17–0.98, P � 0.04). None of the other SNPs was associated
with the risk for complicated appendicitis. Although the risk
for having complicated appendicitis was somewhat higher in
TNF-� �308 A-allele carriers, the association was not sta-
tistically significant (adjusted odds ratio � 2.7, 95% CI �
0.9–7.9, P � 0.07).

For multivariate analysis, we included the clinical pa-
rameters (age, gender, and duration of symptoms) that have
been reported by others to be associated with complicated
appendicitis.22 As the frequency of the SNPs studied here
differs among racial/ethnic groups, we also included this
variable in our model. Race (black, white, or Asian) and
ethnicity (Hispanic or non-Hispanic) assignment were based
upon self-report by the patient. Because the largest ethnic
group in our study was Hispanic, we analyzed our data
according to whether the patient was of Hispanic or non-
Hispanic ethnicity. In our multivariate analysis, we found that
age, gender, and ethnicity were not associated with severity
of disease and did not influence the relationship between
genotype and disease severity. Two variables were signifi-
cantly associated with risk of complicated appendicitis: IL-6
�174 C-allele carriers had a significantly lower risk of
complicated appendicitis, whereas the risk for complicated
appendicitis increased with increasing duration of symptoms

TABLE 2. Clinical, Genetic, and Biochemical Data for Entire Cohort and According to Severity of Appendicitis

Total
(n � 134)

Uncomplicated
Appendicitis (n � 91)

Complicated
Appendicitis (n � 43) P*

Clinical features
Age (years) 30 � 1 29 � 1 32 � 2 0.16
Male gender 95 (71%) 66 (73%) 29 (68%) 0.55
Hispanic ethnicity 113 (84%) 79 (87%) 34 (79%) 0.25
Duration of symptoms (hours) 37 � 2 34 � 2 43 � 4 0.05
C-reactive protein (mg/L) 122 � 11 93 � 12 186 � 23 0.001
Postoperative infection 7 (5%) 2 (2%) 5 (12%) 0.02

SNP frequency
IL-6 �174 C-allele 30 (22%) 25 (28%) 5 (12%) 0.04
TNF� �308 A-allele 18 (13%) 9 (10%) 9 (21%) 0.08
IL-1� �31 T-allele 87 (65%) 58 (64%) 30 (70%) 0.68
CD14 �159 T-allele 94 (70%) 64 (70%) 30 (70%) 0.95
TLR4 893 A-allele 12 (9%) 8 (9%) 4 (9%) 0.92

Cytokine concentrations (pg/mL)
Plasma IL-6 46 � 7 29 � 2 82 � 19 0.01
Peritoneal fluid IL-6 18,000 � 2000 16,000 � 2700 23,000 � 2700 0.08
Peritoneal fluid TNF-� 19 � 4 19 � 3 18 � 3 0.84
Plasma IL-1� 9 � 1 9 � 2 9 � 3 0.86
Peritoneal Fluid IL-1� 78 � 14 67 � 17 104 � 24 0.22

Continuous data are presented as mean and standard error of the mean. Categorical data are presented as numbers with percentage in parentheses.
*P values based on �2 for categorical data and Student’s t test for continuous data. Comparisons are between complicated and uncomplicated appendicitis.
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(Table 3). Only 2 patients were homozygous for the C-allele
at the �174 position, so it was not possible to analyze these
individuals separately from the heterozygotes. The TNF-�
�308 A-allele was associated with a modestly increased risk
for having complicated appendicitis (adjusted odds ratio �
2.7, 95% CI � 0.9–7.9, P � 0.07) and was therefore not
included in the final regression model.

We also conducted a secondary analysis that included
only Hispanic individuals. In this subgroup, the unadjusted
relative risk for complicated appendicitis associated with the
TNF-� �308 A-allele was 2.2 (95% CI � 1.2–3.8, P �
0.02). Adjusting for the IL-6 �174 SNP and for duration of
symptoms, the odds ratio for complicated appendicitis asso-
ciated with the TNF� �308 A-allele was 4.0 (95% CI �
1.2–13.3, P � 0.02). Adjusting for duration of symptoms and
the TNF-� �308 SNP, IL-6 �174 C-carriers had an odds
ratio of 0.23 (95% CI � 0.06–0.9, P � 0.03) for complicated
appendicitis. Thus, both the TNF-� �308 A-allele (increased
risk) and the IL-6 �174 C-allele (decreased risk) were
associated with complicated appendicitis in the Hispanic
individuals.

Plasma IL-6 concentrations were lower in C-allele
carriers (mean 21.3 � 3.5 pg/mL, n � 26) than in GG-
homozygotes (mean 53 � 9.2 pg/mL, n � 89, P � 0.001).
Similarly, peritoneal fluid aspirate IL-6 concentrations were
also lower in C-allele carriers (9900 � 1600 pg/mL, n � 21)
than in GG-homozygotes (20,700 � 2400 pg/mL, n � 84,
P � 0.001). As there was an imbalance in the distribution of
genotypes by disease severity (few IL-6 �174 C-carriers
�n � 5� had complicated disease), we also compared the
relationship between genotype and cytokine concentrations
separately for complicated and uncomplicated appendicitis.
In patients with uncomplicated disease, plasma IL-6 concen-
trations were only slightly lower in C-allele carriers (Fig.
1A), whereas peritoneal IL-6 levels were significantly lower

in the C-allele carriers than in the GG-homozygotes (Fig.
1B). Among those with complicated disease, both plasma
(Fig. 1C) and peritoneal (Fig. 1D) IL-6 concentrations were
significantly lower in C-allele carriers than in GG-homozy-
gotes. TNF-� was detected in the peritoneal fluid from the
majority of patients (76 of 105; 72%). The peritoneal TNF-�
concentration was not related to the severity of appendicitis
or to TNF� �308 genotype, however. Plasma and peritoneal
IL-1� concentrations were not associated with IL-1� �31
genotype or with disease severity (TNF-� and IL-1� data not
shown).

Postoperative complications included 4 wound infec-
tions and 3 intra-abdominal abscesses. Infectious complica-
tions occurred more frequently in patients with complicated
disease (Table 2). No association was found between poly-
morphisms at any of the SNPs examined and postoperative
infectious complications.

DISCUSSION

The important elements of innate immunity are “hard-
wired” in the genome, shaped during evolution to respond to
microbial signals without further gene modification.1 Al-
though allelic polymorphisms in various innate immunity
genes have been associated with increased risk of acquiring
certain infectious diseases,23 and in some cases with in-
creased disease severity,15,24 the role that genetic differences
might play in determining the severity of localized infection
with commensal bacteria has not previously been studied in
humans.

Recognizing that appendicitis is a complex disease that
involves mechanical obstruction of the lumen, ischemia,
thrombosis, and bacterial overgrowth, we looked for severity-
associated polymorphisms in genes that contribute to micro-
bial recognition or local inflammation. It is important to note
that the gene polymorphisms studied here were not risk
factors for the development of appendicitis; rather, they may
modify the pathologic severity of disease and the associated
cytokine responses once appendicitis occurs. CD14 and
TLR4 are central to the recognition and initiation of the
response to LPS, the predominant “microbe-associated mo-
lecular pattern” on Gram-negative bacteria. While the C3T
exchange at �159 alters Sp1 nuclear protein binding to the
CD14 promoter, the phenotypic impact of this polymorphism
is uncertain;25–27 one study identified an association between
this SNP and risk for myocardial infarction, but a second
study did not.26,28 The findings have also been conflicting in
patients with severe sepsis, with one group observing no
association and another finding a relationship between the
T-allele and death from sepsis.27,29 Our observations suggest
that the severity of appendicitis is unrelated to this polymor-
phism. TLR4 is a transmembrane protein that initiates the

TABLE 3. Logistic Regression Analysis of the Association
Between Single Nucleotide Polymorphisms and Complicated
Appendicitis

Risk Factor Odds Ratio
95% Confidence

Interval P

Symptom duration 1.02 1.01–1.03 0.03
IL-6 �174 C-allele 0.24 0.07–0.76 0.01

The results shown are from forward conditional logistic regression.
Variables tested in the initial model were age, gender, ethnicity (Hispanic or
not Hispanic), symptom duration, and each of the five polymorphisms.
Symptom duration was included as a continuous variable (hours) and the
reported odds ratio is an estimate of increased risk for each hour of symptoms
prior to surgery. Only symptom duration and the IL-6 �174 genotype were
significantly associated with complicated appendicitis. None of the clinical
or genetic variables was a confounder of the IL-6 genotype–phenotype
association.
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signaling cascade that produces an inflammatory response to
LPS.30 An A3G transition at nucleotide 896 of the human
TLR4 gene results in the substitution of glycine for aspartic
acid at amino acid 299 and reduces LPS responsiveness to
inhaled LPS in humans.13 This polymorphism has been
weakly associated with the development of, and decreased
survival from, septic shock but does not appear to be asso-
ciated with the severity of acute appendicitis.31

In this study, we also looked for associations between
disease severity and polymorphisms in the genes for TNF-�,

IL-6, and IL-1�, 3 key mediators of inflammation. The G
3C SNP at the �174 position in the IL-6 gene has been
reported to alter gene transcription in transient transfection
experiments and to be associated with a number of chronic
conditions in which inflammation is considered to play a
role.32–34 Our results suggest that this SNP can be a useful
marker for IL-6 responses that correlate with the severity of
local inflammation.35 Our most striking observation was the
statistically significant association between the IL-6 �174
C-allele and a reduced risk of complicated appendicitis, both

FIGURE 1. Plasma and peritoneal interleukin-6 concentrations according to �174 promoter genotype and severity of appendicitis.
In patients with uncomplicated appendicitis, plasma (1A) IL-6 concentrations were similar in GG-homozygotes and C-allele carriers
(32.2 � 6.0 pg/mL vs. 20.5 � 4.1 pg/mL, respectively, P � 0.11). Peritoneal fluid aspirate (1B) IL-6 levels were higher in
GG-homozygotes than C-allele carriers (18,400 � 3500 pg/mL vs. 9000 � 1900 pg/mL, respectively, P � 0.02). In patients with
complicated disease, plasma (1C) IL-6 concentrations were higher in GG-homozygotes than in C-allele carriers (89.3 � 21.4
pg/mL vs. 23.7 � 1.7 pg/mL, respectively, P � 0.005). Peritoneal fluid aspirate IL-6 concentrations (1D) were also higher in
GG-homozygotes than in C-allele carriers (24,000 � 3000 pg/mL vs. 13, 000 � 3200 pg/mL, respectively, P � 0.02). All statistical
comparisons were by ANOVA or Student t test.
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by unadjusted and adjusted (logistic regression) analyses. It is
necessary to note that complicated appendicitis is rather
common (32% in our cohort); therefore, the adjusted odds
ratio overestimates the relative risk. According to the esti-
mates of Zhang and Yu,36 the adjusted relative risk for
complicated appendicitis associated with the IL-6 �174 C-
allele is approximately 0.3 (rather than 0.24 as estimated by
the adjusted odds ratio). The statistical significance of this
association remains unchanged.

Although observations in IL-6-deficient mice indicate
that this cytokine has important systemic anti-inflammatory
actions, it also contributes to the severity of local inflamma-
tion in antigen-induced arthritis in mice, and homozygosity
for the �174 G-allele has been associated with an increased
risk for severe juvenile arthritis in humans.32,37,38 The corre-
lations observed here between peritoneal and plasma IL-6
concentrations, IL-6 �174 alleles and the severity of appen-
diceal inflammation suggest that the IL-6 �174 SNP influ-
ences the production of IL-6, which in turn may contribute to
the severity of local inflammation. Thought to be the major
pro-coagulant cytokine, IL-6 induces tissue factor (TF)
mRNA expression and increases monocyte surface TF pro-
tein.39 It is thus possible that IL-6 production contributes to
local thrombosis and, as a consequence, to perforation and
gangrene. In addition, IL-6 appears to delay neutrophil apo-
ptosis and to promote neutrophil degranulation and elastase
release, both of which may contribute to increased inflam-
mation.40,41

The �308 SNP in the TNF-� promoter influences gene
transcription, TNF-� production, and disease severity, and
carriage of the rare A-allele has been associated with an
increased risk for developing severe sepsis and septic shock
and with death from septic shock.15,24,42,43 TNF-� has activ-
ities that might influence the severity of inflammation in
appendicitis; it has been shown to increase procoagulant
activity (increased TF expression and decreased tissue factor
pathway inhibitor expression) that could contribute to local
microvascular thrombosis, tissue necrosis, and gangrene.44 In
addition, TNF-� induces the expression of various leukocyte
adhesion molecules and suppresses leukocyte apoptosis.45,46

The absence of a strong association of TNF-� genotype with
peritoneal TNF-� concentrations and severity of appendicitis
may reflect an insufficient sample size but may also indicate
a true lack of association.

There is less information regarding the effect of the
IL-1� �31 C3T SNP on acute inflammation. Although it
seems that the T-allele is associated with reduced nuclear
binding in vitro, the identity of the bound nuclear protein is
unknown and it is uncertain whether this leads to altered gene
expression in vivo.17 Despite a prominent role for IL-1� in
acute inflammation, a diminished ability to produce this
cytokine did not impair overall responses to endotoxin.47 We

did not observe any differences in appendicitis severity or in
systemic and regional IL-1� concentrations related to the
IL-1�–31 C3T SNP.

This study had a number of limitations. First, we
studied a multiracial cohort, across which baseline genetic
heterogeneity certainly exists. Although we found no evi-
dence for racial differences in the association between the
IL-6 �174 SNP and complicated appendicitis, IL-6 haplo-
types differ among ethnic groups, and these differences may
have affected our results in unappreciated ways.35 We did
find that the TNF-� �308 A-allele was more strongly asso-
ciated with complicated appendicitis in the patients of His-
panic origin than in the total population of Hispanics and
non-Hispanics. Second, complicated acute appendicitis likely
has multiple causes. How genetic and nongenetic factors
interact is unknown. For instance, does a “low-risk” genotype
protect against the development of complicated disease, de-
spite delays in seeking or receiving treatment? The interplay
of these genetic and environmental (including treatment) risk
factors is of great interest, with implications both for under-
standing the biology of appendicitis and for knowing how
medical interventions influence disease outcomes. Our study
is underpowered to detect small to modest genotype–pheno-
type associations. It will certainly be necessary to study much
larger cohorts to determine whether these and other genetic
differences influence the risk of postoperative complications.
It is also possible that, had we enrolled more patients,
significant associations between SNPs in CD14, IL-1�,
TNF-�, or TLR4 and complicated appendicitis would have
been detected. On the other hand, it is also possible that we
have identified a false-positive association between the IL-6
SNP and complicated appendicitis, since we did not adjust for
multiple comparisons in our initial analyses. Setting highly
conservative significance levels would limit falsely positive
associations, but it has recently been observed that, while
false-positive studies are not rare, most initial reports of
genotype–phenotype associations are confirmed by subse-
quent reports.48 Conversely, overly conservative significance
thresholds may result in the failure to identify modest but
important associations. Replication by other investigators is
likely the best way to ensure that observed associations are
real.48,49

CONCLUSION

These results suggest that the human response to a local
infection, such as acute appendicitis, is influenced by inher-
ited differences in innate immunity genes, such as IL-6.
Furthermore, delays in diagnosis and treatment are not the
only reasons for developing complicated appendicitis.50
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