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MyD 88 Polymorphisms in Children Diagnosed with Sepsis
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Background: Myeloid differentiation primary re-
sponse gene 88 (MyD 88) is an intracellular adapter
protein that mediates the early immune response to
pathogens. Toll-like receptors (except TLR-3) induce
the immune response through a MyD 88-dependent
signal pathway.

Aims: We aimed to investigate the MyD 88 poly-
morphisms that play important roles in the immune
response in septic children and to evaluate whether
or not they were risk factors in the development of
sepsis.

Study Design: Case-control study.

Methods: Sixty-five patients diagnosed with sepsis
in the Pediatric Intensive Care Unit during the period
from April 2010 to January 2012 were included as the
study group. Sixty-five children without sepsis were
included as controls. After DNA was obtained from
blood samples in the study and control groups, MyD
88 polymorphisms were analyzed. According to the

genotype and allele frequencies, the distributions of
MyD 88 polymorphisms [Single nucleotide polymor-
phism (SNP) - 938 C/A (rs4988453), MyD 88 SNP
1944 C/G (rs4988457)] were analyzed in both the
study and control groups.

Results: The C/C genotype of MyD 88 SNP -938 was
significantly more common than the C/A genotype in
the patient group (p=0.002). No statistically signifi-
cant difference in the frequency of the MyD 88 SNP
1944 genotype was found between the study and con-
trol groups (p=0.272).

Conclusion: Gene polymorphism studies could elu-
cidate our understanding of sepsis in terms of preva-
lence and the managementof treatment. It was shown
in this study that children with the MyD 88 SNP -938
C/C genotype had a greater tendency toward sepsis.
However, additional studies should be performed.
Keywords: Children, MyD 88 gene polymorphism,
sepsis

Sepsis is a systemic inflammatory response syndrome
against proven or suspected infection that should be diagnosed
and treated in its early stages. Mortality is higher when diag-
nosis or treatment is delayed. Mortality rates has decreased by
the improvements in antibiotic therapy, early diagnosis, im-
provements in intensive care and better understanding of the
sepsis pathogenesis.

This study has been pr d as oral pr

In recent years, the relationship between the severity of sep-
sis and septic shock and cytokine gene polymorphisms have
garnered increasing attention. Also new researches showed
genetic predisposition determines hosts susceptibility to in-
fections (1). Studies in cytokine gene polymorphism [Tumor
necrosis factor (TNF) receptors, IL-1 receptors] showed that
mutations in Fc receptors, toll like receptors and mannose
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binding protein caused severe pneumococcal and meningo-
coccal infections and septic shock (1-3).

Toll like receptors form a family that includes at least 10
receptors and recognize specific molecular patterns derived
from microorganisms, like bacterial cell wall components,
carbohydrates and viral or bacterial nucleic acids (4). Activat-
ed toll like receptors phosphorylate protein kinases in cell and
activate them. These biochemical reactions take place in cy-
tosol and endosome. Some of these biochemical pathways are
dependent on MyD 88 intermediary molecule and some are
not. For example, inflammatory cytokines in sepsis and septic
shock are released by MyD 88-dependent signal pathway (5).
MyD 88 is an intracellular adapter protein that works in early
immune response to pathogens. Toll like receptors (except
TLR-3) induce immune response through MyD 88-dependent
signal pathway. Bonnert et al. (6) in 1997 extracted and am-
plified human MyD 88 ¢cDNA, which encodes a 296-amino
acid polypeptide (33 kDa). They showed in humans MyD 88
gene is located in chromosome 3p22-3p21.3 by using fluores-
cent in situ hybridization method. Medzhitov et al. (7) showed
in humans MyD 88 is an adapter protein in toll like receptor
signaling and this starts IRAK kinase, TRAP 6 protein and
NFkB activation. According to Medzhitov et al. (7) MyD 88
is an general adapter and regulatory molecule for Toll/IL-1
receptor family in immune system. Researches showed MyD
88 deficient different mutations are detected in children who
are more susceptible to bacterial infections (8).

We aimed to investigate the MyD 88 polymorphism, which
plays an important role in the immune responses of septic chil-
dren and to evaluate whether or not this polymorphism is a
risk factor in the development of sepsis.

MATERIALS AND METHODS

This study was conducted during the period from April 2010
to January 2012. Before the study was performed, Ethic Com-
mittee approval is obtained. Patients who were diagnosed for
sepsis in (PICU) are enrolled in this study. Patients who had
malignancy and immunosuppressed patients were excluded.
Control group constituted from healthy children that were never
diagnosed for sepsis before. Oral and written informed consent
was taken from the family of each patient included in this study.

The criteria and definitions used as the diagnostic criteria
for sepsis in this study were obtained from the 2005 American
College of Chest Physicians (ACCP), Society of Critical Care
Medicine (SCCM), American Thoracic Society (ATS), Euro-
pean Society of Intensive Care Medicine (ESIC), the Surgical
Infection Society (SIS), and the International Sepsis Defini-
tions Conference (9).
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SNP genotyping

For DNA isolation, blood samples were taken from patient and
control groups in EDTA tubes and sent to the laboratory. High
Pure PCR Template Kit (Roche; Basel, Switzerland) was used
for DNA isolation. After DNA was extracted from patient and
control group, genotyping for single nucleotide polymorphism
in MyD 88 gene (GenBank Accession No: NM_002468) was
studied using restriction fragment length polymorphism method
(RFLP) after PCR amplification in Biochemistry Department.
In our study, for each MyD88 polymorphism genotyping; MyD
88: SNP -938 (C>A) (dbSNP rs4988453, NM 002468 .4:c.-
899C>A) and MyD 88: SNP 1944 (C>G) (dbSNP rs4988457,
NM_002468.4:¢.683+77C>G), PCR amplifications were carried
out by using FastStart Tag DNA Polymerase (Roche; Catalog
no: 04738357001500, Basel, Switzerland). The primers used for
these polymorphism genotyping were as follows:

MyD 88: SNP -938 (C>A) (dbSNP rs4988453,
NM_002468.4:c.-899C>A)

Forward Primer:

5'-GCAGCCAGGACCGCTTACTGCT-3’

Reverse Primer:

5'GCACGTGGCCTTGCCCTTGCCCTTTAGG-3'

MyD 88: SNP 1944 (C>G) (dbSNP rs4988457,
NM_002468.4:¢.683+77C>G)

Forward Primer:

5'- GCCCCAGCGACATCCAGTTTGTG-3’

Reverse Primer:

5'- TCTTGCCAGAGCAGGGTTGAGCTT-3'

Amplification success was controlled by imaging PCR
products after 1.5% agarose gel electrophoresis. Amplicons
that were controlled by electrophoresis were digested by com-
mercially available restriction endonuclease enzyme: Bsrl at
65°C for MyD 88 SNP -938 (C>A) and Cac8I at 37°C for
MyD 88 SNP 1944 (C>G) for 16 hours. After 16-hour incuba-
tion, digested amplicons were separated by 3% agarose gel
electrophoresis and the results were interpreted.

Statistical analysis

The Statistical Package Program for Social Sciences (SPSS)
for Windows, version 19 (IBM Corp.; Armonk, NY, USA)
was used for statistical analysis. Categorical measures were
summarized as numbers and percentiles, numerical measures
were summarized as means and standard deviations (as need-
ed median or minimum-maximum). The genetic equilibrium
was tested using the Hardy-Weinberg equilibrium. Chi-square
test was used for nonparametric tests. Odds ratios and 95%
confidence intervals (CIs) were used to describe the distribu-
tion of the major risk factors. Statistical significance was ac-
cepted at the p<0.05 level.
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RESULTS

Sixty-five patients who were diagnosed with sepsis and
65 healthy controls were included in this study. Mean age of
the patients was 47.54 months (1-171 months), mean age of
control group was 56.63 months (5-180 months). Two group
were statistically insignificant (p=0.254). In the patient group,
38 were male (58.5%), 27 were female (41.5%). In the con-
trol group, 35 were male (53.8%), 27 were female (46.2%)
(p=0.724). In the patient group, 29 patients had sepsis (44.61
%), 24 patients had severe sepsis (36.92 %), 12 patients had
septic shock (18.47%). In patient group, mean PIM II score
was 43.53, mean PRISM II score was 19.82. In patient group,
34 patients (52.3%) had a positive blood culture. In blood
cultures, 12 patients had Gram (+) bacteria, 20 had Gram (-)
bacteria and 2 had fungi. In the patient group, 15 patients died
(23.07 %), 50 patients were survived (76.92%).

\ 2

FIG. 1. 3% agarose gel view of RFLP results for MYD 88 SNP-938 (dbSNP
154988453, NM_002468.4:¢.-899C>A) polymorphism
M: 100bp DNA Ladder; 1: C/A; 2: C/C
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In the patient group, 10 patients had the MyD 88 SNP -938
C/A genotype (15.4%), and 55 patients had the C/C genotype
(84.6%). In the control group, 27 cases had MyD 88 SNP-938
C/A genotype (41.54%) and 38 had C/C genotype (58.46%).
In MyD 88 SNP-938 patient group; 120 had C allele frequency
(92.3%), 10 had A allele frequency (7.7%). In MyD 88 SNP-
938 control group; 103 had C allele frequency (79.23%), 27
had A allele frequency (20.77%). Patient and control groups
were statistically significant based on MyD 88 SNP-938 geno-
type (p=0.002). MyD 88 SNP -938 C/C genotype was more
frequent than C/A genotype in patient group. RFLP results for
MyD 88 SNP-938 (rs4988453) polymorphism point by 3%
agarose gel electrophoresis are shown in Figure 1.

In the patient group, 10 patients had the MyD 88 SNP 1944
C/G genotype (15.4%) and 55 had the C/C genotype (84.6%).
In the control group, 5 cases had MyD 88 SNP 1944 C/G geno-
type (7.69%) and 60 had C/C genotype (92.31%) (Table 1). In
MyD 88 SNP 1944 patient group; 120 had C allele frequency
(92.3%), 10 had G allele frequency (7.7%). In MyD 88 SNP
1944 control group; 125 had C allele frequency (96.15%), 5
had G allele frequency (3.85%). Patient and control groups
were statistically insignificant based on MyD 88 SNP 1944
genotype (p=0.272). RFLP results for MyD 88 SNP 1944
(rs4988457) polymorphism point by 3% agarose gel electro-
phoresis are shown in Figure 2.

Among 93 cases with the MyD 88 SNP -938 C/C genotype,
27 had sepsis (29%), 19 had severe sepsis (20.4%), 9 had sep-
tic shock (9.7%) and 38 were in the control group (40.9%).
Among 37 cases with the MyD 88 SNP -938 C/A genotype, 2
had sepsis (5.4%), 5 had severe sepsis (13.5%), 3 had septic
shock (8.1%) and 27 were in control group (73%). MyD 88
SNP -938 C/C genotype was more frequent in sepsis group
and it was statistically significant (p=0.002).

Among 115 cases with the MyD 88 SNP 1944 C/C geno-
type, 27 had sepsis (23.5%), 19 had severe sepsis (16.5%),
9 had septic shock (7.8%), and 60 were in the control group
(52.2%). Among 15 cases with the MyD 88 SNP 1944 C/G
genotype, 2 had sepsis (13.3%), 5 had severe sepsis (33.3%),
3 had septic shock (20%) and 5 were in control group (33.3%)
(Table 2). These findings were statistically insignificant
(p=0.164).

Twenty nine patients had a positive blood culture out of
55 patients with the MyD 88 SNP -938 C/C genotype. 16 of
them had Gram (-) bacteria (55.1%), 11 had Gram (+) bacteria
(37.9%) and 2 had fungi (6.89%). 5 patients had a positive
blood culture out of 10 patients with the MyD 88 SNP -938
C/A genotype. 4 of them had Gram (-) bacteria (80%) and one
had Gram (+) bacteria (20%). Relationship between MyD 88
SNP -938 genotype and gram staining of microorganisms was
statistically insignificant (p=0.103).
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TABLE 1. Genotype and allele of frequencies of MyD 88 polymorphisms in sepsis and control group

Patientn (% ) Controln (%) 95% CI OR p
Genotype and Allele
C/C 55 (84.6) 38 (58.46) 1.69-9.00 3.89 0.002
C/A 10 (15.4) 27 (41.54) 0.11-0.58 0.25 .
MyD 88 SNP -938
ALLELE
C 120 (92.3) 103 (79.23) 1.45-6.80 3.13
A 10 (7.7) 27 (20.77) 0.14-0.68 0.31
GENOTYPE
C/C 55 (84.6) 60 (92.31) 0.14-1.42 0.45 0972
C/G 10 (15.4) 5(7.69) 0.70-6.78 2.19 '
MyD 88 SNP -1944
ALLELE
C 120 (92.3) 125 (96.15) 0.15-1.44 0.48
G 10 (7.7) 5(3.85) 0.69-6.27 2.08

CI: confidence interval; OR: odds ratio; MYD 88: myeloid differentiation primary response gene 88; SNP: single nucleotide polymorphism

M

FIG. 2. 3% agarose gel view of RFLP results for MyD 88 SNP-1944 (dbSNP
rs4988457, NM_002468.4:¢.683+77C>G) polymorphism
M: 100bp DNA Ladder; 1: C/C; 2: C/G

Twenty nine patients had a positive blood culture out of
55 patients with the MyD 88 SNP 1944 C/C genotype. 16 of
them had Gram (-) bacteria (55.1%), 11 had Gram (+) bacteria
(37.9%) and 2 had fungi (6.89%). 5 patients had a positive
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TABLE 2. Diagnosis percentiles based on genotypes

Severe Septic
Sepsis Sepsis Shock Control
MyD 88 SNP  Genotype  n (%) n (%) n (%) n (%) P
MyD 88 C/IC  27(29) 19(20.4) 9(9.7) 38(40.9)
SNP -938 C/A 204 5(13.5) 381  27(73)
MyD 88 C/IC  27(23.5) 19(16.5) 9(7.8) 60(52.2)
SNP-1944 /G 2(133) 5(33) 3(20) 5(33.3)

MYD 88: myeloid differentiation primary response gene 88; SNP: single nucleotide
polymorphism

blood culture out of 10 patients with the MyD 88 SNP 1944
C/G genotype. Four of them had Gram (-) bacteria (80%) and
one had Gram (+) bacteria (20%). Relationship between MyD
88 SNP -938 genotype and species of microorganisms was
statistically insignificant (p=0.588).

Eleven patients out of 93 cases with the MyD 88 SNP -938
C/C genotype (11.82%) died (p=1.0). Four patients out of 37
cases who had MyD 88 SNP -938 C/A genotype (10.8%) died
(p=1.0). Four patients out of 15 cases who had MyD 88 SNP
1944 C/G genotype (26.6%) died (p=0.073). Eleven patients
died out of 115 cases who had the MyD 88 SNP 1944 C/C
genotype (9.56%) died (p=0.073). The relationship between
the MyD 88 genotype and mortality was statistically insig-
nificant.

DISCUSSION

Sepsis is a systemic inflammatory response syndrome
against proven or suspected infection that should be diagnosed
and treated in its earliest stages. Mortality is higher when di-
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agnosis or treatment is delayed. Mortality rates has decreased
by the improvements in antibiotic therapy, early diagnosis,
improvements in intensive care and better understanding of
the sepsis pathogenesis.

Literature on MyD 88 SNP and sepsis relationship in human
is limited. Song et al. (10) showed that gene variations of TLR
signaling pathways and negative regulators of these pathways
increase susceptibility to sepsis. That study was conducted be-
tween February 2006 and November 2009, in China. SNP was
studied in 378 severe sepsis patients and 390 control cases.
MyD 88 SNP allele and genotypes were found statistically in-
significant between two groups. As a result, Song et al. (10)
showed that MyD 88 SNP was not a risk factor for sepsis in
China population. Von Bernuth et al. (8) discovered 3 different
mutations in MyD 88 deficient children who are susceptible
to pyogenic bacterial infections. They concluded that MyD
deficiency was related to impaired cytokine response to TLR
stimulation. Also, they proved MyD 88 deficient patients were
susceptible to only Staphylococcus aureus, Pseudomonas ae-
ruginosa and Streptococcus pneumonia infections and showed
normal immunity to other infections (8).

In our study, 10 patients had the MyD 88 SNP -938 C/A
genotype (15.4%); 55 patients had the C/C genotype (84.6%);
in the control group, 27 cases had the MyD 88 SNP -938 C/A
genotype (41.54%); 38 cases had the C/C genotype (58.46 %).
In the patient group, MyD 88 SNP -938 C/C genotype was
more frequent than C/A genotype (p=0.002). We concluded
that MyD 88 SNP -938 C/C genotype was a risk factor for sep-
sis. We discovered MyD 88 SNP 1944 C/C or C/G genotype
were not risk factors for sepsis. Von Bernuth et al. (8) studied
12 MyD 88 deficient patients. 7 were male and 5 were fe-
male. 3 patients were newly diagnosed. 2 patients were 11 and
17 years old. The others were between 5 months and 8 years
old. One patient was Turkish, 2 were French, 5 were Span-
ish, 2 were Portuguese and one was Serbian. Total invasive
bacterial episode in patients were 33, for each patient it was
between 1 and 7 episodes. Among these episodes; 17 were
meningitis, 4 were sepsis, 6 were arthritis, 2 were osteomyeli-
tis and 4 were intraabdominal or soft tissue abscess. In MyD
88 deficient patients; among noninvasive bacterial infections
5 were adenitis, 2 were sinusitis, 2 were recurrent otitis media,
one was gingivitis and periodontal diseases and 2 were pneu-
monia. In both invasive and noninvasive bacterial infections,
frequently Staphylococcus aureus, Pseudomonas aeruginosa
and Streptococcus pneumonia were isolated. Patients had their
first bacterial infections usually before 6 months old. 6 out of
12 patients died (11). Plantinga et al. (12) investigated rela-
tionship between candidemia and MyD 88 SNP. Patients who
had one or more positive blood culture for Candida are in-
cluded in this study. Immunosuppressed patients and patients

637

who had malignancies, chemotherapy or organ transplantation
were also included in this study. MyD 88 SNP (rs 4988453,
rs 6853) was studied. They showed no relationship between
candidemia and MyD 88 SNP (12). In our study, relationship
between MyD 88 SNP -938 or MyD 88 SNP 1944 and species
of microorganisms was statistically insignificant (p>0.05).

In conclusion, we discovered that the MyD 88 SNP -938
C/C genotype led to increased susceptibility to sepsis. We
think that further research in this area should be conducted
with larger patient populations. Further research into gene
polymorphisms may be beneficial for gene therapy for sepsis.
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