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Abstract

The objective of our study was to evaluate the association between peptidylarginine

deiminase 4 (PAD4) concentration and its polymorphisms with mortality in patients

with septic shock. We prospectively evaluated 175 patients aged over 18 years with

septic shock upon intensive care unit (ICU) admission. However, 48 patients were

excluded. Thus, 127 patients were enrolled in the study. At the time of the patients’

enrollment, demographic information was recorded. Blood samples were taken

within the first 24 hours of the patient’s admission to determine serum PAD4 con-

centrations and its polymorphism PADI4_89 [rs11203366], PADI4_94 [rs2240340]

and PADI4_104 [rs1748033]. The mean age was 63.3 � 15.2 years, 56.7% were

male, PAD4 concentration was 4.62 (2.48-6.20) ng/mL and the ICU mortality rate

was 67.7%. The patients who died in the ICU had higher APACHE II and Sequential

Organ Failure Assessment (SOFA) scores. In addition, PAD4 concentration was

higher in patients who died during ICU stay. However, there were no differences

regarding PADI4 polymorphisms and ICU mortality. In the logistic regression models,

PAD4 concentrations were associated with ICU mortality when adjusted for

APACHE II score and lactate (OR: 1.477; CI 95%: 1.186-1.839; P < .001), and when

adjusted for age, gender and APACHE II score (OR: 1.392; CI 95%: 1.145-1.692;

P < .001). In conclusion, PAD4 concentration, but not PADI4_89, PADI4_94 and

PADI4_104 polymorphisms, is associated with ICU mortality in septic shock patients.
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1 | INTRODUCTION

Sepsis and septic shock are considered major public health problems

and the leading causes of mortality in intensive care unit (ICU)

patients.1 Nowadays, sepsis is characterized as a life-threatening

organ dysfunction caused by a dysregulated host response to infec-

tion, in which both pro-inflammatory and anti-inflammatory mecha-

nisms contribute to clearance of infection and tissue recovery on the

one hand and organ injury and secondary infections on the other.1

Thus, the study of pathways that modulate the inflammatory process

could improve the current knowledge in sepsis physiopathology and

identify potential therapeutic targets. In this scenario, the citrullina-

tion process has become a hot topic, and has been identified in sev-

eral inflammatory diseases.2,3

Citrullination represents the calcium-dependent conversion of

peptidylarginine to peptidylcitrulline, which is catalyzed by peptidy-

larginine deiminase (PAD) enzymes. This enzymatic conversion has an

important role in immune system function and in gene regulation.2,3 In

humans, there are five highly related calcium-dependent PADs, which

have been designated as PADs 1-4 and PAD6. Among PAD isoforms,

PAD4 is extremely important because it is present in different tissues,

and it is the only PAD that is present in cell’s nucleus. PAD4 consists

of 663 amino acid residues with 74 kDa molecular weight. PAD4 par-

ticipates in post-translational modifications of histones, one of the

major focus areas of epigenetic research.2,4 Citrullination of histones,

in particular histone H3, is one of the major points for inflammatory

signals that trigger the neutrophil response to infections.2-5 Neverthe-

less, citrullinated histone H3 is also important in the development of

neutrophils extracellular traps (NETs).5,6 It has been reported that ele-

vated levels of NETs in the plasma may predict multiple organ dysfunc-

tion and sepsis in trauma patients.6

The role of PAD in sepsis has been evaluated in some experi-

mental studies. In these PAD4 inhibition was associated with

improved survival.5,7,8 Despite the importance of PAD4 in sepsis, the

association between PAD4 concentration and mortality has not yet

been evaluated in patients with septic shock. In addition, some poly-

morphisms have been found in human PADI4 gene. The PADI4 gene

is located on the short arm of chromosome 1 at position 36.13 and

functional polymorphisms, such as rs11203366, rs2240340 and

rs1748033 have been associated with susceptibility to rheumatoid

arthritis in different populations. However, the majority of these

studies evaluated the relationship between PADI4 gene polymor-

phisms with rheumatoid arthritis development.9,10

Thus, the aim of our study was to evaluate the association

between PAD4 concentration and its polymorphisms with mortality

in patients with septic shock.

2 | MATERIALS AND METHODS

This prospective observational study is a subanalysis of a larger

unpublished study, which evaluated the relationship between oxida-

tive stress and mortality in patients with septic shock. The study

was conducted from May 2014 to June 2015 in patients admitted

to the ICU of our hospital. The protocol was approved by the Ethics

Committee of our institution (30457414.7.0000.5411). Written

informed consent was obtained from all patients or relatives prior to

their inclusion in the study.

Patients were eligible for enrollment if they were 18 years or

older and had septic shock on ICU admission. Exclusion criteria were

a delay in septic shock diagnosis (longer than 24 hours), pregnant

women, patients with confirmed brain death and patients in pallia-

tive care and use of vasoactive drugs for <24 hours.

Upon admission, patient demographic information, the Acute

Physiology and Chronic Health Evaluation (APACHE II) score and the

Sequential Organ Failure Assessment (SOFA) score were recorded.

Blood samples were taken within the first 24 hours of the patient’s

admission to determine serum peptidylarginine deiminase 4 and its

polymorphism PADI4_89 [rs11203366], PADI4_94 [rs2240340] and

PADI4_104 [rs1748033]. The ICU mortality rate was recorded. Septic

shock was defined according to the Surviving Sepsis guidelines.11

2.1 | Laboratory analysis

A hemogram was performed with a Coulter STKS hematological auto

analyzer. Total serum levels of C-reactive protein (CRP), albumin,

creatinine and urea were measured performed with the dry chem-

istry method (Ortho-Clinical Diagnostics VITROS 950�, Johnson &

Johnson). Lactate was measured performed with the Roche

OMNI STM Blood Gas Analyzer (Roche Diagnostics, Basel, Switzer-

land).

2.2 | PADI4 gene polymorphism

DNA was isolated from frozen blood samples performed with a

method described elsewhere. DNA integrity was checked using a 1%

agarose gel, whereas DNA concentration was measured performed

with a Nanodrop 8000 spectrophotometer (Thermo Scientific, Wal-

tham, MA, USA). The genotyping of the polymorphisms of the PAD4

gene rs11203366, rs2240340 and rs1748033 was performed by the

TaqMan Open Array (Applied Biosystem, Foster City, CA, USA), fol-

lowing the manufacturer’s instructions.12

2.3 | Serum PAD4 concentration

The serum levels of PAD4 were assessed using enzyme linked

immunosorbent assay (ELISA), according to the manufacturer’s

instructions (Cloud-Clone Corp, Houston, TX, USA). The sensitivity

of the assay was 0.137 ng/mL.

2.4 | Statistical analysis

Data are expressed as the mean � SD, the median (including the

lower and upper quartiles) or percentage. Hardy-Weinberg equilib-

rium was determined performed with Fisher’s Exact test, and haplo-

type frequency, haplotype crude association with mortality, and
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linkage disequilibrium were calculated performed with Haploview

software version 4.2 (Broad Institute, Boston, MA, USA). Statistical

comparisons between two groups for continuous variables were per-

formed performed with Student’s t test for parameters with a normal

distribution. If data were not normally distributed, comparisons

between two groups were made performed with the Mann-Whitney

U-test. Comparisons between three groups with non-normal distribu-

tion were performed with Kruskal-Wallis test. Fisher’s test or the

Chi-Square test was used for all categorical data. Logistic regression

was used to evaluate the association between PAD4 concentration

and ICU mortality. We constructed two regression models. PAD4

concentration was tested as a continuous variable. In the first model,

PAD4 concentration was adjusted with parameters that exhibited

significant differences in the univariate analysis. The only exceptions

were variables with high collinearity among them (SOFA score). In

the other, PAD4 was adjusted for age, gender, and APACHE II score.

Data analysis was performed performed with SigmaPlot software for

Windows v12.0 (Systat Software Inc., San Jose, CA, USA). The signif-

icance level was 5%.

3 | RESULTS

During the study, 175 consecutive patients were admitted to the

ICU with the diagnosis of septic shock; however, 12 patients were

excluded because of delayed diagnosis of septic shock, 28 because

of serum PAD4 concentration below assay sensitivity and 8 because

of technical problems with polymorphism analysis. Thus, we evalu-

ated 127 patients (Figure 1). The mean age was 63.3 � 15.2 years,

56.7% were male, PAD4 concentration was 4.62 (2.48-6.20) ng/mL

and the ICU mortality rate was 67.7%.

The demographic and laboratory data are presented in Tables 1

and 2. Patients who died in the ICU had higher APACHE II and

SOFA scores. In addition, PAD4 concentration was higher in

patients who died during ICU stay. However, there were no

differences regarding PADI4 polymorphisms. In relation to labora-

tory data, lactate levels were higher in patients who died during

ICU stay.

The genotype frequencies for the rs11203366 polymorphism

were 18.9% for GG, 44.1% for AG and 37.0% for AA; for the

rs2240340 polymorphisms they were 17.3% for TT, 47.3% for CT

and 35.4% for CC; and for the rs1748033 polymorphism they were

10.2% for TT, 44.9% for CT and 44.9% for CC. These frequencies

are consistent with those expected under the Hardy-Weinberg equi-

librium. SNP rs2240340 and rs1748033 formed a haplotype block

(Figure 2). In addition, haplotype had no statistically significant asso-

ciation with ICU mortality (data not shown), and PAD4 concentra-

tions were not different between polymorphism genotypes.

(Table 3).

In the logistic regression models, PAD4 concentrations were

associated with ICU mortality when adjusted for APACHE II score

and lactate (OR: 1.477; CI 95%: 1.186-1.839; P < .001), and when

adjusted for age, gender and APACHE II score (OR: 1.392; CI 95%:

1.145-1.692; P < .001). (Table 4).

It is interesting to observe that the results were the same even

when we included the patients with serum PAD4 concentration

below assay sensitivity, and set the value with the detection limit of

the kit. (Data not shown).

4 | DISCUSSION

The objective of our study was to evaluate the association between

PAD4 concentration and its polymorphisms with mortality in patients

with septic shock. This study showed that PAD4 concentration was

associated with ICU mortality in septic shock patients, independent

of polymorphism genotype.

Septic shock is the major cause of death in ICU, and its incidence

is increasing, reflecting aging populations and greater recognition.1 In

our study, 67.7% of the patients died during ICU stay. Although this

F IGURE 1 Flow diagram of studied
patients with septic shock
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is a very high mortality rate, it is in accordance with the septic shock

mortality observed in other studies in Latin America.13,14 As we

already expected, the patients who died during ICU stay were more

severely ill and had more organ dysfunction compared to those who

survived.

In this scenario, a better understanding of sepsis physiopathology

is important to identify new therapeutic targets. Excessive inflamma-

tory response was considered for a long time as a landmark of sep-

sis. However, sepsis is now recognized to involve early activation of

TABLE 1 Demographic and PADI4 polymorphisms data of 127
patients with septic shock

Variables

ICU mortality

P valueYes (n = 86) No (n = 41)

Age, (years) 66.0 (58.0-73.0) 63.0 (50.0-73.5) .337

Male, n (%) 45 (52.3) 27 (65.8) .212

APACHE II score,

n (%)

19.7 � 6.6 15.9 � 6.7 .003

SOFA score, n (%) 10.0 (8.7-12.0) 8.0 (7.0-10.5) <.001

Sepsis focus, n° (%)

Respiratory 55 (64.0) 18 (44.0) .221

Abdominal 16 (18.6) 13 (31.7)

Urinary 5 (5.8) 5 (12.2)

Others 10 (11.6) 5 (12.1)

PADI4 (rs11203366), n (%)

GG 18 (21.0) 6 (14.6) .642

AG 36 (41.8) 20 (48.8)

AA 32 (37.2) 15 (36.6)

PADI4 (rs2240340), n (%)

TT 18 (21.0) 4 (9.8) .219

CT 37 (43.0) 23 (56.1)

CC 31 (36.0) 14 (34.1)

PADI4 (rs1748033), n (%)

TT 10 (11.6) 3 (7.3) .697

CT 37 (43.0) 20 (48.8)

CC 39 (45.4) 18 (43.9)

APACHE II, Acute Physiology and Chronic Health Evaluation; ICU: inten-

sive care unit; PAD 4: peptidylarginine deiminase 4; SOFA: Sequential

Organ Failure Assessment.

Data are expressed as the mean � SD median (including the lower and

upper quartiles) or percentage.

TABLE 2 Laboratory data of 127 patients with septic shock

Variable

ICU mortality

P valueYes (n = 86) No (n = 41)

PAD4, (ng/mL) 4.9 (3.1-6.6) 3.5 (1.3-5.5) .001

Lactate, (mmol/L) 2.6 (1.5-3.9) 1.4 (1.0-2.7) .004

Hemoglobin, (g/dL) 11.0 � 2.0 11.4 � 1.8 .202

Hematocrit, (%) 32.7 � 6.3 33.8 � 5.3 .339

Leucocytes, (103/mm3) 16.8 (12.8-23.7) 16.4 (12.1-23.0) .477

CRP, (mg/dL) 33.5 (22.6-43.3) 34.5 (23.3-44.8) .799

Albumin, (g/dL) 2.2 (1.9-2.5) 2.3 (1.8-2.6) .632

Urea, (mg/dL) 102 (64-159) 81 (47-149) .163

Creatinine, (mg/dL) 1.9 (0.8-3.4) 1.5 (0.7-2.9) .331

CRP, C-reactive protein; ICU, intensive care unit; PAD 4, peptidylarginine

deiminase 4.

Data are expressed as median (including the lower and upper quartiles).

F IGURE 2 Haploview plot of PADI4 gene SNP. Within each
square is presented the pairwise correlation coefficient (r2) LD plots
white, (r2 = 0), shades of grey, (0 < r2 < 1), black, (r2 = 1), and “rs” in
bold refer to haplotype block

TABLE 3 Association between PAD 4 concentration and its
polymorphisms in 127 patients with septic shock

Variables
PAD 4 concentration
(ng/mL) P value

PADI4 (rs11203366), n (%) n

GG 24 3.67 (2.23-5.86) .182

AG 56 4.43 (2.10-6.20)

AA 47 5.45 (3.43-6.52)

PADI4 (rs2240340), n (%)

TT 22 5.10 (3.18-6.64) .193

CT 60 3.68 (1.93-6.20)

CC 45 4.65 (2.16-5.87)

PADI4 (rs1748033), n (%)

TT 13 4.56 (3.05-6.50) .752

CT 57 4.28 (2.32-6.39)

CC 57 4.64 (2.33-5.87)

PAD 4, peptidylarginine deiminase 4.
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both pro- and anti-inflammatory responses.1 Therefore, the modula-

tion of the inflammatory response in sepsis is an attractive target for

therapy and the citrullination process opens a new research avenue

for study.

As we mentioned above, the citrullination of histones, in par-

ticular histone H3, is a post-translational modification that regu-

lates gene expression and plays a critical role in NET

development and in inflammatory and host defense response.2-6

This reaction is catalyzed by PAD4. The role of PAD4 in sepsis

was only studied in experimental models of sepsis.5,7,8 Li et al5

showed that PAD inhibition significantly suppresses citrullinated

histone H3 production in vitro, and improves survival in septic

mice. In another study with PAD4 (PAD4�/�) deficient mice, the

mice were partially protected from lipopolysaccharide-induced

shock, suggesting that PAD4/NETs may contribute to the toxic

inflammatory and procoagulant host response to endotoxin.7

Recently, Biron et al8 also showed that Cl-amidine treatment, an

inhibitor of PAD4, prior to cecal ligation and puncture, improved

overall survival in sepsis.

Thus, these studies suggest that PAD4 inhibition could improve

sepsis mortality through the reduction of circulating citrullinated his-

tone 3 and NET development. NETs are composed of DNA, histones

and microbicidal peptides, with the ability to kill some bacterial spe-

cies.15 The NETs immobilize and kill invading microorganisms to pre-

vent their spreading. In addition to their host-protective role during

infection, the excessive formation of NETs is associated with tissue

damage and organ dysfunction, in many pathological conditions, such

as sepsis.16

Although circulating PAD4 could play a role in the pathogenesis

of septic shock, PAD4 activity requires reducing conditions that

could be meet only in the intracellular space. Thus, in this scenario,

PAD4 could be interpreted as a marker of NETosis.17,18

The noteworthy finding in the present study was that higher

PAD4 concentrations were associated with mortality in septic shock

patients. This finding confirms experimental data, and encourages

further studies with PAD4 inhibition in humans, including the use of

GSK199 and GSK484, the first inhibitors with a strong preference

for PAD4.19 Importantly, PAD4 concentration remains associated

with ICU mortality even when adjusted for age, gender and

APACHE II score. It is worth mentioning that this is the first study

to evaluate the role of PADI4 polymorphisms in patients with septic

shock.

The onset and progression of rheumatoid arthritis has been asso-

ciated with dysregulated PAD activity, most prominently PAD4.

Hashemi et al20 showed that PADI4 rs1748033 gene polymorphism

increased the risk of rheumatoid arthritis in a sample of the Iranian

population. Two different meta-analyses showed that PADI4 poly-

morphisms, such as PADI4_89, PADI4_90, PADI4_92, PADI4_94 and

PADI4_104, were associated with rheumatoid arthritis in the Asian

population.10,21 Single nucleotide polymorphisms (SNPs) are the

most common type of genetic variation, and some of them are

thought to be functional. Our hypothesis was that individuals carry-

ing the variant alleles could influence septic shock mortality. How-

ever, in this study, PADI4 polymorphism genotypes and the

haplotype block formed by rs2240340 and rs1748033 did not influ-

ence PAD4 concentration or mortality in patients with septic shock.

Some limitations of this study should be taken into account. We

only included patients from a single center and our sample size was

small. In addition, the only marker of inflammation that we measured

was CRP. Nevertheless, we believe that our study added important

data on inflammatory modulation pathways and its association with

septic shock outcomes.

In conclusion, PAD4 concentration, but not its polymorphisms, is

associated with ICU mortality in septic shock patients.
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