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Abstract
Disseminated intravascular coagulation (DIC) is a major pathophysiological mechanism of sepsis and greatly increases the risk of
death in septic patients. Disseminated intravascular coagulation is a complex physiological phenomenon that involves inap-
propriate activation of coagulation, inflammation, and endothelial processes. The purpose of this study was to analyze the levels of
inflammatory cytokines in the plasma of patients with DIC in order to compare the measured levels with those from healthy
individuals, draw correlations, and provide a basis for further biomarker panel development. The inflammatory biomarkers
interleukin (IL) 1b, IL-6, IL-8, IL-10, interferon (IFN) g, vascular endothelial growth factor (VEGF), tumor necrosis factor (TNF) a,
monocyte chemoattractant protein (MCP)-1, and epidermal growth factor (EGF) showed significant (P < .05) elevation in patients
with DIC. Interestingly, while numerous correlations were present between IL-b, IL-6, IL-8, IL-10, IFN-g, TNF-a, MCP-1, and
many of the inflammatory cytokines measured, VEGF and EGF exhibited much less extensive correlation, suggesting that their
involvement in DIC may be independent of the other investigated inflammatory markers.
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Introduction

Sepsis is a severe systemic inflammatory response to infection

and is the most common cause of death in critically ill patients.

Epidemiological information about sepsis is highly variable

due to the spectrum of severity of the disease1; however, it is

clear that sepsis is a major cause of morbidity and mortality

worldwide. Septicemia was recognized by the Centers for Dis-

ease Control as the 11th most common cause of death in the

United States in 2010,2 and the rate of in-hospital death due to

sepsis is increasing.3 Sepsis is also a significant financial bur-

den; an average hospital stay with sepsis costs in excess of

US$500 000 and in 2011 it was estimated that the annual cost

of sepsis in the United States is greater than US$20 billion.4

Disseminated intravascular coagulation (DIC) is one of the

major pathophysiological mechanisms of sepsis, and the devel-

opment of DIC doubles a septic patient’s risk of death.5,6 Dis-

seminated intravascular coagulation is characterized,

seemingly paradoxically, by both bleeding and thrombotic

complications.6 Inappropriate and widespread activation of the

coagulation cascade leads to fibrin deposition, vascular occlu-

sion, and multiple organ failure. This coagulation process con-

sumes platelets and coagulation factors, leading to a potential

for severe and potentially fatal bleeding complications.

The pathophysiology of DIC is complex and involves

numerous interactions between the coagulation cascade, the

host immune and inflammatory system, and the damaged vas-

cular endothelium. The interactions between these systems are

multidirectional and multifaceted, and much remains to be

understood about these processes. Due to the complexity of

sepsis-associated DIC, in vitro and animal models may not

accurately replicate the disease state. Accordingly, analysis

of blood plasma obtained from patients with DIC can provide

valuable insight into the disease process and provide a frame-

work for the development of improved diagnostic, prognostic,

and research tools.

The diagnosis of sepsis-associated DIC is a complex clinical

problem. The diagnosis of sepsis (or another condition associ-

ated with DIC) is a prerequisite for the diagnosis of DIC. Diag-

nosis of sepsis is often difficult as sepsis and associated

conditions occur across a range of severities, and diagnosis is

based not on a single laboratory test or test panel but on a range

of clinical and laboratory parameters.4,7 After a diagnosis of
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sepsis has been established, the diagnosis of DIC still presents a

clinical problem. Again, there is no gold standard biomarker or

laboratory test for DIC, and diagnosis is based on a score com-

puted from clinical data. Several scoring systems have been

proposed and tested,8-11 with the system proposed by the

International Society of Thrombosis and Hemostasis (ISTH)

being the most widely accepted.8 The ISTH scoring system

categorizes patient scores on a scale of 0 to 5, classifying a

score of 3 to 4 as nonovert (compensated) and a score of 5 or

higher as overt (decompensated). A condition associated with

DIC, such as sepsis, trauma, or obstetrical calamity, is a pre-

requisite for use of the scoring system. Points are awarded for

reduced platelet count, elevation in a fibrin-related marker

(ie, D-dimer), prolonged prothrombin time, and reduced

fibrinogen level.8

Multiple attempts have been made to develop simpler tests

for sepsis and DIC; over 150 biomarkers have been investi-

gated for sepsis alone.12 No single marker has thus far been

shown to be diagnostic for sepsis or DIC. It is therefore likely

that any meaningful biomarker profile used for evaluation of

patients with sepsis with the added complication of DIC will

have to take into account a panel of biomarkers. This marker

panel will likely be a representative of the multiple processes

and systems dysregulated during the disease process, such as

inflammation, endothelial dysfunction, and coagulation.

Before a biomarker panel can be devised, biomarker candidates

must be screened in order to identify the most promising can-

didates. Accordingly, high-throughput techniques allowing for

the rapid evaluation of levels of numerous factors in a small

volume of a single sample are desirable. The use of this type of

biomarker screening approach will facilitate the identification

of the optimal markers to use to represent a given system, such

as inflammation, in a more comprehensive biomarker profile

for DIC. The biomarker profiling of this complex syndrome

requires an understanding of the pathogenesis of the compo-

nents of the hemostatic system including coagulation, fibrino-

lysis, platelets, and endothelial abnormalities. Since the

activation of the hemostatic system results in marked inflam-

matory responses, a multipanel biochip array profiling of these

samples provides additional insight into the interface between

hemostatic abnormalities and inflammatory processes.

Biochip technology allows for the simultaneous measure-

ment of numerous analytes in a single sample in an efficient,

high-throughput manner, allowing for the rapid collection of a

large amount of data. Biochips specific for proteins have

important implications in drug discovery, diagnostics, and

basic research13; biochips are a current focus of study as diag-

nostic tools for sepsis.14 Current commercially available bio-

chips allow for the simultaneous measurement of numerous

commonly related factors, such as the major inflammatory

markers addressed in this study: interleukin (IL) 2, IL-4,

IL-6, IL-8, IL-10, vascular endothelial growth factor (VEGF),

interferon (IFN) g, tumor necrosis factor (TNF) a, IL-1a,

IL-1b, and epidermal growth factor (EGF).

Inflammatory cytokines contribute to the dysregulation of

the procoagulant and anticoagulant pathways that is observed

in sepsis-associated DIC. Although the immune and inflamma-

tory responses are imperative for pathogen clearance and the

ultimate resolution of infection, this overwhelming inflamma-

tory response can be detrimental to the host, in part, by indu-

cing the development of coagulopathy. Multiple inflammatory

cytokines, including IL-6,15,16 IL-1,17-21 and TNF-a,20-23 have

long been known to contribute to the development of a hyper-

coagulable state, largely through induction of tissue factor (TF)

expression. Additional cytokines, such as IL-2,24,25 have also

been shown to promote the hypercoagulable state, whereas

some cytokines, such as IL-1018,26,27 and IL-4,18,26,28 have

been shown to oppose the coagulation induced by other pro-

inflammatory factors.

In this study, the levels of the inflammatory cytokines IL-2,

IL-6, IL-8, IL-10, VEGF, IFN-g, TNF-a, IL-1a, IL-1b, and

EGF were measured in the plasma of patients with sepsis-

associated DIC. Cytokine levels in DIC patients were com-

pared to levels in plasma from healthy individuals. Cytokines

with the greatest observed change between normal individuals

and DIC patients may be the most relevant to the pathophysiol-

ogy of DIC and may be appropriate targets for future study.

Additionally, comparisons were made between patients with

overt and nonovert DIC to determine which factors may have

the greatest relevance to the development of coagulopathy.

Finally, correlations were also assessed between markers.

Materials and Methods

Blood Samples

De-identified blood samples from 50 patients with sepsis-

associated DIC were used throughout this study. All patients

met the criteria for sepsis, defined according to the 1992 Amer-

ican College of Chest Physicians/Society of Critical Care Med-

icine definition.7 Patients with potential DIC were identified on

the basis of reduced platelet count and elevated international

normalized ratio (INR). Citrated plasma samples were col-

lected from patients with potential DIC and final diagnosis of

DIC was made using the ISTH scoring algorithm for overt DIC,

shown in Table 1.8 Patients with a DIC score of 3 to 4 were

classified as having nonovert DIC while patients with a score of

5 or greater were classified as having overt DIC. In this pop-

ulation, 6 patients had overt DIC and 44 had nonovert DIC.

Plasma was stored at �80�C prior to analysis. Control plasma

samples from 48 healthy, nonsmoking volunteers, male and

female, aged 18 to 55 were purchased a commercial laboratory

(George King Biomedical, Overland Park, Kansas).

Biochip Assay

A Randox Cytokine and Growth Factors High-Sensitivity

Array assay kit was used to profile IL-2, IL-4, IL-6, Il-8,

IL-10, VEGF, IFN-g, TNF-a, IL-1a, IL-1b, MCP-1, and EGF

(Randox, London, United Kingdom). This allowed quantifica-

tion of all factors in a single patient sample simultaneously

using a sandwich chemiluminescent immunoassay. Fifty DIC

samples and 48 normal samples were analyzed. Briefly, each
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biochip provided in the kit contained 12 testing regions, each

with a different immobilized antibody specific to a different

cytokine. The chip was incubated with the patient sample.

After washing, conjugate, consisting of horseradish peroxi-

dase–labeled, analyte-specific antibodies, was incubated with

the chip. Increased level of a bound cytokine increased binding

of conjugate and thus the chemiluminescent signal emitted

upon addition of the signal reagent. The luminescent signal

generated from each region of the biochip was translated into

analyte concentration by the Randox evidence investigator

using a calibration curve generated based on controls of

known concentration.

Statistical Analysis

Descriptive statistics were calculated for each cytokine for both

normal and DIC groups. Outliers were excluded if the mea-

sured concentration was greater than the mean plus 2 standard

deviations. Statistical analysis was performed using GraphPad

Prism software (GraphPad Software, La Jolla, California). Sta-

tistical difference between the normal and the DIC group was

evaluated using the Mann-Whitney t test for nonparametric

data with a ¼ .05 as the cutoff for significance.

Percentage change from the normal mean for each cytokine

was also calculated for each DIC sample using the following

equation: Percentage change ¼ DIC level�normal mean
normal mean

� 100%.

Correlations were calculated between these values using

Spearman correlation coefficients with a ¼ .05 as the cutoff

for significance.

Results

The levels of IL-2, IL-4, IL-6, IL-8, IL-10, VEGF, IFN-g,

TNF-a, IL-1a, IL-1b, MCP-1, VEGF, and EGF were compared

between the plasma from DIC patients and the plasma from

healthy controls. As shown in Figure 1, the levels of IL-6, IL-8,

IL-10, VEGF, IFN-g, TNF-a, IL-1b, MCP-1, and EGF were

found to be significantly elevated in DIC patients compared to

normal individuals (P < .005). The levels of IL-2, IL-4, and

IL-1a were not found to be significantly different between

healthy individuals and DIC patients (P > .05). Tabulated data,

including median and range, are also shown in Table 2.

Percentage change was calculated between each individual

DIC sample and the mean of the normal samples using the

formula: Percentage change ¼ DIC level�normal mean
normal mean

� 100%, as

shown in Figure 2. The degree of increase in DIC patients

compared to normal was highly varied between cytokines.

Interleukin 6 showed the highest average percentage change

from the normal mean, averaging approximately a 10 000 per-

centage increase.

Disseminated intravascular coagulation patients were

divided into 2 groups based on ISTH DIC score. Patients

with a score of 3 to 4 were categorized as having nonovert

DIC. Patients with a score of 5 or greater were categorized

as having the more severe form of overt DIC. Of the 50

patients analyzed in this study, 44 had nonovert DIC and 6

had overt DIC. Inflammatory cytokine levels were com-

pared between the overt and nonovert groups, as shown in

Figure 3 and Table 3. No significant differences were

observed between the nonovert and overt patients for any

of the measured cytokines.

Correlations were calculated between the percentage change

from the normal mean for each cytokine for each DIC sample

using Spearman correlation coefficients with a ¼ .05 as the

cutoff for significance. Spearman correlation coefficients for

significant correlations between inflammatory cytokines are

shown in Table 4. Significant correlations were observed

between the markers that were found to be elevated in the DIC

patients. Interleukin 1b, IL-6, IL-8, IL-10, IFN-g, TNF-a, and

MCP-1 were found to be positively correlated with each other

in varying combinations. The strongest correlation observed

was between IL-6 and IL-4, with a Spearman correlation coef-

ficient of .874. Numerous other correlations were moderately

strong, with correlation coefficients between .4 and .6. Vascu-

lar endothelial growth factor and EGF were found to have

significant correlation only with each other, with a correlation

coefficient of .395.

Discussion

Disseminated intravascular coagulation has a complex bio-

chemical basis involving inflammation, coagulation and fibri-

nolysis, endothelial dysfunction, and other physiologic

processes including hemodynamic regulation. Accordingly,

high-throughput methods such as the biochip assay utilized in

this study are helpful in providing a comprehensive biochem-

ical profile underlying this serious clinical scenario.

The current study was primarily carried out to profile the

inflammatory cytokines in sepsis-associated coagulopathy/DIC

patients. The biochip array provided a comprehensive approach

for the quantitation of the important cytokines involved in

inflammatory responses. In the current study, only 6 patients

had overt DIC, and the remainder of the patients exhibited

nonovert DIC in accordance with the ISTH classification sys-

tem. It must be noted that despite the clear clinical distinction

between patients with overt and nonovert DIC in accordance

Table 1. DIC Scoring Algorithm.

Variable Value Points

Platelets (K/mL) >100 0
50-100 1

<50 2
INR <1.3 0

1.3-1.7 1
>1.7 2

D-dimer (ng/mL) <400 0
400-4000 2

>4000 3
Fibrinogen (mg/dL) >100 0

<100 1

Abbreviations: DIC, disseminated intravascular coagulation; INR, international
normalized ratio.
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with the ISTH score, cytokine levels are highly variable and

may not vary in accordance with this scoring system.

The significant elevation of numerous pro-inflammatory

and anti-inflammatory factors, specifically IL-6, IL-8, IL-10,

VEGF, IFN-g, TNF-a, IL-1b, MCP-1, and EGF, in patients

with DIC compared to healthy individuals is not unexpected

and is in line with previous research.12,29,30 Simultaneous test-

ing of all markers in a small volume of plasma provides a

broader view of the alterations of these markers and their

correlations. The correlations calculated in this study, however,

divided these factors into 2 clear groups.

The numerous and significant positive correlations among

IL-1b, IL-6, IL-8, IL-10, IFN-g, TNF-a, and MCP-1 indicate

that this set of cytokines is jointly regulated by the same aspect

of the disease process in DIC. Of these cytokines, MCP-1

showed the greatest number of correlations, with significant

relationships with IL-4, IL-6, IL-8, IL-10, IFN-g, TNF-a,

IL-1a, and IL-1b, with correlation coefficients greater than

Figure 1. Comparison of cytokine levels between DIC patients and healthy individuals. Comparisons were made using the Mann-Whitney t test
for nonparametric data with a ¼ .05 as the cutoff for statistical significance. Data are shown as mean + SEM. DIC indicates disseminated
intravascular coagulation; SEM, standard error of the mean.
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0.35 for all cytokines. Of these cytokines, TNF-a, IL-1b, IL-6,

IL-8, IFN-g, and MCP-1 have been previously shown to

enhance TF expression, a key factor in the pathogenesis of

DIC.31 Interleukin 10 is a classic anti-inflammatory cytokine

with the ability to inhibit the synthesis of TF.18 Previous

research has shown detectable amounts of anti-inflammatory

cytokines, specifically IL-10 in the blood of patients with sepsis,

and may serve in a protective capacity due to its ability to inhibit

production of the potentially toxic pro-inflammatory cytokines.16

Due to the strong correlations between these factors, future bio-

marker panels developed for sepsis-associated DIC may be able

to select one of these factors, such as IL-6 or TNF-a, as the

representative marker for the inflammatory process.

Vascular endothelial growth factor and EGF, on the other

hand, were demonstrated to correlate only with each other. This

may indicate that these factors are governed by a separate

aspect of DIC than the other inflammatory factors. Previous

studies have demonstrated both increased19 and decreased20

levels of VEGF in DIC patients. Possible explanations of

decreased VEGF levels include DIC-induced consumption

of platelets and thus increased levels of soluble VEGF

receptors.20 Studies have also indicated that low levels of

VEGF may be predictive of organ dysfunction in DIC

patients.20 The role of VEGF, important in the regulation of

angiogenesis and vascular permeability, is not yet clear, nor is

any potential association with patient outcome. Elevated VEGF

has been observed in patients with DIC, attributed to the acti-

vation of platelets.19 However, other studies have found low

levels of VEGF in patients with DIC correlating with low

platelet counts, and attributing the decrease in VEGF levels

to the loss of platelets and the VEGF stored within them.20

Accordingly, the role of VEGF in DIC, and other associated

factors including EGF, merits further investigation.

No significant differences in cytokine levels were observed

between patients with nonovert DIC and patients with overt DIC

in this study. High levels of inflammation are known to play a

role in the initiation of DIC in septic patients. A lack of correla-

tion between cytokine levels and severity of DIC suggests that

while inflammation plays a role in the initiation of coagulation

dysfunction in these patients, it is not the main determinant of

the severity of DIC that ultimately occurs. However, the number

of patients in this cohort with overt DIC was low (n¼ 6), and the

measured cytokine levels were highly variable between patients.

Further studies involving larger cohorts of patients, particularly

more patients with overt DIC, are necessary to draw conclusions.

Therefore, the studies reported in this communication under-

score the importance of profiling the plasma samples from

patients recruited in sepsis-associated coagulopathy/DIC studies

for both hemostatic dysfunction and inflammatory responses.

Utilizing the new technology of biochip arrays provides a sys-

temic approach to produce such data.

Sepsis-associated coagulopathy is a complex syndrome and

the differentiation between patients exhibiting only sepsis

without any coagulopathy can be readily made by including

Table 2. Tabulated Biomarker Data in DIC Patients and Healthy Controls.

Marker

Healthy Controls (n ¼ 48) DIC Patients (n ¼ 50)

Mean + SEM (pg/mL) Median (pg/mL) Range (pg/mL) Mean + SEM (pg/mL) Median (pg/mL) Range (pg/mL)

IL-2 1.11 + 0.26 0 0-6.25 1.67 + 0.8 0 0-39.2
IL-4 1.28 + 0.16 1.41 0-6.73 1.45 + 0.2 1.05 0-6.0
IL-6 1.25 + 0.18 0.94 0.25-7.29 334.7 + 58.7 172.5 4.3-1262
IL-8 2.64 + 0.13 2.59 0.98-5.74 177.9 + 67.4 37.85 1.4-2463
IL-10 0.68 + 0.052 0.6 0-2.12 35.14 + 23.7 3.85 0.3-1182
VEGF 4.78 + 0.19 4.59 2.14-7.77 27.61 + 6.32 14.3 1.3-260.3
IFN-g 0.17 + 0.045 0 0 -1.76 27.75 + 21.25 0.25 0-1041
TNF-a 1.73 + 0.15 1.77 0-6.55 11.87 + 2.77 4.2 1.2-107
IL-1a 0.10 + 0.15 0.1 0-0.53 0.24 + 0.082 0.1 0-3.8
IL-1b 0.79 + 0.18 0 0-5.63 3.08 + 0.74 1.65 0-31.8
MCP-1 88.6 + 3.93 90.38 30.22-149.5 713.5 + 132.2 412.5 10.9-4511
EGF 1.36 + 0.17 1.27 0-5.42 7.67 + 2.43 2.2 0-83.1

Abbreviations: DIC, disseminated intravascular coagulation; EGF, epidermal growth factor; IFN, interferon; IL, interleukin; SEM, standard error of the mean; TNF,
tumor necrosis factor; VEGF, vascular endothelial growth factor.

Figure 2. Percentage change of inflammatory markers in the blood of
DIC patients compared to the normal mean. Data are shown as mean
+ SEM on a logarithmic scale. DIC indicates disseminated intravas-
cular coagulation; SEM, standard error of the mean.
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the DIC score to classify these patient groups. In the current

study, the DIC scores were calculated for the entire cohort. The

patients included in this study all exhibited coagulopathy, and

regardless of the overt or nonovert classification, had an ele-

vated DIC score of 3 or greater. Thus, all of these patients were

predisposed to coagulopathy, which was associated with

Figure 3. Comparison of cytokine levels between patients with nonovert DIC and overt DIC. Comparisons were made using the Mann-
Whitney t test for nonparametric data with a ¼ .05 as the cutoff for statistical significance. Data are shown as mean + SEM. DIC indicates
disseminated intravascular coagulation; SEM, standard error of the mean.
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elevation of various inflammatory biomarkers. Therefore,

simultaneous activation of coagulation and inflammation is a

characteristic of this syndrome.

In order to understand the biochemical basis of DIC, numer-

ous factors representative of different but highly interactive phy-

siological processes must be studied. The individual assessment

of each of these factors may be prohibitive in terms of time, cost,

and sample availability. As demonstrated in this study, the use of

biochip assays may be able to overcome some of these practical

limitations and allow for the investigation of the relationships

between markers implicated in DIC. Ultimately, this may allow

for the development of a biochip optimized for investigation of

this disease and its diagnosis and treatment.
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