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Human Brain Chemokine and Cytokine
Expression in Sepsis: A Report of
Three Cases
Jordan Warford, Anna-Claire Lamport, Barry Kennedy, Alexander S. Easton

ABSTRACT: Background: Sepsis is a systemic response to infection that can affect brain function by inducing resident cells
(including astrocytes and microglia) to generate brain chemokines and cytokines. However, there are few studies on the human brain. Since
this information may shed further light on pathogenesis, our study objective was to measure the expression of 36 chemokines and
cytokines in autopsied brain from 3 cases of sepsis and 10 controls, and to relate this to astrocyte and microglial activation.Methods: The
right frontal pole was removed at autopsy and chemokine and cytokine expression measured by multiplexed enzyme-linked
immunosorbent assay and real-time quantitative polymerase chain reaction (qPCR). Immunohistochemistry and image analysis
were carried out to determine the expression of glial fibrillary acidic protein (GFAP), a marker of activated astrocytes, and CD68 and
CD45, markers of activated microglial cells. Results: Concentrations of the chemokines CXCL8, CXCL10, CXCL12, CCL13 and CCL22
were increased in pooled data from the three cases of sepsis (p< 0.05); however, their messenger RNA (mRNA) expression was
unaltered. CXCL13, CXCL1, CXCL2, CCL1, CCL2, CCL8, CCL20, (interleukin) IL-16, IL-1β and (tumour necrosis factor) TNF
concentrations showed increases in two of three sepsis cases. Additionally, individual sepsis cases showed increases in mRNA
expression for HDAC (histone deacetylase) 6 and EIF (eukaryotic translation initiation factor) 4A2. Brain GFAP expression was
significantly increased (p< 0.05) in pooled data from the three sepsis cases. Individual sepsis cases showed increases in CD68
or CD45 expression. Conclusions: These expression patterns add to our understanding of the pathogenesis of sepsis and its effects
on the brain.

RÉSUMÉ: Expression de chimiokines et de cytokines dans le cerveau humain chez 3 patients atteints de septicémie. Contexte: La septicémie
est une réponse systémique à une infection qui peut toucher la fonction cérébrale en induisant les cellules résidentes du cerveau, incluant les astrocytes et la
microglie, à produire des chimiokines et des cytokines. Cependant, il y a peu d’études à ce sujet sur le cerveau humain. Étant donné que cette information
peut éclairer davantage la pathogenèse, le but de notre étude était de mesurer l’expression de 36 chimiokines et cytokines dans des cerveaux prélevés à
l’autopsie chez 3 patients atteints de septicémie et chez 10 sujets témoins, et de relier l’information obtenue à l’activation des astrocytes et de la microglie.
Méthodologie: Le pôle frontal gauche a été prélevé à l’autopsie des sujets et l’expression des chimiokines et des cytokines a été mesurée par la méthode
immuno-enzymatique ELISA et par la méthode quantitative en temps réel de réaction en chaîne par polymérase (qPCR). L’immunohistochimie et l’analyse
d’images ont été réalisées afin de déterminer l’expression de la protéine acide fibrillaire gliale (GFAP), un marqueur des astrocytes activés, ainsi que de
CD68 et CD45, des marqueurs des cellules microgliales activées. Résultats: Les concentrations des chimiokines CXCL8, CXCL10, CXCL12, CCL13 et
CCL22 étaient augmentées lorsque les données des trois cas de septicémie étaient regroupées (p< 0,05); cependant, l’expression de leur ARN messager
(ARNm) demeurait inchangée. Les concentrations de CXCL13, CXCL1, CXCL2, CCL1, CCL2, CCL8, CCL20, IL-16, IL-1β et de TNF (cachectine)
étaient augmentées chez deux des trois cas de septicémie. De plus, ils présentaient individuellement des augmentations de l’expression de l’ARNm de
l’HDAC (histone-désacétylase) 6 et de l’EIF (facteur de démarrage de la traduction eucaryotique) 4A2. L’expression de GFAP dans le cerveau était
significativement augmentée (p< 0,05) lorsque les données des trois cas de septicémie étaient regroupées. Individuellement, les cas de septicémie
présentaient des augmentations de CD68 ou de CD45. Conclusions: Ces profils d’expression ajoutent à notre compréhension de la pathogenèse de la
septicémie et de ses effets sur le cerveau.
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INTRODUCTION

Sepsis is defined by a systemic host response to infection by
pathogenic microorganisms. The acute phase reaction includes
immune, physiological, metabolic and behavioural responses.
Changes in the central nervous system (CNS) result in fever,
activation of the hypothalamic–pituitary–adrenal axis, and such
behavioural changes as malaise, anorexia, hypo- or hypersomnia
and depression, which are collectively referred to as “sickness
behaviour.”1 The short-term consequences of sepsis include
confusion, delirium and coma (septic encephalopathy), and long-
term consequences include persistent neurocognitive deficits and
psychiatric disorders.2 Innate immune cells are activated by
pathogen-associated molecular patterns, such as the binding of
lipopolysaccharide (LPS) released by Gram-negative bacteria to
Toll-like receptor 4 on monocytes and macrophages. This triggers
a cascade of intracellular signalling events that result in the
generation of such cytokines as tumour necrosis factor (TNF),
interleukin (IL)-1β and IL-6. Peripheral administration of LPS to
human volunteers as well as to experimental animals resulted in
behavioural and cognitive changes.3,4 LPS administration to mice
resulted in activation of central microglia, the resident macro-
phages of the brain.5 A study of postmortem tissue from human
subjects with sepsis demonstrated an increase in CD68-positive
microglia compared to normal control subjects.6 These central
microglia can then generate cytokines and chemokines that
contribute to the pathophysiology of central responses to sepsis.
For instance, administration of endotoxin to rats induced IL-1
expression in activated microglial cells in the CNS.7 Apart from
the local generation of both pro- and anti-inflammatory cytokines,
significant contributors to brain dysfunction during sepsis
have included disruption of the blood–brain barrier, cerebral
ischemia, imbalance of neurotransmitters, excitotoxicity and
oxidative stress.8,9 The final common pathway that results in
brain dysfunction has been proposed to be deregulation of
neurotransmitters, particularly acetylcholine.10

Little is known about the expression of cytokines or chemo-
kines in the human brain during sepsis. There is interest in
utilizing these and other molecules as biomarkers of sepsis in
clinical practice. Therefore, most human studies have assessed
cytokines and chemokines as blood or serum biomarkers.11

Studies with IL-6,12 IL-18,13 macrophage inhibitory factor
(MIF),14 monocyte chemotactic protein (MCP)-1/CCL215 and
TNF16 distinguished between survivors and non-survivors, but
the general clinical utility of most biomarkers is limited, because
many are not specific for sepsis and can show variable and
unpredictable expression during the course of disease. To our
knowledge, there are no comprehensive descriptions of cytokine
and chemokine expression in the human autopsy brain in cases of
sepsis. We are aware of one study that compared autopsy cases
of delirium to normal controls and found an increased brain
expression of IL-6 as well as enhanced microglial activation.17

Brain tissue profiling may identify particular factors that
contribute to CNS dysfunction and determine the local balance
of pro- and anti-inflammatory factors. Our study describes the
expression of 36 cytokines and chemokines in autopsy-derived
brain tissue from three cases of human sepsis. We have identified
factors that were increased in all three cases and discuss these in
the light of the literature on animal models of sepsis and human
biomarkers.

MATERIALS AND METHODS

Case Reports

Case 1

A 38-year-old female with a previous diagnosis of primary
sclerosing cholangitis presented to the emergency room in
January of 2013 with right upper quadrant pain, diagnosed
as ascending cholangitis. This was treated with intravenous
antibiotics and endoscopic retrograde cholangiopancreatography
(ERCP), and stent placement was performed. On initial admis-
sion, her temperature was normal, which was attributed to prior
therapy with the TNF blocking agent adalimumab. No other
anti-inflammatory agents were being taken. Two days later, she
presented with recurrent cholangitis and fever (39oC), and
ERCP revealed stent migration. In March, a blood culture grew
Acinetobacter. During this admission, her temperatures continued
to spike. Between March and June, her circulating leucocyte
counts were normal. Right upper quadrant pain persisted, and
significant peripheral oedema developed. In early April, cellulitis
developed in the right groin, abdomen and breast. In mid-May,
there was a decline in renal function associated with confusion
and asterixis so that hepatic or renal encephalopathy was
suspected. Although the cholangitis and cellulitis were treated, the
significant oedema, right upper quadrant pain and confusion
persisted. Brain imaging was not recorded. The patient was not
considered suitable for dialysis or liver transplant, and palliative
measures were instituted. The patient subsequently died in June of
2013. Complete autopsy was performed and confirmed primary
sclerosing cholangitis with severe biliary cirrhosis. Gram-positive
and Gram-negative rods and cocci were identified in the
biliary tree.

Case 2

A 65-year-old male presented to the emergency room
with acute shortness of breath, a two-day history of diarrhoea
and a two-month history of general malaise and fatigue. These
were the only neurological symptoms recorded. His admission
temperature (36.7oC) and circulating leucocyte count were
normal. There was no prior history of anti-inflammatory drug use.
He was diagnosed with acute renal failure and hyperkalemia.
He was treated in the emergency room for hyperkalemia and
transfused one unit of blood. Brain imaging was not carried out.
After transfer to a nephrology unit, he developed hypotension and
bradycardia and went into cardiac arrest with pulseless electrical
activity. Resuscitation efforts were unsuccessful, and the patient
died on the same day. Pre-mortem blood and urine cultures were
positive for Escherichia coli. A complete autopsy was performed
and showed acute pyelonephritis secondary to urinary tract
obstruction from an enlarged prostate extensively involved by
a previously undiagnosed prostatic adenocarcinoma.

Case 3

A 37-year-old female presented in May of 2014 to the
emergency room with several days of cough, fever and dyspnoea,
and was diagnosed with right lower lobe pneumonia and
acute respiratory distress syndrome. She had a viral prodrome of
“feeling unwell” prior to admission but no specific neurological
symptoms. She was not on any regular anti-inflammatory
medications. On admission, her temperature was elevated
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(39.7oC), and the circulating leucocyte count was elevated
two days after admission (at 16.19 × 109/L [normal range=
4.5–11 × 109/L]). Sputum and blood cultures were positive
for methicillin-resistant Staphylococcus aureus. Brain imaging
was not recorded. She subsequently developed hypoxemia,
tachycardia and hypotension requiring intubation and vaso-
pressors. Four days after admission, she was treated with extra-
corporeal membranous oxygenation. The following day she went
into cardiac arrest, and although circulation was restored, the
prognosis was poor and comfort measures instituted. The patient
died on the same day. A complete autopsy confirmed the presence
of extensive necrotizing bronchopneumonia.

Brain Sampling

A complete autopsy was carried out on all three cases, which
included removal of the brain. Complete autopsy and brain
removal was also carried out in an additional 10 control cases, in
which sepsis was not diagnosed and CNS disease was not
suspected. The profile of these cases is listed in Table 1. These
cases were donated to the Maritime Brain Tissue Bank (Halifax,
Nova Scotia, Canada), and ethics approval for this study was
obtained from the Nova Scotia Health Research Ethics Board.
A portion of the right frontal pole was removed from the fresh
brain in each case and frozen at –80oC. The left hemisphere was
donated to the brain bank. The rest of the right hemisphere for
each case was fixed in formalin for two weeks and then dissected
and sampled in a routine fashion by a neuropathologist. Tissue
blocks were processed to obtain histologic slides. Each case was
subsequently reported as “normal brain, without pathologic
abnormalities” by a neuropathologist. Specifically, all of the cases
(sepsis and controls) did not show morphologic markers of injury.
Ischemic changes were not found, including red cytoplasmic
alteration in cortical neurons (red neurons) and foci of acute
or chronic infarction. Minor perivascular collections of

CD3-positive mononuclear inflammatory cells are commonly
found in normal cases, and were noted here, but significant
inflammation was not found, there were no features of
putrefaction and no collections of neutrophils compatible
with microabscess formation. Cases were also processed for
immunohistochemistry to detect the astrocytic marker GFAP
(glial fibrillary acidic protein) and the microglia/macrophage
markers CD68 and CD45.

Protein Extraction and Multiplexed Enzyme-Linked
Immunosorbent Assay

A Bio-Plex Pro™ premixed human cytokine kit (Bio-Rad, kit
#171-AK99MR2, Hercules, CA, USA) was used to analyse tissue
from the 3 cases of sepsis and 10 controls. Samples of frozen right
frontal pole were thawed on ice, weighed and subsequently
homogenized for 2 min in sterile ice-cold phosphate buffered
saline (PBS) containing a protease inhibitor (50mM sodium
fluoride; Sigma Aldrich, St. Louis, MO, USA) using a handheld
homogenizer (Pro Scientific Inc., Oxford, CT, USA). Lepto-
meninges were removed from the brain tissue, which included both
grey and white matter. Protein concentrations were determined
using a Bradford protein assay (Bio-Rad) and tissue samples
diluted to a final concentration of 2mg/ml. A standard curve was
constructed using a fourfold dilution series of beads with a known
fluorescence spectrum unique to each marker. Magnetic anti-
cytokine conjugated beads (50 µl/well) were added to the wells of
a 96-well plate and washed twice with 100 µl of assay buffer. Each
sample was measured in duplicate wells by adding 50 µl of sample
to each well. The plate was covered and incubated in the dark at
room temperature (RT) on a shaker set at 850 rpm for 30min
followed by three washes. Next, detection antibody was added to
each well and incubated in the dark at RT on a shaker set at 850
rpm for 30min followed by three washes. Lastly, streptavidin PE
(50 µl) was added to the wells and incubated in the dark at RT on a

Table 1: Case demographics for non-septic controls and cases of sepsis (PM refers to postmortem interval; pathologic findings
combine clinical history and autopsy findings)

Controls

Age (yrs) Sex PM interval (hrs) Pathologic findings

79 M 40 Hypertrophic cardiomyopathy

77 M 32 Chronic lymphocytic leukemia

71 M 18 Sugarbaker procedure with postoperative cardiac arrest

66 M 15 Pancreatic adenocarcinoma metastatic to lung

65 M 32 Diffuse large B cell lymphoma, disseminated

60 F 24 Diffuse alveolar damage, acute renal failure, hepatic steatosis

60 F 19 Metastatic gynaecologic carcinoma invading peritoneum

59 F 40 Idiopathic restrictive cardiomyopathy

59 F 23 Acute myocardial infarction

51 F 12 Disseminated lobular carcinoma of breast

Cases

Age (yrs) Sex PM interval (hrs) Pathologic findingsa

38 F 17 Ascending cholangitis (see text)

65 M 19 Acute pyelonephritis secondary to prostatic obstruction (see text)

37 F 15 Fulminant bronchopneumonia (see text)
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shaker set at 850 rpm for 10min. Beads were then washed
three times, re-suspended in assay buffer and analysed with the
Bio-Plex® 200 suspension array system. The data were acquired
using Bio-Plex Manager software version 6.1 with five-parameter
logistic regression curve fitting (Bio-Rad).

Real-Time Quantitative Polymerase Chain Reaction (qPCR)

Total RNA was extracted from the frontal pole of six controls
and the three sepsis cases using an Aurum™ total RNA fatty and
fibrous tissue kit (Bio-Rad) according to the manufacturer’s
instructions. This tissue contained both grey and white matter, but
leptomeninges were stripped away prior to processing. In order to
measure the concentration, quality and overall purity of isolated
total RNA, an Experion bioanalyser equipped with an RNA
StdSens Analysis Kit was utilized (Bio-Rad). Following quality
control, total RNAwas diluted to 2 μg and synthesized into cDNA
using SuperScript II (Invitrogen, Burlington, ON, Canada). The
CFX connect real-time PCR machine (Bio-Rad) was used for
qPCR, using GoTaq qPCR Master Mix (Promega, Madison, WI,
USA) according to the manufacturer’s instructions for amplifica-
tion and quantification. Gene-specific primers for human CCL13,
CCL22, CXCL10, CXCL12, CXCL8, HDAC6 and EIF 4A2 were
purchased from Invitrogen (see Table 2). The data from the qPCR
were collected and analysed using Livak and Schmittgen’s
2−ΔΔCT method.18 Fold change in messenger RNA (mRNA)
expression was calculated by first normalizing the cycle threshold
(ct) of the indicated gene against cytochrome C followed by
a comparison against the respective controls.

Data Analysis

Sections of GFAP, CD68 and CD45 staining from the right
superior frontal gyrus of five controls and the three sepsis cases
were scanned into an Aperio ScanScope (Leica Biosystems,
Buffalo Grove, IL, USA) and images obtained at ×200 (GFAP,
CD45) or ×400 magnification (CD68). The higher magnification
for CD68 was used to improve cell resolution. White matter
regions (three from each case) at these magnifications were
selected at random, while blinding the observer to case identity,
and analysed for percentage area of positive staining using
NIH-Image J software (National Institutes of Health, Bethesda,
MD, USA) to determine GFAP, CD68 and CD45 expression.
Statistical analysis was performed with GraphPad Prism software

(San Diego, CA, USA). The type of analysis is indicated in
the text.

RESULTS

The expression of 36 human chemokines and cytokines is
shown in Figure 1 and Table 3. Figure 1 plots the expression of
each factor in each of the three cases with sepsis (Figure 1A–C).
Mean values were obtained for the 10 control cases, and values for
each sepsis case plotted as a percentage of this mean. Table 3
shows the concentration of each factor in pg/ml and highlights
values in each of the three cases of sepsis that are either elevated or
(in the case of GM-CSF) reduced. Elevated expression is defined
when it exceeds the control mean plus two standard deviations,
and reduced when lower than this mean minus two standard
deviations. The range of normal values is also shown in Table 3.
In most instances, elevated values were above the normal range,
exceptions applying to single elevated values for CCL22, CCL27
and IL-10. Of the 36 chemokine/cytokines measured, 24 were
elevated in at least one case of sepsis, while GM-CSF was the only
factor to be reduced (in one of the three cases). No changes in
ligand expression were noted for the following 11 factors:
CXCL6, CXCL9, CXCL16, CCL3, CCL15, CCL16, CCL19,
CCL23, CCL25, CX3CL1 and interferon (IFN)-γ. Each case had a
different but overlapping profile of elevated (or reduced) expres-
sion. In case 1, 18 factors were elevated: CXCL2, CXCL8,
CXCL10, CXCL12, CCL1, CCL2, CCL7, CCL8, CCL13,
CCL20, CCL21, CCL22, CCL27, interleukin (IL)-2, IL-4, IL-16,
IL-1β and tumour necrosis factor (TNF). This case also showed a
reduction in GM-CSF. In case 2, eight factors were elevated:
CXCL1, CXCL8, CXCL10, CXCL12, CXCL13, CCL13, CCL22
and CCL26. In case 3, 18 factors were elevated: CXCL1, CXCL2,
CXCL8, CXCL10, CXCL12, CXCL13, CCL1, CCL2, CCL8,
CCL11, CCL13, CCL20, CCL22, IL-6, IL-10, IL-16, IL-1β and
TNF. Five factors were elevated in all three cases—CXCL8,
CXCL10, CXCL12, CCL13 and CCL22; while 10 factors were
elevated in two of the three cases—CXCL13, CXCL1, CXCL2,
CCL1, IL-1β, IL-16, CCL2, CCL8, CCL20 and TNF. The five
jointly elevated factors were analysed as average expression for
all three cases and compared to average expression in the 10
normal cases. Using an unpaired t test, the expression of each of
these five factors was significantly elevated (p< 0.05, Figure 1D).
Figure 2A shows representative images for expression of GFAP,
CD68 and CD45 in sections from white matter in the superior

Table 2: Primer sequences used for real-time qPCR

Gene name Forward (3'–5') Reverse (5'–3')

CXCL8 CCTGATTTCTGCAGCTCTGTG CCAGACAGAGCTCTCTTCCAT

CXCL10 GCCATTCTGATTTGCTGCCTT GCACTGCATCGATTTTGCTC

CXCL12 TCAGCCTGAGCTACAGATGC CTTTAGCTTCGGGTCAATGC

CCL13 AGCAGCTTTCAACCCCCAG CTCCTTGCCCAGTTTGGTTC

CCL22 TTACGTCCGTTACCGTCTGC CACGGTCATCAGAGTAGGC

HDAC6 GTCTTATGGATGGCTATTGCATGTT CATTGATGGTATATCCTTGGCCTTG

EIF 4A2 GCATCTATGCTTACGGTTTTGAGAA CAAGTGCCAGAATTACCTTTTGGAT

Cytochrome C CACAGATGTCTTAGAGTTTGACGATG GACTCTTCAGGACTGACCACTTG
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frontal gyrus from a control case (59-year-old female with
acute myocardial infarction; see Table 1) and sepsis case 1 (CD45)
and sepsis case 3 (GFAP, CD68). All three sepsis cases and five
controls were then analysed to determine the area of positive
staining in white matter. There was a significant increase in GFAP
staining (p< 0.05) when comparing the sepsis cases with controls.
The highest GFAP expression was found in sepsis case 3.
Although CD68 and CD45 expression was not significantly
increased in pooled data from the sepsis cases, case 1 showed
markedly elevated expression of CD45 compared to the other
cases, while case 3 had markedly elevated expression of CD68
(right panels, Figure 2A). When comparing the sepsis cases to
normal controls, mRNA expression was unchanged for CXCL8,
CXCL10, CXCL12, CCL13 and CCL22. Individual cases of
sepsis showed striking elevations in mRNA expression
for two additional inflammatory factors: HDAC (histone deace-
tylase) 6 and EIF (eukaryotic translation initiation factor) 4A2
(Figure 2B).

DISCUSSION

Study Limitations

The age range of normals in this series was between 51 and
79 years (average = 64.7 years), which was above the age noted in
two of the three cases of sepsis. To assess the likelihood that
ligand expression could be elevated artifactually as a result of
younger patient age, a Pearson regression comparing age to
expression was performed for the five factors elevated in all
three cases. This showed a weak positive correlation between

expression and age, which did not reach statistical significance
(r2 values between 0.10 and 0.25). Therefore, it is unlikely that the
increased expression of these factors in the cases of sepsis is
due to younger patient age. While just three cases of sepsis were
analysed, expression of the five factors was significantly
increased (p< 0.05, Figure 1).

Other potential limitations include use of anti-inflammatory
drugs by cases or controls. Case 1 was on adalimumab to
treat primary sclerosing cholangitis, while cases 2 and 3 were
not on regular anti-inflammatory medications. Among the 10
controls, 4 were on regular low-dose aspirin (81mg/day), 1 was
on regular naproxen for osteoarthritis, and 1 was prescribed a
short-term 3-day course of prednisone (steroid) for exacerbations
of chronic obstructive pulmonary disease, taken on an
“as-required” basis.

Present Findings

Chemokine/cytokine expression in human brain samples as
studied here may be due to elevated circulating blood levels or
expression by resident cells such as astrocytes and microglial
cells. The methods we employed cannot distinguish between
elevated circulating levels or local CNS expression, since CNS
tissue and blood vessels are both included in the analysis.
However, there was a significant increase in GFAP expression
and markedly increased expression of CD68 and CD45 in a
subset of the cases (Figure 2A), supporting the notion of resident
brain expression. GFAP is upregulated by reactive astrocytes and
therefore serves as a surrogate marker for astrocyte activation.

Figure 1: Protein concentrations for brain chemokine and cytokines in sepsis. (A–C) Factor expression in each of the
three cases of sepsis is plotted as the percentage of mean expression in 10 controls. (D) Concentration differences
between control and sepsis cases for the five most strongly elevated factors. Data are shown as mean ± standard error of
the mean (sem), *p< 0.05.
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CD68 and CD45 are not expressed in resident microglial cells
in standard brain sections, because the cells lack extensive
processes. However, during activation microglia become ramified
and the increased cell processes become detectable with these
markers. Therefore, both markers will detect activated microglia.
However, although they cannot distinguish between macrophages

or perivascular cells, the general morphology suggests that most
of the staining seen was microglial.

The most convincing evidence for increased expression in this
study was found for five chemokines: CXCL8/IL-8, CXCL10,
CXCL12, CCL13 and CCL22 (Figure 1D). The literature suggests
that some of these chemokines will promote sepsis while others

Table 3: Concentrations (in pg/ml) of brain chemokines and cytokines

Ligand Normal (mean ± SD; range (min–max),
pg/ml, n= 10)

Case 1
(pg/ml)

Case 2
(pg/ml)

Case 3
(pg/ml)

CXCL1 38.94± 4.22; 33.89–44.69 41.97 69.47* 817.07*

CXCL2 13.00± 4.42; 7.48–20.9 22.79* 21.48 164.14*

CXCL6 4.60± 6.08; 2.73–10.08 8.58 5.51 8.58

CXCL8 4.29± 3.31; 1.76–10.72 12.14* 21.41* 108.17*

CXCL9 17.17± 14.21; 7.87–51.02 19.72 13.60 10.03

CXCL10 14.71± 7.22; 6.58–28.55 196.86* 42.76 44.67

CXCL11 1.86± 1.17; 0.68–4.21 3.34 3.90 3.82

CXCL12 43.97± 4.52; 36.88–50.99 57.73 62.06* 63.45*

CXCL13 0.69± 0.17; 0.49–1.04 0.98 1.18* 1.14*

CXCL16 513.92± 68.95; 402.15–649.31 598.36 584.93 561.32

CCL1 17.09± 2.48; 13.5–20.12 22.33* 20.70 27.62*

CCL2 9.07± 4.58; 3.10–16.42 47.81* 10.14 59.71*

CCL3 1.77± 1.01; 0.98–3.31 1.63 1.35 3.48

CCL7 14.50± 3.37; 10.23–20.78 21.64* 18.49 20.50

CCL8 1.52± 0.63; 0.73–2.49 9.73* 2.18 4.53*

CCL11 5.36± 1.39; 4.13–7.67 7.04 5.53 10.16*

CCL13 1.27± 0.46; 0.77–1.94 2.49* 5.62* 7.98*

CCL15 39.60± 33.64; 12.74–90.11 129.99 24.92 10.76

CCL19 12.34± 4.26; 8.16–19.11 17.35 18.62 15.36

CCL20 1.65± 0.50; 0.99–2.58 6.81* 2.45 14.25*

CCL21 1.34± 0.84; 0.63–3.52 24.44* 2.84 2.77

CCL22 3.58± 0.55; 3.05–4.86 5.54* 5.14* 4.71*

CCL23 5.29± 3.51; 2.35–12.39 10.04 6.13 8.71

CCL25 556.45± 112.41; 333.10–707.75 702.01 461.88 454.98

CCL26 7.33± 2.59; 4.72–13.81 10.91 17.13* 10.03

CCL27 3.42± 1.55; 1.74–7.01 6.66* 4.32 3.93

CX3CL1 409.36± 256.29; 99.19–875.04 349.25 347.22 316.47

IL-2 1.70± 0.44; 1.23–2.36 3.22* 2.16 2.4

IL-4 3.11± 0.45; 2.48–3.70 4.50* 3.34 4.00

IL-6 12.61± 19.00; 0.99–60.69 49.16 21.85 1442.72*

IL-10 2.20± 1.26; 1.30–5.36 2.91 2.13 4.82*

IL-16 1422.14± 650.24; 581.11–2791.06 7517.54* 1324.05 3834.65*

GM-CSF 49.05± 6.08; 43.40–56.86 22.26† 48.41 47.77

IFN-γ 123.20± 79.40; 17.15–275.27 14.52 119.18 161.69

IL-1β 5.60± 3.30; 1.37–12.42 13.09* 2.75 30.90*

TNF 4.31± 0.61; 3.70–5.12 6.79* 5.02 5.96*

Note: For the control cases, concentrations are mean ± standard deviation (SD) of the mean; the range (minimum–maximum) is also shown. Individual
values are shown for each of the three sepsis cases.
*Value greater than the control mean plus two standard deviations.
†Values lower than control minus two standard deviations.
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mitigate its effects. CXCL8/IL-8 is regarded as a pro-inflammatory
chemokine with a major role in neutrophil activation. Blood levels of
IL-8 increase in patients with sepsis and are associated with a poor

prognosis.19Within the brain itself, endothelial cells represent a major
source of IL-8. For instance, cultured human brain endothelial cells
generate IL-8 on exposure to E. coli bacteria.20 CCL13 may also be a

Figure 2: Additional inflammatory factor expression in sepsis. (A) Photomicrographs of frontal lobe white matter expression of GFAP, CD68 and
CD45 in control and sepsis. Scale bar= 100 µm (GFAP, CD45) and 50 µm (CD68). GFAP, CD68 and CD45 expression is shown as percentage
area of positive staining for each sepsis case compared to five controls. (B) Fold change in mRNA expression for the five most strongly elevated
chemokines (CXCL8/10/12, CCL13/22) and novel factors HDAC6 and EIF 4A2. Data are shown as mean± sem, *p< 0.05.
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pro-inflammatory factor,21 but little is known of its expression during
sepsis. IL-6 should also be mentioned, because its expression was
markedly increased in case 3 (Figure 1C). IL-6 is a pro-inflammatory
factor whose blood levels correlate with poor outcomes in cases of
human sepsis.12 By contrast, the remaining three of five chemokines
are likely to limit harmful outcomes in sepsis. CXCL10 or gamma
interferon-inducible protein 10 (IP10) showed high sensitivity and
specificity as a serum biomarker in cases of human sepsis.11

Similarly, CXCL10 blockade worsened disease outcomes in a
mouse model of sepsis.22 In general, it can be said that interferons
protect the host against infection, so CXCL10/IP-10 is part of this
protective response. CXCL10 was detected in whole brain homo-
genates after chronic infection of mice with Toxoplasma gondii.23

CXCL12/stromal cell-derived factor 1α and CCL22/macrophage-
derived chemokine are also regarded as anti-inflammatory factors.
Blood levels of CXCL12 are elevated in human sepsis,24 and human
brain expression has been described in several inflammatory diseases,
including multiple sclerosis, where expression was detected in
astrocytes and endothelial cells.25 CXCL12 binds to CXCR4 on
neutrophils, and blockade of CXCL12 worsened outcomes in a
mouse model of sepsis by preventing the egress of neutrophils from
bone marrow.26 Administration of CCL22 was protective in a mouse
model of sepsis,27 and CCL22 has been detected in human microglial
cells with anM2 anti-inflammatory phenotype.28 It remains to be seen
whether these chemokines are major factors in the pathogenesis of
septic encephalopathy in humans. However, it is encouraging that
many of the factors expressed are involved in reducing inflammation
and promoting repair, which could have therapeutic implications.
From a practical perspective, it would be interesting to extend this
study to cerebrospinal fluid or blood, in order to correlate expression
with clinically obtainable samples. However, we also evaluated
mRNA expression for the five most elevated factors in this study,
and found no changes (Figure 2B). This is likely a reflection
of the timing at which samples were collected. Nevertheless, we
report increased mRNA expression for two additional inflammatory
factors—HDAC6 and EIF 4A2 (Figure 2B)—both of which have
been implicated in sepsis. For example, a specific inhibitor of
HDAC6 improved survival in a mouse model of sepsis, where it
inhibited cytokine production in the liver.29 HDAC6 may promote
sepsis by stimulating cytokine production from macrophages, since
an inhibitor suppressed the ability of LPS to activate cultured mouse
macrophages.30 However, HDAC6 also promotes tolerance to LPS in
cultured astrocytes, so in CNS sepsis HDAC6 may play a protective
role.31 There aremany different members of the EIF family, and some
family members have increased blood levels in patients with sepsis.32

One study showed that inhibition of EIF 5A improved survival
and reduced cytokine levels in a mouse model of sepsis.33

Gene expression for EIF 4A2 (the family member detected in this
study) was increased in samples of the lung taken from baboons
24 h after challenge with E. coli,34 but it has not been studied to date
in relation to the CNS. Our study therefore provides information on a
range of different factors involved in the complex regulation of
human CNS responses during sepsis.
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