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Abstract
Background: That neuroimmune interaction occurs in
chronic pain conditions has been established for over a
century, since the discovery of neurogenic inflammation in
the periphery. However, the central aspects of neuro-
immune interactions have not been fully appreciated until
the late 1900s, when a growing interest in how cytokines in
the cerebrospinal fluid (CSF) might be relevant in chronic
pain conditions emerged. Since then, the field has evolved,
and nowadays neuroinflammation is considered to be in-
volved in the pathophysiology of chronic pain. Whether or
not pain conditions can be called “neuroinflammatory” is a
matter of debate. This review summarizes the results from
studies investigating cytokines in the CSF in various pain
conditions, and critically discusses neuroimmune aspects of
pain conditions using previously proposed hallmarks of
neuroinflammation as a framework. Summary: Fifty-two
papers were summarized and their results evaluated ac-
cording to (a) the level of the measured cytokines in patients
compared to controls, and (b) the correlation between cy-
tokine level and pain intensity. A subdivision based on pain

type was also conducted for each of the 52 studies. A total of
49 proteins have been studied in at least 5 studies, 21 of
which were upregulated in a majority of studies. IL-8 was
specifically upregulated in a majority of studies of noci-
ceptive pain conditions. Regarding correlation to pain in-
tensity, there is a scarcity of data but 31 proteins were
upregulated and correlated with pain in at least one study.
Of these, 24 proteins were negatively correlated with pain,
and 7 were positively correlated. None of the most studied
cytokines, such as TNF, IL-1b, IL-6, IL-8, CCL2/MCP1, BDNF, or
bNGF, were consistently correlated to pain. Key Messages:
There is sufficient evidence to say that chronic pain con-
ditions come with an upregulation of several cytokines.
However, the majority of correlations to symptomatology
seem to be negative, indicating that the cytokines might
play a protective role that has not been broadly considered.
Calling chronic pain conditions neuroinflammatory seems
wrong; instead, a more suitable term for depicting the
findings would, perhaps, be to talk about neuroimmune
activation. © 2024 The Author(s).
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Plain Language Summary
In this review, we have summarized the current evidence on
signs of dysregulated cytokines, a family of proteins im-
portant for the function of both immune cells and nerve
cells, in spinal fluid of chronic pain populations. Chronic pain
is a complex entity, and alterations in cytokine activity has
been proposed as a potential way in which some disease
mechanisms might be mediated or maintained. In this re-
view, we found 21 cytokines to be upregulated in chronic
pain populations compared to controls. However, their as-
sociation with pain intensity remains unclear. The few
studies that have assessed cytokine levels in relation to pain
intensity have found that a majority of cytokines that show
some form of association to pain are negatively correlated to
pain intensity, indicating possible pain-relieving roles of
cytokine activity in the CSF. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

The history of the relationship between neurons and
inflammation is a rich and interesting one. For much of
the 20th century the “immune-privileged status” of the
brain parenchyma, based on the absence of the typical
local immune responses following administration of
antigen and the presence of a so-called blood-brain
barrier or border (BBB), seems to often have been
translated to “immune-deprived” [1, 2]. However, even
before it became clear in the last quarter of the 20th
century that the brain parenchyma can mount immune
responses; it had already been shown in the early 20th
century that the peripheral nervous system plays an active
part in bringing about peripheral tissue inflammation and
increased pain sensitivity [3, 4].

Indeed, primary sensory neural afferent fibers allow
for neuropeptide (e.g., calcitonin gene-related peptide)
release at their peripheral site of stimulation, which, in
turn, promotes local vasodilation and hyperalgesia [5].
Beyond the role of these neurons in local inflammation,
pro-inflammatory transcriptional changes in systemic
neutrophils seem to play a role in the transition from
acute to chronic pain [6]. In addition, activation of glial
cells in the dorsal root ganglia, spinal cord, and brain, as
well as production of cytokines and chemokines in the
PNS and CNS can also contribute to peripheral and
central sensitization [3]. Finally, nociception-
associated inflammation in the periphery, but inter-
estingly, also in the central nervous system, can in-
crease BBB permeability, possibly through the actions
of glial cells [7–9].

These considerations fit well with what has been
coined neuroinflammation (NI), a term originally em-
ployed to describe the cerebral inflammatory processes
observed in animal models of multiple sclerosis and HIV
encephalitis [10, 11]. Although no systematic comparison
has been undertaken to determine to what extent nervous
tissue alterations during NI correspond to changes in
cerebrospinal fluid (CSF) composition, immune cells and
cytokines can be detected in CSF under various condi-
tions, including those for which the label “neuro-
inflammation” has been classically used [12–14]. Sub-
sequently, NI has been proposed to be characterized by
four hallmarks: increased nervous tissue cytokine ex-
pression, activation of microglia, immune-cell recruit-
ment and neurodegenerative tissue damage [15]. Over
time, however, the term has been employed more loosely,
e.g., after observations of only microglial activation or
increased cytokine expression in the brain in response to
peripheral and psychological stressors [15]. Unfortu-
nately, as our realization of the complexity of neuro-
immune interactions has grown, the precise meaning of
the notion of NI seems to have fallen into darkness.

Today, the stripped-down version of NI is considered a
key pathophysiological mechanism driving chronic pain
[16, 17]. In animal models, glial cell activation has been
linked to both central sensitization and pain behavior
[18]. NI is often considered a driver of chronic pain,
mediated by cytokines/chemokines released by both
neurons and glia cells, and evidence of this is readily
found in animal studies on the subject [19]. These in-
teractions, characterized by a bidirectional communica-
tion between immune cells, glial cells, and neurons on
different levels in the body, have collectively been coined
the neuroimmune interface (Fig. 1) [16]. Despite the
evident relation between neuroimmune activity and pain
in animals, much less is known about the central aspects
of the neuroimmune interface in humans, and virtually
nothing about how it affects pain.

In humans, NI has been investigated by utilizing
noninvasive neuroimaging methods such as positron
emission tomography (PET) or magnetic resonance to-
mography in chronic pain populations [20, 21]. For
ethical reasons, more invasive undertakings are limited to
postmortem studies, which present with their own lim-
itations, such as scarcity of subjects, unavailability of
subjective measurements, etc. Therefore, the most
common methodology to study central neuro-
inflammatory processes has been to analyze CSF [22].
The CSF is an ultrafiltrate of blood, and its protein
composition is to 80% derived from blood proteins and to
about 20% from brain parenchymal or intrathecally
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produced proteins [23]. Adult humans produce
450–600 mL of CSF per day, through the actions of
ependymal cells in the choroid plexus of the ventricular
system, but also through an ever-ongoing exchange of
water and solutes through aquaporins that are lined along
the membranes between CSF and interstitial fluid [24].
With increasing age and in neurodegenerative diseases,
CSF turnover is reduced [25]. At any one time, an average
adult has about 150 mL CSF [26], the composition of
which is finely regulated by the autonomous nervous
system. Indeed, the stability of CSF composition is the
basis of its use in diagnosing different neurological
diseases [25].

The interpretation of findings obtained in lumbar CSF
depends on our understanding of (1) how this restricted
fluid compartment relates to the rest of the CSF and (2)
how the CSF compartment relates to other biological
compartments. Although it has long been thought that
the CSF was produced in one site, the choroid plexus, and
reabsorbed in another site, the subarachnoid villi, this
theory has recently been revised in favor of one in which
CSF production and absorption are more widespread
across the CNS [24, 27]. This, in turn, has also stimulated
a more nuanced view on the CSF compartment being
sealed off from the blood circulation by the so-called

blood-CSF barrier, with recent research indicating it
being a much less regulated interface than the BBB,
providing an alternative entry-point for peripheral cells
and proteins [23, 28, 29]. The theory regarding drainage
of CSF has also recently been revised to include cervical
lymph nodes and the so-called glymphatic system, the
latter mainly believed to depend on aquaporin activity
[24]. This means that the interpretation of the level of a
certain protein in a lumbar CSF puncture requires an
understanding of its origin (blood/brain), a relation to the
permeability of the blood-CSF-barrier (BCB), and an
understanding of the inverse relationship between dis-
tance from brain lesion, if applicable, and concentration
of the measured biomarker [23].

In the case of pain, there are currently three official
pain categories according to the International Association
for the Study of Pain (IASP): neuropathic, nociceptive,
and nociplastic pain. Neuropathic pain is currently de-
fined as secondary to a disease of lesion of the nervous
system, and, therefore, likely to be associated with
changes in the neuroimmune milieu, including changes
in CSF composition [22, 30–32]. Neuropathic pain is
classically encountered in conditions such as postherpetic
neuralgia or diabetic neuropathy, although there are
several conditions presenting with both neuropathic and

Fig. 1.A schematic overview of the neuroimmune interface. It is, in
its essence, where the nervous system meets the immune system
and how these two interact. Neuroimmune interaction occurs in
(1) peripheral tissues, (2) in the dorsal root ganglia (DRG), (3)
along the BBB, which function is to keep peripheral and central
compartments separate from each other, and (4) within the central

nervous system (CNS). The cells, both immune and nervous
system cells, are different in each of these four anatomical locations
and alteration of neuroimmune interaction serves different pur-
poses on each of these levels. Images are from the free-to-use image
database pixabay.com and the illustration was made by Alexander
Rosenström.
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nociceptive pain, such as disk herniations that generally
comes with nociceptive back pain on the one hand and
neuropathic radiculopathy on the other hand. The pain in
neuropathic conditions stands in contrast to nociceptive
pain, where pain occurs with a normally functioning
somatosensory nervous system due to actual or threat-
ened tissue damage causing the activation of peripheral
nociceptors (i.e., high-threshold sensory receptors of the
peripheral somatosensory nervous system). Pain condi-
tions that are classically considered to be nociceptive are,
e.g., rheumatoid arthritis and other forms of inflamma-
tory pain, osteoarthritis, and degenerative disk disease. In
2016 a new term, nociplastic pain was proposed to
designate the large groups of patients with conditions
characterized by altered nociceptive function not ex-
plained by neuropathic or nociceptive pain mechanisms
[33]. Nociplastic pain has since been adopted by IASP as a
third mechanistic descriptor of pain, next to nociceptive
and neuropathic pain, defined as “pain that arises from
altered nociception despite no clear evidence of actual or
threatened tissue damage causing the activation of pe-
ripheral nociceptors or evidence for disease or lesion of
the somatosensory system causing the pain” [34]. Con-
ditions typically considered as nociplastic include fi-
bromyalgia, irritable bowel syndrome, complex regional
pain syndrome type II [33]. Interestingly, a recent review,
largely based on animal studies, suggested that microglial
polarization toward a neuroinflammatory phenotype
may be relevant for nociplastic pain [35]. However, this
interpretation does not seem to be supported by PET or
CSF studies of patients suffering from nociplastic pain,
especially not when compared to patients with noci-
ceptive pain [20, 36, 37]. It is, therefore, timely to address
to what extent changes in CSF composition indicative of
inflammation occur in nociplastic, as compared to no-
ciceptive and neuropathic, pain.

The purpose of this historical overview was first and
foremost to summarize findings from studies analyzing
CSF regarding the concentrations of cytokines and the
relation between cytokines in the CSF and pain, strictly in
human populations. The presented articles are published
between 1989 and 2024. More specifically, we aimed to:
(a) identify cytokines with altered concentrations in CSF
in chronic pain patients compared to controls, (b) analyze
if chronic pain conditions characterized by nociceptive,
neuropathic or nociplastic pain types present with spe-
cific cytokine profiles, (c) review the associations between
cytokine levels in CSF and pain intensity, and (d) criti-
cally discuss the potential pathophysiological role of
neuroinflammatory processes in chronic pain, viewed
from a historical perspective.

Methods

Search Regime
We searched the PubMed database for published, original

studies on human pain populations that investigated levels of any
CSF cytokines. We used the search terms “csf cytokines pain,”
filtered on human subjects, and “(cerebrospinal fluid) AND (cy-
tokines) AND (pain),” also filtered on human subjects, and “CSF
proteins pain” at several points in time, with the last search being
conducted on February 7, 2024.

All original papers that studied cytokines in human CSF in any
pain condition were included, provided that baseline data were
sufficient, and are listed in Table 1. Some papers [38–53] did not
report pain durations in their inclusion criteria or in the demo-
graphics of the studied populations but were deemed relevant for
this publication after consideration since the included patients
were reported to suffer from pain >3 months given the diagnosis
(FM) or as they were undergoing treatments reserved for chronic
pain patients. The only exceptions were the papers by Bø et al. [44],
Cowan et al. [51], and Ludwig et al. [43], respectively, where the
duration of the pain conditions could not be ascertained. In all
included papers, only baseline data were used. In the case of
longitudinal study designs, follow-up results are not covered in this
paper, although the number of articles with such data is very few
[54, 55].

The above-defined searches yielded 623, 138, and 347 results,
respectively, out of which 30, 7, and 2 studies meeting our criteria
were identified, respectively. In addition, 13 articles found in
reference lists from other papers that did not show up in the search
were included (Fig. 2).

Articles meeting the criteria for inclusion in this work were
assessed regarding pain type, using the main three categories for
pain as defined by IASP: (a) nociceptive pain, defined as “pain that
arises from actual or threatened damage to non-neural tissue and is
due to the activation of nociceptors,” (b) neuropathic pain, defined
as “pain caused by a lesion or disease of the somatosensory nervous
system” and (c) nociplastic pain, defined as “pain that arises from
altered nociception” not fully explained by nociceptive or neu-
ropathic pain mechanisms, respectively [34]. In addition, studies
on headache were separated into a group of their own for two
reasons: (a) they are difficult to discretize into pain group and (b)
they are usually investigated on their own. Finally, two studies were
cumbersome to classify strictly by pain type and were categorized
as “other.” These studies included data on patients with undefined
chronic pain and failed back surgery syndrome patients, respec-
tively (Table 1).

In total, 52 papers were classified by pain type: nociceptive (N =
14), neuropathic (N = 20), nociplastic (N = 11), headache (N = 5),
or mixed/undefined (N = 2), respectively (Fig. 2). All reference
papers, as well as their investigated biomarkers, can be found in
online supplementary File 1 (for all online suppl. material, see
https://doi.org/10.1159/000540324).

Classification of Results
The results from all 52 papers were discretized in two separate

ways (symbol used in parentheses) (online suppl. File 2):
1. Whether the cytokine in question was (a) upregulated com-

pared to controls (+), (b) downregulated compared to controls
(−), (c) not up- nor downregulated compared to controls (0), or
(d) either not detectable or not having any controls (?).
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Table 1. A summary of all papers included in the review, along with their investigated diagnoses and classification of pain type

Classification of studies by pain type

year author main diagnosis pain type 1 pain type 2

1989 Vaeroy et al. [38] Fibromyalgia Nociplastic n/a
1990 Hyyppä et al. [39] Low back pain with rhizopathy Neuropathic n/a
1994 Skouen et al. [40] Lumbar disc herniation, headache (tension

HA/migraine w/o aura)
Neuropathic Headache

1999 Brisby et al. [56] Lumbar disc herniation Neuropathic n/a
1999 Giovengo et al. [41] Fibromyalgia Nociplastic n/a
1999 Lindh et al. [57] Orthopedic conditions Nociceptive n/a
1999 Yeager et al. [42] Osteoarthritis Nociceptive n/a
2001 Sarchielli et al. [58] Chronic daily headache, CDH Headache n/a
2002 Brisby et al. [59] Lumbar disc herniation Neuropathic n/a
2002 Sarchielli et al. [60] Chronic daily headache, CDH Headache n/a
2004 Baraniuk et al. [61] Fibromyalgia, low back pain Nociplastic Nociceptive
2004 Kotani et al. [62] Postherpetic neuralgia Neuropathic n/a
2005 Alexander et al. [63] CRPS (83% CRPS I, 17% CRPS II) Nociplastic n/a
2006 Liu et al. [64] Lumbar disc herniation Neuropathic n/a
2006 Sarchielli et al. [65] Fibromyalgia, chronic migraine Nociplastic Headache
2007 Alexander et al. [66] CRPS (83% CRPS I, 17% CRPS II) Nociplastic n/a
2007 Rozen et al. [67] Migraine, daily persistent headache Headache n/a
2007 Sarchielli et al. [68] Fibromyalgia, chronic migraine Nociplastic Headache
2008 Backonja et al. [69] Painful diabetic neuropathy or post-traumatic neuralgia Neuropathic n/a
2008 Ludwig et al. [43] Painful and non-painful polyneuropathy Neuropathic n/a
2008 Munts et al. [70] CRPS Nociplastic n/a
2009 Bø et al. [44] Migraine Headache n/a
2010 Lundborg et al. [71] Osteoarthritis Nociceptive n/a
2010 Zin et al. [54] Long-term pain, IT morphine Other n/a
2011 Ohtori et al. [72] Lumbar spinal stenosis Neuropathic n/a
2012 Kadetoff et al. [45] Fibromyalgia Nociplastic n/a
2013 McCarthy et al. [46] Failed back surgery syndrome Other n/a
2015 Kosek et al. [37] Fibromyalgia, rheumatoid arthritis Nociplastic Nociceptive
2016 Qin et al. [73] Trigeminal neuralgia Neuropathic n/a
2017 Bäckryd et al. [74] Peripheral neuropathic pain Neuropathic n/a
2017 Bäckryd et al. [75] Fibromyalgia Nociplastic n/a
2017 Lim et al. [76] Degenerative disc disease Nociceptive n/a
2017 Zhao et al. [77] Postherpetic neuralgia Neuropathic n/a
2018 Andrade et al. [78] Thoracic disc herniation Neuropathic n/a
2018 Azim et al. [47] Osteoarthritis Nociceptive n/a
2018 Das et al. [79] Radicular pain Neuropathic n/a
2018 Giron et al. [80] Postlaminectomy syndrome Nociceptive n/a
2018 Kosek et al. [48] Osteoarthritis Nociceptive n/a
2019 Ericson et al. [49] Trigeminal neuralgia Neuropathic n/a
2019 Krock et al. [81] Low back pain Nociceptive n/a
2019 Palada et al. [82] Lumbar disc herniation, degenerative disc disease Nociceptive Neuropathic
2020 Bjurström et al. [83] Osteoarthritis Nociceptive n/a
2020 Palada et al. [50] Osteoarthritis Nociceptive n/a
2021 Cowan et al. [51] Migraine Headache n/a
2021 Jönsson et al. [84] Peripheral neuropathic pain Neuropathic n/a
2022 Liu et al. [85] Osteoarthritis Nociceptive n/a
2023 Baroni et al. [86] Trigeminal neuralgia Neuropathic n/a
2023 Chen et al. [52] Postherpetic neuralgia Neuropathic n/a
2023 García-Fernández et al. [87] Polyneuropathy (different kinds) Neuropathic n/a
2023 Kato et al. [88] Osteoarthritis Nociceptive n/a
2023 Lafta et al. [53] Trigeminal neuralgia Neuropathic n/a
2024 Rosenström et al. [89] Lumbar disc herniation, degenerative disc disease Nociceptive Neuropathic
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2. Whether the cytokine in question was (a) positively correlated
to pain intensity (+), (b) negatively correlated to pain intensity
(−), (c) not correlated to pain intensity (0), or (d) if pain in-
tensity wasn’t assessed/analyzed (?).
Unclear findings (categories “d” above), i.e., comprising studies

that either did not have a control group, where the cytokine in
question was undetectable, or where pain intensity was not as-
sessed, have not been considered in our calculations since they
constitute methodological issues rather than scientific findings.
Hence, only the “net” number of studies, i.e., studies comprising
groups a-c above, were regarded in the analysis of cytokine ex-
pression (Table 2; online suppl. File 3) and correlation to pain,
respectively (Table 3; online suppl. File 4). We considered cyto-
kines that were expressed in a similar fashion in more than 50% of
the net number of studies to be cytokines of interest.

Results

The results from 52 studies analyzing a total of 212
proteins, mainly cytokines and neurotrophins, in human
CSF have been reviewed. All studies, together with their
pain type classification, are listed in Table 1. One-
hundred cytokines have only been assessed in 1 study,
12 in 2 studies, 5 in 3 studies, and 46 in 4 studies. The
remaining 49 cytokines, studied in 5 papers or more, are

summarized regarding expression in comparison to
controls and expression in relation to pain intensity, in
Tables 3 and 4, respectively. The complete dataset,
containing all 212 proteins, their full names and their
respective classifications, can be found in online sup-
plementary File 2.

CSF Cytokine Levels in Chronic Pain Patients
Compared to Controls across all Pain Types
Twenty-one cytokines assessed in at least 5 studies

were upregulated while none were downregulated in
more than 50% of the studies, and seven cytokines did not
differ between patients and controls in the majority of
studies (Table 2).

Cytokine Levels in CSF in Patients Suffering from
Nociceptive, Neuropathic, or Nociplastic Pain
Table 3 depicts how the cytokines differed from

controls in patients with nociceptive, neuropathic, no-
ciplastic pain conditions as well as headache and mixed
pain. Only four cytokines have been analyzed in five or
more papers in a specific pain type. Regarding nociceptive
pain, 6/9 (67%) of papers reported higher IL-8 levels in
the patient’s CSF. No significant differences between

Fig. 2. Literature search and yields; N = number of articles in each stage. Numbers in parentheses indicate the
number of papers covering several pain types that were classified as having a different main category. E.g., there
were 22 papers on neuropathic pain, 20 of which were classified as investigating mainly neuropathic pain and an
additional two being classified as investigating mainly another pain type (in this case, nociceptive pain, as can be
seen from Table 1).
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patients and controls were reported for IL-8 in neuro-
pathic pain (67%, n = 4/6), IL-6 in nociceptive pain (89%,
n = 8/9) and CCL2/MCP1 in nociceptive pain
(83%, n = 5/6).

The Associations between Cytokine Levels in CSF and
Pain Intensity
Unfortunately, only very few studies of cytokines in

CSF of pain patients also included an analysis of their
association with pain intensity. The results for the
cytokines where associations to pain intensity were
assessed in more than five papers are summarized in
Table 4.

When including all pain types in the analysis, no
cytokine correlated positively or negatively with pain
intensity in chronic pain patients in more than 50% of
the papers. No correlations with pain intensity was
reported for BDNF (83%%, n = 5/6), CCL2/MCP1
(100%, n = 8/8), IL-1b (83%, n = 5/6), IL-6 (86%, n = 12/
14), IL-8 (92%, n = 11/12), bNGF (86%, n = 6/7), and

TNF (89%, n = 8/9) (Table 4). Refining the analysis
according to pain type, no correlations were found
between nociceptive pain and CSF levels of CCL2/
MCP1 (100%, n = 5/5), IL-6 (86%, n = 6/7) and IL-8
(86%, 6/7), respectively, nor between neuropathic pain
intensity and IL-6 (83%, 5/6).

Cytokines in CSF and Their Relation to Pain, a
General Overview
The whole dataset of studied cytokines (n = 212) was

mapped regarding their reported associations with pain
intensity (online suppl. File 2) in at least one study. In
Figure 3, all cytokines that were positively (+) or nega-
tively (−) correlated with rated pain intensity in at least
one study are visualized.

The relationship between the cytokine levels in CSF,
i.e., if patients had higher, lower or no significant
difference compared to controls and the association
between protein levels and pain intensity within the
patient groups are summarized in Table 5. Looking at
all upregulated cytokines that have been found to be
correlated with pain, 77% (n = 24/31) have been
negatively correlated and 23% (n = 7/31) have been
positively correlated. TGF-β1 was significantly lower in
patients suffering from nociceptive pain and negatively
correlated to pain intensity, and VEGF-A is the only
cytokine that has been found to be both positively and
negatively associated with pain.

Discussion

Main Findings
In this article, we summarize the current knowledge

regarding altered cytokine levels in the CSF of patients
suffering from different chronic pain conditions, different
pain types as well as the associations between cytokine
levels and rated pain intensity. Our main finding is that
cytokines tend to be upregulated in the CSF of chronic
pain patients when compared to controls, with 21 cy-
tokines studied in at least 5 papers being upregulated in
the majority of studies, while the correlation to pain
intensity remains largely elusive, mainly due to incon-
sistent and inconclusive data.

The Origin and Role of Cytokines in Pain Conditions
We have sufficient evidence to say that there are at least

two of the hallmarks of NI present in at least some
chronic pain conditions, namely upregulation of cyto-
kines and signs of glial activation that is not seen in
controls. However, the presence of peripheral immune

Table 2. List of cytokines that are (1) studied in at least 5 papers
and (2) expressed similarly in more than 50% of studies

Gene name Expression compared to controls

4E-BP1 Upregulated
BDNF Upregulated
bNGF Upregulated
CCL11 Upregulated
CCL19/MIP-3β Upregulated
CCL2/MCP1 No difference in expression
CCL23/MIP-3 Upregulated
CCL3/MIP-1α Upregulated
CCL4/MIP-1β No difference in expression
CCL8/MCP-2 Upregulated
CD5 Upregulated
CX3CL1 Upregulated
CXCL1 No difference in expression
CXCL10 Upregulated
CXCL11/I-TAC Upregulated
CXCL5/ENA-78 Upregulated
CXCL6 Upregulated
Flt3L Upregulated
IL18 Upregulated
IL1b Upregulated
IL6 No difference in expression
IL8 No difference in expression
LAP-TGF-b Upregulated
LIF-R Upregulated
OPG/TNFRSF11b Upregulated
TNF-a/TNF No difference in expression
TRAIL/TNFSF10 Upregulated
VEGF-A No difference in expression
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Table 3. A summary of the cytokines studied in five papers or more, in relation to levels in the studied control
group(s)

Column color depicts pain type; white = all studies, blue = nociceptive pain, yellow = neuropathic pain,
purple = nociplastic pain, green = headache, and grey = other pain (mixed or undefined). Numbers written in
underlined bold indicate that >50% of studies found the same expression of the cytokine compared to
controls when the net number of studies exceeds 5, while numbers written in italics indicate that more than
50% of studies found the same expression compared to controls, with a net number of studies of less than 5.
CGRP is a neurotrophin, while the rest are considered cytokines.
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Table 4. A summary of cytokines studied in five or more papers, in relation to pain intensity

Column color depicts pain type; white = all studies, blue = nociceptive pain, yellow = neuropathic pain, purple =
nociplastic pain, green = headache, and grey = other pain (mixed or undefined). Numbers written in underlined bold indicate
that >50% of studies found the same expression of the cytokine compared to controls when the net number of studies
exceeds 5, while numbers written in italics indicate that more than 50% of studies found the same expression compared to
controls, with a net number of studies of less than 5. CGRP is a neurotrophin, while the rest are considered cytokines.
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cells or overt neurodegenerative effects have not been
reported in human pain populations as far as we know,
and the evidence that exists does not suggest a fulminant
neuroinflammatory state such as in, e.g., MS. Hence,
unless the pain is caused by autoimmune diseases af-
fecting CNS, such as MS, it does not seem accurate to call
the reported observations “neuroinflammation.” Perhaps
a more nuanced way to discuss these observations would
be in terms of altered neuroimmune activation/signalling
that covers a spectrum: from a changed neuroimmune
milieu and glial activation in mild-moderate disease
states, to increased permeability of the BBB/BCB and
infiltration of peripheral immune cells in its most extreme
forms. The question of neurodegeneration in NI is
complicated, as we see pronounced neurodegenerative
effects during fulminant neuroimmune activity (e.g., MS),
but also neurodegenerative effects of the long-term
neuroimmune activation of lower grades that has been
investigated in, e.g., Alzheimer’s disease [90], and cannot
be definitely addressed in the question of chronic pain
with the current state of evidence. However, there is a
growing concern that pain might be an important factor
in the development of different forms of dementias; e.g., a
recent observational study found “non-cancer chronic
pain conditions” to be an independent risk factor for the
development of Alzheimer’s disease and related de-
mentias, and there are several experimental, cross-
sectional, and longitudinal studies that have found
pain to, at least in some aspects, be associated with
cognitive decline [91].

A Case for Neuroimmune Activation in Pain?
If neuroimmune activation (without fulminant NI) can

be defined as an upregulation of cytokines in the CSF, and
if this is related to different kinds of chronic pain, we
would expect neuroimmune activation to be a dis-
tinguishing feature in pain populations. Indeed, several
cytokines were upregulated in the CSF of chronic pain
patients compared to controls in ≥50% of the reviewed
studies, whereas none were downregulated. There were 21
cytokines upregulated across all pain types (section 3.1.),
and when looking at separate pain types, IL-8 was up-
regulated specifically in nociceptive pain (67% of studies).
No specific patterns were detected for the remaining
cytokines regarding concentrations in CSF in association
to different pain types.

On the other hand, if we believe that neuroimmune
activity is a relevant algogenic mechanism in the context
of chronic pain, we would expect to find a positive
correlation between rated pain intensity and measures of
CSF concentrations of cytokines. Our clinical review of
cytokines in the CSF of human pain patients suggests a
more complicated picture. In fact, across pain types, no
correlations between pain intensity and CSF levels were
found for many cytokines regarded as key players in NI
and chronic pain, such as TNF, IL-1b, IL-6, IL-8, CCL2/
MCP1, BDNF, and bNGF. In addition, in 86% of the
studies, no correlation was found between nociceptive
pain intensity and CSF levels of IL6 and IL8, respectively,
nor between IL6 and neuropathic pain (83% of studies).
These results do not support a general (= across pain
types) association between neuroimmune activity and
chronic pain intensity. However, it may be argued that
these associations are only relevant to study in situations
when the cytokine of interest is either up- or down-
regulated in the patient group compared to controls.

If we accept these hypotheses, cytokines of special
interest would be (a) upregulated in the CSF of chronic
pain patients and (b) positively correlated to the rated
pain intensity. Our overview of clinical studies would
support the existence of many cytokines meeting the first
condition, as we found 95 cytokines that were upregu-
lated in the CSF of chronic pain patients, while only two
were downregulated (in at least one study). However, a
positive correlation with pain intensity was only reported
regarding 10% of the 21 cytokines assessed in five or more
studies and upregulated in >50% of these (Table 3), or
regarding 7% (n = 7/95) of the cytokines upregulated in at
least one study. Surprisingly, a negative correlation with
pain intensity was seen regarding 33% of the 21 upre-
gulated cytokines and regarding 25% (n = 24/95) of the
cytokines upregulated in at least one study; however, it

Fig. 3. Cytokines that have been found to be either positively or
negatively correlated to pain in at least one study. To date, the only
protein found in both categories is VEGF-A. Cytokines in CSF and
chronic pain.
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must be pointed out that the latter observations are mainly
based on one single study of patients suffering frompainful
knee osteoarthritis (KOA) [50]. In another study, complex,
mainly u-shaped, associations were found between back
pain intensity and CSF cytokine levels in patients with
lumbar disc herniation, while no significant associations
were seen in patients suffering from disc degenerative
disease, suggesting disease-specific mechanisms [89].
However, in this review those results were considered not
to be correlated with pain as the direction of correlation is
difficult to determine in the study in question.

Given the paucity of data, no firm conclusions can be
drawn regarding the relationship between pain intensity
and cytokine expression in the CSF. The data at hand would
support that neuroimmune activity can be observed in
chronic pain conditions, but the association to pain is
unclear and the data suggests a bidirectional role of the
neuroimmune response that also entails analgesic and
neuroprotective effects, as previously suggested [50, 89].
The latter is in accordance with Bjurström et al. [55],
showing increased CSF levels of interferon gamma induced
protein (IP-10) in patients with hip osteoarthritis compared
to controls before surgery, with a further increase 18months
following total hip arthroplasty despite significant reduc-
tions in clinical pain as well as measures of central sensi-
tization. Two key questions arise: where do the cytokines we
measure in the CSF come from, and why does it matter?

The Neuroimmune Interface and the BBB
The answer to these questions might offer clues to the

organization of peripheral-central communication, as
well as how and where neuroinflammatory processes in
general are created, maintained, and terminated. Cyto-
kines and neurotrophins are used for para- and autocrine
signalling throughout the body, produced by cells of both
the immune and nervous systems, and their modulatory

mechanisms of action have been proposed to entail BBB/
BCB disruption as well as alteration of glial cells. For
example, in mice, Huber et al. [92] found a relationship
between experimental inflammatory pain and BBB per-
meability. Separately, Tenorio et al. [93] concluded that
glia cells alone, without alterations of BBB permeability,
were not sufficient to uphold a chronic pain condition.
Based on findings of microglia activation that mirror the
activated brain regions in chronic pain (reviewed in [94]),
and evidence of the need for nociceptive input for BBB
alteration [7], DosSantos and colleagues [94] hypothe-
sized that the BBB-alterations might be driven by “a
central-mediated response conducted through the spi-
nothalamic tract.” This hypothesis is supported by studies
showing that NSAIDs seem to decrease CNS uptake of
sucrose in inflammatory pain [7] and by studies showing
that bupivacaine, a local anesthetic, reduces CNS uptake
of sucrose as well as inhibits the change in expression of
genes that are integral to the tight junctions and ad-
herence junctions of the BBB in neuropathic pain [95]. In
summary, there seems to be a link between neuroimmune
activation and BBB disruption in certain animal pain
models, with directionality remaining elusive.

In humans, migraine patients were found to have an
increased serum-CSF albumin quotient compared to
healthy controls [51], and the same was found in patients
with lumbar disc herniation [40]. Meanwhile, García-
Fernández et al. [87] found a positive correlation between
neurodegeneration, inflammation and CSF/serum albu-
min quotient in polyneuropathies that was possibly
modulated by intrathecal IL-8. In addition, our group
found a positive correlation between BCB permeability,
as measured with serum-CSF albumin quotient, and
CSF levels, but not serum-CSF quotients of CCL11,
CCL23, CCL25, CXCL9, and IL-12b, as well as a
positive correlation between albumin quotient and both

Table 5. Cytokines found to be correlated either positively or negatively with pain in at least a single study

Category Positive correlation to pain Negative correlation to pain

Upregulated in CSF BDNF, CGRP, Hemopexin,
IL1b, IL8, TNF, VIP

4E-BP1, ADA, bNGF, CCL3, CCL19, CD244, CD40, CDCP1, CSF1, CX3CL1
(n = 2), DNER, FGF-5 (n = 2), FGF-19, HGF, IL10, LIF-R, OPG, PDL1, PGH2D,
SCF, SIRT-2, TGFRSF9, uPA, VEGF-A

Downregulated
in CSF

TGF-β1

Not up- or
downregulated

IL-1RA, IL-6 (n = 2), ProSAAS CDCP1, IL-10, MMP-1, TGF-α, VEGF-A

No controls VEGF-A

CGRP, calcitonin gene-related peptide. “n” indicates the number of studies the finding is replicated in (if >1).
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IL-18-quotient and CSF-IL-18 levels in patients with
either degenerative disc disease or lumbar disc herniation,
suggesting a BBB/BCB effect on central levels of cytokines
[89]. Thus, there seems to be a case to be made in favor of
increased BBB/BCB permeability on the upregulation of
certain cytokines in the central compartment.

Cells of the immune and nervous systems share many
common receptors and pathways that facilitate their close
communication both in the periphery and within the
CNS. Due to the great mobility of immune cells, the
exception being resident macrophages, the cytokines we
measure in serum, CSF or any other biological fluid are
not necessarily produced in cells that originate in said
fluid. Instead, they can be transported there either
through cytotaxis followed by cytokine release, or
through active/passive transport over the BBB/BCB. This
would be supported by previous work, suggesting that
proteins measureable in the CSF originate from both
blood and brain structures in an 80/20 relationship [23].
In addition, positive correlations between serum and CSF
levels of cytokines have been demonstrated with a fairly
consistent pattern for a great number of cytokines in
patients suffering from KOA [50], as well as lumbar disc
herniation or disc degenerative disease [89]. Since CSF is
an ultrafiltrate of blood, this makes sense. However, some
cytokines in the CSF are derived more exclusively from
the leptomeninges and brain parenchyma, such as Cys-
tatin C, Prostaglandin-D synthase (PGDS), neuron-
specific enolase (NSE), and glial fibrillary acidic protein
(GFAP) [23]. These players have not been studied ex-
tensively in chronic pain conditions as far as we know;
Cystatin C has been studied and been found upregulated
compared to controls in two studies on nociceptive and
neuropathic pain, respectively [64, 76], GFAP was up-
regulated in one study on nociplastic pain [66] and did
not differ in expression from controls in a study on
neuropathic pain [56], while NSE has not been found to
be up- or downregulated in one study on neuropathic
pain [56], and in one additional study on neuropathic
pain NSE levels were not compared to controls [86].

All in all, we have sufficient evidence to claim that
there is some form of neuroimmune alteration going on
in chronic pain that at least in some cases may alter the
BBB/BCB. What about glial cells in humans?

Glial Cells as Part of the Neuroimmune Axis
As should be evident from the above discussion, the

role of NI in chronic pain conditions is a very complex
question. This is further illustrated by the results from
neuroimaging studies in chronic pain, which constitutes
the preferred method for investigating central neuro-

immune alteration in humans. Cerebral glial cell acti-
vation in chronic pain patients has been indirectly studied
by using PET ligands, such as the translocator protein
(TSPO) for which increased binding is interpreted as a
sign of glia activation. Increased TSPO binding has been
reported in patients suffering from chronic low back pain
(CLBP) [21, 96], as well as in widespread cortical areas in
fibromyalgia patients compared to healthy controls [20,
97, 98]. However, the relation to pain was inconclusive as
negative correlation (CLBP), no correlation (FM) as well
as positive correlation (FM) has been reported [20, 21,
97]. In addition, patients with rheumatoid arthritis did
not differ from HC in cerebral gray matter in terms of
TSPO binding, nor did they present with a correlation
between TSPO binding and pain intensity. Instead, a
strong negative correlation between TSPO binding and
disease activity was found in the patient group suggesting
protective and disease modifying effects [36]. Finally,
TSPO binding patterns in the primary somatosensory
cortex were related to the widespreadness of pain in CLBP
patients [99].

Furthermore, magnetic resonance spectroscopy (MRS)
has been used to assess metabolites, such as myo-inositol,
which is mainly localized in glia and considered a (po-
tential) marker of NI [100]. In fibromyalgia patients, Lee
et al. [101] reported a negative correlation between myo-
inositol concentrations in anterior midcingulate cortex
and thalamus, and pain intensity, while Fanton et al.
[102] reported a negative correlation between scyllo-
inositol (a stereoisomer of myo-inositol) in rostral an-
terior cinguli and severity of fibromyalgia symptoms, and
lower levels of scyllo-inositol in the rostral anterior
cinguli of fibromyalgia patients compared to controls. On
the other hand, Weerasekera et al. [100] reported a
positive correlation between knee pain intensity and
myo-inositol concentrations in the thalamus of KOA
patients. The KOA patients had higher levels of myo-
inositol compared to controls before surgery and a further
increase in thalamic myo-inositol levels was reported
4 weeks following total knee arthroplasty despite no
significant change in pain intensity. Given that the
postoperative increase in myo-inositol was accompanied
by a proportional normalization of a neuro-metabolite
regarded as a marker of neuronal integrity (NAA/Cr), the
authors speculated that “surgery-induced neuro-
inflammation might have a beneficial role in promoting
the restoration of neuronal metabolism and/or viability,
possibly supporting a dual role of neuroinflammation:
adaptive in the acute/subacute context, such as in re-
sponse to surgery, but pathogenic and maladaptive when
dysregulated or in the chronic context” [100]. However,
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an alternative interpretation would be possible, namely,
that certain types of glia activation reflect a neuro-
protective mechanism.

Conclusions

In the current literature review of cytokines in the CSF
of chronic pain patients, evidence of an altered neuro-
immune environment in chronic pain was found as 21
cytokines were upregulated in the majority of studies they
have successfully been measured in, while none were
consistently downregulated. However, surprisingly, no
consistent correlations between pain intensity and CSF
levels were found for many cytokines traditionally re-
garded as key players in neuroinflammation and chronic
pain, such as TNF, IL-1b, IL-6, IL-8, CCL2/MCP1,
BDNF, and bNGF. In fact, when examining cytokines
that were upregulated in the CSF in chronic pain patients
in at least one study and had a correlation with pain, 77%
were associated with lower pain intensities, and only 23%
with higher intensity. The evidence from cytokine studies
of the CSF and from neuroimaging studies on chronic
pain conditions is still inconclusive. This is due to the
natural elusiveness of pain as a phenomenon but also
reflects the limitations that are commonplace in the field
of pain research, such as the lack of longitudinal studies,
making it difficult to assess causal relationships, the
heterogeneity of pain conditions studied, which makes
data interpretation cumbersome and prone to errors, and
the so-called healthy control groups used, as they often
undergo evaluation for some other form of symptoms.
Despite these shortcomings, our analysis supports the

idea that chronic pain conditions are characterized by an
altered neuroimmune environment that in at least some
conditions present with glial cell activation and BBB/BCB
disruption. Regarding the role of this neuroimmune al-
teration, it will be important to conduct studies where we
also consider the potentially beneficial effects of neuro-
immune interactions, which could enable the develop-
ment of radically new treatment strategies for chronic
pain. At the same time, it is important to remember that
cytokines alone do not account for the whole experience
of pain, and that neuroimmune activity reflects only part
of the phenomenon that is pain. Finally, our findings
suggest that the notion of “neuroinflammation” needs a
revision, from regarding all of it strictly as pathological
and pain-promoting, to viewing it as part of a spectrum of
neuroimmune alteration, where analgesic and neuro-
protective effects might also play a role.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was not supported by any sponsor or funder.

Author Contributions

Conceptualization, writing, and revising were done jointly by
A.R., J.K., and E.K. A.R. collected and curated the data, analyzed it,
and created the tables and figures.

References
1 Bechmann I, Galea I, Perry VH. What is the
blood-brain barrier (not)? Trends Immunol.
2007;28(1):5–11. https://doi.org/10.1016/j.
it.2006.11.007

2 Galea I, Bechmann I, PerryVH.What is immune
privilege (not)? Trends Immunol. 2007;28(1):
12–8. https://doi.org/10.1016/j.it.2006.11.004

3 Matsuda M, Huh Y, Ji R-R. Roles of inflam-
mation, neurogenic inflammation, and neuro-
inflammation inpain. JAnesth. 2019;33(1):131–9.
https://doi.org/10.1007/s00540-018-2579-4

4 Willis WD. Dorsal root potentials and
dorsal root reflexes: a double-edged sword.
Exp Brain Res. 1999;124(4):395–421.
https://doi.org/10.1007/s002210050637

5 Kruger L. The sensory neuron and the
triumph of Camillo Golgi. Brain Res Rev.
2007;55(2):406–10. https://doi.org/10.
1016/j.brainresrev.2007.01.008

6 Parisien M, Lima LV, Dagostino C, El-
Hachem N, Drury GL, Grant AV, et al.
Acute inflammatory response via neutrophil
activation protects against the development
of chronic pain. Sci Transl Med. 2022;
14(644):eabj9954. https://doi.org/10.1126/
scitranslmed.abj9954

7 Campos CR, Ocheltree SM, Hom S, Egleton
RD, Davis TP. Nociceptive inhibition prevents
inflammatory pain induced changes in the
blood-brain barrier. Brain Res. 2008;1221:6–13.
https://doi.org/10.1016/j.brainres.2008.05.013

8 Qiao LY, Tiwari N. Spinal neuron-glia-immune
interaction in cross-organ sensitization. Am J
Physiol Gastrointest Liver Physiol. 2020;319(6):
G748–60. https://doi.org/10.1152/ajpgi.00323.
2020

9 Tajerian M, Clark JD. Novel cytogenic and
neurovascular niches due to blood-brain

barrier compromise in the chronic pain
brain. Mol Pain. 2015;11:63. https://doi.org/
10.1186/s12990-015-0066-6

10 Asensio VC, Campbell IL. Chemokines in the
CNS: plurifunctional mediators in diverse states.
Trends Neurosci. 1999;22(11):504–12. https://
doi.org/10.1016/s0166-2236(99)01453-8

11 Olsson T. Cytokines in neuroinflammatory
disease: role of myelin autoreactive T cell pro-
duction of interferon-gamma. JNeuroimmunol.
1992;40(2–3):211–8. https://doi.org/10.1016/
0165-5728(92)90135-8

12 Gaetani L, Paolini Paoletti F, Bellomo G,
Mancini A, Simoni S, Di Filippo M, et al.
CSF and blood biomarkers in neuro-
inflammatory and neurodegenerative dis-
eases: implications for treatment. Trends
Pharmacol Sci. 2020;41(12):1023–37.
https://doi.org/10.1016/j.tips.2020.09.011

Cytokines in Cerebrospinal Fluid and
Chronic Pain in Humans

Neuroimmunomodulation 2024;31:157–172
DOI: 10.1159/000540324

169

D
ow

nloaded from
 http://karger.com

/nim
/article-pdf/31/1/157/4270539/000540324.pdf by guest on 22 O

ctober 2024

https://doi.org/10.1016/j.it.2006.11.007
https://doi.org/10.1016/j.it.2006.11.007
https://doi.org/10.1016/j.it.2006.11.004
https://doi.org/10.1007/s00540-018-2579-4
https://doi.org/10.1007/s002210050637
https://doi.org/10.1016/j.brainresrev.2007.01.008
https://doi.org/10.1016/j.brainresrev.2007.01.008
https://doi.org/10.1126/scitranslmed.abj9954
https://doi.org/10.1126/scitranslmed.abj9954
https://doi.org/10.1016/j.brainres.2008.05.013
https://doi.org/10.1152/ajpgi.00323.2020
https://doi.org/10.1152/ajpgi.00323.2020
https://doi.org/10.1186/s12990-015-0066-6
https://doi.org/10.1186/s12990-015-0066-6
https://doi.org/10.1016/s0166-2236(99)01453-8
https://doi.org/10.1016/s0166-2236(99)01453-8
https://doi.org/10.1016/0165-5728(92)90135-8
https://doi.org/10.1016/0165-5728(92)90135-8
https://doi.org/10.1016/j.tips.2020.09.011
https://doi.org/10.1159/000540324


13 Kothur K, Wienholt L, Brilot F, Dale RC.
CSF cytokines/chemokines as biomarkers in
neuroinflammatory CNS disorders: a sys-
tematic review. Cytokine. 2016;77:227–37.
https://doi.org/10.1016/j.cyto.2015.10.001

14 Suk K. Combined analysis of the glia se-
cretome and the CSF proteome: neuro-
inflammation and novel biomarkers. Expert
Rev Proteomics. 2010;7(2):263–74. https://
doi.org/10.1586/epr.10.6

15 Estes ML, McAllister AK. Alterations in
immune cells and mediators in the brain: it’s
not always neuroinflammation. Brain
Pathol. 2014;24(6):623–30. https://doi.org/
10.1111/bpa.12198

16 Grace PM, Hutchinson MR, Maier SF,
Watkins LR. Pathological pain and the
neuroimmune interface. Nat Rev Immunol.
2014;14(4):217–31. https://doi.org/10.1038/
nri3621

17 Latremoliere A, Woolf CJ. Central sensiti-
zation: a generator of pain hypersensitivity
by central neural plasticity. J Pain. 2009;
10(9):895–926. https://doi.org/10.1016/j.
jpain.2009.06.012

18 Watkins LR, Hutchinson MR, Ledeboer A,
Wieseler-Frank J, Milligan ED, Maier SF.
Norman Cousins Lecture. Glia as the “bad
guys”: implications for improving clinical
pain control and the clinical utility of opi-
oids. Brain Behav Immun. 2007;21(2):
131–46. https://doi.org/10.1016/j.bbi.2006.
10.011

19 Sideris-Lampretsas G, Malcangio M. Mi-
croglial heterogeneity in chronic pain. Brain
Behav Immun. 2021;96:279–89. https://doi.
org/10.1016/j.bbi.2021.06.005

20 Albrecht DS, Forsberg A, Sandström A,
Bergan C, Kadetoff D, Protsenko E, et al.
Brain glial activation in fibromyalgia - a
multi-site positron emission tomography
investigation. Brain Behav Immun. 2019;75:
72–83. https://doi.org/10.1016/j.bbi.2018.
09.018

21 Loggia ML, Chonde DB, Akeju O, Arabasz
G, Catana C, Edwards RR, et al. Evidence for
brain glial activation in chronic pain pa-
tients. Brain. 2015;138(Pt 3):604–15. https://
doi.org/10.1093/brain/awu377

22 Bjurstrom MF, Giron SE, Griffis CA. Ce-
rebrospinal fluid cytokines and neuro-
trophic factors in human chronic pain
populations: a comprehensive review. Pain
Pract. 2016;16(2):183–203. https://doi.org/
10.1111/papr.12252

23 Tumani H, Huss A, Bachhuber F. The ce-
rebrospinal fluid and barriers - anatomic
and physiologic considerations. Handb Clin
Neurol. 2017;146:21–32. https://doi.org/10.
1016/B978-0-12-804279-3.00002-2

24 Brinker T, Stopa E, Morrison J, Klinge P. A
new look at cerebrospinal fluid circulation.
Fluids Barriers CNS. 2014;11:10. https://doi.
org/10.1186/2045-8118-11-10

25 Sakka L, Coll G, Chazal J. Anatomy and
physiology of cerebrospinal fluid. Eur Ann
Otorhinolaryngol Head Neck Dis. 2011;

128(6):309–16. https://doi.org/10.1016/j.
anorl.2011.03.002

26 Telano LN, Baker S. Physiology, cerebral
spinal fluid. In: StatPearls. Treasure Island
(FL): StatPearls Publishing; 2023. Available
from: http://www.ncbi.nlm.nih.gov/books/
NBK519007/ (Accessed Sep 27, 2023).

27 Oresković D, Klarica M. The formation of
cerebrospinal fluid: nearly a hundred years
of interpretations and misinterpretations.
Brain Res Rev. 2010;64(2):241–62. https://
doi.org/10.1016/j.brainresrev.2010.04.006

28 Cousins O, Hodges A, Schubert J, Veronese
M, Turkheimer F, Miyan J, et al. The blood-
CSF-brain route of neurological disease: the
indirect pathway into the brain. Neuro-
pathol Appl Neurobiol. 2022;48(4):e12789.
https://doi.org/10.1111/nan.12789

29 DiSano KD, Gilli F, Pachner AR. Are CSF
CXCL13 concentrations solely dependent
on intrathecal production? A commentary
on “Chemokine CXCL13 in serum, CSF,
and blood-CSF barrier function.”. Fluids
Barriers CNS. 2021;18(1):9. https://doi.org/
10.1186/s12987-021-00244-5

30 Ellis A, Bennett DLH. Neuroinflammation
and the generation of neuropathic pain. Br J
Anaesth. 2013;111(1):26–37. https://doi.
org/10.1093/bja/aet128

31 Myers RR, Campana WM, Shubayev VI.
The role of neuroinflammation in neu-
ropathic pain: mechanisms and thera-
peutic targets. Drug Discov Today. 2006;
11(1–2):8–20. https://doi.org/10.1016/
S1359-6446(05)03637-8

32 Saab CY, Waxman SG, Hains BC. Alarm
or curse? The pain of neuro-
inflammation. Brain Res Rev. 2008;
58(1):226–35. https://doi.org/10.1016/j.
brainresrev.2008.04.002

33 Kosek E, Cohen M, Baron R, Gebhart
GF, Mico J-A, Rice ASC, et al. Do we
need a third mechanistic descriptor for
chronic pain states? Pain. 2016;157(7):
1382–6. https://doi.org/10.1097/j.pain.
0000000000000507

34 International Association for the Study of
Pain. Terminology. International Asso-
ciation for the Study of Pain. Available
from: https://www.iasp-pain.org/resources/
terminology/ (Accessed 5 Mar 2024).

35 Atta AA, Ibrahim WW, Mohamed AF,
Abdelkader NF. Microglia polarization in
nociplastic pain: mechanisms and per-
spectives. Inflammopharmacology. 2023;
31(3):1053–67. https://doi.org/10.1007/
s10787-023-01216-x

36 Forsberg A, Lampa J, Estelius J, Cervenka
S, Farde L, Halldin C, et al. Disease ac-
tivity in rheumatoid arthritis is inversely
related to cerebral TSPO binding as-
sessed by [11C]PBR28 positron emission
tomography. J Neuroimmunol. 2019;
334:577000. https://doi.org/10.1016/j.
jneuroim.2019.577000

37 Kosek E, Altawil R, Kadetoff D, Finn A,
Westman M, Le Maître E, et al. Evidence

of different mediators of central inflam-
mation in dysfunctional and inflamma-
tory pain-interleukin-8 in fibromyalgia
and interleukin-1 β in rheumatoid ar-
thritis. J Neuroimmunol. 2015;280:49–55.
https://doi.org/10.1016/j.jneuroim.2015.
02.002

38 Vaerøy H, Sakurada T, Førre O, Kåss E,
Terenius L. Modulation of pain in fi-
bromyalgia (fibrositis syndrome): cere-
brospinal fluid (CSF) investigation of pain
related neuropeptides with special refer-
ence to calcitonin gene related peptide
(CGRP). J Rheumatol Suppl. 1989;
19:94–7.

39 Hyyppä MT, Alaranta H, Lahtela K,
Nykvist F, Hurme M, Nyberg F, et al.
Neuropeptide converting enzyme activities
in CSF of low back pain patients. Pain.
1990;43(2):163–8. https://doi.org/10.1016/
0304-3959(90)91069-U

40 Skouen JS, Larsen JL, Vollset SE. Cerebrospinal
fluid protein concentrations related to clinical
findings in patients with sciatica caused by disk
herniation. J Spinal Disord. 1994;7(1):12–8.
https://doi.org/10.1097/00002517-199407010-
00002

41 Giovengo SL, Russell IJ, Larson AA. In-
creased concentrations of nerve growth
factor in cerebrospinal fluid of patients with
fibromyalgia. J Rheumatol. 1999;26(7):
1564–9.

42 Yeager MP, Lunt P, Arruda J, Whalen K,
Rose R, DeLeo JA. Cerebrospinal fluid cy-
tokine levels after surgery with spinal or
general anesthesia. Reg Anesth Pain Med.
1999;24(6):557–62. https://doi.org/10.1016/
s1098-7339(99)90049-4

43 Ludwig J, Binder A, Steinmann J, Wasner G,
Baron R. Cytokine expression in serum and
cerebrospinal fluid in non-inflammatory
polyneuropathies. J Neurol Neurosurg
Psychiatry. 2008;79(11):1268–73. https://
doi.org/10.1136/jnnp.2007.134528

44 Bø SH, Davidsen EM, Gulbrandsen P,
Dietrichs E, Bovim G, Stovner LJ, et al.
Cerebrospinal fluid cytokine levels in mi-
graine, tension-type headache and cervi-
cogenic headache. Cephalalgia. 2009;29(3):
365–72. https://doi.org/10.1111/j.1468-
2982.2008.01727.x

45 Kadetoff D, Lampa J, Westman M, An-
dersson M, Kosek E. Evidence of central
inflammation in fibromyalgia-increased
cerebrospinal fluid interleukin-8 levels.
J Neuroimmunol. 2012;242(1–2):33–8.
https://doi.org/10.1016/j.jneuroim.2011.
10.013

46 McCarthy KF, Connor TJ, McCrory C.
Cerebrospinal fluid levels of vascular
endothelial growth factor correlate with
reported pain and are reduced by spinal
cord stimulation in patients with failed
back surgery syndrome. Neuro-
modulation. 2013;16(6):519–22; discus-
sion 522. https://doi.org/10.1111/j.1525-
1403.2012.00527.x

170 Neuroimmunomodulation 2024;31:157–172
DOI: 10.1159/000540324

Rosenström/Konsman/Kosek

D
ow

nloaded from
 http://karger.com

/nim
/article-pdf/31/1/157/4270539/000540324.pdf by guest on 22 O

ctober 2024

https://doi.org/10.1016/j.cyto.2015.10.001
https://doi.org/10.1586/epr.10.6
https://doi.org/10.1586/epr.10.6
https://doi.org/10.1111/bpa.12198
https://doi.org/10.1111/bpa.12198
https://doi.org/10.1038/nri3621
https://doi.org/10.1038/nri3621
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.jpain.2009.06.012
https://doi.org/10.1016/j.bbi.2006.10.011
https://doi.org/10.1016/j.bbi.2006.10.011
https://doi.org/10.1016/j.bbi.2021.06.005
https://doi.org/10.1016/j.bbi.2021.06.005
https://doi.org/10.1016/j.bbi.2018.09.018
https://doi.org/10.1016/j.bbi.2018.09.018
https://doi.org/10.1093/brain/awu377
https://doi.org/10.1093/brain/awu377
https://doi.org/10.1111/papr.12252
https://doi.org/10.1111/papr.12252
https://doi.org/10.1016/B978-0-12-804279-3.00002-2
https://doi.org/10.1016/B978-0-12-804279-3.00002-2
https://doi.org/10.1186/2045-8118-11-10
https://doi.org/10.1186/2045-8118-11-10
https://doi.org/10.1016/j.anorl.2011.03.002
https://doi.org/10.1016/j.anorl.2011.03.002
http://www.ncbi.nlm.nih.gov/books/NBK519007/
http://www.ncbi.nlm.nih.gov/books/NBK519007/
https://doi.org/10.1016/j.brainresrev.2010.04.006
https://doi.org/10.1016/j.brainresrev.2010.04.006
https://doi.org/10.1111/nan.12789
https://doi.org/10.1186/s12987-021-00244-5
https://doi.org/10.1186/s12987-021-00244-5
https://doi.org/10.1093/bja/aet128
https://doi.org/10.1093/bja/aet128
https://doi.org/10.1016/S1359-6446(05)03637-8
https://doi.org/10.1016/S1359-6446(05)03637-8
https://doi.org/10.1016/j.brainresrev.2008.04.002
https://doi.org/10.1016/j.brainresrev.2008.04.002
https://doi.org/10.1097/j.pain.0000000000000507
https://doi.org/10.1097/j.pain.0000000000000507
https://www.iasp-pain.org/resources/terminology/
https://www.iasp-pain.org/resources/terminology/
https://doi.org/10.1007/s10787-023-01216-x
https://doi.org/10.1007/s10787-023-01216-x
https://doi.org/10.1016/j.jneuroim.2019.577000
https://doi.org/10.1016/j.jneuroim.2019.577000
https://doi.org/10.1016/j.jneuroim.2015.02.002
https://doi.org/10.1016/j.jneuroim.2015.02.002
https://doi.org/10.1016/0304-3959(90)91069-U
https://doi.org/10.1016/0304-3959(90)91069-U
https://doi.org/10.1097/00002517-199407010-00002
https://doi.org/10.1097/00002517-199407010-00002
https://doi.org/10.1016/s1098-7339(99)90049-4
https://doi.org/10.1016/s1098-7339(99)90049-4
https://doi.org/10.1136/jnnp.2007.134528
https://doi.org/10.1136/jnnp.2007.134528
https://doi.org/10.1111/j.1468-2982.2008.01727.x
https://doi.org/10.1111/j.1468-2982.2008.01727.x
https://doi.org/10.1016/j.jneuroim.2011.10.013
https://doi.org/10.1016/j.jneuroim.2011.10.013
https://doi.org/10.1111/j.1525-1403.2012.00527.x
https://doi.org/10.1111/j.1525-1403.2012.00527.x
https://doi.org/10.1159/000540324


47 Azim S, Nicholson J, Rebecchi MJ, Galbavy
W, Feng T, Rizwan S, et al. Interleukin-6 and
leptin levels are associated with preoperative
pain severity in patients with osteoarthritis
but not with acute pain after total knee
arthroplasty. Knee. 2018;25(1):25–33.
https://doi.org/10.1016/j.knee.2017.12.001

48 Kosek E, Finn A, Ultenius C, Hugo A,
Svensson C, Ahmed AS. Differences in
neuroimmune signalling between male and
female patients suffering from knee oste-
oarthritis. J Neuroimmunol. 2018;321:
49–60. https://doi.org/10.1016/j.jneuroim.
2018.05.009

49 Ericson H, Abu Hamdeh S, Freyhult E,
Stiger F, Bäckryd E, Svenningsson A, et al.
Cerebrospinal fluid biomarkers of inflam-
mation in trigeminal neuralgia patients
operated with microvascular decompres-
sion. Pain. 2019;160(11):2603–11. https://
doi.org/10.1097/j.pain.0000000000001649

50 Palada V, Ahmed AS, Freyhult E, Hugo A,
Kultima K, Svensson CI, et al. Elevated
inflammatory proteins in cerebrospinal fluid
from patients with painful knee osteoar-
thritis are associated with reduced symptom
severity. J Neuroimmunol. 2020;349:
577391. https://doi.org/10.1016/j.jneuroim.
2020.577391

51 Cowan RP, Gross NB, Sweeney MD, Sagare
AP, Montagne A, Arakaki X, et al. Evidence
that blood-CSF barrier transport, but not
inflammatory biomarkers, change in mi-
graine, while CSF sVCAM1 associates with
migraine frequency and CSF fibrinogen.
Headache. 2021;61(3):536–45. https://doi.
org/10.1111/head.14088

52 Chen K,WangM, Long D, ZouD, Li X,Wang
R, et al. Cerebrospinal fluid proteomic profiles
in patients with postherpetic neuralgia.
J Proteome Res. 2023;22(12):3879–92. https://
doi.org/10.1021/acs.jproteome.3c00547

53 Lafta MS, Sokolov AV, Landtblom A-M,
Ericson H, Schiöth HB, Abu Hamdeh S.
Exploring biomarkers in trigeminal neu-
ralgia patients operated with microvascular
decompression: a comparison with multiple
sclerosis patients and non-neurological
controls. Eur J Pain. 2024;28(6):929–42.
https://doi.org/10.1002/ejp.2231

54 Zin CS, Nissen LM, O’Callaghan JP, Moore
BJ, Smith MT. Preliminary study of the
plasma and cerebrospinal fluid concen-
trations of IL-6 and IL-10 in patients with
chronic pain receiving intrathecal opioid
infusions by chronically implanted pump
for pain management. Pain Med. 2010;
11(4):550–61. https://doi.org/10.1111/j.
1526-4637.2010.00821.x

55 Bjurström MF, Bodelsson M, Irwin MR,
Orbjörn C, Hansson O, Mattsson-Carlgren
N. Decreased pain sensitivity and alterations
of cerebrospinal fluid and plasma inflam-
matory mediators after total hip arthro-
plasty in patients with disabling osteoar-
thritis. Pain Pract. 2022;22(1):66–82. https://
doi.org/10.1111/papr.13051

56 Brisby H, Olmarker K, Rosengren L, Ce-
derlund CG, Rydevik B. Markers of nerve
tissue injury in the cerebrospinal fluid in pa-
tients with lumbar disc herniation and sciatica.
Spine. 1999;24(8):742–6. https://doi.org/10.
1097/00007632-199904150-00003

57 Lindh C, Liu Z, Welin M, Ordeberg G,
Nyberg F. Low calcitonin gene-related,
peptide-like immunoreactivity in cerebro-
spinal fluid from chronic pain patients.
Neuropeptides. 1999;33(6):517–21. https://
doi.org/10.1054/npep.1999.0772

58 Sarchielli P, Alberti A, Floridi A, Gallai V.
Levels of nerve growth factor in cerebro-
spinal fluid of chronic daily headache pa-
tients. Neurology. 2001;57(1):132–4. https://
doi.org/10.1212/wnl.57.1.132

59 Brisby H, Olmarker K, Larsson K, Nutu M,
Rydevik B. Proinflammatory cytokines in
cerebrospinal fluid and serum in patients
with disc herniation and sciatica. Eur Spine
J. 2002;11(1):62–6. https://doi.org/10.1007/
s005860100306

60 Sarchielli P, Alberti A, Gallai B, Coppola F,
Baldi A, Floridi A, et al. Brain-derived neu-
rotrophic factor in cerebrospinal fluid of pa-
tients with chronic daily headache: relation-
ship with nerve growth factor and glutamate
levels. J Headache Pain. 2002;3:129–35. https://
doi.org/10.1007/s101940200030

61 Baraniuk JN, Whalen G, Cunningham J,
Clauw DJ. Cerebrospinal fluid levels of
opioid peptides in fibromyalgia and chronic
low back pain. BMC Musculoskelet Disord.
2004;5:48. https://doi.org/10.1186/1471-
2474-5-48

62 Kotani N, Kudo R, Sakurai Y, Sawamura
D, Sessler DI, Okada H, et al. Cerebro-
spinal fluid interleukin 8 concentrations
and the subsequent development of
postherpetic neuralgia. Am J Med. 2004;
116(5):318–24. https://doi.org/10.1016/j.
amjmed.2003.10.027

63 Alexander GM, van Rijn MA, van Hilten JJ,
Perreault MJ, Schwartzman RJ. Changes in
cerebrospinal fluid levels of pro-
inflammatory cytokines in CRPS. Pain.
2005;116(3):213–9. https://doi.org/10.1016/
j.pain.2005.04.013

64 Liu X-D, Zeng B-F, Xu J-G, Zhu H-B, Xia
Q-C. Proteomic analysis of the cerebrospi-
nal fluid of patients with lumbar disk her-
niation. Proteomics. 2006;6(3):1019–28.
https://doi.org/10.1002/pmic.200500247

65 Sarchielli P, Alberti A, Candeliere A, Floridi A,
Capocchi G, Calabresi P. Glial cell line-derived
neurotrophic factor and somatostatin levels in
cerebrospinal fluid of patients affected by
chronic migraine and fibromyalgia. Cepha-
lalgia. 2006;26(4):409–15. https://doi.org/10.
1111/j.1468-2982.2005.01048.x

66 Alexander GM, Perreault MJ, Reichenberger
ER, Schwartzman RJ. Changes in immune
and glial markers in the CSF of patients with
complex regional pain syndrome. Brain
Behav Immun. 2007;21(5):668–76. https://
doi.org/10.1016/j.bbi.2006.10.009

67 Rozen T, Swidan SZ. Elevation of CSF tumor
necrosis factor alpha levels in new daily per-
sistent headache and treatment refractory
chronic migraine. Headache. 2007;47(7):
1050–5. https://doi.org/10.1111/j.1526-4610.
2006.00722.x

68 Sarchielli P, Mancini ML, Floridi A, Coppola
F, Rossi C, Nardi K, et al. Increased levels of
neurotrophins are not specific for chronic
migraine: evidence from primary fibromyalgia
syndrome. J Pain. 2007;8(9):737–45. https://
doi.org/10.1016/j.jpain.2007.05.002

69 Backonja M, Coe CL, Muller DA, Schell K.
Altered cytokine levels in the blood and
cerebrospinal fluid of chronic pain pa-
tients. J Neuroimmunol. 2008;195(1–2):
157–63. https://doi.org/10.1016/j.jneuroim.
2008.01.005

70 MuntsAG, Zijlstra FJ,Nibbering PH,DahaMR,
Marinus J, Dahan A, et al. Analysis of cere-
brospinal fluid inflammatory mediators in
chronic complex regional pain syndrome related
dystonia. Clin J Pain. 2008;24(1):30–4. https://
doi.org/10.1097/AJP.0b013e318156d961

71 Lundborg C, Hahn-Zoric M, Biber B,
Hansson E. Glial cell line-derived neuro-
trophic factor is increased in cerebrospinal
fluid but decreased in blood during long-
term pain. J Neuroimmunol. 2010;220(1–2):
108–13. https://doi.org/10.1016/j.jneuroim.
2010.01.007

72 Ohtori S, Suzuki M, Koshi T, Takaso M,
Yamashita M, Inoue G, et al. Proin-
flammatory cytokines in the cerebrospinal
fluid of patients with lumbar radiculopathy.
Eur Spine J. 2011;20(6):942–6. https://doi.
org/10.1007/s00586-010-1595-3

73 Qin Z, Yang L, Li N, Yue J, Wu B, Tang Y,
et al. Clinical study of cerebrospinal fluid
neuropeptides in patients with primary
trigeminal neuralgia. Clin Neurol
Neurosurg. 2016;143:111–5. https://doi.org/
10.1016/j.clineuro.2016.02.012

74 Bäckryd E, Lind A-L, Thulin M, Larsson A,
Gerdle B, Gordh T. High levels of cerebro-
spinal fluid chemokines point to the presence
of neuroinflammation in peripheral neuro-
pathic pain: a cross-sectional study of 2 cohorts
of patients compared with healthy controls.
Pain. 2017;158(12):2487–95. https://doi.org/
10.1097/j.pain.0000000000001061

75 Bäckryd E, Tanum L, Lind A-L, Larsson A,
Gordh T. Evidence of both systemic in-
flammation and neuroinflammation in fi-
bromyalgia patients, as assessed by a mul-
tiplex protein panel applied to the cere-
brospinal fluid and to plasma. J Pain Res.
2017;10:515–25. https://doi.org/10.2147/
JPR.S128508

76 Lim TKY, Anderson KM, Hari P, Di Falco
M, Reihsen TE, Wilcox GL, et al. Evidence
for a role of nerve injury in painful inter-
vertebral disc degeneration: a cross-
sectional proteomic analysis of human ce-
rebrospinal fluid. J Pain. 2017;18(10):
1253–69. https://doi.org/10.1016/j.jpain.
2017.06.002

Cytokines in Cerebrospinal Fluid and
Chronic Pain in Humans

Neuroimmunomodulation 2024;31:157–172
DOI: 10.1159/000540324

171

D
ow

nloaded from
 http://karger.com

/nim
/article-pdf/31/1/157/4270539/000540324.pdf by guest on 22 O

ctober 2024

https://doi.org/10.1016/j.knee.2017.12.001
https://doi.org/10.1016/j.jneuroim.2018.05.009
https://doi.org/10.1016/j.jneuroim.2018.05.009
https://doi.org/10.1097/j.pain.0000000000001649
https://doi.org/10.1097/j.pain.0000000000001649
https://doi.org/10.1016/j.jneuroim.2020.577391
https://doi.org/10.1016/j.jneuroim.2020.577391
https://doi.org/10.1111/head.14088
https://doi.org/10.1111/head.14088
https://doi.org/10.1021/acs.jproteome.3c00547
https://doi.org/10.1021/acs.jproteome.3c00547
https://doi.org/10.1002/ejp.2231
https://doi.org/10.1111/j.1526-4637.2010.00821.x
https://doi.org/10.1111/j.1526-4637.2010.00821.x
https://doi.org/10.1111/papr.13051
https://doi.org/10.1111/papr.13051
https://doi.org/10.1097/00007632-199904150-00003
https://doi.org/10.1097/00007632-199904150-00003
https://doi.org/10.1054/npep.1999.0772
https://doi.org/10.1054/npep.1999.0772
https://doi.org/10.1212/wnl.57.1.132
https://doi.org/10.1212/wnl.57.1.132
https://doi.org/10.1007/s005860100306
https://doi.org/10.1007/s005860100306
https://doi.org/10.1007/s101940200030
https://doi.org/10.1007/s101940200030
https://doi.org/10.1186/1471-2474-5-48
https://doi.org/10.1186/1471-2474-5-48
https://doi.org/10.1016/j.amjmed.2003.10.027
https://doi.org/10.1016/j.amjmed.2003.10.027
https://doi.org/10.1016/j.pain.2005.04.013
https://doi.org/10.1016/j.pain.2005.04.013
https://doi.org/10.1002/pmic.200500247
https://doi.org/10.1111/j.1468-2982.2005.01048.x
https://doi.org/10.1111/j.1468-2982.2005.01048.x
https://doi.org/10.1016/j.bbi.2006.10.009
https://doi.org/10.1016/j.bbi.2006.10.009
https://doi.org/10.1111/j.1526-4610.2006.00722.x
https://doi.org/10.1111/j.1526-4610.2006.00722.x
https://doi.org/10.1016/j.jpain.2007.05.002
https://doi.org/10.1016/j.jpain.2007.05.002
https://doi.org/10.1016/j.jneuroim.2008.01.005
https://doi.org/10.1016/j.jneuroim.2008.01.005
https://doi.org/10.1097/AJP.0b013e318156d961
https://doi.org/10.1097/AJP.0b013e318156d961
https://doi.org/10.1016/j.jneuroim.2010.01.007
https://doi.org/10.1016/j.jneuroim.2010.01.007
https://doi.org/10.1007/s00586-010-1595-3
https://doi.org/10.1007/s00586-010-1595-3
https://doi.org/10.1016/j.clineuro.2016.02.012
https://doi.org/10.1016/j.clineuro.2016.02.012
https://doi.org/10.1097/j.pain.0000000000001061
https://doi.org/10.1097/j.pain.0000000000001061
https://doi.org/10.2147/JPR.S128508
https://doi.org/10.2147/JPR.S128508
https://doi.org/10.1016/j.jpain.2017.06.002
https://doi.org/10.1016/j.jpain.2017.06.002
https://doi.org/10.1159/000540324


77 Zhao W, Wang Y, Fang Q, Wu J, Gao X, Liu
H, et al. Changes in neurotrophic and in-
flammatory factors in the cerebrospinal
fluid of patients with postherpetic neuralgia.
Neurosci Lett. 2017;637:108–13. https://doi.
org/10.1016/j.neulet.2016.11.041

78 Andrade P, Cornips EMJ, Sommer C,
Daemen MA, Visser-Vandewalle V, Hoog-
land G. Elevated inflammatory cytokine
expression in CSF from patients with
symptomatic thoracic disc herniation cor-
relates with increased pain scores. Spine J.
2018;18(12):2316–22. https://doi.org/10.
1016/j.spinee.2018.07.023

79 Das B, Conroy M, Moore D, Lysaght J,
McCrory C. Human dorsal root ganglion
pulsed radiofrequency treatment modulates
cerebrospinal fluid lymphocytes and neu-
roinflammatory markers in chronic radic-
ular pain. Brain Behav Immun. 2018;70:
157–65. https://doi.org/10.1016/j.bbi.2018.
02.010

80 Giron SE, Bjurstrom MF, Griffis CA, Fer-
rante FM, Wu II, Nicol AL, et al. Increased
central nervous system interleukin-8 in a
majority postlaminectomy syndrome
chronic pain population. Pain Med. 2018;
19(5):1033–43. https://doi.org/10.1093/pm/
pnx126

81 Krock E, Millecamps M, Anderson KM,
Srivastava A, Reihsen TE, Hari P, et al.
Interleukin-8 as a therapeutic target for
chronic low back pain: upregulation in
human cerebrospinal fluid and pre-clinical
validation with chronic reparixin in the
SPARC-null mouse model. EBioMedicine.
2019;43:487–500. https://doi.org/10.1016/j.
ebiom.2019.04.032

82 Palada V, Ahmed AS, Finn A, Berg S,
Svensson CI, Kosek E. Characterization of
neuroinflammation and periphery-to-CNS
inflammatory cross-talk in patients with
disc herniation and degenerative disc dis-
ease. Brain Behav Immun. 2019;75:60–71.
https://doi.org/10.1016/j.bbi.2018.09.010

83 Bjurström MF, Bodelsson M, Montgomery
A, Harsten A, Waldén M, Janelidze S, et al.
Differential expression of cerebrospinal
fluid neuroinflammatory mediators de-
pending on osteoarthritis pain phenotype.
Pain. 2020;161(9):2142–54. https://doi.org/
10.1097/j.pain.0000000000001903

84 Jönsson M, Gerdle B, Ghafouri B, Bäckryd E.
The inflammatory profile of cerebrospinal
fluid, plasma, and saliva from patients with
severe neuropathic pain and healthy controls-a
pilot study. BMC Neurosci. 2021;22(1):6.
https://doi.org/10.1186/s12868-021-00608-5

85 Liu Y-C, Hsiao H-T, Wang JC-F, Wen T-C,
Chen S-L. TGF-β1 in plasma and cerebro-

spinal fluid can be used as a biological in-
dicator of chronic pain in patients with
osteoarthritis. PLoS One. 2022;17(1):
e0262074. https://doi.org/10.1371/journal.
pone.0262074

86 Baroni S, Rapisarda A, Gentili V, Burattini B,
Moretti G, Sarlo F, et al. CSF neuron-specific
enolase as a biomarker of neurovascular
conflict severity in drug-resistant trigeminal
neuralgia: a prospective study in patients
submitted to microvascular decompression.
Neurol Sci. 2023;44(4):1319–25. https://doi.
org/10.1007/s10072-022-06573-z

87 García-Fernández P, Höfflin K, Rausch A,
Strommer K, Neumann A, Cebulla N, et al.
Systemic inflammatory markers in patients
with polyneuropathies. Front Immunol.
2023;14:1067714. https://doi.org/10.3389/
fimmu.2023.1067714

88 Kato J, Murase R, Minoshima R, Lu F,
Toramaru T, Niki Y, et al. Levels of pre-
operative cerebrospinal fluid pro-
inflammatory mediators and chronic pain
after total knee arthroplasty surgery. Acta
Anaesthesiol Scand. 2023;67(8):1091–101.
https://doi.org/10.1111/aas.14278

89 Rosenström AHC, Ahmed AS, Kultima K,
Freyhult E, Berg S, Bersellini Farinotti A,
et al. Unraveling the neuroimmune in-
terface in chronic pain—the association
between cytokines in the cerebrospinal
fluid and pain in patients with lumbar disk
herniation or degenerative disk disease.
Pain. 2024;165(7):e65–79. https://doi.org/
10.1097/j.pain.0000000000003175

90 Prinz M, Priller J. The role of peripheral
immune cells in the CNS in steady state and
disease. Nat Neurosci. 2017;20(2):136–44.
https://doi.org/10.1038/nn.4475

91 Khalid S, Sambamoorthi U, Umer A, Lilly CL,
Gross DK, Innes KE. Increased odds of inci-
dent Alzheimer’s disease and related demen-
tias in presence of common non-cancer
chronic pain conditions in appalachian older
adults. J Aging Health. 2022;34(2):158–72.
https://doi.org/10.1177/08982643211036219

92 Huber JD, Witt KA, Hom S, Egleton RD,
Mark KS, Davis TP. Inflammatory pain
alters blood-brain barrier permeability and
tight junctional protein expression. Am J
Physiol Heart Circ Physiol. 2001;280(3):
H1241–8. https://doi.org/10.1152/ajpheart.
2001.280.3.H1241

93 Tenorio G, Kulkarni A, Kerr BJ. Resident
glial cell activation in response to peri-
spinal inflammation leads to acute
changes in nociceptive sensitivity: impli-
cations for the generation of neuropathic
pain. Pain. 2013;154(1):71–81. https://doi.
org/10.1016/j.pain.2012.09.008

94 DosSantos MF, Holanda-Afonso RC,
Lima RL, DaSilva AF, Moura-Neto V. The
role of the blood-brain barrier in the
development and treatment of migraine
and other pain disorders. Front Cell
Neurosci. 2014;8:302. https://doi.org/10.
3389/fncel.2014.00302

95 Ronaldson PT, Demarco KM, Sanchez-Co-
varrubias L, Solinsky CM, Davis TP. Trans-
forming growth factor-beta signaling alters
substrate permeability and tight junction
protein expression at the blood-brain barrier
during inflammatory pain. J Cereb Blood Flow
Metab. 2009;29(6):1084–98. https://doi.org/10.
1038/jcbfm.2009.32

96 Alshelh Z, Brusaferri L, Saha A, Morrissey E,
Knight P, Kim M, et al. Neuroimmune
signatures in chronic low back pain sub-
types. Brain. 2022;145(3):1098–110. https://
doi.org/10.1093/brain/awab336

97 Mueller C, Fang Y-HD, Jones C, McCo-
nathy JE, Raman F, Lapi SE, et al. Evi-
dence of neuroinflammation in fi-
bromyalgia syndrome: a [18 F]DPA-714
positron emission tomography study.
Pain. 2023;164(10):2285–95. https://doi.
org/10.1097/j.pain.0000000000002927

98 Seo S, Jung YH, Lee D, Lee WJ, Jang JH, Lee
JY, et al. Abnormal neuroinflammation in
fibromyalgia and CRPS using [11C]-(R)-
PK11195 PET. PLoS One. 2021;16(2):
e0246152. https://doi.org/10.1371/journal.
pone.0246152

99 Alshelh Z, Brusaferri L, Saha A, Morrissey E,
Knight P, Kim M, et al. Neuro-immune
signatures in chronic low back pain sub-
types. Brain. 2021:awab336.

100 Weerasekera A, Morrissey E, Kim M, Saha
A, Lin Y, Alshelh Z, et al. Thalamic
neurometabolite alterations in patients
with knee osteoarthritis before and after
total knee replacement. Pain. 2021;162(7):
2014–23. https://doi.org/10.1097/j.pain.
0000000000002198

101 Lee J, Andronesi OC, Torrado-Carvajal A,
Ratai E-M, Loggia ML, Weerasekera A,
et al. 3D magnetic resonance spectro-
scopic imaging reveals links between
brain metabolites and multidimensional
pain features in fibromyalgia. Eur J Pain.
2021;25(9):2050–64. https://doi.org/10.
1002/ejp.1820

102 Fanton S, Menezes J, Krock E, Sandström A,
Tour J, Sandor K, et al. Anti-satellite glia cell
IgG antibodies in fibromyalgia patients are
related to symptom severity and to metab-
olite concentrations in thalamus and rostral
anterior cingulate cortex. Brain Behav Im-
mun. 2023;114:371–82. https://doi.org/10.
1016/j.bbi.2023.09.003

172 Neuroimmunomodulation 2024;31:157–172
DOI: 10.1159/000540324

Rosenström/Konsman/Kosek

D
ow

nloaded from
 http://karger.com

/nim
/article-pdf/31/1/157/4270539/000540324.pdf by guest on 22 O

ctober 2024

https://doi.org/10.1016/j.neulet.2016.11.041
https://doi.org/10.1016/j.neulet.2016.11.041
https://doi.org/10.1016/j.spinee.2018.07.023
https://doi.org/10.1016/j.spinee.2018.07.023
https://doi.org/10.1016/j.bbi.2018.02.010
https://doi.org/10.1016/j.bbi.2018.02.010
https://doi.org/10.1093/pm/pnx126
https://doi.org/10.1093/pm/pnx126
https://doi.org/10.1016/j.ebiom.2019.04.032
https://doi.org/10.1016/j.ebiom.2019.04.032
https://doi.org/10.1016/j.bbi.2018.09.010
https://doi.org/10.1097/j.pain.0000000000001903
https://doi.org/10.1097/j.pain.0000000000001903
https://doi.org/10.1186/s12868-021-00608-5
https://doi.org/10.1371/journal.pone.0262074
https://doi.org/10.1371/journal.pone.0262074
https://doi.org/10.1007/s10072-022-06573-z
https://doi.org/10.1007/s10072-022-06573-z
https://doi.org/10.3389/fimmu.2023.1067714
https://doi.org/10.3389/fimmu.2023.1067714
https://doi.org/10.1111/aas.14278
https://doi.org/10.1097/j.pain.0000000000003175
https://doi.org/10.1097/j.pain.0000000000003175
https://doi.org/10.1038/nn.4475
https://doi.org/10.1177/08982643211036219
https://doi.org/10.1152/ajpheart.2001.280.3.H1241
https://doi.org/10.1152/ajpheart.2001.280.3.H1241
https://doi.org/10.1016/j.pain.2012.09.008
https://doi.org/10.1016/j.pain.2012.09.008
https://doi.org/10.3389/fncel.2014.00302
https://doi.org/10.3389/fncel.2014.00302
https://doi.org/10.1038/jcbfm.2009.32
https://doi.org/10.1038/jcbfm.2009.32
https://doi.org/10.1093/brain/awab336
https://doi.org/10.1093/brain/awab336
https://doi.org/10.1097/j.pain.0000000000002927
https://doi.org/10.1097/j.pain.0000000000002927
https://doi.org/10.1371/journal.pone.0246152
https://doi.org/10.1371/journal.pone.0246152
https://doi.org/10.1097/j.pain.0000000000002198
https://doi.org/10.1097/j.pain.0000000000002198
https://doi.org/10.1002/ejp.1820
https://doi.org/10.1002/ejp.1820
https://doi.org/10.1016/j.bbi.2023.09.003
https://doi.org/10.1016/j.bbi.2023.09.003
https://doi.org/10.1159/000540324

	Cytokines in Cerebrospinal Fluid and Chronic Pain in Humans: Past, Present, and Future
	Introduction
	Methods
	Search Regime
	Classification of Results

	Results
	CSF Cytokine Levels in Chronic Pain Patients Compared to Controls across all Pain Types
	Cytokine Levels in CSF in Patients Suffering from Nociceptive, Neuropathic, or Nociplastic Pain
	The Associations between Cytokine Levels in CSF and Pain Intensity
	Cytokines in CSF and Their Relation to Pain, a General Overview

	Discussion
	Main Findings
	The Origin and Role of Cytokines in Pain Conditions
	A Case for Neuroimmune Activation in Pain?
	The Neuroimmune Interface and the BBB
	Glial Cells as Part of the Neuroimmune Axis

	Conclusions
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


