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Summary: This review was focused on understanding
which substances inside the human body, increase and
decrease with increasing neuropathic pain. We reviewed various studies, and saw correlations between
neuropathic pain and components of the immune
system (this system defends the body against diseases and infections). Our findings will especially be
useful for understanding ways to reduce or eliminate
the discomfort, chronic neuropathic pain brings with
it. Spinal cord stimulation (SCS) procedure is one of
the few fairly efficient remedial treatments for pain.
A follow-up study will apply our findings from this
review to SCS, in order to understand the mechanism,
and further optimize efficaciousness.
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Introduction
Chronic neuropathic pain disorders represent a
common long-term disability in the United States, as
well as, globally. They affect 1 in 4 Americans. Chronic
neuropathic pain treatment has limited success because
of poor understanding of the mechanisms that lead to
the initiation and maintenance. Additionally, the effectiveness of neuropathic pain management regimens and
procedures has been difficult to determine in the past,
due to the subjectivity related to pain perception, and
a lack of standardized assessment of neuropathic pain.
However, one of the most effective management strategies in recent times is spinal cord stimulation (SCS).
The main goals of spinal cord stimulation are to improve physical function and quality of life in the patients afflicted with chronic neuropathic pain associated
with complex regional pain syndrome (CRPS), failed
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back syndrome, and other chronic neuropathic pain
syndromes [1-2]. Despite limited knowledge of how
people benefit from SCS, more than 20,000 stimulators
are implanted each year, with more than a half-billion
dollars in revenue [3]. While it is generally believed
that spinal cord stimulation inhibits pain transmission
in the dorsal horn, the exact mechanisms by which SCS
relieves neuropathic pain is unknown. Chronic neuropathic pain is caused often by inflammation and/or
nerve injury. The advances have shown that inflammation and nerve injury produce changes in the expression
of cytokines, neurotransmitters, and structural proteins
[4]. It is very likely that there are changes in the body’s
serum biomarkers of neuropathic pain before SCS and
after SCS. Such a study would contribute greatly to the
field of neuromodulation, as objective quantifiers of
neuropathic pain control before and after SCS have not
yet been investigated. Such definitive data regarding
the effectiveness of SCS in relieving neuropathic pain
and improving function will be important in future use
of SCS.
In preparation for the launching of this study, the authors’ goal with this transcript is to provide a review of
the literature regarding known biomarkers for chronic
neuropathic pain, and then prepare a role for biomarker
analysis in the prediction of therapy success in SCS.
Data
The expression of certain genes is altered under chronic
pain conditions. This alteration has helped provide an
insight into the identification of potential biomarkers
[5]. Current advanced research suggests that genetic
expression of cytokines, positively or negatively, correlates with the experience of chronic pain. This negPage 33

Table 1: Cytokines and hormones elevations in various studies
CCytokines/ChemokinesE
TNF-α

Pain
Increased

IL-1β

Increased

IL-2
IL-6

Increased
Increased

IL-8

IL-33
CXCL1
CCL3
CCR5
IL-10

IL-4

Increased

Increased
Increased
Increased
Increased
Decreased

Decreased

Diagonosis
Neuropathic Pain/CRPS
Neuropathic Pain/CRPS
Fibromyalgia
Fibromyalgia
Tension Headache
Neuropathic Pain/CRPS
Neuropathic Pain/CRPS
Fibromyalgia
Neuropathic Pain/CRPS
Tension Headache
Chronic Constriction Injury
Fibromyalgia
Fibromyalgia
Tension Headache
Chronic Constriction Injury
Chronic Constriction Injury
Chronic Constriction Injury
Chronic Constriction Injury
Neuropathic Pain/CRPS
Neuropathic Pain/CRPS
Fibromyalgia
Fibromyalgia
CRPS
Neuropathic Pain

ative or positive correlation primarily depends on the
nature of the cytokine. Cytokines are signaling proteins
which mediate the activation, differentiation, and proliferation of immune cells. They can be pro-inflammatory or anti-inflammatory. A misaligned balance between
pro-inflammatory and anti-inflammatory cytokines has
been common in most of the studies conducted (Table
1). Pro-inflammatory cytokines such as IL-1β, IL-6,
IL-2, IL-33, CCL3, CXCL1, CCR5, and TNF-α, have
been found to play significant roles in the amplification
of chronic pain states. In studies involving discogenic
pain, Complete Freund’s adjuvant (CFA)-induced discogenic pain in animal models has been observed to
coincide with a sustained up-regulation of the above
Transl Perioper & Pain Med 2016; 1 (3)
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named cytokines [6]. In a more recent study, chronic
constriction injury (CCI)-induced rats (neuropathic
pain induction) were shown to have increased serum
levels of CCL3 and CCR5. Even more interesting, an
intrathecal injection of the anti-inflammatory cytokine,
IL-4, and the CCL3-neutralizing antibody, reduced the
CCI-induced neuropathic pain, estimated by a plantar
test [7]. Other studies have also shown that the selective genetic impairment of the highlighted pro-inflammatory cytokines attenuated nerve-injury induced pain
behavior, observed in neuropathic pain models [8].
Particularly, Zarpelon et al. revealed that CCI-induced
rats showed reduced mechanical hyperalgesia when the
IL-33 receptor gene, IL-33R (ST2), was knocked out,
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compared to the wild-type mice [9].
On the other hand, one study showed that blood levels of anti-inflammatory cytokines (such as IL-10 and
IL-4) of Complex Regional Pain Syndrome (CRPS)
patients were lower compared to the control [10]. A recent study also shows a distinction of the significant
increases of pro-inflammatory cytokines based on the
part of the back affected. There were more significant
elevations (p<0.05, student’s t test) of pro-inflammatory cytokines in the plasma of lower back pain patients
than in upper back patients, when compared to controls [11]. There has also been a study focusing on the
levels of the aforementioned cytokines in patients with
painful neuropathy in contrast with painless neuropathy and healthy control subjects. Patients with a painful neuropathy had about double the level of IL-2 expression (p = 0.001), TNF expression (p < 0.0001) and
protein levels (p = 0.009) than the controls. The study
further indicated there was about double the IL-2 and
TNF level expression (p = 0.03; p = 0.001) and protein
levels in painful neuropathy (p = 0.04; p = 0.04) than
patients with painless neuropathy. On the contrary,
levels of mRNA expression of the anti-inflammatory
cytokines, IL-10 and IL-4 were considerably lower in
patients with painful neuropathy than in patients with
painless neuropathy (p =0.001) [12].
Several other studies, focused on the antagonist and agonist effects of some drugs targeting pro-inflammatory
and anti-inflammatory cytokines, also have pointed out
their significance with pain. Certain known analgesics
were seen to reduce the levels of pro-inflammatory
cytokines in the studies reviewed. There was a study
about (CCI)-induced rats, in which case, this induced
injury significantly, elevated the levels of pro-inflammatory cytokines, and decreased the serum levels of
anti-inflammatory cytokines. Omeprazole, a known
remedy for stomach pain, was observed to reduce the
levels of pro-inflammatory cytokines (TNF-α, IL-1β,
and IL-6) to normal, compared with the CCI control.
It is important to note that this was while curbing the
CCI-induced neuropathic pain, measured with the paw
withdrawal latency [13]. Zhou et al. also highlighted
the significance of certain drugs in determining the
correlation between cytokines and neuropathic pain.
CCI was again, used to induce neuropathic pain on rat
models; and in turn, Paenoflorin, an established analTransl Perioper & Pain Med 2016; 1 (3)

gesic [14] was administered. Once Paenoflorin was
introduced, significant decreases in serum levels of
pro-inflammatory cytokines of CCI-induced rats (IL1β, IL-6, TNF-α, and CXCL1) were observed, compared to the CCI-control [15]. The cytokines identified
here, are the ones that showed correlation in various
studies reviewed.
Even though cytokines are the key chronic pain biomarkers, according to the studies reviewed, there are
still other proteins and nucleotides that have been
observed to associate with chronic pain disorder.
Two studies laid emphasis on regulatory microRNAs
(miRNAs), which are small non-coding RNA molecules involved in post-transcriptional gene regulation.
miRNAs achieve this by binding to mRNAs and degrading them or repressing their functions. Orlova et
al. showed that 60% of CRPS patients in their study
showed a significant down-regulation of 18 different
miRNAs. The rest of the patients, however, showed
variable (contradicting) miRNA levels. miRNA levels
show variability, depending on the gene being regulated [5]. Tao et al. revealed that an increased inflammatory stimulation by the cytokine IL-1β in normal
and osteoarthritis chondrocytes produced a significant
down-regulation of the miRNA, miR-558, and a significant up-regulation of miR-21 in DRG neurons. A
connection between IL-1β and miR-21 was attributed
to AP-1, which is a transcription factor located in the
promoter site of the mRNA, and is activated by IL-1β
[4]. siRNAs have the same features as miRNAs, in the
sense, that they are regulatory nucleotides. They also
show variability, depending on the gene being regulated. SIRT1, a deacetylase, functions in regulating various pathways, including inflammation. It was observed
that an intrathecal injection of SRT170, an SIRT1 agonist, reduced serum levels of NF-κB, a transcription
factor for pro-inflammatory cytokines, in CCI-induced
rat models. When SRT170-siRNA (a regulator of the
regulator) was administered before SRT170, there was
no agonistic effect [16].
Discussion
Chronic neuropathic pain affects a tremendous amount
of the population. There are few effective therapies.
However, outcomes are hard to determine due to the
subjective nature of pain. We would like to devise a
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strategy that would establish objectivity of pain assessment. After review of various studies relating to pain
biomarkers, we found that serum levels of pro-inflammatory cytokines and chemokines, such as IL-1β, IL-6,
IL-2, IL-33, CCL3, CXCL1, CCR5, and TNF-α, were
significantly up-regulated during chronic pain experience. On the other hand, anti-inflammatory cytokines
such as IL-10 and IL-4 were found to show significant
down-regulation during chronic pain state. Regulatory
miRNAs, siRNAs, and deacetylases that coincide with
these cytokines, also showed negative correlation, corresponding to the cytokine they were regulating.
The authors would like to apply this knowledge to SCS,
a therapy for chronic neuropathic pain, in an attempt
to develop a biomarker profile to help predict success.
This study will be a prospective study including patients scheduled for SCS. One month before SCS surgery, patients will complete a survey assessing their
subjective level of pain on the visual analog scale and
subjective level of function. Patients will also have
venipuncture performed, and serum will be analyzed
for levels of pain biomarkers. After SCS surgery, patients will be followed at 6 more time points: 2 weeks,
1 month, 3 months, 6 months, 1 year, and 2 years. At
each time point, the survey will be re-administered and
blood work will be repeated. By evaluating patients
pre-operatively and post-operatively, we will be able to
assess subjective and objective levels of pain, allowing
us to analyze trends in pain biomarkers in the context
of patient-reported pain measurement. The duration of
this study will be 4 years. Each subject will participate
in this study for a total period of 25 months, which will
allow us to follow these patients for 2 years postoperatively.

prospective study regarding serum biomarker profile in
SCS patients is currently being undertaken.
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