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Introduction: Chronic back pain is one of the most important socioeconomic problems that
affects the global population. Elevated levels of inflammatory mediators, such as cytokines, have
been correlated with pain, but their role in chronic back pain remains unclear. The effectiveness
of anti-inflammatory drugs seems to be limited for chronic back pain. The authors wanted to
investigate the levels of inflammatory mediators in long-term medically treated patients with
persistent chronic back pain.

Methods: Cytokine plasma levels of patients with chronic back pain (n=23), compared to
pain-free healthy controls (n=30), were investigated by immunoassay. Patients with chronic
back pain were exposed to long-term conservative medical therapy with physiotherapy and
anti-inflammatories, also combined with antidepressants and/or muscle-relaxants.

Results: The patients with chronic back pain expressed lower levels of the chemokines MCP1,
CCLS, and CXCL6 compared to pain-free healthy controls. Significantly lower concentrations
of the anti-inflammatory cytokines, interleukin (IL)-4 and granulocyte-colony stimulating factor
were also found. Interestingly, levels of proinflammatory cytokines (IL-2, IL-6, IL-1[3, tumor
necrosis factor alpha), IL-10, granulocyte-macrophage colony-stimulating factor, and stromal
cell-derived factor 1 alpha showed no significant differences between both groups.
Conclusion: This decrease of inflammatory mediators in medically treated patients with chronic
back pain is of unclear origin and might be either a long-term side effect of medical therapy or
related to chronic pain. Further longitudinal research is necessary to elucidate the underlying
cause of these findings.
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Introduction
Chronic back pain, defined as pain lasting at least 3 months duration,! is recognized
as a major public health problem, producing significant economic and social burdens.?
Several studies have demonstrated that chronic back pain condition interferes with
everyday activities and results in direct medical costs and lost productivity.’* Increased
serum levels of pro-inflammatory cytokines (interleukin [IL]-1p, IL-2, IL-6, and tumor
necrosis factor alpha [TNF-a]) have been previously correlated with increased pain
intensity in patients with different types of chronic pain.’ Furthermore, low concentra-
tions of the anti-inflammatory cytokines IL-4 and IL-10 were found in patients with
chronic widespread pain, and the lack of anti-inflammatory cytokine activity was
associated with a possible contribution to pain pathogenesis.®

The most common spinal degenerative problems manifest in back pain, followed
by neck and head pain.” Degeneration of the intervertebral disc (IVD) is a widely
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recognized contributor to back pain.*'° Patients with dis-
cogenic low back pain showed high levels of IL-6, IL-8,"
and IL-1B" in IVD tissues; IL-1[3 was suggested as the key
regulatory cytokine in the upregulation of factors involved in
innervation and vascularization of human degenerated IVD."
High levels of inflammatory mediators (IL-183, TNF-a, IL-6,
and IL-8) were found in degenerated and herniated IVD,'*!3
and associated with pain development during IVD herniation
and degeneration.!® Painful'? and degenerated'’-'® IVD tis-
sues showed higher expression of the chemokines RANTES
(CCLS5) and granulocyte chemotactic protein 2 (CXCL6), and
high levels of monocyte chemoattractant protein 1 (MCP-1)
were found in the herniated lumbar nucleus pulposus."
MCP-1 was also elevated in the blood at the chronic stage
of complex regional pain syndrome,? and elevated plasma
levels of CCLS5 and CXCL6 were found in patients with lum-
bar disc degeneration.?! Furthermore, higher plasma levels
of pro-inflammatory TNF-o and IL-6 were associated with
painful herniated [IVD?*? and low back pain.**

People with chronic back pain, along with pain and
impaired function, frequently experience anxiety and depres-
sion. Analgesics, non-steroidal anti-inflammatory drugs
(NSAIDs), opioids, antidepressants and muscle-relaxants
may be used for medical treatments of low back pain. Unfor-
tunately, there is only limited evidence of the effectiveness
of those drugs.”

In line with the observation that medications perform
poorly as treatments for chronic back pain, in this study we
analyzed the expression levels of cytokines in conservatively
medically treated patients with chronic back pain. We hypoth-
esized that, despite medical therapy, patients with chronic
back pain will show high levels of inflammatory mediators
related to back pain, and low levels of anti-inflammatory
mediators.

Materials and methods

Sample collection

Blood was collected from patients with chronic back pain and
pain-free healthy controls after written informed consent and
approval by ethics committee of Canton of Lucerne (Study
730-May 16, 2013) were obtained. Plasma was isolated by
Ficoll density gradient (Bioconcept, Allschwil, Switzerland)
centrifugation for 20 min at 800 g in Greiner Leucosep tubes
(Huberlab, Aesch, Switzerland).

Inclusion/exclusion criteria
We included patients aged over 18 years old with long-term
chronic back pain resistant to therapy. Any chronic back pain

(cervical, thoracic, or lumbar spine origin) was considered,
with or without irradiation to the extremities. Patients who
had spine surgery in the past were also included. We excluded
patients with acute back pain, and those who reacted to
medical therapy.

Multiplex ELISA assay

The concentration of eight cytokines was analyzed in human
plasma from patients with chronic back pain (n=23) and age-
matched pain-free healthy controls (n=30), by Bio-Plex Pro
Cytokine Chemokine and Growth Factor Assay (Bio-Rad Lab-
oratories AG, Cressier, Switzerland). Data were collected and
analyzed using a Bio-Rad BioPlex 200 instrument equipped
with Bio-Plex Manager software (Bio-Rad). We measured
the concentrations of (IL)-2, IL-4, IL-6, IL-10, granulocyte-
colony stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), MCP1, and TNF-a.

Quantitative ELISA assays

Quantitative determination of CXCL6, IL-1B, CCLS5, and
stromal cell-derived factor 1 alpha (CXCL12) (Quantikine
ELISA kits — R&D Systems, Abingdon, UK) in human
plasma of patients with chronic back pain (n=23) and age-
matched pain-free healthy controls (n=16) was done with
a DTX 880 Multiplex reader (Beckman Coulter, Nyon,
Switzerland). Experiments were performed according to the
respective manufacturer’s protocols.

Statistical analysis

For statistical analysis and comparison between the main
two groups of chronic back pain and healthy control, we
used the non-parametric Mann—Whitney—Wilcoxon U test
for independent variables. For multiple comparison and
statistical analysis between groups and subgroups, we used
the one-way Anova test with Tukey’s post-hoc analysis. Data
analysis was performed with SPSS version 24.0 for Windows
(IBM Corporation, Armonk, NY, USA). Significance was
indicated as *p<0.05; **p<0.01; ***p<0.001.

Results

Patients with chronic back pain

For this study, we collected plasma from patients with
chronic back pain (n=23) undergoing therapy at a pain
clinic. All patients had back pain for more than 1 year, and
56% for more than 5 years. The mean age was 52.5 years
old (SD =£15.9; range =26—-84). Back pain was prevalently
lumbar with discogenic origin, in two-thirds of the cases.
The reported maximum pain intensity value was on average
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7.7£1.7 (range =4-10; Numeric Pain Rating Scale, NPRS=
0-10/10). All patients were long-term treated with one or
more conservative medical therapies, such as physiotherapy
and NSAIDs, alone or combined with antidepressants and/
or muscle-relaxants. Patients’ characteristics are summarized
in Table 1.

Cytokine plasma levels comparison
between patients with chronic back pain

and healthy controls
We measured the concentrations of eight cytokines in human
plasma, by multiplex ELISA assay. In patients with chronic
back pain (n=23), we found significantly lower concentra-
tions of G-CSF (Figure 1A), IL-4 (Figure 1D), and MCP1
(Figure 1G) compared to age-matched pain-free healthy
controls (n=30). We found no significant variations in GM-
CSF (Figure 1B), IL-2 (Figure 1C), IL-6 (Figure 1E), IL-10
(Figure 1F), or TNF-o (Figure 1H) plasma levels.
Quantitative single ELISA assay showed significantly
lower concentrations of CCL5 (Figure 2A) and CXCL6
(Figure 2B) in plasma of patients with chronic back pain
(n=23), compared to age-matched pain-free healthy controls

Table | Medically treated patients with chronic back pain

(n=16). There were no significant differences in CXCL12
(Figure 2C) or IL-1p (Figure 2D) plasma concentrations.

Furthermore, we divided the chronic pain group into 14
subgroups (according to type of pain, cause of pain, spine
surgery operation, medical therapy, and pain history), and
we performed a multiple comparison statistical analysis to
analyze if there were differences between subgroups and to
compare them to the healthy control group. For all analyzed
cytokines, there were no significant differences between
chronic pain subgroups. The multiple comparison analysis
confirmed statistical significance between chronic back
pain and the healthy control group for G-CSF, 1L4, MCP1
(Table 2), CCLS5, and CXCL6 (Table 3). These cytokines
were significantly different in almost all subgroups compared
to the healthy control group. Tables 2 and 3 show, for each
subgroup, the mean + standard deviation and the statisti-
cal significance (p-value) of comparison with the healthy
control group.

Discussion
Contrary to our expectations of positively correlating
chronic back pain to increased levels of pro-inflammatory

Demographics and clinical Subgroups Chronic back pain Females, Males,
variables (n=23), % (n) % (n) % (n)
Number of patients 6l (14) 39 (9)
Age <45 years old 35 (8) 29 (4) 44 (4)
>45 years old 65 (15) 71 (10) 56 (5)
Type of pain Lumbar 74 (17) 71 (10) 78 (7)
Cervical 13 (3) 14 (2) (1)
Multiple types® 13(3) 14 (2) ()
Additional radiating pain® 70 (16) 71 (10) 67 (6)
Origin of nociceptive pain Discogenic 61 (14) 71 (10) 44 (4)
Facetogenic 22 (5) 21 (3) 22 (2)
Osteochondrosis 9(2) 7(1) 11 (1)
Vertebrogenic 4 (1) (0) (1)
Fracture 4 (1) (0) (1)
Post-operation pain® 43 (10) 50 (7) 33(3)
Conservative therapy Medication and/or physiotherapy 100 (23) 100 (14) 100 (9)
NSAIDs 52 (12) 43 (6) 67 (6)
NSAIDs+other drugs? 43 (10) 57 (8) 22 (2)
Physiotherapy 4(1) 0) 11 (1)
Pain history 1-5 years 43 (10) 43 (6) 44 (4)
6-10 years 30(7) 29 (4) 33(3)
>10 years 26 (6) 29 (4) 22 (2)
Maximum pain intensity NPRS 0-10/10¢ 7717 72423 79+1.4

Notes: *Multiple types: 2 or more type of pain—lumbar and/or cervical and/or thoracic. *There is local pain at the spine area, but additional unspecific radiation to extremities.
“Post-operation pain: indicates chronic pain following spine surgery operation in the pain area. ‘Other drugs: antidepressants and/or muscle-relaxants. *Average + standard

deviation.

Abbreviations: NSAIDs, non-steroidal anti-inflammatory drugs; NPRS, Numeric Pain Rating Scale.
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Figure | Multiplex ELISA assay. Box plots show significantly lower levels of G-CSF (A), IL-4 (D), and MCP-1 (G) detected in plasma of medically treated patients with chronic
back pain (n=23), compared to pain-free healthy controls (n=30). No significant differences were obtained for GM-CSF (B), IL-2 (C), IL-6 (E), IL-10 (F), or TNF-o. (H). The

line across the box indicates the median. *p<0.01; ***p<0.001.
Abbreviations: G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; MCP- 1, monocyte chemoattractant

protein |; TNF-0, tumor necrosis factor alpha; H, healthy controls; BP, back pain.
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Figure 2 Quantitative ELISA assay. Box plots show significantly lower concentrations of CCL5 (A) and CXCL6 (B) detected in plasma of medically treated patients with
chronic back pain (n=23), compared to pain-free healthy controls (n=16). No significant differences were found for CXCLI2 (C) and IL-1§3 (D). The line across the box

indicates the median. ¥**p<0.001.
Abbreviations: CCL5, RANTES; CXCLS6, granulocyte chemotactic protein 2; CXCLI2, stromal cell-derived factor | alpha; H, healthy controls; BP, back pain.

controls. Furthermore, patients with chronic back pain
showed significantly lower plasma levels of chemotactic and

cytokines, in this study we found that plasma levels of pro-
inflammatory cytokines were comparable between medically

treated patients with chronic back pain and pain-free healthy  anti-inflammatory cytokines.
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Table 2 Multiple comparative statistical analysis between chronic back pain groups vs healthy controls

Groups G-CSF GM-CSF  IL-2 IL-4 IL-6 IL-10 MCP-1 TNF-a
(pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL) (pg/mL)
Healthy controls (n=30) 27.8£10.5 65.2420.1 55428 1.740.9 59437  36%19  150.9+38.9 18.0£8.9
Chronic back pain (n=23) 17.065.0%%  70.7422.3 55448  0940.3% 45436 31431  1153+29.8% 1624108
| Lumbar pain (n=17) 16.144.9%0 6834219 46125  0.9+04% 42433  25+1.8  [142426.6%  16.4+12.0
2 Cervical pain (n=3) 15.944.1 81.54340 I1.5£11.8 0.8+0.2 59472 64478 13584519 10.743.9
3 Multiple types of pain® (n=3) 22.624.5 734%150 44421 1.0£0.4 43425 3013 100.6+21.4 20.247.8
4 Additional radiating pain® (n=16)  17.525.3%  67.8422.8 4.8+2.3 09402 39427  23+12  109.6£19.0%  15.749.6
5 No radiating pain (n=7) 15.8+4.6¥%  77.34209 7.0+83 1.140.5 5853 48452 12814456 17.2414.1
6  Discogenic pain origin (n=14) I5.945.07%  76.0+18.6 53459  0.9+0.4% 35431 32439 10433221  16.9+124
7 Other origins of paint (n=9) 18.6:44.9% 62.61260 57428 1.0£0.3% 59441  29+1.6 13234334 15.0+8.4
8  Post-operation pain? (n=10) I8745.5% 7384233 7.546.5 1.0£0.3% 42432 42443 1374278 20.8+11.6
9 No operation (n=13) I5.654.4%% 6834220 39423  09+0.4%F  47+41 22415 11644324 12.629.1
10 NSAIDs (n=12) 16.8£5.0%%  75320.1  6.26.I 1.040.4%%  50+42  38+40  120.6+30.8 15.8+11.6
Il NSAIDs+other drugs (n=10) 16.6£5.3%% 6424250 43429 084029 33425  [8+0.8  103.7423.1"*  14.7%9.|
12 Pain history -5 years (n=10) 18.6£6.3%  69.5430.1 75463  0.9+0.3% 49445 42443  |16.8+37.8 15.910.2
I3 Pain history 6-10 years (n=7) I534£3.8%%  69.5+14.6 28+13  09+03%  3.1+1.9 19413  1052+I3.1% 126484
14 Pain history >10 years (n=6) 16243.6% 741166 5243.1 1.040.5 54436  26%1.8  124.5+29.7 20.7+14.3

Notes: Mean = standard deviation (p-value: ¥p<0.05; *¥p<0.01; **¥p<0.001). *Multiple types: 2 or more type of pain—lumbar and/or cervical and/or thoracic. *There is local
pain at the spine area, but additional unspecific radiation to extremities. ‘Facetogenic, osteochondrosi, vertebrogenic, fracture. YPost-operation pain: indicates chronic pain
following spine surgery operation in the pain area. *Other drugs: antidepressants and/or muscle-relaxants.

Abbreviations: G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; MCP-1, monocyte chemoattractant
protein |; TNF-0, tumor necrosis factor alpha; NSAIDs, non-steroidal anti-inflammatory drugs.

Table 3 Multiple comparative statistical analysis between chronic back pain groups vs healthy controls

Groups CCLS5 (ng/mL) CXCL6 (pg/mL) CXCLI2 (ng/imL) ILIB (pg/mL)
Healthy controls (n=16) 16.4+6.9 53.4£17 2.1+0.3 2.7+1.3
Chronic back pain (n=23) 5.8+3.7%%* 31.1£8.3%* 2.0+0.5 3.442.1
I Lumbar pain (n=17) 6.0+3.8%%* 31.946.5%%* 2.0+0.5 3.4+2.3
2 Cervical pain (n=3) 4.0£].7%FF 247+ |70 2.5+0.9 4.1£1.6
3 Multiple types of pain® (n=3) 6.61+5.3* 32.9+14.6 1.9+0.3 2.5%1.1
4 Additional radiating pain® (n=16) 6.113.6%%* 31.449.27%%* 1.9£0.4 3.0£1.5
5 No radiating pain (n=7) 5.0+4.0%+* 30.446.2%%* 2.3+0.7 4.3+3.0
6 Discogenic pain origin (n=14) 4.813.7+%F 30.249.8%¥* 2.0+0.4 3.1+23
7 Other origins of pain® (n=9) 7.443.3%%* 32.445.6%* 2.1£0.7 3.8+1.8
8 Post-operation pain? (n=10) 5.943.9%%* 32.2£1 | IRRE 1.9+0.3 3.2+1.2
9 No operation (n=13) 5.7+£3.7%%* 30.245.7%%* 2.240.6 3.5+2.7
10 NSAIDs (n=12) 6.013.6%%* 32.948. | #* 2.1+0.6 42126
I NSAIDs-+other drugs® (n=10) 5.6144. 1%+ 29.0+8.9%% 1.9£0.4 2.4+0.9
12 Pain history 1-5 years (n=10) 4.0£2. |F* 29.1£6.3%%* 1.9+0.7 3.4£19
13 Pain history 6—10 years (n=7) 6.1 4.+ 29.4%| | .6%%* 2.2+0.4 2.7%1.1
14 Pain history >10 years (n=6) 8.614.0%* 36.445.0% 2.1+0.4 4.31£3.2

Notes: Mean + standard deviation (p-value: *p<0.05; **p<0.01; ***p<0.001). *Multiple types: 2 or more type of pain—Lumbar and/or Cervical and/or Thoracic. *There is local
pain at the spine area, but additional unspecific radiation to extremities. “Facetogenic, Osteochondrosi, Vertebrogenic, Fracture. 9Post-operation pain: indicates chronic pain
following spine surgery operation in the pain area. “Other drugs: antidepressants and/or muscle-relaxants.

Abbreviations: CCL5, RANTES; CXCL6, granulocyte chemotactic protein 2; CXCLI2, stromal cell-derived factor | alpha; IL, interleukin; NSAIDs, non-steroidal anti-
inflammatory drugs.

We quantified, by immunoassay, a circulating concentra- MCP1, CCL5, and CXCL6. Furthermore, pro-inflammatory
tion of possible biomarkers related to pain, inflammation,  cytokines, such as (IL)-2, IL-6, IL-1f3, IL-10, TNF-o., GM-
and degeneration of the IVD, and we found that, in plasma of =~ CSF, and CXCL12 showed no significant differences between
medically treated patients with chronic back pain, there were  chronic back pain patients and pain-free healthy controls.
significantly lower concentrations of chemokines, such as  This is a surprising result, because in several studies a high
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expression of pro-inflammatory and chemotactic cytokines
has been found in herniated and degenerated IVD,!!:12.15:17.1826.27
and correlated with the pathogenesis of pain.!>1%?® Elevated
plasma levels of MCP-1 have been observed in the blood at
the chronic stage of complex regional pain syndrome,” while
high levels of CCL5 and CXCL6 have been found in patients
with lumbar disc degeneration.?’ However, in those studies
the intervention with medical treatments was mostly not
specified. In a study where one of the exclusion criteria was
the use of analgesic drugs, elevated serum levels of TNF-o
and IL-6 were shown in individuals with back pain, due to
herniated lumbar disc.?

Interestingly, we also showed significantly lower plasma
levels of anti-inflammatories cytokines 1L-4 and G-CSF
in medically treated patients with chronic back pain. The
anti-inflammatory cytokines IL-4 and IL-10 have been
demonstrated to have potential as treatments for persistent
inflammatory pain,” but low concentrations of these two
cytokines have been found in patients with chronic wide-
spread pain and associated with a possible contribution to
pain pathogenesis.® G-CSF, hematopoietic growth factors
for neutrophils, could have immune-stimulatory effects,
and serum levels are often elevated in response to infec-
tion;* however, G-CSF has also been proven to be an anti-
inflammatory immune-modulator.*!

There is a possibility that reduced plasma levels of some
cytokines and/or chemokines are related to chronic back pain;
however, the findings could be the result of the exposure to
long-term conservative medical therapy. Plasma cytokine levels
have been shown to be altered by various environmental and
personal factors: medical treatments, 7% depression,*'#
physical activity, and alcohol and nicotine consumption.* In
our study, patients had a long-term history of chronic pain and
long exposure to physiotherapy and pharmaceutical treatments
with NSAIDs, also combined with other drugs (antidepres-
sants and muscle-relaxants). Such a multimodal conservative
therapy is a standard approach to treating chronic back pain of
different origin. The drugs which are commonly prescribed for
chronic low back pain®** can reduce cytokine expressions, as
has been demonstrated for antidepressants**** and NSAIDs. %7
In patients with herniated IVD, higher plasma levels of TNF-o
decreased after treatment with an opioid pain medication (tra-
madol),” while natural phyto-pharmaceutical components, such
as curcuma and epigallocatechin 3-gallate, have been recently
shown to reduce IVD inflammation in vitro.** It is possible that
pain still persists, while NSAIDs and other anti-inflammatory
molecules lower the levels of pro-inflammatory cytokines. We
show, in another study,® that people with spinal cord injury (SCI)

had, despite higher infection rates and elevated serum C-reactive
protein concentrations, lower plasma levels of TNF-o and other
cytokines when compared with age matched able bodied healthy
controls. Similar to the chronic back pain patients, persons
with SCI consume above-average NSAIDs, antidepressants,
and muscle-relaxants. We further analyzed chronic back pain
subgroups in a multiple statistical comparison analysis to test
if different conditions, such as type and origin of pain, spine
surgery operation, medical therapy, and history of pain, influ-
ence cytokines plasma levels. We found no differences between
chronic back pain subgroups and, in most cases, the analysis
confirmed a significant decrease of cytokines in chronic back
pain subgroups compared to the healthy control group.

On the other hand, not all studies could correlate cyto-
kines with chronic pain. Andrade et al** observed that local
IL-1pB and IL-6 cytokine expression of lumbar disc hernia
patients, suffering from chronic sciatic pain, did not differ
from those of the painless healthy control group. Such a
lack of correlation between systemic and local cytokine
levels and pain is in line with the observation that some anti-
inflammatory drugs perform poorly as a treatment for chronic
pain. The minor effects of most current medications* could
be because inflammation is not the only causal variable for
back pain. Indeed inflammation is viewed as only one of the
aspects, according to the recognized bio-psycho-social model
of pain.’ Several studies revealed that chronic pain is related
to a pain memory encoded within the nervous system,*4’ and
neural modifications could be a possibility to reverse the pain
memory circuits and alleviate chronic pain.>**!

A limitation of this study is the small number of samples
due to recruitment of long-term chronic pain patients resisting
to every type of pain therapy. Generally, back pain evolves to
chronic pain in approximately one third of the affected indi-
viduals,*? and the further two-thirds of patients with different
grades of chronicity are satisfied with medical therapy.>
Further analysis of a larger patient sample and, even better,
a longitudinal study could be very interesting in the future. A
minor limitation of our study was the unequal gender distribu-
tion in the healthy control group for one of the immunoassays
(Multiplex ELISA assay). However, this is unlikely to have
introduced bias because there were no differences between
males and females in the chronic back pain group and in the
other immunoassay (Quantitative ELISA assay).

Conclusion

We cannot conclude if the observed reduced plasma levels
of inflammatory mediators in medically treated patients with
chronic back pain are related to the chronic pain or are due to
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the long-term effects of medications. Inflammatory mediators
could be altered by both physiological and environmental
factors. Our results support the idea that inflammation is not
the only cause of chronic back pain, and that other factors
are involved in the process of pain. In view of that, more
studies are needed to discover the underlying reason for the
decrease in the studied biomarkers, which may ultimately
lead to better pain management.

In addition, since chronic back pain is considered to be
a disease of the central nervous system,** we suggest that it
could be worthwhile to analyze biomarkers implicated in
the regulation of the central nervous system and the risk of
developing chronic back pain. For example, a polymorphism
of the potassium channel alpha subunit KCNS1 is one of the
first prognostic indicators of chronic pain risk;> the calcium
channel gamma subunit gene CACNG?2 significantly affects
susceptibility to chronic pain following nerve injury,* and the
brain-derived neurotrophic factor BDNF regulates neuronal
function and induces expression of pain-associated cation
channels.'
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