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Objectives. We investigated the influence of spinal cord stimulation (SCS) on IFN-y, IL-1p, IL-6, TNF-«, IL-10, and TGF-f3 serum
levels in failed back surgery syndrome (FBSS) patients. The study will try to give new insights into the mechanism of SCS action and
the role of IFN-y and other cytokines in neuropathic pain (NP) development. Materials and Methods. Clinical and biochemical
assessment was conducted in four groups of patients: group 0 consisted of 24 FBSS patients qualified to SCS therapy, group 1
included 17 patients who were one month after implantation, group 2 featured 12 patients who were 3 months after the
implantation, and group C (the control group) with no NP. Clinical status was assessed with the use of Numeric Rating Scale
(NRS), the Pain Rating Index of McGill Pain Questionnaire (SF-MPQ), the Oswestry Disability Index (ODI), and Beck
Depression Inventory (BDI). The plasma concentrations of IFN-y were ascertained by an immunoenzymatic method. Results.
We found a significant difference between the patients before SCS and controls” serum level of IFN-y. Similarly, a significantly
higher level of TNF-« and significantly lower level of IL-10 in FBSS patients than controls were observed. The significant
differences were not observed between SCS patients 3 months after the procedure and controls’ serum level of IFN-y and other
cytokines. We noticed a positive correlation between IFN-y concentration with NRS back value before SCS and positive
correlation between IFN-y concentration after SCS with NRS leg value before SCS. Higher IFN-y concentrations accompanied
higher NRS values. Levels of TGF-f8 and IL-10 may correlate with physical ability and depressive behavior. Conclusions. SCS did
not influence serum cytokine levels significantly. Serum concentration of IFN-y may be recognized as an occasional pain factor
because of its significantly higher level in FBSS patients versus controls and higher IFN-y value accompanying higher pain intensity.

1. Introduction

Failed back surgery syndrome (FBSS) is one of the unsolved
treatment problems that occur after spinal surgery and it is
also believed to be one of frequent causes of neuropathic
pain. Patients with FBSS often suffer from epidural, intra-
neural, or perineural fibrosis and scar tissue. They usually
do not respond to classic spinal surgery. The treatment of
chronic neuropathic pain which results from FBSS is difficult

to manage because of poor understanding of pain mecha-
nisms and difficulties with objective assessment of pain
intensity. Recently, spinal cord stimulation (SCS) improving
quality of life and patient ability has been recognized as one
of the most useful methods for neuropathic pain treatment
[1, 2]. Detailed mechanisms of spinal cord stimulation activ-
ity are unclear. Pain stimuli are transmitted through nerve
pathways in the dorsal horns of the spinal cord. The activa-
tion of myelinated A-fibres in the dorsal horns can block
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up pain transmission in the spinal cord [3, 4]. SCS may
change extracellular gamma-aminobutyric acid (GABA)
which leads to intracellular GABA reduction [5, 6]. Other
studies suggest that SCS diminishes the overexcitability of
wide dynamic range (WDR) neurons in the dorsal horn,
activates the receptors of GABA, and increases the release
of acetylcholine by acting on the M4 muscarine receptors [7].

The main role played in the formation and maintenance
of neuropathic pain (NP) is nerve irritation and inflamma-
tion which produce changes in the serum expression of cyto-
kines [8]. Cytokines are signaling molecules of the immune
system. There are proinflammatory cytokines such as IFN-y,
TNF-a, IL-1B, and IL-6 associated with the presence of
pain and anti-inflammatory cytokines such as TGF-f and
IL-10 associated with pain relief [9-11]. Cytokines, produced
by the immune and glial cells, are believed to modulate neu-
ronal transmission and play a role in the balance between
proinflammatory and anti-inflammatory factors producing
neuropathic pain feeling. Anti-inflammatory cytokines, such
as IL-10, are produced by activated macrophages and mono-
cytes and may inhibit proinflammatory cytokine synthesis
[12]. After nerve injury, proinflammatory cytokines such
as TNF-a and IL-6 are upregulated in the animal models
[13-20]. The administration of IL-1/3 produces pain behav-
ior in rats [21, 22]. Parallelly, the IL-10 level decreases after
nerve chronic constriction injury (CCI) and intrathecal
administration of TGF-f reduces pain, secondary to CCI
in rats [23, 24].

In our interest is especially IFN-y. Proinflammatory cyto-
kines such as IFN-y produced by the immune and glial cells
are believed to especially modulate neuronal transmission
and play a role in neuropathic pain feeling. After nerve
injury, IFN-y is upregulated in the rat dorsal horn and
cooperates in neuropathic pain induction and maintenance
[25-27]. IFN-y induces a long-lasting depolarization of
inhibitory circuits sensitizing at the same time the ascending
pain tracts [28]. Neuron-glia interaction plays an impor-
tant role in induction of central sensitization [29, 30]. In
vitro investigations have shown that IFN-y may inhibit
glutamate receptor 1- (GluR1-) positive interneurons in
the dorsal horns of the spinal cord [28, 31, 32]. The IFN-y
receptor forms a special receptor complex with the AMPA
receptor subunit GluR1 [32]. Both, proinflammatory and
anti-inflammatory cytokines, are targets for the treatment
of neuropathic pain. However, little is known about the
role of IFN-y and other cytokines in SCS.

The aim of this study is to observe if SCS influences
analgesic response, IFN-y, and other cytokine serum levels.

2. Materials and Methods

A total of 24 patients included in the study (11 men and 13
women, mean age 55,87 years, range 33-78 years) were
admitted to the Department of Neurosurgery of Medical
University of Lublin in Poland and underwent SCS for the
management of pain resulting from FBSS. Magnetic reso-
nance imaging was used to choose and verify patients with
FBSS. Cases such as recurrent disc herniations, spinal steno-
sis or instability, spinal tumors, and infections were excluded.
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Coexisting neurologic and psychiatric diseases, systemic and
inflammatory diseases, use of corticosteroids, tumors, active
infections, severe depression, hypochondriac behavior, and
alcoholic abuse belonged to the additional exclusion criteria.

2.1. Neurosurgical Procedure. The patients have been
implanted with 16 electrodes of Medtronic equipment.
The surgical operation was performed under general anes-
thesia. The implantation of paddle was performed by lami-
nectomy at the Th10-Th12 level. The procedures consisted
of two phases. The trial period usually lasted for 3 to 4
days with the use of the external trial stimulator. Then,
the decision about implantation of an impulse generator
(IPG) was undertaken when more than 50% pain reduc-
tion was obtained in the NRS. 17 patients, out of the 24
primary qualified, found SCS as enough satisfactory treat-
ment. The opioids were used to ameliorate pain caused by
the implantation procedure during the postoperative period
(2-3 days). The SCS parameters were recorded which are
shown in Table 1.

2.2. Clinical Assessment. All patients underwent standard
physical and neurological examination three times: prior to
surgery, one month after, and three months after the proce-
dure. Motor deficits, reflexes dysfunctions, and straight
leg-raising test were evaluated. Patients filled in a question-
naire about the intensity and duration of pain according to
the Numeric Rating Scale (NRS), questionnaire about neuro-
pathic pain by the Pain Rating Index of Short-Form McGill
Pain Questionnaire (SF-MPQ), Oswestry Disability Index
(ODI), and Beck Depression Inventory (BDI). The individual
SCS parameters for each patient to achieve analgesia were
recorded. The results were compared with outcomes of 24
healthy volunteers, used as controls, from the community
hospital without previous back and sciatica pain. The 7
patients, out of the 24 primary qualified group, did not have
implantation because of coexistence of medical conditions
which excluded under general anesthesia, withdrawal of writ-
ten consent for operation, or lack of efficacy of SCS during
the trial period. The patients from group 1 were evaluated 1
month after the operation. The 5 patients missed the control
visit so 12 patients from group 1 consisted in group 2, which
was also evaluated after 3 months since operation. The char-
acteristic of patient groups is presented in Table 2.

2.3. Measurement of Serum Cytokine Levels. Blood samples
were collected just prior to surgery, one month after, and
three months after. Five milliliters of venous blood was
collected in the morning and immediately centrifuged at
4000 g for 15 minutes. The serum samples were frozen at
-80°C until analyzed.

A commercial enzyme-linked immunosorbent assay
(ELISA) kit (human IFN-y, IL-1f, IL-6, TNF-q, IL-10, and
TGF-f Quantikine ELISA Kit, R&D Systems) was used for
a quantitative determination of human IFN-y in plasma sam-
ples. We followed the protocol recommended by the manu-
facturer. The ELISA Reader Victor (PerkinElmer, USA) was
used in the procedure. Samples were assayed in duplicate.
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TaBLE 1: Characteristics of SCS parameters.

No. Age Gender SCS amplitude (V) SCS frequency (Hz) SCS pulse width (us)
1 46 M 45 (0), 4.2 (1), 43 (2) 40 (0,1 ,2) 180 (0, 1, 2)

2 47 F 1.8 (0), 2.0 (1), 2.1 (2) 60 (0, 1,2) 200 (0), 210 (1, 2)
3 70 F 6.5 (0), 6.4 (1), 6.0 (2) 60 (0, 1, 2) 180 (0, 1, 2)

4 70 M 2.3(0), 2.5 (1), 2.3 (2) 60 (0, 1, 2) 210 (0, 1, 2)

5 68 F 5.0 (0), 4.8 (1, 2) 60 (0), 40 (1), 60 (2) 210 (0), 200 (1, 2)
6 38 M 5.0 (0), 5.2 (1,2) 40 (0, 1,2) 320 (0, 1, 2)

7 47 M 32(0),32 (1), 3.4 (2) 40 (0, 1,2) 240 (0, 1, 2)

8 33 F 3.0 (0), 3.0 (1), 3.2 (2) 60 (0, 1, 2) 240 (0, 1, 2)

9 78 M 2.6 (0),2.6 (1,2) 60 (0), 40 (1), 60 (0) 180 (0, 1, 2)

10 61 M 3.7(0), 3.6 (1, 2) 40 (0, 1,2) 270 (0, 1, 2)

11 54 F 7.0 (0), 7.1 (1), 6.8 (2) 60 (0, 1, 2) 320 (0, 1, 2)

12 67 M 2.8 (0), 2.6 (1), 2.8 (2) 80 (0, 1,2) 270 (0, 1, 2)

13 60 F 1.9 (0), 2.2 (1) 60 (0, 1) 180 (0, 1)

14 58 M 6.6 (0), 6.7 (1) 40 (0, 1) 300 (0, 1)

15 43 F 3.5(0), 3.0 (1) 60 (0, 1) 240 (0, 1)

16 65 M 53 (0, 1) 80 (0), 60 (1) 240 (0, 1)

17 69 F 42 (0), 4.1 (1) 40 (0, 1) 210 (0, 1)

F: female; M: male; SCS: spinal cord stimulation; (0): measurement 24 hours after implantation; (1): measurement 1 month after implantation; (2):

measurement 3 months after implantation.

TasBLE 2: Characteristics of patients and controls.

Group 0 Group 1 Group 2 Controls Group 0 vs. controls
n=24 n=17 n=12 n=24 p value

Age
Mean + SD 55,87+ 11,55 56,24 +12,7 56,58 + 14,4 56,69 + 10, 48 0,807
Gender

Female (F) F: 13 F: 8 F: 5 F: 12 0,772

Male (M) M: 11 M:9 M:7 M: 12
Number of operations 2,83+2,12 3,4142,24 3,58 +2,57 — —
Mean + SD

Time of pain

Mean + SD 130,29 + 114,3

145,6 + 126,0

170,18 + 137,75 — —

The study was approved by the Local Human Research
Ethics Committee. All participating patients were included
following the signature of the written informed consent
statement.

2.4. Data Analysis. Statistical analysis was performed with
the use of IBM SPSS Statistics (version 24.0). Data was
reported as the minimum, maximum, and mean values as
well as standard deviation. For intergroup comparisons, we
used Student’s t-test for two independent samples and non-
parametric Mann-Whitney U test. To analyze differences
between the cytokine level before and after surgery, we used
the nonparametric Wilcoxon test and Student’s t-test for
dependent samples. Cohen’s d and rank correlation coeffi-
cients (r g) were used to assess the effect size. The Spearman
rank correlation coefficient (r,) was applied to assess the

relationships between variables. The level of significance
was a =0, 05.

3. Results

Our research was conducted in 4 groups of patients. Group 0
consisted of 24 patients with neuropathic pain because of
FBSS (FBSS group) within the mean age M =55,87
(SD=11,55). Among them, there were 13 female (F) patients
and 11 men (M), and 13 were physical workers. In the past,
they were operated on several times, average 2,8 (min =1,
max = 10). The average time of pain duration before opera-
tion was M = 130 months (SD = 114). The patients of group
0 were assessed just before the performance of the procedure
of SCS implantation. Group 1 consisted of 17 (8 F, 9M) of
these patients who were qualified for implantation of SCS.
They were with mean age M =56,24 (SD=12,7). The 59
percent of them worked as physical workers. The patients
were operated on several times at an average of 3 times
(min = 1, max = 10). The mean time of pain duration was
146 months (SD =126). We also distinguished group 2
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TasLE 3: Clinical response to SCS.
Group 0 Group 1 Group 2 Group 0 vs. group 1 Group 1 vs. group 2
n =24 (before) n =17 (1 month after) n =12 (3 months after) p value p value
NRS back
Mean + SD 6,86+2,6 3,82+2,9 2,55+2,84 0,003 0,033
NRS legs
Mean+sp  12+196 5,38+2,02 3,25£2,63 0,015 0,063
PRI 22,12+10,7 13,08+ 7,88 9,27+10,11 0,042 0,041
Mean + SD R TR e > >
ODI 31,47 £ 6,23 26,15+7,87 22,5+7,57 0,021 0,131
Mean + SD e T T > >
BDI 15,94 +7,87 13,43 +£10,97 7,38+9,29
Mean + SD ,94% 7, ,43 1 10, ;001 9, 0,073 0,121

NRS: Numeric Rating Scale; PRI: the Pain Rating Index; ODI: the Oswestry Disability Index; BDI: Beck Depression Inventory; Student’s ¢-test for dependent

samples with p < 0.05 highlighted in bold.

TasLE 4: Controls versus IFN-y and cytokine serum level response to SCS.

Controls Group 0 Group 1 Group 2
n=24 n =24 (before) n =17 (1 month after) n =12 (3 months after)
ﬁiﬁl’sgéml) 9,44 + 4,47 13,61 +7,58 14,13 + 7,99 12,12+ 8,47
p for controls versus SCS p=0,03 p=0,036 p=0329

TasLE 5: Correlations between IFN-y serum level and NRS.

NRS back 0 (before) NRS leg 0 (before)

6,86+2,6 7,12+ 1,96
IEN-y (before) 0,618 0,493
13,61 + 7, 58 pg/ml p=0,025 p=0,052
IFN-y (after 1 month) 0,414 0,643
12,33 +7,99 pg/ml p=0,159 p=0,007

Spearman’s correlation coefficient r; with p < 0.05 highlighted in bold.

consisting of 12 patients (mean age M = 56,69, SD = 14, 4;
F=5,M=7) from group 1 which were additionally evaluated
3 months after operation. Group 2 was smaller than group 1
because 5 patients did not come for follow-up visit. The
control group included 24 healthy volunteers from the
community hospital without previous back and sciatica pain
(see Table 2).

After SCS, we observed a significant decrease of back
pain—before implantation, the mean NRS of the back =6,
86 (SD =2, 60); after 30 days, the mean NRS of the back =
3,82 (SD=2,90) (t,,=3,573; p=0,003; effect size d=0,
99); and after 90 days, the mean NRS of the back M =2, 55
(SD=2,84) (t;;=2,055 p=0,033; effect size d=0,44).
Similarly, we observed a significant decrease of lower limb
pain—before SCS, the mean NRS of the leg M =7,12
(SD =1, 96); after 30 days, the mean NRS of the leg M =
5,38 (SD=2,02) (t;,=2,465 p=0,015; effect size d=0,
92); and 90 days after, the mean NRS of the leg M =3,
35; (SD =2,63), (t,,=1,663; p=0,063) (see Table 3).

The significant decrease in disability followed the SCS
procedure; the index of disability is measured by the ODI

scale (t;, =2,263; p=0,021, effect size d =0, 80). Before the
procedure, the mean ODI M = 31,47 points (SD =6,23)
and after 30 days, the ODI M =26, 15 points (SD =7, 87).
The results after 90 days did not change significantly
(t;,=1,188; p=0,131). Relationships between BDI scores
were not significant (see Table 3).

We observed a significant difference between pain in
patients before SCS (M =13.61, SD=7,58) and control
(M =9,44, SD=4,47) serum level of IFN-y (z=-2,174;
p=0,03; effect size r, =0,46). Significant differences were
not reported between SCS patients after 3 months and con-
trol serum level of IFN-y (see Table 4).

3.1. Level of IFN-y before and after SCS and Relations
between the Level of IFN-y and the Results of Clinical
Scales. IFN-y serum level was not significantly changed
after stimulation. Before SCS, the mean INF-y concentration
was 13,61 (SD=7,58); after 30 days, the mean level was
14,33 (SD=7,99); and after 90 days, the mean level was
12,12 (SD =6,47) (group 0 vs. group 1 (z=-0,827; p=
0,408), group 1 vs. group 2 (z=-1,49; p=0,136) (see
Table 4).

We noticed a positive correlation between IFN-y concen-
tration with NRS back value (r,=0,618; p=0,025) before
SCS and positive correlation between IFN-y concentration
after SCS with NRS leg value (r, =0,643; p =0,007) before
SCS. Higher IFN-y concentrations accompanied higher
NRS values (see Table 5).

3.2. The Levels of Cytokines in the FBSS Group and
Comparisons with the Control Group. The comparison of
cytokine levels in the group of patients with pain from
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TABLE 6: Serum cytokine levels in the FBSS group versus controls.

Group 0 (FBSS)

Controls

n=24 n=24 p value Effect size
a b a-b
IFN-y (pg/ml)
* =0.4

Mean + SD 13.61 +£7.58 9.44 +4.47 0.03 I, 6
IL-1 (pg/ml)
Mean + SD 3.003+2.64 4.21+3.49 0.204 _
IL-6 (pg/ml)
Mean + SD 3.28 +£3.37 2.94+1,82 0.279 —
IL-10 (pg/ml) 0.14+ 4.69 17,87 10.50 0,007 .
Mean + SD
TNF-a (pg/ml) . )
Mean + SD 71.49 + 83.04 28.08 +£21.48 0.028 ry= 0.42
TGE-f (pg/ml) 46175.94 + 31495.74 32862.15 + 19837.48 0.152 _
Mean + SD

*Significant difference at the level of p < 0.05. **Significant difference at the level of p < 0.01. Mann-Whitney U test with p < 0.05 highlighted in bold.

TABLE 7: Serum cytokine levels before and after SCS.

Group 0 Group 1

Group 2

n =24 (before) n =17 (1 month after) n =12 (3 month after) p value p value
a b C a-b b-c

IFN-y (pg/ml)
Mean + SD 13.61 +7.58 14.13 +7.99 12.12 +8.47 0.408 0136
IL-183 (pg/ml)
Mean 4 SD 3.003 + 2.64 1.58 +2.29 1.17 +£0.93 0.554 0.906
IL-6 (pg/ml)
Mean 4 SD 3.28+3.37 3.64 +3.08 3.52+3.29 0.093 0239
IL-10 (pg/ml)
Mean + SD 9.14+4.69 9.62+5.11 6,82+ 2.42 0.653 0272
TNE-a (pg/ml) 71.49 + 83.04 50.42 + 48.13 50.21 + 39.09 0.981 0.695
Mean + SD
TGE-f (pg/ml) 46175.9 + 31495.74 54409.3 + 24356.72 54520.6 + 16848.84 0.463 0.638
Mean + SD

FBSS (n=24) and the control group (Student’s parametric
significance t-test for two averages and nonparametric
Mann-Whitney’s U test) showed a significant difference only
in the IL-10 level (t,,5 = -3, 04; p=0,007) and TNF-« level
(z=-2.194; p=0.028). In the FBSS group, the average level
of IL-10 was M = 9.14 (SD = 4.69), while in the control group
M =17.87 (SD =10.50). On the contrary, patients with FBSS
had higher levels of TNF-a M =71.49 (SD =83.04) than
those in the control group M =28.08 (SD = 21.48), whereas
the groups did not significantly differ in IL-13, IL-6, and
TGF-p levels. The relationship between the occurrence of
neuropathic pain and the level of IL-10 is high and moderate
with regard to the TNF-« levels (see Table 6).

3.3. Changes in the Levels of Cytokines Caused by SCS. No sta-
tistically significant changes caused by SCS were observed in
the level of IL-18, IL-6, IL-10, TNF-a, and TGF-f3, both 1
month and 3 months after surgery, although the level of
IL-1f and TNF-« decreased 1 month and 3 months after
SCS and the level of TGF-f increased 1 month and 3 months

after SCS. The values of IL-6 and IL-10 did not change signif-
icantly (see Table 7).

But interestingly, in the follow-up study, 1 month after
SCS, significant differences in IL-13, IL-10, and TGF-f3 levels
were found compared to the values measured in the control
group. The level of IL-1f in SCS patients was lower when
compared to the control group (z =—-2.569; p = 0.010), simi-
larly to the level of IL-10 (z=-2.662; p=0.008). A month
after SCS, patients showed higher TGEF-f levels than those
in the control group (z =-2.398; p =0.016).

Similar differences were noted in the measurements
of interleukin values 3 months after SCS. The level of IL-1p3
and IL-10 in patients was still significantly lower (for IL-1f
z=-2.587; p=0.010; for IL-10 z=-3.416; p=0.001),
while the level of TGF was higher (z=-2.440; p=0.015)
(see Table 7).

3.4. Relations between the Levels of Cytokines and the Results
of Clinical Scales. Correlations concerning TGF-f3 and clini-
cal outcomes were the most interesting. The level of TGF-3



before surgery correlates negatively with the NRS leg scale
results obtained in the follow-up one month after SCS
(r,=-0.608; p=0.027) and with the ODI scale results in
the follow-up study 3 months after SCS (r,=-0.633; p=
0.027)—a higher TGF-p level before surgery correlates with
less pain in the leg area a month after SCS and better func-
tioning at 3 months after SCS.

The level of TGF-f, measured 3 months after surgery,
correlates negatively with the NRS leg scale results obtained
in the follow-up study one month after SCS (r,=-0.872;
p<0.001) and with the results of the ODI scale in the
follow-up month after SCS (r,=-0.767; p=0.006) and 3
months after SCS (r,=-0.77; p=0.003)—a higher TGF-f
level measured 3 months after SCS correlates with less
pain in the leg area a month after SCS and better ability
a month and 3 months after SCS.

The level of TGF-f, measured 3 months after surgery,
correlates negatively with BDI depression scale scores
obtained in the follow-up study a month after SCS (r, =
—0.634; p = 0.027)—higher intensity of depressive symptoms
in BDI one month after surgery correlates with lower TGF-3
level in measurement 3 months after SCS.

The level of IL-10, before surgery, correlates negatively
with the results of the ODI scale obtained in the follow-up
study 3 months after SCS (r, =-0.608; p=0.036) and the
severity of depressive symptoms in the BDI scale 3 months
after SCS (r,=-0.786; p=0.021)—a higher level of IL-10
before surgery correlates with lower ODI scores (better phys-
ical ability of the patient) and less severe depressive symp-
toms at 3 months after SCS.

There were no significant correlations between the
TNF-« level and the results of clinical scales both before
SCS and in subsequent follow-ups (after 1 month and after
3 months).

Correlations between the results of clinical scales and
levels of IL-1$ and IL-6 were nonconclusive.

4. Discussion

Since the 1980s, SCS therapy has been available for patients
suffering from neuropathic pain related to FBSS [1, 33]. More
than 20000 neurostimulators are implanted each year [2].
Recently, clinical measure of SCS efficacy has been based on
physical examination, comparing pain intensity and physical
ability before and after implantation. Although the decrease
of pain in our study is similar to the results obtained in other
studies, we should remember about limitations [1, 33, 34].
Such assessment is mainly a subjective point of view from a
patient’s perspective. Hence, we need to supplement clinical
examination and add objective data. The data which predicts
the success of therapy is considered to be especially valuable.
So there were some trials to seek the concentrations of neu-
roimmune mediators. Kinfe et al. reported that systemic cir-
culating anti-inflammatory IL-10 was significantly increased
after the burst SCS with back pain reduction [35]. McCarthy
et al. described that cerebrospinal fluid levels of VEGF corre-
late with reported pain and are reduced by SCS in patients
with FBSS [36]. The necessity of lumbar puncture is serious
disadvantage during pain monitoring. Another limitation is
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that we have not measured the concentration of cytokines
which occur close to the spinal cord or in the CSF so we
have no direct information about cytokine changes after
SCS. The search for neuroimmune mediators in the serum
may be safer and more useful for the monitoring of treat-
ment. It is known that serum levels of proinflammatory
cytokines such as IL-6 and TNF-« are significantly upreg-
ulated during chronic pain [37-39]. To our knowledge, the
present study is rare which analyzes proinflammatory
IFN-y concentrations in the human serum before and
after SCS treatment. There are not any significant differ-
ences between IFN-y serum concentrations before and
after SCS. Nevertheless, it is interesting that higher IFN-y
concentrations accompany higher NRS scores. There are
numerous reports about spontaneous pain occurring as a side
effect of IFN-y therapy in oncology [40]. Interferon-gamma
(IFN-y) is a proinflammatory cytokine and important mod-
ulator of central and peripheral immune response and
additionally plays a role in the pathogenesis of neuropathic
pain [41]. It is very interesting that the IFN-y serum level
in FBSS patients is significantly higher than that in the con-
trol group, although Koch et al. reported no relationship
between plasma IFN-y and pain intensity [37]. Moen
et al. described that IFN-y may contribute to the pathogene-
sis of nociceptive activity and pain behavior in acute lumbar
radicular pain [42]. Studies performed on animal model
revealed, that IFN-y plays an important role as one of the fac-
tors leading to central sensitization, which results in neuro-
pathic pain. [43]. So the FBSS patients’ IFN-y serum level
differs from controls, and it is important to seek possibilities
of objective assessment of SCS action.

It is known that serum levels of proinflammatory
cytokines such as IL-1p, IL-6, and TNF-«a are significantly
upregulated during chronic neuropathic pain and anti-
inflammatory cytokines such as IL-10 are significantly down-
regulated during chronic neuropathic pain state.

It is very interesting that the TNF-« serum level in FBSS
patients was significantly higher than that in the control
group. So FBSS patients estimated that cytokine serum levels
differ from controls. The role of TNF-« is complex. During
NP induced by nerve injury, the TNF-« action as recognized
acts at different levels of the nervous system. TNF-« plays a
role at the site of nerve injury, at the dorsal root ganglion,
at the dorsal horn of the spinal cord, and at the brain [44].
Many studies have shown that elevated TNF-« is found
peripherally during nerve damage in CCI animal models of
neuropathic pain [13-16]. The upregulation of proinflamma-
tory cytokines such as IL-1f, IL-6, and TNF-a has been
observed during induced discogenic pain in animal models
[45]. Additionally, it is known that serum levels of proinflam-
matory cytokines such as TNF-a and IL-6 may be signifi-
cantly upregulated during chronic pain [37-39]. A potential
mechanism of the nociceptive action of TNF-a may involve
TNF-a-apoptosis-caspase [46]. Membrane K™ ion conduc-
tance is increased in a non-voltage-gated fashion leading to
neuronal hyperexcitability [47]. Additionally, the efficacy of
TNF-a antagonists depends on the type of neuropathic pain
and is less effective in rat disc herniation models than in dia-
betic origin [48, 49].
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The value of IL-10 was significantly lower than in the
control group and did not change after SCS. It was observed
that the IL-10 level correlates negatively with ODI and BDI
scores. So a higher level of IL-10 accompanies better physical
ability and less depressive behavior. The serum level of
anti-inflammatory cytokine such as IL-10 was lower in
patients with complex regional pain syndrome (CRPS) than
in the controls [50]. The IL-10 level decreases after nerve
CCI in the animal model [23]. IL-10 injected into the site
of nerve damage decreases the number of endoneurial
TNF-a-expressing cells and attenuates thermal hypersensi-
tivity after CCI [51].

There were no significant differences in cytokine serum
concentrations in the FBSS group before and after SCS. How-
ever, IL-1f3, after SCS, decreases significantly and TGEF-3 sig-
nificantly increases when compared to the results in controls.

It was observed that the levels of IL-3, 1 and 3 months
after SCS, were lower than those before SCS but not signifi-
cantly. Nevertheless, IL-1f levels 1 and 3 months after SCS
were significantly lower than in controls. Elevated levels
of IL-1$ have been found in rats with chronic neuropathic
pain, both peripherally and in the brain scan [52-56]. The
IL-1f administration induces pain behavior in rats [21, 22].
Possible mechanisms depend on activation of the dorsal root
ganglion and increased spinal cord activity [57-59]. More-
over, IL-1 induces central cyclooxygenase-2 (COX-2)
upregulation, which results in an increase in the synthesis
of PGE-2 in spinal cord neurons and the brain [60].

The values of IL-6 in the FBSS group and controls did not
differ significantly as the values of IL-6 after SCS. The IL-6
dual nature is known. It is perceived as proinflammatory
and anti-inflammatory cytokine. There are several human
studies with different results. Some studies showed elevated
IL-6 in a patient with herniated discs [61, 62]. Animal studies
show that IL-6 may affect the synaptic activity in the superfi-
cial spinal cord and promote heat hyperalgesia if injected
intrathecally [63]. In another study, the authors found no
association between IL-6 levels and symptoms in a patient
with CRPS [64]. Moreover, IL-6 is also a potent stimulator
of the hypothalamic-pituitary-adrenal axis as alone or with
other cytokines [65].

The value of TGF-p increases after SCS but not signifi-
cantly. It is interesting that the TGF-f serum level after
SCS was significantly higher than in controls before SCS
and 3 months after and correlates negatively with NRS leg,
ODI, and BDI scores. A higher TGF-3 level characterizes less
leg pain, better physical ability, and less depressive behavior.
Intrathecal administration of TGF-f reduces pain secondary
to CCI in the animal model [24, 66]. It is known that delivery
of bone marrow stromal cells into the spinal cord of mice
induces TGF-f secretion reducing CCl-related neuropathic
pain [67].

The search for neuroimmune mediators in the serum
may be safer and more useful for the monitoring of treat-
ment. Cytokines are signaling proteins mediating activation,
differentiation, and proliferation of immune cells and may
play a role in chronic pain threshold. Cytokine synthesis is
prompt and their actions are often localized with a short
half-life period [44]. Pivotal for assessment of SCS efficacy

for the serum level are changes of IFN-y and other cytokine
serum levels before and after implantation as well as when
compared to healthy controls. A limited group of patients
results from the homogeneity of a group (only FBSS) and
exclusion of patients with serious comorbidities. It is not pos-
sible to exclude that surgery procedure itself had any influ-
ence on observed changes [68]. A significant effect of SCS
on IFN-y and other cytokine serum levels is not obvious.
Further explorations are needed to explain what is the real
neuroimmune target for SCS therapy.

5. Conclusion

Balance between proinflammatory and anti-inflammatory
cytokines may play a role in neuropathic pain during FBSS.
SCS did not influence serum cytokine levels significantly.
Our data supports an important role for IFN-y and other
cytokines as neuroimmune factors in the pathophysiology
of neuropathic pain from FBSS. Serum concentration of
IFN-y may be recognized as an occasional pain factor—signi-
ficantly higher level in FBSS patients versus controls and
higher IFN-y value accompanying higher pain intensity.
Levels of TGF-f and IL-10 may correlate with physical ability
and depressive behavior. This study research does not con-
firm directly the relationship between SCS and IFN-y and
other cytokine serum levels but adds additional clinical light
for cytokine action in neuropathic pain in FBSS patients. Fur-
ther investigations for SCS influence on serum cytokines are
needed.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest.

References

[1] K. Kumar, G. Hunter, and D. Demeria, “Spinal cord stimula-
tion in treatment of chronic benign pain: challenges in treat-
ment planning and present status, a 22-year experience,”
Neurosurgery, vol. 58, no. 3, pp. 481-496, 2006.

R. Vallejo, J. Kramer, and R. Benjamin, “Neuromodulation of

the cervical spinal cord in the treatment of chronic intractable

neck and upper extremity pain: a case series and review of the

literature,” Pain Physician, vol. 10, no. 2, pp. 305-311, 2007.

[3] K. Meier, “Spinal cord stimulation: background and clinical
application,” Scandinavian Journal of Pain, vol. 5, no. 3,
pp. 175-181, 2014.

[4] V. Masopust, R. Rokyta, and V. Benes, “Neuromodulation,”
Ceska A Slovenska Neurologie A Neurochirurgie, vol. 77,
pp. 138-152, 2014.

[5] J. G. Cui, B. A. Meyerson, A. Sollevi, and B. Linderoth, “Effect
of spinal cord stimulation on tactile hypersensitivity in mono-
neuropathic rats is potentiated by simultaneous GABA and
adenosine receptor activation,” Neuroscience Letters, vol. 247,
no. 2-3, pp. 183-186, 1998.

S



(6]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

S. P. Janssen, S. Gerard, M. E. Raijmakers, M. Truin, M. van
Kleef, and E. A. Joosten, “Decreased intracellular GABA levels
contribute to spinal cord stimulation-induced analgesia in rats
suffering from painful peripheral neuropathy: the role of
KCC2 and GABA, receptor-mediated inhibition,” Neuro-
chemistry International, vol. 60, no. 1, pp. 21-30, 2012.

T. Wolter, “Spinal cord stimulation for neuropathic pain: cur-
rent perspectives,” Journal of Pain Research, vol. 7, pp. 651-
663, 2014.

B. M. Lutz, A. Bekker, and Y. X. Tao, “Noncoding RNAs: new
players in chronic pain,” Anesthesiology, vol. 121, no. 2,
pp. 409-417, 2014.

M. A. Thacker, A. K. Clark, F. Marchand, and S. B. McMahon,
“Pathophysiology of peripheral neuropathic pain: immune
cells and molecules,” Anesthesia ¢ Analgesia, vol. 105, no. 3,
pp. 838-847, 2007.

P.J. Austin and G. Moalem-Taylor, “The neuro-immune bal-
ance in neuropathic pain: involvement of inflammatory
immune cells, immune-like glial cells and cytokines,” Journal
of Neuroimmunology, vol. 229, no. 1-2, pp. 26-50, 2010.

A. K. Clark, E. A. Old, and M. Malcangio, “Neuropathic pain
and cytokines: current perspectives,” Journal of Pain Research,
vol. 6, pp. 803-814, 2013.

D. Fitzsimmons, C. J. Phillips, H. Bennett et al., “Cost-effec-
tiveness of different strategies to manage patients with sciat-
ica,” Pain, vol. 155, no. 7, pp. 1318-1327, 2014.

V. I Shubayev and R. R. Myers, “Upregulation and interaction
of TNF« and gelatinases A and B in painful peripheral nerve
injury,” Brain Research, vol. 855, no. 1, pp. 83-89, 2000.

A. George, C. Schmidt, A. Weishaupt, K. V. Toyka, and
C. Sommer, “Serial determination of tumor necrosis factor-
alpha content in rat sciatic nerve after chronic constriction
injury,” Experimental Neurology, vol. 160, no. 1, pp. 124-132,
1999.

V.1 Shubayev and R. R. Myers, “Axonal transport of TNF-« in
painful neuropathy: distribution of ligand tracer and TNF
receptors,” Journal of Neuroimmunology, vol. 114, no. 1-2,
pp- 48-56, 2001.

S. Ohtori, K. Takahashi, H. Moriya, and R. R. Myers, “TNF-«
and TNF-« receptor type 1 upregulation in glia and neurons
after peripheral nerve injury: studies in murine DRG and spi-
nal cord,” Spine, vol. 29, no. 10, pp. 1082-1088, 2004.

J. L. Arruda, R. W. Colburn, A. J. Rickman, M. D. Rutkowski,
and]. A. DeLeo, “Increase of interleukin-6 mRNA in the spinal
cord following peripheral nerve injury in the rat: potential role
of IL-6 in neuropathic pain,” Molecular Brain Research,
vol. 62, no. 2, pp. 228-235, 1998.

H.-L. Lee, K.-M. Lee, S.-J. Son, S.-H. Hwang, and H.-J. Cho,
“Temporal expression of cytokines and their receptors
mRNAs in a neuropathic pain model,” NeuroReport, vol. 15,
no. 18, pp. 2807-2811, 2004.

S. M. Rothman, Z. Huang, K. E. Lee, C. L. Weisshaar, and B. A.
Winkelstein, “Cytokine mRNA expression in painful radiculo-
pathy,” The Journal of Pain, vol. 10, no. 1, pp. 90-99, 2009.

J. G. Burke, R. W. G. Watson, D. McCormack, F. E. Dowling,
M. G. Walsh, and J. M. Fitzpatrick, “Intervertebral discs which
cause low back pain secrete high levels of proinflammatory
mediators,” The Journal of Bone and Joint Surgery, vol. 84,
no. 2, pp. 196-201, 2002.

M. Zelenka, M. Schifers, and C. Sommer, “Intraneural injec-
tion of interleukin-1f and tumor necrosis factor-alpha into

(22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

[34]

(35]

Disease Markers

rat sciatic nerve at physiological doses induces signs of neuro-
pathic pain,” Pain, vol. 116, no. 3, pp. 257-263, 2005.

X.-H. Wei, T. Yang, Q. Wu et al., “Peri-sciatic administration
of recombinant rat IL-18 induces mechanical allodynia by
activation of src-family kinases in spinal microglia in rats,”
Experimental Neurology, vol. 234, no. 2, pp. 389-397, 2012.

J. Khan, K. Ramadan, O. Korczeniewska, M. M. Anwer,
R. Benoliel, and E. Eliav, “Interleukin-10 levels in rat models
of nerve damage and neuropathic pain,” Neuroscience Letters,
vol. 592, pp. 99-106, 2015.

N.-F. Chen, S.-Y. Huang, W.-F. Chen et al., “TGF-p1 attenu-
ates spinal neuroinflammation and the excitatory amino acid
system in rats with neuropathic pain,” The Journal of Pain,
vol. 14, no. 12, pp. 1671-1685, 2013.

F.Y. Tanga, N. Nutile-McMenemy, and J. A. DeLeo, “The CNS
role of toll-like receptor 4 in innate neuroimmunity and
painful neuropathy,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 102, no. 16,
pp. 5856-5861, 2005.

M. Costigan, A. Moss, A. Latremoliere et al., “T-cell infiltration
and signaling in the adult dorsal spinal cord is a major contrib-
utor to neuropathic pain-like hypersensitivity,” The Journal of
Neuroscience, vol. 29, no. 46, pp. 14415-14422, 2009.

P. M. Grace, P. E. Rolan, and M. R. Hutchinson, “Peripheral
immune contributions to the maintenance of central glial acti-
vation underlying neuropathic pain,” Brain, Behavior, and
Immunity, vol. 25, no. 7, pp. 1322-1332, 2011.

K. S. Vikman, R. H. Hill, E. Backstrom, B. Robertson, and
K. Kristensson, “Interferon-y induces characteristics of central
sensitization in spinal dorsal horn neurons in vitro,” Pain,
vol. 106, no. 3, pp- 241-251, 2003.

J. Scholz and C. J. Woolf, “The neuropathic pain triad: neu-
rons, immune cells and glia,” Nature Neuroscience, vol. 10,
no. 11, pp. 1361-1368, 2007.

K. Ren and R. Dubner, “Interactions between the immune and
nervous systems in pain,” Nature Medicine, vol. 16, no. 11,
pp. 1267-1276, 2010.

R. C. Kerr, D. J. Maxwell, and A. J. Todd, “GluR1 and GluR2/3
subunits of the AMPA-type glutamate receptor are associated
with particular types of neurone in laminae I-IIT of the spinal
dorsal horn of the rat,” The European Journal of Neuroscience,
vol. 10, no. 1, pp- 324-333, 1998.

T. Mizuno, G. Zhang, H. Takeuchi et al., “Interferon-y directly
induces neurotoxicity through a neuron specific, calcium-
permeable complex of IFN-y receptor and AMPA GluR1
receptor,” The FASEB Journal, vol. 22, no. 6, pp. 1797-1806,
2008.

K. Kumar, R. S. Taylor, L. Jacques et al., “The effects of spinal
cord stimulation in neuropathic pain are sustained: a
24-month follow-up of the prospective randomized controlled
multicenter trial of the effectiveness of spinal cord stimula-
tion,” Neurosurgery, vol. 63, no. 4, pp. 762-770, 2008.

T. Cameron, “Safety and efficacy of spinal cord stimulation for
the treatment of chronic pain: a 20-year literature review,”
Journal of Neurosurgery: Spine, vol. 100, pp. 254-267, 2004.

T. M. Kinfe, S. Muhammad, C. Link, S. Roeske, S. R.
Chaudhry, and T. L. Yearwood, “Burst spinal cord stimulation
increases peripheral antineuroinflammatory interleukin 10
levels in failed back surgery syndrome patients with predomi-
nant back pain,” Neuromodulation: Technology at the Neural
Interface, vol. 20, no. 4, pp. 322-330, 2017.



Disease Markers

(36]

(37]

(38]

(39]

[40]

(41]

(42]

[43]

(44]

(45]

[46]

(47]

(48]

(49]

K. F. McCarthy, T. J. Connor, and C. McCrory, “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,” Neuromodula-
tion: Technology at the Neural Interface, vol. 16, no. 6,
pp. 519-522, 2013.

A. Koch, K. Zacharowski, O. Boehm et al., “Nitric oxide and
pro-inflammatory cytokines correlate with pain intensity in
chronic pain patients,” Inflammation Research, vol. 56, no. 1,
pp. 32-37, 2007.

D. C. Kraychete, R. K. Sakata, A. M. Issy, O. Bacellar,
R. Santos-Jesus, and E. M. Carvalho, “Serum cytokine levels
in patients with chronic low back pain due to herniated disc:
analytical cross-sectional study,” Sdo Paulo Medical Journal,
vol. 128, no. 5, pp. 259-262, 2010.

B. Zu, H. Pan, X. J. Zhang, and Z. S. Yin, “Serum levels of the
inflammatory cytokines in patients with lumbar radicular pain
due to disc herniation,” Asian Spine Journal, vol. 10, no. 5,
pp. 843-849, 2016.

J. R. Quesada, M. Talpaz, A. Rios, R. Kurzrock, and J. U. Gut-
terman, “Clinical toxicity of interferons in cancer patients: a
review,” Journal of Clinical Oncology, vol. 4, no. 2, pp. 234-
243, 1986.

U. Boehm, T. Klamp, M. Groot, and J. C. Howard, “Cellular
responses to interferon-y,” Annual Review of Immunology,
vol. 15, no. 1, pp. 749-795, 1997.

G. H. Moen, A. Moen, E. I. Schistad, and J. Gjerstad, “Local
up-regulation of interferon-y (IFN-y) following disc hernia-
tion is involved in the inflammatory response underlying
acute lumbar radicular pain,” Cytokine, vol. 97, pp. 181-
186, 2017.

M. Sonekatsu, W. Taniguchi, M. Yamanaka et al., “Interfer-
on-gamma potentiates NMDA receptor signaling in spinal
dorsal horn neurons via microglia-neuron interaction,”
Molecular Pain, vol. 12, 2016.

L. Leung and C. M. Cahill, “TNF-« and neuropathic pain - a
review,” Journal of Neuroinflammation, vol. 7, no. 1, p. 27,
2010.

W. W. Jung, H. S. Kim, J. R. Shon et al., “Intervertebral disc
degeneration-induced expression of pain-related molecules:
glial cell-derived neurotropic factor as a key factor,” Journal
of Neurosurgical Anesthesiology, vol. 23, no. 4, pp. 329-334,
2011.

M. Sekiguchi, Y. Sekiguchi, S.-i. Konno, H. Kobayashi,
Y. Homma, and S.-i. Kikuchi, “Comparison of neuropathic
pain and neuronal apoptosis following nerve root or spinal
nerve compression,” European Spine Journal, vol. 18, no. 12,
pp. 1978-1985, 2009.

J. C. Czeschik, T. Hagenacker, M. Schifers, and D. Biisselberg,
“TNF-« differentially modulates ion channels of nociceptive
neurons,” Neuroscience Letters, vol. 434, no. 3, pp. 293-298,
2008.

M. Norimoto, S. Ohtori, M. Yamashita et al., “Direct applica-
tion of the TNF-alpha inhibitor, etanercept, does not affect
CGRP expression and phenotypic change of DRG neurons fol-
lowing application of nucleus pulposus onto injured sciatic
nerves in rats,” Spine, vol. 33, no. 22, pp. 2403-2408, 2008.
A. Dogrul, H. Gul, O. Yesilyurt, U. H. Ulas, and O. Yildiz,
“Systemic and spinal administration of etanercept, a tumor
necrosis factor alpha inhibitor, blocks tactile allodynia in dia-
betic mice,” Acta Diabetologica, vol. 48, no. 2, pp. 135-142,
2011.

(50]

(51]

(52]

(53]

(54]

[55]

[56]

(57]

(58]

(59]

(60]

[61]

(62]

(63]

(64]

L. Parkitny, J. H. McAuley, F. di Pietro et al., “Inflammation in
complex regional pain syndrome: a systematic review and
meta-analysis,” Neurology, vol. 80, no. 1, pp. 106-117, 2012.

S. M. Opal and V. A. DePalo, “Anti-inflammatory cytokines,”
Chest, vol. 117, no. 4, pp. 1162-1172, 2000.

A. Vania Apkarian, S. Lavarello, A. Randolf et al., “Expression
of IL-13 in supraspinal brain regions in rats with neuropathic
pain,” Neuroscience Letters, vol. 407, no. 2, pp. 176-181, 2006.

A. del Rey, H.-J. Yau, A. Randolf et al., “Chronic neuropathic
pain-like behavior correlates with IL-1f3 expression and dis-
rupts cytokine interactions in the hippocampus,” Pain,
vol. 152, no. 12, pp. 2827-2835, 2011.

E. Eliav, R. Benoliel, U. Herzberg, M. Kalladka, and M. Tal,
“The role of IL-6 and IL-1p in painful perineural inflammatory
neuritis,” Brain, Behavior, and Immunity, vol. 23, no. 4,
pp. 474-484, 2009.

N. quyler, A. Tscharke, and C. Sommer, “Early cytokine
expression in mouse sciatic nerve after chronic constriction
nerve injury depends on calpain,” Brain, Behavior, and Immu-
nity, vol. 21, no. 5, pp. 553-560, 2007.

S. Ruohonen, M. Khademi, M. Jagodic, H.-S. Taskinen,
T. Olsson, and M. Royttd, “Cytokine responses during chronic
denervation,” Journal of Neuroinflammation, vol. 2, no. 1,
p. 26, 2005.

P. L. Stemkowski and P. A. Smith, “Long-term IL-1p exposure
causes subpopulation-dependent alterations in rat dorsal root
ganglion neuron excitability,” Journal of Neurophysiology,
vol. 107, no. 6, pp. 1586-1597, 2012.

P. L. Stemkowski, M.-C. Noh, Y. Chen, and P. A. Smith,
“Increased excitability of medium-sized dorsal root ganglion
neurons by prolonged interleukin-1/ exposure is K channel
dependent and reversible,” The Journal of Physiology,
vol. 593, no. 16, pp. 3739-3755, 2015.

C.-S. Sung, Z.-H. Wen, W.-K. Chang et al., “Intrathecal inter-
leukin-1f administration induces thermal hyperalgesia by
activating inducible nitric oxide synthase expression in the
rat spinal cord,” Brain Research, vol. 1015, no. 1-2, pp. 145-
153, 2004.

W. A. Verri Jr., T. M. Cunha, C. A. Parada, S. Poole, F. Q.
Cunha, and S. H. Ferreira, “Hypernociceptive role of cytokines
and chemokines: targets for analgesic drug development?,”
Pharmacology & Therapeutics, vol. 112, no. 1, pp. 116-138,
2006.

J. D. Kang, H. I Georgescu, L. Mclntyre-Larkin,
M. Stefanovic-Racic, W. F. Donaldson III, and C. H. Evans,
“Herniated lumbar intervertebral discs spontaneously produce
matrix metalloproteinases, nitric oxide, interleukin-6, and
prostaglandin E2,” Spine, vol. 21, no. 3, pp. 271-277, 1996.

J. D. Kang, H. I Georgescu, L. McIntyre-Larkin,
M. Stefanovic-Racic, and C. H. Evans, “Herniated cervical
intervertebral discs spontaneously produce matrix metallopro-
teinases, nitric oxide, interleukin-6, and prostaglandin E2,”
Spine, vol. 20, no. 22, pp. 2373-2378, 1995.

Y. Kawasaki, L. Zhang, J. K. Cheng, and R. R. Ji, “Cytokine
mechanisms of central sensitization: distinct and overlapping
role of interleukin-1f, interleukin-6, and tumor necrosis
factor-a in regulating synaptic and neuronal activity in the
superficial spinal cord,” The Journal of Neuroscience, vol. 28,
no. 20, pp. 5189-5194, 2008.

F. Wesseldijk, F. J. P. M. Huygen, C. Heijmans-Antonissen,
S. P. Niehof, and F. J. Zijlstra, “Six years follow-up of the levels



10

[65]

[66]

(67]

(68]

of TNF-a and IL-6 in patients with complex regional pain
syndrome type 1,” Mediators of Inflammation, vol. 2008,
p. 7, 2008.

B. L. Spangelo, A. M. Judd, P. C. Isakson, and R. M. MacLeod,
“Interleukin-6 stimulates anterior pituitary hormone release
in vitro,” Endocrinology, vol. 125, no. 1, pp. 575-577, 1989.

S. Echeverry, X. Q. Shi, A. Haw, g Liu, Z. Zhang, and
J. Zhang, “Transforming growth factor-f1 impairs neuro-
pathic pain through pleiotropic effects,” Molecular Pain,
vol. 5, p. 1744-8069-5-16, 2009.

G. Chen, C.-K. Park, R.-G. Xie, and R.-R. Ji, “Intrathecal bone
marrow stromal cells inhibit neuropathic pain via TGF-f
secretion,” The Journal of Clinical Investigation, vol. 125,
no. 8, pp. 3226-3240, 2015.

T.-]. Huang, R. W.-W. Hsu, Y.-Y. Li, and C.-C. Cheng, “Less
systemic cytokine response in patients following microendo-
scopic versus open lumbar discectomy,” Journal of Orthopae-
dic Research, vol. 23, no. 2, pp. 406-411, 2005.

Disease Markers



	The Elevated Serum Level of IFN-γ in Patients with Failed Back Surgery Syndrome Remains Unchanged after Spinal Cord Stimulation
	1. Introduction
	2. Materials and Methods
	2.1. Neurosurgical Procedure
	2.2. Clinical Assessment
	2.3. Measurement of Serum Cytokine Levels
	2.4. Data Analysis

	3. Results
	3.1. Level of IFN-γ before and after SCS and Relations between the Level of IFN-γ and the Results of Clinical Scales
	3.2. The Levels of Cytokines in the FBSS Group and Comparisons with the Control Group
	3.3. Changes in the Levels of Cytokines Caused by SCS
	3.4. Relations between the Levels of Cytokines and the Results of Clinical Scales

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest

