
ciatica is one of the main complaints in patients
with lumbar disk herniation; however, we do not

yet fully understand its pathophysiological
mechanism. Besides, the effect of the compression
of the bulging disk directly on the nerve roots,
biochemical, autoimmune effects, or both, of the
nucleus pulposus on the nerve root may play an
important role.1-4 As the cerebrospinal fluid (CSF)
surrounds the spinal nerve roots, after injury to the
roots there may be leakage of metabolites into the
CSF as a result of the destruction of the blood-nerve
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ABSTRACT

barrier. This leads to the changes in the protein
components and composition. Through proteomical
analysis with high-resolution, 2-dimensional gel
electrophoresis (DE) followed by mass spectrometry
and database searching, we can analyze, on a global
scale, the proteins associated with specific disease.5-7

We carried out a comparative study between
patients with sciatica caused by herniated lumbar
disk, and a control group of volunteers to
investigate, compare and analyze the proteins taken
from the CSF of the participants of the 2 groups.
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Objective: To better understand the pathophysiological
mechanisms underlying sciatica induced by lumbar
intervertebral disk herniation and to ascertain the protein
that presents with the most observable changes in the
cerebrospinal fluid (CSF) of patients with sciatica. 
 
Method: We conducted the study in the Key
Laboratory of Shanghai 6th People’s Hospital, Shanghai
Jiaotong University, Shanghai, Peoples Republic of
China, during the period June 2004 to March 2005. In 2
separate experiments, we carried out the study involving
the CSF of sciatica patients (the case group) and the CSF
of otherwise, healthy volunteers (the control group). We
utilized a proteomical analysis to compare the samples of
10 patients with sciatica with 10 volunteers in the control
group. We individually separated each of the groups’
CSF by 2-dimensional gel electrophoresis. We analyzed
the harvested gel images with PD Quest 2D-gel software
(Bio-Rad) to ascertain the differential proteins between

the 2 groups. We based the enzyme linked immuno-
absorbent assay (ELISA) experiment, which followed, on
the results of the first experiment. 

Results: We found 15 of the protein spots in the CSF
differed appreciably in varying degrees between the 2
groups, and identification made by LC-MS/MS revealed
that the most significant disparity was with cystatin C.
The result of ELISA experiment confirmed a
considerable decrease in the level of cystatin C (p<0.01)
in the patients with sciatica. 
 
Conclusion: In the CSF of patients with sciatica, the
volume of cystatin C increased markedly indicating that
it may play an important role in the pathophysiological
processes of sciatica.
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minutes. The pellet was washed twice with alcohol
and air-dried. The precipitated proteins were
solubilized in a lysis buffer containing 8M urea, 4%
CHAPS, 40 mM Tris and 65 mM DTT
(Amersham), and the protein concentrations were
measured using the Bradford assay. The first
dimension of immobilized pH gradients
(IPG)-DALT 2-DE was run on an IPGphor
isoelectric focusing system (Amersham). We mixed
100 µg of proteins for analytical runs or 400 µg for
preparative runs with a rehydration solution
containing 8 M urea, 2% CHAPS, 0.5% IPG buffer,
18 mM DTT and a trace of bromophenol blue, to a
total volume of 250 µl, and applied to IPG dry
strips. After rehydration for 12 hour, isoelectrofocus
(IEF) was conducted automatically to a total of 50
kVh for analytical runs, or 70 kVh for preparative
runs. Following IEF separation, the gel strips were
equilibrated for 2 x 15 minutes in an equilibration
buffer containing 50 mM Tris-HCl, pH 8.0, 6 M
urea, 30% glycerol, 2% SDS (Bio-Rad), and a trace
of bromophenol blue. We added 1% DTT to the first
equilibration buffer, and in the second equilibration
buffer, DTT was replaced with 2.5% iodoacetamide
(Sigma). The equilibrated gel strip was placed on
the top of a 12.5% T slab gel and sealed with 0.5%
agarose. We performed SDS-PAGE for 15 minutes
at a constant current of 15 mA, and then at 30 mA
until the Bromophenol Blue reached the bottom of
the gels. After 2-DE, the gels were stained with
ammoniacal silver nitrate. The silver-stained 2-DE
gels were scanned at an optical resolution of 84.7
um/pixel using a GS-710 imaging densitometer
(Bio-Rad) in transmissive mode. Spot detection,
quantification and matching were performed using
PDQuest 7.3.1 software package (Bio-Rad). The
mean quantity of each matched protein spot in case
group was compared with the mean quantity of the
same protein spot in controls. The significance of
expression differences of protein spots between case
and control groups was estimated by Mann-Whitney
U test, p<0.05. The Mr and pI of each protein spot
were calibrated with protein Markers (HyClone). 
 The protein spot that was found altering most
significantly by the statistical analysis was excised
from the gel, destained for 20 minutes in 30 mM
potassium ferricyanide/100 mM sodium thiosulfate
(1:1 v/v) (Sigma) and washed in Milli-Q water until
the gel became clear. The spot was kept in 0.2 M
NH4HCO3 for 20 minutes, dried by lyophilization,
and digested overnight in 12.5 ng/mL trypsin in 0.1
M NH4HCO3. The peptides were extracted 3 times
with 50% ACN, 0.1% TFA and dried in vacuo. All
electrospray mass spectra were acquired using
Finnigen MAT LCQTM ion trap mass spectrometer
equipped with an electrospray ionization source. An
HP1100 HPLC (Hewlett-Packard) equipped with a
C8 column (ABI RP300, 1.0 x 50 mm) was used, at

The goal was to identify the protein most closely
related to sciatica resulting from the lumbar
intervertebral disk herniation.

Methods. This study was conducted in the Key
Laboratory of Shanghai 6th People’s Hospital,
Shanghai Jiaotong University, Shanghai, Peoples
Republic of China, during the period June 2004 to
March 2005. In the case group, the CSF samples
were taken from patients who suffered from lumbar
intervertebral disk herniation who, in the opinion of
orthopedic experts, needed diskectomies. Ten
patients (5 male and 5 female, aged 43.5 + 8.2
years) were involved and presented with the
condition of sciatica, which had lasted on average
10 (5-23) months. The sciatica, diagnosed by 2
orthopedic surgeons before surgery, and confirmed
by intraoperative findings, was believed to have
been caused by one S1 spinal nerve root compressed
by posterolateral herniated lesions of the
intervertebral disks between the levels of L5-S1. All
disks were extruded according to the pathologic
class of Spengler.8 A CSF sample was also taken
from the control group volunteers. Ten patients (6
male and 4 female, aged 46.4 + 7.3 years), who
were to have the AO unreamed tibial nail removed
after fractures in the lower limbs had healed, were
involved and presented with no nerve injuries
involving the initial fractures and their treatments.
They experienced no pain before the removal of
their implants, which was carried out 10-31 (mean
16) months after fracture and its internal fixation.
The exclusions of this study included spine or brain
disorders, such as spinal stenosis and recess
stenosis. Some other systemic diseases such as
diabetes mellitus, hypertension, and tumor were also
excluded. A CSF sample, that became turbid or
mixed with blood, was also excluded, so as not to
influence the analysis of protein in the CSF. The
study was approved by the local Ethical Committee
at Shanghai 6th People’s Hospital, Shanghai
Jiaotong University, Shanghai, China. All sciatica
patients and volunteers gave informed consent to
participate in the study, which was performed in
accordance to the Helsinki Declaration.

Lumbar puncture was performed in the L4-L5
intervertebral space, with the patients lying
horizontally on the laterality of the sciatic nerve
pain. Each patient had 2 ml of CSF sample obtained
and centrifuged at 2000 x g for 10 minutes to
eliminate cells and other insoluble materials. They
were then stored at –80OC. The solubilization was
carried out according to the protocol described by
Sanchez and co-workers,9 with our own
modifications. Briefly, 500 µl CSF was mixed with
2000 µl ice-cold acetone and stored overnight at
-20OC to remove salt from the sample. Then the
mixture was centrifuged at 10000 x g at 4OC for 30
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Table 1  - Protein spots whose expression levels were significantly changed between the cerebrospinal fluid of case and control group.

19.51
42.63
45.42
57.23
68.54
23.67
22.37
20.61
40.37
29.53
26.33
26.21
15.57
15.80
15.31

5.37
5.17
5.23
5.29
5.21
5.52
5.66
5.72
6.68
7.05
7.06
7.66
7.21
8.66
8.73

  341.48 + 150.08
273.65 + 101.7
768.29 + 79.71

     1165 + 124.54
354.61 + 82.34

  426.95 + 154.36
365.12 + 66.23

  433.87 + 186.12
  926.37 + 139.46
1572.88 + 241.37
  522.94 + 175.11
1362.45 + 165.35
4377.25 + 558.22
4119.11 + 476.33
2573.35 + 476.24

 658.03 + 189.99
334.62 + 55.37 
242.53 + 34.61 

  856.32 + 175.68 
184.46 + 59.68 
 212.68 + 121.54
551.68 + 84.46 
 673.55 + 138.27
756.42 + 97.26 

1244.41 + 149.54 
 769.55 + 124.33
1733.56 + 117.71 
2747.52 + 384.29 
1787.65 + 246.66 
  968.27 + 213.65 

0.01993
0.03415
0.01074
0.01835
0.01219
0.01523
0.00944
0.01078
0.02839
0.03155
0.02878
0.02113
0.01325
0.00137
0.00859

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Normalized volume (c)
     case                              control     

Protien index (a) Measured (b)
Mr            pI 

p-value

(a) Index in the reference gel, (b) Calculated from PD-Quest software, (c) The individual protein spot volumes
were normalized as a percentage of the total volume in all of the protein spots present in the gel, and are

expressed as ppm.

of CSF in the sciatica patients is shown in Figure 1
compared to the control group. The gels were
digitized and analyzed by PD-Quest 7.3.1 software.
Totally 493 ± 37 protein spots were detected in the
case group and 487 ± 45 in the control group. One
gel from the case group was selected as a reference
gel, and a matching rate of 94.3% was obtained in
the protein gels from the case group and 92.5%
from the control groups. Statistical analysis is
shown in Table 1. The regulation differential in 15
protein spots was found to differ significantly in the
gels between the case and control groups. Nine of
the case group had expression levels increased, and
6 of the case group were reduced in comparison to
the control group. In these differing spots, spot 14
was found to have the most significant change
between the case and control groups. Then it was
measured with LC-MS/MS. As a result, 9 peptides
were obtained (Table 2). A database search using
MS/MS raw data of peptides derived from Spot 14
by SEQUEST Software revealed that the best match
was cystatin C (Homo), which consists of 146
amino acids. The obtained 9 peptides after tryptic
digestion covered 74 amino acids in the whole
sequence, resulting in the sequence coverage of
50.7%. The calculated mass of cystatin C was
15799.23 ku, and pI was 8.66, corresponding to
those of spot 14 displayed by 2-DE. 

We measured the CSF concentrations of cystatin
C in the healthy volunteers, sciatica patients and
patients at follow-up 2-3 months after diskectomy
by ELISA (Figure 2). For these samples, we
measured levels of cystatin C to be 2.26 ± 0.34
µg/ml in the healthy volunteers, 2.93 ± 0.49 µg/ml
in sciatic patients, and 2.23 ± 0.27 µg/ml in patients

a flow rate of 0.05 mL/min for LC/MS. Protein
identification using MS/MS raw data was performed
with the SEQUEST (University of Washington,
licensed to Thermo Finnigan) searching program
against the The National Center for Biotechnology
Information (NCBI) human protein database
(version from January 16, 2005, 37,490 protein
entries). The species is homosapien.

Another 2 batches of CSF samples were
collected, one from 30 patients with sciatica caused
by lumbar intervertebral disk herniation and one
from 40 healthy volunteers matched with age. The
sample collection criterion was the same as above,
and all participants gave informed consent prior to
enrollment. Diskectomies were performed on the
sciatica patients, who participated in a follow-up
evaluation 2-3 months after their surgeries. The CSF
concentration of cystatin C was measured using an
ELISA kit purchased from Biovendor (Brno, Czech
Republic). The assay was run according to the
manufacturer’s directions and data was acquired on
an ISA SPEX Fluoromax 2 fluorimeter with
MicroMax plate reader. The ELISA data were
statistically analyzed using the Statistical Package
for the Social Science (SPSS, Chicago, IL, USA).
Differences between control group and case groups
were assessed by the Mann-Whitney U test. The
Wilcoxon signed-rank test was used for comparison
of patients before surgery and at the time of
follow-up. Statistical significance was defined as
p<0.01.

Results. In this study, 2-DE was carried out on
the CSF samples taken from both the case and
control groups. The typical silver-stained 2-DE gel
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Figure 2 - Boxplot of cerebrospinal fluid levels of cystatin C from
healthy controls, patients with sciatica before surgery and
at the time of follow-up. The box lines represent the lower
quartile, median and upper quartile values. The whiskers
(lines extending from each end of the box) show the
extent of the rest of the data. Outliers are data with values
beyond the ends of the whiskers. 

T1
T2
T3
T4
T5
T6
T7
T8
T9

1079.13
1800     
1643.82
1225.34
1381.53
2287.47
1920.21
2277.66
1792.04

4.4485
2.5823
3.7778
3.1923
3.5356
3.9341
4.4485
3.2104
4.6148

0.4379
0.3073
0.4104
0.4521
0.4128
0.5461
0.4379
0.5249
0.6157

73 - 81
45 - 61
45 - 60
52 - 62
51 - 62
52 - 71
80 - 96

121 - 140
81 - 96

Peptide fragment Amino acid Masses Sequest parameters (a)
Xcor            Delta

Peptide sequence

(a) Sequest parameter: Xcor, cross-correlation value; Delta, delta correlation value

Table 2 - Peptides of cystatin C detected by mass spectrometry.

Figure 1 - Dimensional gel electrophoresis patterns of cerebrospinal fluid (CSF) from Sciatica patient (a) and control (b) Circles denote the
proteins that were up-regulated in CSF of sciatica patient and squares denote proteins that were down-regulated.

a b
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a so-called CSF-specific or CSF-enriched protein.15

However, we have long recognized cystatin C as a
component of normal CSF. Until recently, it was
found to be related to cerebral amyloid angiopathy,
and taken as a diagnostic marker for Creutzfeldt-
Jakob disease, in which its content in CSF increases
significantly.16 

Various stimuli, such as axotomy,17 treatment
with transforming growth factor-b18 or dexamethasone19

upregulates cystatin C gene expression. Reports
state significant elevation in levels of cystatin C in
the CSF of human patients experiencing persistent
pain compared to normal controls.20 In a rat spinal
cord study, Yang et al21 found that the expression of
cystatin C mRNA in the corresponding lumbar
spinal cord region increased markedly after
stimulation of the spinal cord for 24 hours by
experimental peripheral inflammation (hind paw
injection of carrageenan), indicating that the dorsal
horn cells of the spinal cord can synthesize cystatin
C. Available studies on the spinal cord and brain
suggest that the elevation of cystatin C could occur
in either astrocytes or neurons.22 Interestingly, either
peripheral inflammation by formalin or zymosan,23

or nerve injury by sciatic nerve ligation,24 could lead
to the increase of the activity of microglia and
astrocytes in the spinal cord. Furthermore,
astrocytes are markedly activated in an
osteosarcoma pain model.25 It is therefore concluded
that spinal astrocytes secrete cystatin C and
upregulate its gene expression.

In this study, all the patients in the case group had
a pain history of more than 5 months. The long-term
and persistent compression and pain stimuli may
induce the dorsal horn cells in the spinal cord to
synthesize and release cystatin C, which then
overflowed into the CSF and increased its content.
After surgery, the compression, and pain stimuli
disappeared with decreased synthesization of
cystatin C, so its level in the CSF gradually returned
to normal. We can reasonably believe that the
increase of cystatin C in the CSF plays an important
role in the pathophysiological process of sciatica
caused by lumbar intervertebral disk herniation. In
future research, we would further investigate
cystatin C’s role in the course of nerve injury. We
would carry out testing to see whether we could
reduce the degree of sciatica by decreasing the
concentration of cystatin C in the CSF.
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