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Abstract:

Repeated cold stress (RCS) is known to transiémtiyce functional disorders associated with hypsitam
and hyperalgesia. In this study, we investigatedetifiects of RCS (2€ and 4C alternately at 30 min intervals
during the day and°€ at night for two days, followed by @ on the next two consecutive nights) on the
thresholds for cutaneous mechanical pain resparsgsn peripheral expression of “pain-related geimes
SHRSP5/Dmcr rats, which are derived from strokeiprspontaneously hypertensive rats. To define genes
peripherally regulated by RCS, we detected chaimgige expression of pain-related genes in dorsal r
ganglion cells by PCR-based cDNA subtraction ansigsDNA microarray analysis, and confirmed tharoyes
by RT-PCR. We found significantly changed exprassioeight pain-related genes (up-regulated: FyBsigl1,
and Tacl; down-regulated: Ctsb, Fstl1, Itprl, Ng00al0). At least some of these genes may playokey in

hyperalgesia induced by RCS.
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Introduction

When repeatedly exposed to a cold environment, @righow functional disorders associated with
hypotension [1,2] and facilitated responses to masistimuli; namely, transient decreases in théceptve
threshold to chemical, heat, and pressure stirli]| This stress model, called repeated cold S{{RES) or
specific alteration of rhythm in environmental teemgture (SART) stress, is considered to be a chpaiit
model. The hyperalgesia in this model lasts for sh\days after cessation of RCS [6,7]. This hypersilyis
thought to be induced by hypofunction of endogeraais inhibitory systems that modulate pain senaadti
the central nervous system [8]. However, some pergd mechanisms may be also responsible for this
hyperalgesia. Studies focusing on peripheral reguaf pain are needed to clarify the mechanisndetying
the hyperalgesia induced by RCS.

Spontaneously hypertensive rats (SHR) and stroieepspontaneously hypertensive rats (SHRSP) are
established as parallel lines from outbred Wistaotd rats (WKY). SHR is reported to be more inseévsito
mechanical pain than WKY [9]. SHRSP5/Dmcr ratsasubstrain of SHRSP [10], so we expected thatoolsvi
hyperalgesia would be induced by RCS in SHRSP5/Datsr owing to their high pain threshold.

In this study, we investigated the effects of R@She thresholds of cutaneous mechanical pain nsgso
and on changes in expression of pain-related gendsrsal root ganglion cells (DRGs) in SHRSP5/Dmats.

We focused on the “pain-related genes” containethin Pain Genes Database [11]. To determine the gen
expression changes accompanied by RCS, we perfdr@8dbased cDNA subtraction, “suppression subtm@cti
hybridization” and DNA microarray analysis of mRNf&em DRGs of SHRSP5/Dmcr rats. The gene expression
changes detected by these analyses were confipnexvérse transcription polymerase chain reacfinRCR).

There are no reported investigations of pain regmiis SHRSP5/Dmcr rats. Thus, we compared the
cutaneous mechanical pain thresholds and bloodsymes of SHRSP5/Dmcr rats with those of Wistar and

SpragueDawley (SD) rats.

A preliminary account of this experiment has besported elsewhere [12].

Materials and M ethods

Animals

Adult male SHRSP5/Dmcr rats (10-24 weeks old asthe of the experiments, n=28), adult male Sletdirats

(8-15 weeks old, n=8), and adult male SD ratd4 weeks old, n=8) were used. They were kept on & 12



alternating light-dark cycle (light between 8:0@&0:00). The animals were housed in groups of tht&sl°C
with food and water availabl libitum. All rats were fed with a normal diet (CE-2, CLE&pan, Inc.) throughout
the experiment. All animal procedures were apprdyethe Experimental Animal Research Committee @fjd i

Gakuin University and conducted in accordance wsthnimal Experiment Guidelines.

Measurement of pain threshold

Animals were placed in wire bottom cages, allowdgess to the underside of their paws. The cutaneous
mechanical pain threshold was measured by hindwiivdrawal response to von Frey hair (VFH) testHgF
(diameter: 0.5 mm) of different strength were agubiin ascending order of force (bending forces-2348 g/mm
in quasi-logarithmic order). Each VFH was appliageftimes perpendicularly to the mid-plantar surfatéhe
one hind paw for 1-2 s and the number of withdrawsponses immediately upon application of theldtiswas
noted. The pain threshold was defined as the minifauce at which the animal showed at least fouhdrawal

responses in response to five stimuli.

Repeated cold stress exposure

RCS was applied to SHRSP5/Dmcr rats according rrmdified method, reducing one cold night, based
upon the protocol described by Satoh et al. [6efBf, the rats were kept at 4°C from 16:30 onfirst day (Day
0) to 10:00 the following morning and then alteehaexposed to room temperature (24°C) and colghé&zature
4°C at 30 minute intervals from 10:00 to 16:30 (dgy These procedures were repeated on Day 2. Frem t
evening of Day 2 until the morning of Day 4, thtsraiere exposed to 4°C between 16:30 and 10:00 {Fighe
stress exposures were carried out in separate rdoitiely, we observed the effects of RCS on plaén threshold
and blood pressure 2 or 3 days a week from 7 defgsdoto 18 days after starting RCS (n=4) (longatéwllow-
up study). Then we observed the effects of RCS emp#in threshold and blood pressure from 7 daysrédd 4
days after starting RCS (n=12), and conducted gpaoison with an age-matched control rat group k¢@4°C
throughout the experiment (n=12) (short-term foHopr study). To blind the evaluators as to whichugran
animal belonged to in the short-term follow-up stumbntrol rats were mixed with the RCS rat grong measured

at the same time.



Measurement of blood pressure

Blood pressure was measured using an indirect lpoessure meter (BP-98A, Softron, Japan) accortding
the tail pulse method. Changes in systolic blo@sgure appeared to be in parallel directions witktdlic blood

pressure. Calculated mean arterial blood presstiB®} data were recorded.

Tissue dissection and extraction of total RNAs

At the end of the short-term follow-up study, tlagsrwere deeply anesthetized with sodium pentotadrbi
(100 mg/kg, i.p.) and transcardially perfused vdidthylpyrocarbonate (DEPC)-treated saline. The DRGs
L6) were dissected. These tissues were immediatelefr in liquid nitrogen and stored at 280until RNA
extraction.

Total RNAs were extracted from DRGs with RNe&sPlus Mini Kit (Qiagen). RNA purity was routinely
assessed by measuring the 260 nm/280 nm rati@&fample. These samples were analyzed by DNA mierpar

analysis, PCR-based cDNA subtraction, and RT-PCR.

Pain Genes Database

We focused on the “pain-related genes” after filigragainst the Pain Genes Database [11], which is
comprehensive catalog of genes implicated in paisiivity through mouse transgenic knockout steidiehe
database contains over 250 pain-related genesddtaeof PCR-based cDNA subtraction and DNA miciarr

analysis were filtered using this database.

PCR-based cDNA subtraction

The total RNA samples (dg each) taken from two animals’ DRGs in the corgrolup and the RCS group,
respectively, were combined. The first-strand cDM&se synthesized using a SMARTEPCR cDNA Synthesis
Kit (Clontech, CA, USA). PCR-based cDNA subtractieas conducted using a PCR-Sel¥aDNA Subtraction
Kit (Clontech, CA, USA), which is based on the siggsive subtractive hybridization method. The seggive

hybridization method is able to detect small chargethe normalization of the abundance of cDNAthiwithe



target population and the subtraction of the commequences between the test and control populafidies
unhybridized sequences were amplified by PCR ammnkd into the vector pGem-T E&¥y(Promega, WI, USA).
The resultant plasmids were transformed BE$oherichia coli strain JM109 and amplified, and then sequenced.
Sequencing primers were as follows: (sense) M1FVETA AAA CGA CGG CCA GT-3'; (antisense) M13RV,

5-GGAAAC AGC TAT GAC CAT G-3..

DNA microarray analysis

The total RNA samples (2g each) taken from two animal's DRGs of the corgrolip and the RCS group,
respectively, were combined. The cDNA microarrayagsgas done by Filgen Inc. (Aichi, Japan). The assare
performed on the platform of CodeLiftkRat Whole Genome Bioarray (Applied Microarray,.IAZ, USA), in
which 33,849 oligonucleotide probes were spottece Plain Genes Database included 251 genes when we
searched it. After excluding overlapping genes, rthmber of genes was 128. This microarray analyigd
detect 113 out of 128 pain-related genes. The szjme level of each gene was compared between@isdRd
control groups. Differences were considered sigaift if the changes were smaller than four-tenthgreater

than two-fold.

RT-PCR

The target mMRNAs of RT-PCRs were those with expoasshanges detected by PCR-based cDNA
subtraction or cDNA microarrays, and selected Witin Genes Database. Total RNAsi¢) were reverse
transcribed using oligo (digprimer and M-MuLV reverse transcriptase (NEB, MASA), and the transcripts
were amplified using sequence-specific primerghergenes and Taq DNA polymerase (NEB, MA, USA).
Potions of PCR product mixtures were electrophat@sen agarose gel and stained with ethidium bdenirhe
densities of the bands were quantified using tregeranalysis software Image J (version 1.47d) [M%.
expression levels were normalized to the expredsigals of cyclophilin A (CypA, a house keeping ggn
measured as an internal standard in each sampdee&uently, amplicons were digested with restmictio
enzymes and the size of fragments was checkedrfdaghown). The sequences of PCR primers, PCR
condition and size of products are shown in Table 1

Statistical analysis



The data are presented as mean + SE, and were eshalsing the following statistical analyses ordest
Student’s t-test for unpaired observations, one-ieggated measures analysis of variance (ANOVAQvied
by Bonferroni's multiple comparison test or Tukeyigltiple comparison test, and two-way repeatedsmess

ANOVA followed by Tukey's multiple comparison teBlifferences were considered significant if p<0.05.

Results

Comparison of cutaneous mechanical pain threstandsblood pressures of SHRSP5/Dmcr rats with tiobse

Wistar and SD rats

The mechanical pain thresholds and blood pressfi®sRSP5/Dmcr rats were compared with those of
Wistar and SD rats (Fig. 2). The mechanical paiagholds of SHRSP5/Dmcr rats (183.9+18.5 gAinnere
significantly higher than those of Wistar rats @25.6 g/mr) (p<0.05 by one-way repeated measures ANOVA
followed by Tukey's multiple comparison test), ammilar to those of SD rats (179.4+20.6 g/fin®On the other
hand, the mean blood pressures of SHRSP5/Dmcfl@@s5+2.6 mmHg) were significantly higher thangbo
of Wistar (103.5+2.2 mmHg) and SD rats (111.3+xIn8#8Hg) (p<0.05 by one-way repeated measures ANOVA
followed by Tukey's multiple comparison test). \Wearfid that both of the pain threshold and bloodqunesof

SHRSP5/Dmcr rats were high.

Effects of repeated cold stress on the cutaneoublan@mal pain threshold and blood pressure

In the long-term follow-up study, the exposure H{RSSP5/Dmcr rats to RCS markedly decreased the
mechanical pain threshold and blood pressure (rfGdmpared with Day 0, the pain threshold was sicpmiftly
decreased at Day 4 and Day 7 (p<0.001 by one-wmated measures ANOVA followed by Bonferroni's iiplet
comparison test), while the blood pressure wasifgigntly decreased at Day 4 (p<0.01 by one-wayeatpd
measures ANOVA followed by Bonferroni's multiplengparison test) (Fig. 3). The recovery of the RC&8ited
decrease in pain threshold was slower than thialbod pressure. The greatest decreases in thétpashold and
blood pressure were seen at Day 4. Afterwardspdlive thresholds and blood pressure gradually retuta near

the baseline level.



To investigate changes in gene expression indugdRids, we performed a short-term follow-up study in
which we observed the effect of RCS on the paiestwld up to Day 4, after which the DRGs were diggk In
this short-term follow-up study, the pain threslsoldere significantly decreased at Day 3 and Dagmpared
with the control (p<0.05 vs. corresponding conbpltwo-way repeated measures ANOVA followed by ke

multiple comparison test, n=12) (Fig. 4).

PCR-based cDNA subtraction

We compiled both up-regulated and down-regulated&Bequences in the DRGs of RCS rats relative to
those in the DRGs of control rats. The number ofamqm down-regulated genes in the RCS rats wasn@@4,
respectively. In the up-regulated group, there aras known pain-related gene, Tac 1 (substancen®ng the
20 up-regulated genes. In the down-regulated grihwgpe were three known pain-related genes, Ctthdpsin
B), Fstl1 (follistatin-like 1), and S100a10 (anregilight), among the 44 down-regulated genes. & lgeses are

listed in Table 2.

DNA microarray analysis

Using DNA microarray analysis, we detected chamgegne expression to identify genes affected by
RCS. We compiled both up-regulated and down-regdlaDNA sequences in the DRGs of RCS rats that
showed greater than twofold changes in expressiative to those of DRGs of control rats. The nurmdferp-
and down-regulated genes in the RCS rats was 38854 respectively. In the up-regulated genesethvere 4
pain-related genes, Fyn (Src kinase p59), GrinRligmate ionotropic receptor), Map2kl (mitogen\aattd
protein kinase), and St8sial (GD3 synthase). Imltven-regulated group, there were two pain-relgemues,
Itprl (inositol 1, 4, 5-triphosphate) and Npy (nepeptide Y). These genes are listed in Table 2.cRaages in
expression of Ctsb, Fstl1, S100a10, and Tac 1 n@rsignificant in this analysis with changes ditddy

PCR-based cDNA subtraction.

Changes in gene expression levels detected by RI-PC

PCR-based cDNA subtraction analysis and DNA miceyaanalysis detected up- or down-regulation of



ten pain-related genes (Ctsb, Fstl1, Fyn, Grinis1) Map2k1, Npy, S100a10, St8sial, and Tac 1)owgn
these genes, the expression changes were confoyndi-PCR. The expression levels of Fyn, St8siadl, Eac
1 at Day 4 were significantly increased, and thafgtsb, Fstl1, Itprl, Npy, and S100al10 were sigaiftly
decreased, as shown in Fig. 5 (p<0.05, p<0.01s<0r091 vs. control by Student’s t-test, n=12, retipgely).
The fold changes of gene expression in Grin2b anpgMbBwvere 0.91+0.12 and 1.03+0.09, respectively, and

these differences were not significant.

Discussion

The pain thresholds in SHRSP5/Dmcr rats were sirtoléinose in SD rats, while the mean blood pressure
in SHRSP5/Dmcr rats were significantly higher ththose in SD rats. It is thought that there is needi
relationship between pain thresholds and bloodspres. In SHRSP5/Dmcr rats hyperalgesia was atsersto

be induced by RCS in a manner similar to that inr&f3 [6] SHRSP5/Dmcr rats were shown to develop

hypercholesterolemia in response to a high-fataliet two weeks [10]. However, in this study, aiFESSP5/Dmcr
rats were fed a normal diet before and during ttpeement. We consider the pain response in SHR3R&!
rats fed a normal diet to be similar to that in &is. We tried to apply RCS to SHRSP5/Dmcr ratseurtide
modified condition reported by Satoh et al. As extpd, obvious hyperalgesia and hypotension weneciedi by
RCS in SHRSP5/Dmcr rats.

RCS is considered to be a chronic pain model cabgetinbalance in the autonomic nervous system,
specifically vagotonia or decreased activity ofshimpathetic nervous system [4,14]. This hyperageshought
to be induced by hypofunction of endogenous pdiibitory systems, which modulate the pain sensdtiahe
central nervous system [8]. The central nervouteay$unctions associated with "pain perceptiongnodessing”
are complex [15,16]; therefore, many regions, iditly the hypothalamus, is speculated to be involved
hyperalgesia from RCS. However, some peripheraharg@isms may be also responsible for this hyperaghs
this study, we focused on RCS-induced peripherllegion of pain sensation and analyzed severalpaated
genes in DRGs using cDNA subtraction and DNA mimaaanalysis. We observed for the first time clenig
the expression of pain-related genes induced by RTIRG using DNA microarray and/or cDNA subtractio
analysis.

RCS model animals have been produced by changetethperature from 24°C to 4°C (RCS at 4°C) in
ddY mice [17] and from 24°C to -3°C (RCS at -3°€)/istar rats [1]. Mechanical hyperalgesia has leénced

by RCS in Wistar rats [5] and in SD rats (RCS &@M[®,7]. In this study, we observed obvious hyfi@sia and



hypotension in SHRSP5/Dmcr rats after the end o8 Ré&hich was alternately 2@ and 4C at 30 min intervals
during the day and 4°C at night for two days, feka by 24C on two consecutive nights.

Immediately after RCS, the mechanical pain thrashds significantly decreased. Obvious decreases in
pain threshold and blood pressure were induced ®$.R\fterwards, the pain threshold and blood pressu
gradually returned to near the baseline level. Egevery rate of the pain threshold was slower thahof blood
pressure. Pain sensation might be strongly infledrxy RCS.

PCR-based cDNA subtraction is able to detect elightshanges in gene expression, but is not
quantitative. Using PCR-based cDNA subtraction RdPCR, we detected up-regulation of Tac 1 (sulestan
P), and down-regulation of Ctsb (Cathepsin B),IFdtllistatin-like 1), and S100a10 (annexin 2 kigfTable 2,
Fig. 4).

Substance P, coded by Tac 1, is known to be raldase both central and peripheral terminals ofryaniy
afferent sensory neurons, transmitting nociceptif@mation. Satoh et al. suggested that enhangealsic
transmission mediated by substance P and calcitmme-related peptide in the spinal dorsal horatikgast in
part, involved in hyperalgesia due to RCS [6].His study, changes in expression of calcitonin gefated
peptide were not detected.

Follistatin-like 1, coded by Fstl1, is secretechireensory afferent axons and activates presynisdpatit<*-
ATPase, leading to membrane hyperpolarization. tioelef Fstll in DRG neurons induces enhancesefter
synaptic transmission and sensory hypersensifit8}. Fstl1 plays an important role in suppressitn
nociceptive afferent transmission and its reduciioprimary afferent neurons, resulting in pain ésgensitivity.

Cathepsin B, coded by Ctsb, is thought to be aengisd enzyme for the induction of chronic
inflammatory pain, inducing the maturation and sgon of IL-18 and IL-18 by spinal microglia [19]. The
reduced expression of Ctsb may provide a proteetilaptation to RCS.

S100al0, coding annexin 2 light chain, is involirethe trafficking of the voltage-gated sodium chain
Navl.8, which is a sensory neuron-specific voltggeed sodium channel [20,21]. Reduced expression of
S100a10 may therefore also provide a protectivetatian to RCS.

Furthermore, using DNA microarray analysis and RRP we detected up-regulation of St8sial (GD3
synthase) and Fyn (Src kinase p59), and down-régalaf Itprl (inositol 1,4,5-triphosphate) and Npy
(neuropeptide Y) (Table 2, Fig. 4).

Src-family protein tyrosine kinases coded by tha pllosphorylate NR2B subunit of the NMDA receptor

increase synaptic currents [22], leading to cemsakitization in the spinal dorsal horn.
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Knockdown of NPY produces rapid and reversibleaases in the intensity and duration of tactile and
thermal hypersensitivity [23]. NPY is thought tdnibit the spinal transmission of sensory signafSSRnduces
a decrease in NPY expression in DRG and subseedeitation of DRG, leading to hyperalgesia.

Inositol 1,4,5-triphosphate receptor (IP3R1) codedtprl is a specific intracellular calcium releas
channel protein, which is observed in the centndl geripheral nervous systems [24]. Increasedural@n
influx induces hyperexcitability of nociceptive semy neurons. Calcium released from IP3R1-gategstmay
participate in modulating presynaptic function [2&hd reduced expression of IP3R1 may induce higesia.

GD3 synthase, coded by St8sial, produces ganghiositich is important as a component of lipid raftsl
serves as a key for cell-cell interactions andaignansduction complexes in peripheral nociceptatings [26].

LaCroix-Fralish et al. performed a meta-analysis teenty microarray studies of neuropathic or
inflammatory pain [27]. They found that Reg3b (regiating islet-derived 3 beta; pancreatitis-assediprotein)
and Ccl2 (chemokine [C-C motif] ligand 2) were sfmantly up-regulated in every neuropathic or amfimatory
pain condition in the rat and proposed these tweegas potential biomarkers of chronic pain. Ofé¢htevo genes,
only Ccl2 is listed in the Pain Genes Database [hlthis study, there was no significant changexpression of
Ccl2 with RCS. Here, we look at Tac 1 and Npy, Wwhigere up-regulated and down-regulated, respegfitgl
RCS in this study. In LaCroix-Fralish's paper, Taant Npy,along with many other genes, are listed as being
upregulated mainly by neuropathy. That is, Tac & waregulated by RCS or neuropathy, while Npy d@sn-
regulated by RCS and up-regulated by neuropatis/thibught that participating pain-related gengsethd on the
type of pain. Fyn, St8sial, Ctsb, Fstl1, Itprl, &1@0a10, which were up/down-regulated by RCShatdisted
in LaCroix-Fralish's paper.

It has been reported that some genes are diffatigrgkpressed between different strains (SHR akdryV
and even between substrains from different soJ#ds Therefore, gene expression profiles in SHRBR®r
rats may be different from those in SD rats and WHE?®. In the present study, we revealed that E{8sial and
Tacl were up-regulated, and that Ctsb, Fstll, |t]dfy, and S100a10 were down-regulated by RCS in
SHRSP5/Dmcr rats. We conclude that hyperalgesiaciedi by RCS is peripherally regulated by at leastesof
these genes, coordinated through modulation obsigansduction in peripheral nociceptor endings synaptic

transmission. Some of them may also be relatedateqtive adaptation mechanisms to RCS.
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FIGURE LEGENDS

Fig. 1 Schematic representation of RCS exposure protocols
Rats were kept at 4°C from 16:30 on the first dagy(0) to 10:00 the following morning and then
alternately exposed to room temperature (24°C)cafditemperature 4°C at 30 minute intervals from
10:00 to 16:30 (Day 1). These procedures were tegam Day 2. From the evening of Day 2 until the
morning Day 4, the rats were exposed to 4°C betWée30 and 10:00. The pain threshold and blood

pressure were measured before the start of RC& stnel at Day 3 and Day 4 after RCS.

Fig.2 Pain thresholds and blood pressures of Slc:WiS@y,and SHRSP5/Dmcr rats.
Each column and bar represent the mean and SE r@sgctively).
* p<0.05between strains by one-way repeated measures ANGN#&ed by Tukey's multiple comparison

test.

Fig. 3 Changes in the pain threshold and blood pressuRQsy in the long-term follow-up study.
The pain threshold (solid circles) and blood presgapen circles) were measured from 7 days betore t
18 days after the start of the RCS, 2 or 3 daysekwn=4).
Obvious decreases in pain threshold and blood yresgere induced by RCS. The recovery rate of the
pain threshold was slower than that of blood pnessu
* p<0.05, **p<0.01, **p<0.001 vs. pre-RCS (Day By one-way repeated measures ANOVA followed by

Bonferroni's multiple comparison test.

Fig. 4 Changes in pain threshold from RCS in the short+tiellow-up study.
The pain threshold was measured from 6 days befodedays after the start of RCS (solid circles) and
compared with the controls (non-RCS, open circlgs)12, respectively). Obvious decreases in pain
threshold were induced by RCS. Each circle anddgaesent the mean and SE.
* p<0.05 vs. corresponding control by two-way répdameasures ANOVA followed by Tukey's multiple

comparison test.

Fig.5 Changes in gene expression of pain-related gerieR (s induced by RCS.
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Analysis of the pain-related gene expression leietise control group (white bars) and RCS grouadk
bars) was performed using RT-PCR. Significant clkanig expression of eight pain-related genes were
observed.

The values were normalized by the level of CypA. Eaalbhmn and bar represent the mean and SE (n=12,
respectively). *p<0.05, **p<0.01 and ***p<0.001 wxontrol by Student’s t-test.

Three representative images of each RT-PCR ampiditan the control (left hand side) and RCS group

(right hand side) are also shown, respectively.
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Table1

Table 1 PCR primers, conditions and sizes of PCR products

Primer
G . .
n::]z Protein name Accession No. Sense Temp (°C) ? |cycle? |size (bp)?
Antisense
. 5’-GAAGCCATGTCTGACCGAAT-3’
Ctsh cathepsinB BC072490 5 CCACTGGGCCATTTTIGTAG-3 60 28 406
S 5’-GCCATGGAGACCTAACCAAA-3’
Fstl1 follistatin-like 1 NM_024369 5" TGAGGGACCTCTTGTGCTTT-3’ 56 32 386
. 5’-GCTTGGATAATGGGCTGTGT-3’
Fyn Src kinase p59 NM_012755 5 CATCTTCTGTCCGTGCTTCA-3’ 60 34 306
. glutamate ionotropic 5’-CCCAAGTTCTGGTTGGTGTT-3’
Grin2b . eceptor NM_OI2574 1 5. GATCTGAGCGATGGCTTCTT-3" 62 40 303
L . 5’-GGTTGTGAACTTAGCCAGGAAC-3’
Itprl inositol1,4,5-triphosphate | NM_001007235 5 CTGGTACATTACTTGGCCCTTC-3 58 36 481
mitogen activated protein 5’-GCAAGATGCCCAAGAAGAAG-3’
Map2kl 1inase NM_051643 5-GATGATCTGGTTCCGGATTG-3’ 60 34 339
. 5’-GCTAGGTAACAAACGAATGGGG-3’
Npy neuropeptide Y NM_012614 5" CACATGGAAGGGTCTTCAAGC-3’ 55 37 288
. 5’-TGCTCATGGAAAGGGAGTTC-3”
S100a10 [protein S100-A10 (p11) BC091565 5 GCTTGTCGAATTGGAGTTGG-3’ 60 30 330
. 5’-GGAAAGCCAAAGGTGTGTGT-3’
St8sial  |GD3 synthase NM_012813 5 GGTTGCAGCAGTCTTCCATT-3’ 56 34 373
5’-CGAGCAGTGAGCGGTAAAAT-3’
Tacl substance P NM_012666 5" CGCAAGACACACAGGAGTTT-3’ 60 27 305
peptidylprolyl isomerase A 5"~ ACGCCGCTGTCTCTTTTC -3’
CypA (f:yclophllm A) BC059141 5 - TGCCTTCTTTCACCTTCC -3° 55 24 440
(internal standard)

1) Temp: Annealing temperature
2) Cycle: PCR cycles
3) Size: sizes of PCR products




Table2

Table 2 RT-PCR of the pain-related genes whose expression changes were detected by PCR-based cDNA
subtraction or DNA microarray analysis

Direction RT-PCR

Gene name Protein name Assay in(cfroeladssfor Direction Fold of

decrease) changes
Ctsb cathepsinB subtraction Down Down 0.9
Fstl1 follistatin-like 1 subtraction Down Down 0.8
Fyn Src kinase p59 microarray | Up (2.7) Up 1.7
Grin2b glutamate ionotropic receptor microarray | Up (2.6) non -
Itprl inositol 1,4,5-triphosphate receptor, type 1 [microarray |Down (0.5)] Down 0.6
Map2k1 mitogen activated protein kinase microarray | Up (2.6) non -
Npy neuropeptide Y microarray |Down (0.5)] Down 0.7
S100a10  Jannexin 2 light subtraction Down Down 0.5
St8sial GD3 synthase microarray | Up (2.4) Up 1.3
Tacl substance P subtraction Up Up 3

Microarray: DNA microarray analysis
Subtraction: PCR-based cDNA subtraction



