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Background: Rheumatoid arthritis (RA) leads to pain through alteration of gene expression.
Although gene expression alteration in knee cartilage or peripheral blood from RA patients
has been identified using microarray, it remains unclear whether long non-coding RNA
(IncRNA)-mediated gene regulation occurs in primary sensory neurons of dorsal root ganglia
(DRG) during RA-like joint inflammation. In the present study, we aimed to analyze IncRNA
and related mRNA profiles in the DRG in a knee joint inflammation rat model.

Methods: Complete Freund’s adjuvant (CFA) was injected in the rat knee joint for preparing
the joint inflammation model. A IncRNA-mRNA microarray of rat DRG was employed for
transcriptome analysis. Functional roles of differentially expressed IncRNAs and their related
mRNAs in the injured DRG were delineated by bioinformatic analysis.

Results: We observed that expression levels of 9000 IncRNAs were altered on day 7 post-
CFA, of which 45.17% were up-regulated and 54.83% were down-regulated. Specifically, 69
IncRNAs (42 up and 27 down) were significantly regulated. We also observed that expres-
sion levels of 13,744 mRNAs were altered on day 7 post-CFA, of which 49.67% were up-
regulated and 50.33% were down-regulated. Specifically, 102 mRNAs (51 up and 51 down)
were significantly regulated. Using quantitative real-time PCR, we verified the changes in
differentially expressed IncRNAs in the injured DRG.

Conclusion: These results suggest that microarray-based RNA sequencing can be used to
identify altered IncRNAs and relevant mRNAs in the DRG of rats with knee joint
inflammation.

Keywords: joint inflammation, dorsal root ganglion, transcriptome analysis

Introduction

Patients with rheumatoid arthritis (RA) suffer from chronic widespread pain and
chronic regional pain. These symptoms significantly decrease their quality of life."
However, current therapies for chronic knee pain are either not effective or with
serious side effects.” Thus, it is urgent to understand the underlying mechanisms for
developing a new therapy for such pain.

Long non-coding RNAs (IncRNAs) are transcribed RNA molecules with no or very
low protein-coding potential.> Numerous IncRNAs have been identified to exert vital
parts in regulating the expression of specific genes and are involved in different
biological functions.** The abnormal expression of IncRNAs will result in different
neurological disorders. Previous studies have shown that changes in the expression of
IncRNAs in dorsal root ganglia (DRG) neurons have been implicated in the pathogen-
esis of neuropathic pain.®'' Gene expression alteration in knee cartilage, synovium or
peripheral blood from RA patients have been identified using microarray,'>' but it
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remains unclear whether IncRNAs-mediated gene regulation
occurs in primary sensory neurons of DRG during RA-like
joint inflammation.

In this study, we analyzed IncRNAs and related mRNAs
in the DRG after knee joint inflammation induction.
A unilateral intra-articular injection of complete Freund’s
adjuvant (CFA) in rats was performed to prepare a rodent
model of joint inflammation. Using microarray RNA sequen-
cing, we identified 69 IncRNAs and 102 related mRNAs that
displayed significant expression alteration in the DRG after
knee joint inflammation. These IncRNAs and mRNAs could
be potential targets for developing novel therapies for inflam-
matory joint pain. As indicated by the technical validation in
this study, high-quality data were obtained, and the expres-
sion levels of genes took place within the desired regions of
genes. Our findings provide precious data for the scientific
community to more intensively investigate the alterations of
DRG at molecular level in the CFA-induced inflammatory

joint pain model.

Materials and Methods

Animals

Male inbred Wistar rats (200 g) were provided by Animal
Laboratories Center of Zhengzhou University in China and
facility at Zhengzhou
University School of Medicine under a standard 12
h light/12 h dark cycle, with water and food available
adlibitum. The study protocol gained approval from the

were housed in the central

Institutional Ethics Review Committee at Zhengzhou
University. Each experiment was performed according to
the guidelines for the care and use of laboratory animals
released by the National Institutes of Health (NIH). The
animal number utilized together with their sufferings was
minimized as far as possible. The reviewers were blinded
to animal treatment.

CFA-Induced Inflammatory Joint Pain Rat
Model

Three percent isoflurane was injected into rats for anesthe-
sia, then 150 pL CFA (1 mg/mL Mycobacterium tubercu-
losis, Sigma, USA) was also injected into their right knees
via the patella tendon. We prepared the animal model as
described previously.'® As a control, 150 pL of saline
(0.9% sodium chloride) was injected into the right knee
joint. Rats were allowed to recover from anesthesia before
being returned to their cages.

Determination of Rat Knee Diameter

For animals under anesthesia, their knee joint diameters
just below the level of the patella were determined using
a digital vernier caliper (ID:110-601, Langir Electric CO.,
Ltd.) as described previously.'® On the 7th day following
intra-articular injection with CFA, the edema in knee was
quantified.

Pain Behavioral Test

Mechanical behavioral testing (6 rats per group from
a different set of rats) was performed according to our
prior articles.'”™"” The up—down testing paradigm was
employed to measure the 50% paw withdrawal threshold
(PWT) responding to the mechanical stimulus by von Frey
filaments (North Coast Medical Inc., Gilroy, CA, USA),

according to the previous description.'®!?

RNA Extraction

Right L4 and L5 DRGs from CFA group and saline control
group were harvested on day7 after CFA or saline injection
(3 rats per group from a different set of rats). Next, the
mini RNA easy kit (QIAGEN, Valencia, CA, USA) was
used to extract total RNA, and then genomic DNA was
digested in the column in accordance with specific proto-
cols. Thereafter, NanoDrop ND-1000 (Thermo Scientific,
Wilmington, DE, USA) was used to measure RNA quality
and quantity, whereas the standardized denatured AGE
was applied in assessing the RNA integrity.

Microarray Analysis

A IncRNA array of rats was prepared to profile the
IncRNAs  as
Meanwhile, gene-coding probes were printed for once,

well as the protein-coding genes.
whereas the IncRNAs-coding ones were printed for thrice,
and negative ones together with housekeeping genes-
coding ones were printed several times to ensure the
quality of hybridization. The slightly modified Agilent
One-Color Microarray-Based Gene Expression Analysis
protocol (Agilent Technology) was used to label samples
and hybridize the array. In brief, rRNA was removed from
total RNA using the mRNA-ONLY™ Eukaryotic mRNA
Isolation Kit (Epicentre), followed by mRNA purification.
Subsequently, all samples were subjected to amplification
and transcription to the fluorescence cRNA down the full-
length transcripts in the absence of 3’ bias according to the
random priming approach (Arraystar Flash RNA Labeling
Kit, Arraystar). Then, the RNeasy Mini Kit (Qiagen) was
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used to purify those labeled cRNAs. The NanoDrop ND-
1000 was used to measure labeled cRNAs content along
with the activity. Afterward, 10 x blocking reagent (5 pL)
together with 25 x fragmentation buffer (1 uL) were added
to fragment the labeled cRNAs (1 pg each), followed by
30 min heating under 60 °C. At last, those labeled cRNAs
were diluted by 2 x GE hybridization buffer (25 pL).
Later, the hybridization solution (50 pl) was added to
the gasket slide for the assembly of IncRNA expression
microarray slides. Then, each slide was incubated within
the Agilent Hybridization Oven under 65 °C for 17
h. Afterward, an Agilent DNA Microarray Scanner
(Agilent, part # G2505C) was utilized to wash, fix, and
scan those hybridized arrays.

Data Processing

Altogether six samples were used for sequencing, multiplex-
ing, analysis for differentially expressed (DE) genes, as well
as analysis of expression of transcripts and IncRNAs. In
brief, the array images were analyzed by Agilent Feature
Extraction (version 11.0.1.1). The GeneSpring GX v12.1
(Agilent Technologies) was employed to normalize quantiles
and process data. When the raw data were normalized for
their quantiles, nRNAs and IncRNAs with flags in >3 among
the six samples in Marginal or Present (“All Targets Value™)
were selected to analyze data. Then, the significant DE
IncRNAs and DE mRNAs between CFA injection and nor-
mal control groups were discovered according to the same

Table | Primers for RT-qPCR

threshold of P-value as that in screening DE IncRNAs and
DE mRNAs. The data were submitted to NCBI Gene
Expression Omnibus (GEO: GSE146881). This GEO project
includes raw data for all samples.

Enrichment and Pathway Analysis

GO analysis facilitates to interpret the properties of genes and
their products within an organism (http://www.geneontology.
org). We used top GO for GO analysis of differential mRNAs
to infer their biological functions: 1) Biological Processes
(BPs); 2) Molecular (MFs); 3) Cellular
Components (CCs). The KEGG pathway analysis was per-

Functions

formed for identifying those biological pathways related to DE
mRNAs.*

Quantitative Real-Time PCR

The ThermoScript reverse transcriptase (Invitrogen) was
utilized to reversely transcribe total RNA in accordance
with specific protocols. Table 1 lists the primers used to
amplify cDNA through qRT-PCR. All samples were exam-
ined for three times by the BIO-RAD CFX96 RT-PCR
system. The PCR conditions were shown below: 3 min
of initial denaturation under 95°C; 10 s under 95°C, 30
s under 60°C, 30 s under 72°C for 40 cycles. The ipsilat-
eral to contralateral IncRNA expression ratio was deter-
mined by the standardized 27" method. GAPDH was

used as the internal reference.

Gene Primers Annealing Product Temperature (°C) Length (bp)

GAPDH (RAT) F:5* GCTCTCTGCTCCTCCCTGTTCTA3’ 60 124
R:5* TGGTAACCAGGCGTCCGATA3’

AY321352 F:5’GAATCACAACTACTTAGCGGACG3’ 60 153
R:5" AGACCAGGCACCATCATCAC 3

MRAK 163594 F:5’CATCAGATACTGGGCATTGTG3’ 60 54
R:5’CTGATCCTCACAAGCACTTCAT3

NONRATT021972 F:5° GTTATCAAGACCTTTGCCACC3 60 73
R: TCCTGACATGCCTCACAGAA3’

uc.83- F:5 GAAGCTGAACAGGAAGGAATTG3 60 70
R:5’GCTATGCCAGAGGAGATGTCAT3’

uc.247+ F:5STTCTTGGGGCTGAATCGTA3’ 60 154
R:5" TCGTAAAGCACTGGGCAAT3

XR_005599 F:5’GAGCAGCCTTTCCAGTTTTC3 60 59
R:5’CCTTATAGATCCTCTTCCGCAC3

Journal of Pain Research 2020:13
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Establishment of the Co-Expression

Network

Pearson correlation calculation (PCC) was utilized to con-
struct the coding-noncoding gene co-expression (CNC)
network to normalize the DE IncRNAs signal intensity
relative to that of DE mRNAs. The results of PCC > 0.9
were screened as interrelationship pairs. We used the
Cytoscape (v2.8.1) to draw a CNC network.

Statistical Analysis

All values were presented in the manner of means + SEM.
SPSS 17.0 was employed for all statistical analyses.
Differences in specific IncRNAs or mRNAs levels between
CFA injection and saline control groups discovered from
microarray as well as PCR were analyzed by Student’s #-test.
A difference of two-sided p < 0.05 indicated statistical
significance.

Results
CFA-Induced Inflammatory Joint Pain

In the CFA-induced inflammatory joint pain rat model, we
observed that unilateral injection of CFA into the knee joint
not only significantly increased knee joint diameter (Figure
1A) but also markedly decreased PWT (Figure 1B) at the
ipsilateral side on day 7 post-injection, which indicates intra-
articular injection of CFA induces inflammatory joint pain.

Our observation is consistent with previous studies.'®*!

Expression Profiles of IncRNAs and
mRNAs in the DRGs After CFA Injection

On the 7th day following CFA treatment, a graphical over-
view of the expression signatures of IncRNAs and mRNAs

in the L4 and L5 DRGs were obtained by using scatter plot
and hierarchical cluster analyses of the microarray results.
As observed from the scatter plot, numerous mRNAs and
IncRNAs showed differential expression in CFA treatment
group compared with saline control group (Figure 2A and
B). Besides, it was illustrated from the hierarchical cluster-
ing analysis on mRNAs and IncRNAs that, those respective
three samples under saline or CFA treatment were clustered,
with identical signal intensity in CFA or saline control group
(Figure 2C and D). The heatmap showed that DE IncRNAs
or mRNAs that were either up-regulated or down-regulated
twofold (Figure 2E and F), indicating the high level of
concordance in both saline-treated and CFA-treated samples.

DE IncRNAs and mRNAs Following RA

Induction

We further analyzed DE IncRNAs and mRNAs using the
significance analysis of microarray. Totally, 69 DE IncRNAs,
including 42 up-regulated and 27 down-regulated, were sig-
nificantly altered in the CFA-treated group compared with the
saline control group. IncRNAs with the highest up-regulation
level included MRAK139263, uc.247+, MRAKI163594,
AY539883, MRAKO081329, and MRAKO081329, of which
MRAK139263 showed the largest up-regulation (log2 fold
change = 4.3602434). IncRNAs with the highest down-
regulation level included XR 005599, uc.288+, AY321352,
uc.83+ and uc.344-, of which XR 005599 showed the largest
down-regulation (log2 fold change = —3.6773075). The
detailed information about the top 20 up-regulated and 20
down-regulated IncRNAs is listed in Table 2. For the DE
mRNAs, 51 up-regulated mRNAs and 51 down-regulated
mRNAs were identified in the CFA-induced RA group
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Figure | Injection of CFA into the rat knee joint causes knee joint swelling and induces inflammatory joint pain. (A) Intra-articular injection of CFA significantly increased
knee joint diameter on day 7 post-injection. (B) Intra-articular injection of CFA significantly decreased 50% PWT at the ipsilateral, but not contralateral, side on day 7 post-

injection. *p < 0.05, **p < 0.01 vs the saline control group (n = 6 for each group).
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Figure 2 Intra-articular injection of CFA alters expression profiles of IncRNAs and mRNAs in the L4 and L5 DRGs on day 7 post-injection. (A and B) The scatter plots
showed that a large number of IncRNAs (A) and mRNAs (B) were differentially expressed between CFA and saline groups. (C and D) The hierarchical cluster analysis of all
IncRNAs (C) or mRNAs (D) showed that the 3 saline-treated and 3 CFA-treated samples were clustered together, respectively, and signal intensity was consistent in the
saline or CFA group. (E and F) The heatmap showed that DE IncRNAs (E) or mRNAs (F) with either up-regulated or down-regulated twofold were magnified, indicating the
high level of concordance in both saline-treated and CFA-treated samples.
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Table 2 The Detail Information of the Top 20 Up-Regulated and 20 Down-Regulated IncRNAs

Up-Regulation P-Value Fold Change (RA/ Down-Regulation P-Value Fold Change (RA/
IncRNA Saline) IncRNA Saline)
MRAK139263_PlI 0.003376808 | 4.3602434 MRAKO033351_PlI 0.020838142 | 4.8098335
MRAK163594_PlI 0.01998801 3.9533877 XR_005599_PI 0.002399274 | 3.6773075
MRAKO081329_PlI 0.01390815 3.6667833 AY539885_PlI 0.001876242 | 2.6833164
AY539883_PI 0.000103781 | 3.338666 MRAKO078294_PI 0.008102538 | 2.640872
uc.247+_PI 0.00169586 3.7480677 MRAKO038512_PlI 0.005124618 | 2.1926938
MRAK162515_Pl1 0.008994046 | 2.445923 XR_005562_PI 0.000851587 | 2.1657482
AF452726_Pl1 0.035288468 | 2.0177374 XR_007062_PI 0.00889326 | 2.1090479
MRAK148774_P1 0.013138964 | 1.8784508 AJ131848_PI 0.012842227 | 1.8995821
XR_005533_PlI 0.001156475 | 1.8464813 uc.288+_PI 0.029939784 | 1.7989247
AF239157_PlI 0.019881775 | 1.8539187 AB218812_PlI 0.035871383 | 1.7622565
XR_007548 Pl 0.000696454 | 1.7108995 NR_027324_PI 0.034235615 | 1.7193225
AF529211_PlI 0.008770404 | 1.6962891 AY318957_PlI 0.047187827 | 1.6893379
XR_006947_P1 0.001622737 | 1.679244 MRuc009jlg_PI 0.016944439 | 1.6142163
X95079_PI 0.039493024 | 1.6645673 BC167759_PI 0.031892645 | 1.6662926
uc.359+_PI 0.016493832 | 1.6510657 uc.344-_PI 0.013125946 | 1.674338
MRuc009dbg_PI 0.002595999 | 1.6512104 MRAK089274_PI 0.035814557 | 1.592755
XR_006446_P1 0.018888415 | 1.653104 MRAKO17642_PlI 0.04697134 1.5816791
XR_009288 Pl 0.044252031 | 1.65279 MRAKO020669_P1 0.001696512 | 1.5731215
uc.359+_PI 0.016493832 | 1.6510657 MRAKO049535_Pl1 0.006724013 | 1.5636071
MRAKO035730_PlI 0.04671297 1.6486927 AY321352_PlI 0.017970954 | 1.559443

compared with the saline control group. Those DE mRNAs
contained multiple known genes related to the processing of
pain, such as 1) Scn2al (encodes NaV1.2, a voltage-
dependent sodium channel), 2) Clgnf3 (encodes C1g/TNF-
related protein 3, and 3) Mpo (encodes myeloperoxidase). In
addition, several genes with unknown roles in pain also
showed significant alteration following RA induction, includ-
ing Ampd1 (encodes adenosine monophosphate deaminase 1)
and S700a8 (encodes S100 calcium-binding protein AS8). The
detailed information about the top 20 up-regulated and 20
down-regulated mRNAs are listed in Table 3.

Class Distribution Analysis of DE
IncRNAs

LncRNAs are shown previously to modulate overlapping
or adjacent mRNAs expression within the genome.”*** In
this study, all DE IncRNAs were classified into five cate-
gories according to their genomic proximity to protein-
coding genes: 1) intergenic IncRNAs without a coding
transcript in the 30 kb range of IncRNAs; 2) sense
IncRNAs whose exons were overlapping with the exons
of coding transcripts or introns in the coding transcripts in
an identical genomic strand; 3) antisense IncRNAs tran-
scribed based on an antisense strand, which overlapped

with the coding transcripts or did not share the overlapping

exons; 4) bidirectional IncRNAs directed head-to-head to
the coding transcripts in the range of 1000 bp; 5) other
IncRNAs. In the 69 DE IncRNAs modulated by CFA-
induced joint inflammation, we identified that 20
Intergenic IncRNAs, 17 Sense IncRNAs, 10 Antisense
IncRNAs, 1 Bidirectional IncRNAs, and 22 other types
of IncRNAs (Figure 3).

Quantitative Real-Time PCR Validation of
IncRNA Expression

To validate the results of microarray, the up-regulated
IncRNAs (MRAK163594 and uc.247+) and the down-
regulated IncRNAs (uc.83-, XR 005599, NONRAT
T021972, and AY321352) were analyzed by quantitative
real-time PCR. The DRG tissues were harvested for asses-
sing IncRNA expression on day 7 after intra-articular
injection of CFA or saline. We observed that
MRAK163594 and uc.247+ were significantly increased
in CFA-treated rats in comparison with normal controls
(Figure 4A and B) and that uc.83-, XR 005599,
NONRATT021972, and AY321352 were remarkably
declined in CFA-treated rats in comparison with normal
(Figure 4C-F).
IncRNAs were used to construct the CNC network
(Figure 4G).

controls Those markedly changed
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Table 3 The Detail Information of the Top 20 uUp-Regulated and 20 Down-Regulated mRNAs

Gene Symbol | Fold Change | P-Value Description
(RA/Sham)

Up-regulation genes

Np4 3.7635582 0.015393745 | “Rattus norvegicus defensin NP-4 precursor (Np4), mRNA [NM_173299]”

Kenjl 6 4.0794357 0.042242905 | “Rattus norvegicus potassium inwardly-rectifying channel, subfamily J, member 16 (Kcnjlé),
mRNA [NM_053314]”

RatNP-3b 2.8848587 0.01435204 | “Rattus norvegicus defensin RatNP-3 precursor (RatNP-3b), mRNA [NM_001079898]”

§100a8 2.6277583 0.023368441 | “Rattus norvegicus S100 calcium binding protein A8 (calgranulin A) (S100a8), mRNA
[NM_053822]”

Defa7 2.462799 0.021251724 | alpha-defensin 7

Cyrél 24624015 0.042791029 | “Rattus norvegicus cysteine rich protein 61 (Cyr61), mMRNA [NM_031327]"

Defa 2.3151618 0.017210493 | “Rattus norvegicus defensin, alpha 5, Paneth cell-specific (Defa), mRNA [NM_173329]”

Slc36a4 2.2238356 0.021294127 | solute carrier family 36 (proton/amino acid

Zmynd| 9 22711878 0.002953903 | “Rattus norvegicus zinc finger, MYND domain containing 19 (Zmynd19), mRNA
[NM_198770]”

Camp 2.1964655 0.039482436 | cathelicidin antimicrobial peptide

Cdc2a 2.1446071 0.008890435 | “Rattus norvegicus cell division cycle 2 homolog A (S. pombe) (Cdc2a), mRNA
[NM_019296]”

Kiké 2.0825478 0.001734958 | “Rattus norvegicus kallikrein 6 (KIké), mMRNA [NM_019175]”

Irx3 2.040114 0.005560809 | iroquois homeobox 3

Art2b 2.0153948 0.020925592 | “Rattus norvegicus ADP-ribosyltransferase 2b (Art2b), mRNA [NM_198735]”

Gdf10 1.9855056 0.028492314 | “Rattus norvegicus growth differentiation factor 10 (Gdfl0), mRNA [NM_024375]"

Calbl 1.9418777 0.003718419 | “Rattus norvegicus calbindin | (Calbl), mMRNA [NM_031984]"

Stké 1.9540208 0.01472213 “Rattus norvegicus serine/threonine kinase 6 (Stk6), mMRNA [NM_153296]”

Dhx9 1.8842935 0.02609797 | DEAH (Asp-Glu-Ala-His) box polypeptide 9

Hspa4 1.8733024 0.000420533 | “Rattus norvegicus heat shock protein 4 (Hspa4), mRNA [NM_153629]"

Shank2 1.8648666 0.036968366 | SH3 and multiple ankyrin repeat domains 2

Sen2al 1.1627306 0.003580949 | “Rattus norvegicus sodium channel, voltage-gated, type 2, alpha | polypeptide (Scn2al),
mRNA [NM_012647]"

Down-regulation genes

Ampd| 6.557955 0.031686758 | “Rattus norvegicus adenosine monophosphate deaminase | (isoform M) (Ampdl), mMRNA
[NM_138876]”

Myfé 5.2732237 0.049834435 | “Rattus norvegicus myogenic factor 6 (Myf6), mRNA [NM_013172]”

Kihi31 4.4680187 0.043175216 | kelch-like 31

Ucep3 4.4456004 0.019478698 | “Rattus norvegicus uncoupling protein 3 (mitochondrial, proton carrier) (Ucp3), mRNA
[NM_0I13167]”

Casql 42729971 0.045784966 | calsequestrin |

OIr609_predicted | 3.5950147 0.010497211 | “Rattus norvegicus olfactory receptor 609 (predicted) (Olr609_predicted), mRNA
[NM_001000335]”

Sgcg 2.8971771 0.003047337 | “Rattus norvegicus sarcoglycan, gamma (dystrophin-associated glycoprotein) (Sgcg), mMRNA
[NM_001006993]”

Art5 2.5046497 0.043314564 | “Rattus norvegicus ADP-ribosyltransferase 5 (Art5), mRNA [NM_001013039]”

Cmya3 2.4268624 0.049760496 | “Rattus norvegicus cardiomyopathy associated 3 (Cmya3), mRNA [NM_201989]"

Sgca 2.3606627 0.021191062 | “sarcoglycan, alpha”

Tshb 2.2732761 0.022374974 | “Rattus norvegicus thyroid stimulating hormone, beta subunit (Tshb), mMRNA [NM_013116]”

Hrc 2.2110382 0.034099213 | “Rattus norvegicus histidine rich calcium binding protein (Hrc), mRNA [NM_I181369]”

Pou3f3 2.1885395 0.028740891 | “Rattus norvegicus POU domain, class 3, transcription factor 3 (Pou3f3), mRNA
[NM_138837]”

Sohlh2 2.1402215 0.04681904 spermatogenesis and oogenesis specific basic

(Continued)
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Table 3 (Continued).

Gene Symbol | Fold Change | P-Value Description
(RA/Sham)

Metrn 2.0445382 0.002526161 | “Rattus norvegicus meteorin, glial cell differentiation regulator (Metrn), mRNA
[NM_001009962]”

Tmprss|3 1.9803592 0.046894119 | “transmembrane protease, serine |13”

Psap 1.9177604 0.01265121 “Rattus norvegicus prosaposin (Psap), mRNA [NM_013013]"

Cyp26bl 1.78363 0.010248058 | “Rattus norvegicus cytochrome P450, family 26, subfamily b, polypeptide | (Cyp26bl),
mRNA [NM_181087]”

RGD 1560880 1.7825728 0.005951925 | hypothetical protein LOC499747

Cxcl4 1.7814996 0.049693104 | “Rattus norvegicus chemokine (C-X-C motif) ligand 4 (Cxcl4), mMRNA [NM_001007729]"

Functional Prediction of DE mRNAs in
Inflammatory Joint Pain

To explore the molecular mechanism of inflammatory joint
pain, we conducted GO and KEGG enrichment analysis of
regulated genes in the CFA-induced inflammatory joint pain
rat model. Using GO, we showed that 1) the most signifi-
cantly enriched molecular functions of the up-regulated
genes included protein complex binding, exonuclease activ-
ity, and antioxidant activity (Figure 5A), 2) the most sig-
nificantly enriched biological processes of the up-regulated
genes included defense response, response to external sti-
mulus, and response to stress (Figure 5B), 3) the most
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[J Down-regulated

Number of aberrant IncRNAs
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Figure 3 Distribution of various types of DE IncRNAs. Five classes (Intergenic
IncRNAs, Sense IncRNAs, Antisense IncRNAs, Bidirectional IncRNAs, and other
IncRNAs) were identified. In the 69 DE IncRNAs modulated by CFA-induced joint
inflammation, we identified 20 Intergenic IncRNAs, 17 Sense IncRNAs, 10 Antisense
IncRNAs, | Bidirectional IncRNAs, and 22 other type of IncRNAs.

markedly enriched cellular components of the up-
regulated genes included extracellular space, extracellular
region part, and extracellular region (Figure 5C), 4) the
most significantly enriched molecular functions of the
down-regulated genes included alcohol binding, transporter
activity, and calcium channel binding (Figure 5D), 5) the
most significantly enriched biological processes of the
down-regulated genes included muscle organ development,
muscle structure development, and skeletal muscle tissue
development (Figure 5E), and 6) the most markedly
enriched cellular components of the down-regulated genes
included extracellular region, extracellular space, extracel-
lular region part, and cell surface (Figure 5F).

Using KEGG, we showed that 1) the up-regulated
genes were involved in inflammatory mediators-produced
regulation of transient receptor potential channels, nicotine
addiction, intestinal immune network for IgA production,
and vitamin B6 metabolism (Figure 6A), and 2) the down-
regulated genes were involved in hypertrophic cardiomyo-
pathy, peroxisome proliferator-activated receptor (PPARs)
signaling pathway, nitrogen metabolism, and drug meta-
bolism-cytochrome P450 (Figure 6B).

Discussion

Inflammatory joint pain is associated with gene expression
changes within the DRG. Identifying altered genes is
critical for defining the mechanisms underlying inflamma-
tory joint pain pathogenesis. In the present study, we
conducted the Rat IncRNA and mRNA array to reveal
transcriptome alterations after induction of inflammatory
joint pain with CFA.

We used quantitative real-time PCR to verify the expres-
sion of six randomly selected DE IncRNAs in the DRG
on day 7 after CFA injection, including up-regulated
IncRNAs MRAK 163594 and uc.247+ and down-regulated
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Figure 4 Quantitative real-time PCR validation of six regulated IncRNAs in the DRG and CNC network. (A and B) The expressions of MRAK 163594 (A) and uc.247+ (B)
were significantly increased on day 7 after intra-articular injection of CFA. (C—F) Four IncRNAs including uc.83- (C), XR_05599(D), NONRATT021972 (E), and AY321352
(F) were significantly decreased on day 7 after intra-articular injection of CFA. *p < 0.01, **p < 0.01, ***p < 0.001vs the saline control group (n =3 for each group, the error
bars show SEM). (G) In the CNC network drawn with the Cytoscape (v2.8.1), pink circle nodes represent non-coding gene, green hexagonal nodes represent the coding
gene, yellow star-marked verified IncRNA and as the predicted potential target, solid lines represent a positive correlation between the two nodes, and dotted lines

represent negative correlation between the two nodes.

IncRNAs uc.83-, XR 005599, NONRATT021972, and
AY321352. We constructed a CNC network for the most
significantly changed IncRNAs. In the CNC network, the
up-regulated MRAK 163594 and the down-regulated uc.83-
were co-expressed with known gene Kenjl6,>° and the up-
regulated MRAK163594 and uc.247+ were co-expressed

with pain-related gene Scn2a,® which contributes to many

pain conditions, such as inflammatory joint pain.?'*’ In
addition, a previous study has shown that IncRNA uc.217
regulates neurite outgrowth in DRG neurons following
peripheral nerve injury.”® By co-expressing with Scn9a,
the IncRNA uc.217 is likely to play an important role in
CFA-induced inflammatory joint pain.*'

Furthermore, the identified DE mRNAs in our study
contain several known genes involved in pain processing. 1)

Scn2a (encodes NaV1.2, a voltage-dependent sodium

channel): this ion channel has been demonstrated to regulate
pain conduction;*® 2) Clgtnf3(encodes C1q/TNF-related
protein 3): this protein plays an important role in the devel-
opment of RA);? 3) Mpo (encodes myeloperoxidase): the
enzyme activity is an index of neutrophilic granulocyte infil-
tration, which has been recognized as a marker for pain.**~!

On the other hand, the identified DE mRNAs also contain
several genes with unknown roles in pain. 1) Ampd! (encodes
adenosine monophosphate deaminase 1): Patients with
Ampd] deficiency experience muscle pain (myalgia) or weak-
ness after exercise;’> 2) S100a8 (encodes S100 calcium-
binding protein AS8): the S100a8 protein is positively
associated with increased knee symptoms, cartilage defects
in patients with knee osteoarthritis.*® In addition, KEGG path-
way analysis for the DE mRNAs indicates some potential

targets, such as inflammatory mediator-regulated transient
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Figure 5 Biological functions analysis of DE mRNAs using GO. (A—C) The most significantly enriched molecular function (A), biological process (B), and cellular
component (C) of up-regulated mRNAs after CFA-induced inflammatory joint pain. (D—F) The most significantly enriched molecular function (D), biological process (E),
and cellular component (F) of down-regulated mRNAs after CFA-induced inflammatory joint pain.
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Figure 6 Pathway analysis for 5| up-regulated and 5| down-regulated mRNAs using KEGG. (A) The involved significant pathways for up-regulated genes in the CFA group.

(B) The involved significant pathways for down-regulated genes in the CFA group.

receptor potential channels, which have been demonstrated as
important molecules involved in joint inflammation in the
DRG.*

Conclusion
Our results suggest that aberrantly expressed IncRNAs
contribute to the development of inflammatory joint pain.
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