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Chapter 5

Abstract

Long non-coding RNAs (IncRNAs) can regulate the transcript levels of genes in the
same genomic region. These locally acting IncRNAs have been found deregulated
in human disease and some have been shown to harbour quantitative trait loci
(eQTLs) in autoimmune diseases. However, IncRNAs linked to the transcription of
candidate risk genes in loci associated to rheumatoid arthritis (RA) have not yet
been identified. The TRAF1 and C5 risk locus shows evidence of multiple eQTLs
and transcription of intergenic non-coding sequences. Here, we identified a non-
coding transcript (C5T1IncRNA) starting in the 3’ untranslated region (UTR) of C5.
RA-relevant cell types express C5T1/IncRNA and RNA levels are further enhanced
by specific immune stimuli. C5T1/IncRNA is expressed predominantly in the
nucleus and its expression correlates positively with C5 mRNA in various tissues
(P=0.001) and in peripheral blood mononuclear cells (P=0.02) indicating
transcriptional co-regulation. Knockdown results in a concurrent decrease in C5
mMRNA levels but not of other neighbouring genes. Overall, our data show the
identification of a novel INncRNA C5T1/ncRNA that is fully located in the associated
region and influences transcript levels of C5, a gene previously linked to RA
pathogenesis.

Introduction

A large proportion of the mammalian genome is transcribed into non-coding
RNAs (ncRNAs), which are thought to be equally important for normal
development and physiology as coding genes and have been found deregulated
in human disease.’ ncRNAs with a length of >200 nucleotides are termed long
non-coding RNA genes (IncRNAs).> The identification of IncRNA genes in the
human genome has increased over the years, and was recently estimated at,
minimally, 50 000 genes.’ A variety of mechanisms by which IncRNAs positively or
negatively regulate coding genes are known although our understanding is likely
going to increase in the coming years.*> These include miRNA sponges,®
recruitment of proteins that directly enhance or interfere with transcription,” and
recruitment of chromatin modifiers like polycomb repressor complexes 1 (PRC1)®
and 2 (PRC2),’ histone demethylases (LSD1),'° and methyl transferases (G9a)."*

As certain locally acting IncRNAs have been shown to control transcript levels of
neighbouring genes,™ deregulation of the regulatory IncRNAs may contribute to
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disease by affecting the expression of adjacent coding genes. However, in spite of
the vast amount of IncRNA genes in the human genome, the percentage of
IncRNAs directly linked to disease is extraordinarily low in comparison to coding
genes." Genome wide association studies (GWAS) have identified tens of
thousands of genomic loci that are associated to complex, multifactorial
disorders.™* One example of a ncRNA disease gene is the InNcRNA ANRIL. ANRIL is
located in a 50-kb genetic risk region of atherosclerosis and regulates
transcription in trans by recruiting PRC2 to genome-wide ALU elements affecting
various atherogenic cell functions as cell proliferation, cell adhesion and
apoptosis.”

We and others have previously identified the TRAF1-C5 region associated with
rheumatoid arthritis (RA), a common disease of autoimmune origin.’**” The
TRAF1-C5 region of association is relatively large containing multiple immune-
related candidate genes. TRAF1 and C5 are excellent, evidence based, candidate
RA disease genes. TRAF1 negatively regulates TNFa signalling,’® which is a
successful therapeutic target for RA." Increased levels of C5 have been found in

% and C5-deficient mice are resistant to the

inflamed joints of RA patients,
development of collagen-induced arthritis.”* In addition, both genes have a role
2223 peciphering disease-associated risk loci to reveal

causal genes and mechanisms has remained a challenge with the majority of

in innate immune responses.

disease-associated single-nucleotide polymorphisms located in non-coding

2> However, recent studies have reported that such regions may

26,27

regions.
contain regulatory RNAs. In this study, we performed expression analysis of
the intergenic region between TRAF1 and C5. We identified a IncRNA in this
region and studied its effect on neighbouring genes in RA relevant cell types.

Results

The intergenic region of the RA risk locus TRAF1 and C5 is transcribed

The number of RA-associated loci have reached over 100, with few causal genes
identified.””*® Recent insight suggests the importance of regulatory RNAs in
GWAS loci.”” Regulatory IncRNAs can influence the expression of multiple genes

1112 A5 we previously identified the TRAF1-C5 locus as a susceptibility

in a locus.
locus for RA, we decided to further pursue characterisation of this locus. Analysis

of the TRAF1-C5 risk region in the University of California Santa Cruz (UCSC),
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genome browser did not show the presence of non-coding genes and neither did
exploration of various IncRNA databases including LNCipedia®® and LncRBase.*® As
most commonly used RNA-sequencing approaches lack sensitivity,*** we
continued expression analysis of the intergenic region of C5 and TRAF1 in a panel
of 22 tissues using intergenic primer sets (Figure 1a). We observed expression of
the intergenic region in all tissues analysed (Figure 1b). Highest expression was
seen in liver although in general, intergenic expression was rather low in
comparison with coding genes. Before a full characterisation of the transcript, we
wished to confirm that the identified transcript of >200bp is the result of
legitimate transcription. As the transcript levels were the highest in liver, we
inhibited transcription in a hepatocyte cell line (Huh7) with a-amanitin.
Concentrations of a-amanitin (50 uM) that specifically inhibit RNA polymerase I
(RNAPII)*® resulted in a decrease of the intergenic transcript indicating that
transcription of the intergenic region is mediated by RNAPII (Figure 1c).

The intergenic region of TRAF1 and C5 contains a IncRNA gene

We next wished to further characterise the nature of the intergenic transcript.
Intergenic non-coding genes can be uni- or bidirectionally transcribed. For
example, non-coding RNAs transcribed from enhancer elements (eRNA) are most
of the time generated by bidirectional transcription.>**> Therefore, we first
analysed the direction of transcription by strand-specific cDNA synthesis. Here,
we could only detect RNA originating from the lagging strand (data not shown),
aligning transcriptional directionality in the same orientation as that of the
neighbouring genes TRAF1 and C5. Consequently, we reasoned that the identified
intergenic transcribed sequence could still be a part of the upstream-located C5
gene or downstream-located TRAF1 gene. ldentifying the 5’ and 3’ ends of the
transcript would allow discrimination between an independent transcript or an
alternative TRAF1 or C5 transcript. Like coding genes, RNAPII-derived non-coding
transcripts possess 5'-methylguanosine caps.’® To identify the 5 end of the
intergenic transcript, we conducted RNA linker-mediated (RLM) RACE
(Supplementary Figure 51).>” We detected multiple transcription start sites (TSS)
located within the 3’ untranslated region (UTR) of C5 in Huh7 cells (Figure 2a,
Supplementary Figure S1). Interestingly, transcriptional start sites in the 3’ UTR of
C5 were confirmed by Fantom5 5’cap analysis gene expression in primary
hepatocytes (Supplementary Figure S2).*® The large majority of RNAPII-derived
non-coding transcripts are polyadenylated at their 3’ ends.*
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Figure 1. Identification of a novel transcript intergenic of C5 and TRAF1. (a) Schematic overview of
the intergenic TRAF1-C5 region including PCR product used for RT-gPCR. Chromosome positions are
according to the UCSC genome browser build GRCh37/hg19. (b) RNA levels of the intergenic
amplicon (C5T1IncRNA) were measured in 22 different human tissues. Expression was normalised
to GAPDH. The data are representative of two independent experiments #s.d. (c) Inhibition of
RNAPII reduced levels of the intergenic amplicon (C5T1IncRNA). A total of 50 pM a-amanitin
inhibited expression of the intergenic amplicon in Huh7 cells. Expression of the intergenic transcript
(C5T1IncRNA), GAPDH, RPL5 and 18S RNA was measured 36 h after addition of a-amanitin. GAPDH
and RPL5 were used as positive controls, known to be transcribed by RNAPII. 18S RNA is transcribed
by RNAPI and was used for normalisation. The data represents the meants.e.m. of two
independent experiments.

85



Chapter 5

A
chr9: 123,690,000 | 123,720,000 |
—— ] W /4—
TRAF1 NG
C5T1INCRNA B——+ 8
| 2 1 4 ! ‘\
P2 1P1 : N
R .
[=====-==---=--- \-'l
B < ' (o3l }—[exd0}—
E 1001 1 :
= e TSS1 !
‘6 101 : 1
- TSS2 :
5 M p ! TSS3
e = e e e
> 0.1 g
o - E ha
- i 4

Figure 2. Characterisation of the intergenic transcript named C5T1/IncRNA. (a) Schematic overview
of an identified splice variant and the transcriptional start sites in the region harbouring the 3' UTR
of C5. Enlargement of C5 exon 40 and exon 41 shows the location of multiple transcriptional start
sites (black blocks (TSS1, TSS2 and TSS3)). cDNA walking experiments yielded the identification of a
splice variant. The spliced product was obtained by PCR on Huh7 cDNA using two primers: P1
(C5T1IncRNAS5) and P2 (C5T1IncRNA?2) indicated by the arrowheads. (b) Analysis of the subcellular
localisation of C5T1IncRNA. Huh7 cells were separated and used for a nuclear RNA isolation and
total RNA isolation, and RT-qPCR was performed to compute nuclear/total RNA ratio. qRT-PCR
results are depicted as nuclear/total RNA ratio. NEAT1 is a known nuclear-localised IncRNA,
whereas B-actin, HPRT1 and C5 are protein-coding mRNAs expected to localise in the cytoplasm.

3’ RACE analysis in Huh7 cells revealed a 3’ polyadenlation signal that does not
overlap with the start of TRAF1 (Figure 2a, Supplementary Figure S3) further
confirming the presence of an independent transcript in the TRAFI-C5 intergenic
region. Further characterisation using Sanger sequencing identified two splice
sites (Supplementary Figure S4).*° The full sequence of the obtained transcript
can be found in Supplementary Figure S5. Finally, we investigated whether the
identified transcript is part of C5 by a cDNA walking experiment. Primers on
various exons of C5 and the identified RNA failed to amplify a hybrid product
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containing RNA from both transcripts, suggesting that the identified RNA is an
independent RNA transcript (Supplementary Figure S6). We next searched for
protein-coding potential of the novel transcript using NCBI open reading frame
finder. All predicted open reading frames are small (<70 amino acids), do not
contain known protein motifs, and more importantly have poor Kozak consensus

sequences (Supplementary Figure S7a).*%*

Moreover, the protein-coding
potential score of the transcript sequence predicted by coding potential
calculator (CPC) was similar to other non-coding RNAs, suggesting that it is likely
of non-coding nature (Supplementary Figure S7b).*? To find further evidence for
the IncRNA nature of the identified transcript, we investigated its cellular
localisation. Many IncRNAs, for example, NEAT1*® are enriched in the nucleus.™
We also found the identified transcripts (C5T1IncRNA) to be highly enriched in
the nucleus in contrast to their neighbouring coding C5 gene (Figure 2b). Given
the presented evidence, we believe that we identified a novel IncRNA transcript
in the TRAF1-C5 region. Therefore, we refer to the transcript as C5T1/ncRNA (C5-

TRAF1-long non-coding RNA) from here onwards.

Correlated expression of C5T1IncRNA, TRAF1 and C5

As C5T1IncRNA is enriched in the nucleus, we hypothesised a transcriptional
regulatory role for C5T1IncRNA as many regulatory IncRNAs are nuclear enriched,
for example, Pint,** Kcnglot1®™ and PANDAR.*® Evidence supporting a regulatory
role would be either positively or negatively correlated expression of C5T1IncRNA
and adjacent genes. To determine whether TRAF1 and/or C5 transcript levels
correlate with C5T1IncRNA, we measured C5 and TRAF1 mRNA expression in the
same tissues that were analysed for C5T1IncRNA expression (Figures 3a and b).

We only observed a strong significant positive correlation between C5 and
C5T1IncRNA throughout the tissues analysed (r=0.87, P-value<0.001; Figure 3c).
When separated in expression clusters, tissues belonging to cluster A
predominantly coexpress C5T1IncRNA with C5. However, C5T1IncRNA and TRAF1
are both expressed in spleen suggesting that perhaps C5T1/ncRNA has a
regulatory role on TRAF1 in the cells residing there (Figure 3c, cluster D high
mMRNA levels of C5T1 and TRAF1). Recent data has shown that lipopolysaccharide
(LPS)-induced inflammatory response in human monocytes depends on the
transcription of a large number of IncRNA genes.”’
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Figure 3. C5T1IncRNA is induced by LPS and correlates with C5 expression in various tissues and
peripheral blood mononuclear cells (PBMCs). (a, b) Distribution of C5 and TRAF1 mRNA in 22
different human tissues. Expression was normalised using GAPDH. (c) Heat map of C5T1IncRNA, C5
and TRAF1 expression. Expression of each gene was compared with the mean of the 22 tissues and
is indicated by colour (red=high expression/yellow=low expression). Spearman r-values using the
expression data of all tissues are depicted underneath the heat map. Expression cluster analysis
result in four clusters and are depicted as grey bars right of the heat map named A-D. (d) Time
course of C5T1IncRNA expression in PBMCs after LPS stimulation (10 ug ml_l). (e) Dose response
curve of LPS-induced expression of C5T1IncRNA, C5 and TRAF1 in PBMCs (left) and monocytes
(right). Total RNA was isolated and measured after 4 h of stimulation of either PBMCs or monocytes
from three individual donors. Expression of PBMCs and monocytes were normalised for GAPDH and
RPL5. C5 (f) and TRAF1 (g) RNA levels were measured within the same stimulated donors and
correlated to the induction of C5T1IncRNA. Spearman r-values are depicted above the graphs.
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As TRAF1 is abundantly expressed in monocytes®® we analysed the expression of
C5T1IncRNA in relation to C5 and TRAF1 transcript levels in LPS stimulated
peripheral blood mononuclear cells (PBMCs) and primary monocytes. An
induction of C5T1IncRNA was observed in stimulated PBMCs that was part of an
early response as the highest induction was observed after 4 h (Figure 3d). A
dose-dependent induction of C5T1IncRNA was observed for all tested donors and
was greatest in primary monocytes (up to 200-fold for one of the donors; Figure
3e). This indicates that expression of C5T1IncRNA is not spurious but under
specific regulation, here, being part of the innate immune response. C5T1/ncRNA
expression correlates strongly with C5 in LPS-stimulated PBMCs (r=0.94, P-
value=0.02; Figures 3e and f). Interestingly, a suggestive correlation was also
found between C5T1IncRNA and TRAF1 (r=0.83, P-value=0.06; Figures 3e and g).
Analysis of LPS-stimulated monocytes did not show correlation between any of
the genes (Figures 3f and g).

C5T1IncRNA knockdown decreases C5 levels in hepatocytes

Our data indicate co-expression of C5 with C5T1IncRNA in various tissues and
PBMCs. To demonstrate that C5T1IncRNA can affect C5 mRNA levels we aimed to
interfere with C5T1IncRNA levels in cells abundantly expressing the IncRNA. To
this end we created C5T1IncRNA knockdowns in Huh7 cells using lentiviral vector-
mediated expression of shRNAs targeting exon 2 of C5T1IncRNA. Two
independent C5T1IncRNA-specific shRNAs resulted in ~60% reduction of
C5T1IncRNA transcript in comparison with the shRNA control (Figures 4a and b).
Knockdown of C5T1IncRNA also yielded reduced levels of C5 mRNA (Figure 4c). In
contrast, C5T1IncRNA knockdown did not affect TRAF1 (Figure 4d). As the
abundance of the C5T1IncRNA transcripts is an estimated 50 times lower than C5
MRNA (Supplementary Figure S8), we exclude the possibility that these results
are caused by an alternative C5 transcript. Expression analysis of the generated
shRNA lines demonstrated a significant correlation between C5T1IncRNA and C5
expression (r=0.85, P<0.05) (Supplementary Figure S9) corroborating our initial
tissue-wide correlation data, and suggesting that C5T1IncRNA influences C5
mMRNA levels.

C5T1IncRNA influences C5 RNA levels in synovial fibroblasts from RA patients

As C5T1IncRNA knockdown vyielded lower C5 mRNA levels in Huh7 cells, we
wished to investigate whether the observed correlated C5T1IncRNA and C5
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expression can be observed in RA-relevant cell types as well. siRNA studies in
primary PBMCs are not feasible, because transfection or transduction of primary
blood cells is notoriously difficult. We therefore performed the knockdown
experiment in synovial fibroblasts. Analysis of the mRNA in synovial fibroblasts
derived from RA patients showed that TRAF1, C5 and C5T1IncRNA are expressed
(Figure 5a). The expression levels are independent of RA as synovial fibroblasts
from osteoarthritis patients have similar levels of TRAF1, C5 and C5T1IncRNA
(Figure 5b). As primary synovial fibroblasts grow relatively slow in culture we
performed transient transfections using GapmeR sequences instead of shRNA
transduction.
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Figure 4. Knockdown of C5T1IncRNA using lentiviral shRNA. (a) Schematic representation of the
location of shRNA1 (sh1) and shRNA2 (sh2) sequences that were used to knockdown C5T1IncRNA
with a lentiviral vector. As a control Huh7 cells were transduced with empty viral vector and a
nonspecific ShRNA (shCtrl). (b-d) C5T1IncRNA (b), C5 (c) and TRAF1 (d) RNA levels were quantified
using RT-gPCR. RNA levels were normalised for GAPDH. Data represent the meants.e.m. of two

independent experiments.
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Figure 5. Expression of C5T1IncRNA, C5 and TRAF1 in synovial fibroblasts. (a) C5T1IncRNA, C5 and
TRAF1 expression was measured in synovial fibroblasts obtained from two RA patients. Expression
of C5T1IncRNA was set to 1. (b) C5T1IncRNA, C5 and TRAF1 RNA levels measured in synovial
fibroblasts obtained from 18 RA and 10 osteoarthritis patients. Mean expression in RA patients was
set to 1. RNA levels were normalised for housekeeping genes HPRT1 and B2M. (c—f) Knockdown of
C5T1IncRNA using GapmeRs in synovial fibroblasts. Synovial fibroblasts were cultured untreated for
48 h or treated with a nonspecific GapmeR (GapCntrl) or two specific GapmeR sequences
(GapC5T1-1 and GapC5T1-2). (c) Schematic representation of the target location of the GapmeR
sequences (GapC5T1-1 and GapC5T1-2) used to knockdown C5T1IncRNA. C5T1IncRNA (d), C5 (e)
and TRAF1 (f) RNA levels were quantified using RT-qPCR. RNA levels were normalised to B2M. The
data represent the meants.e.m. of two independent donors.
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GapmeR-mediated knockdown of C5T1IncRNA in synovial fibroblasts resulted in
strongly reduced C5 mRNA levels reiterating the results we observed in
hepatocytes (Figures 5c—e). In contrast, mRNA levels of TRAF1 were not affected
by the C5T1IncRNA knockdown (Figure 5f). Taken together, we identified a novel
IncRNA in a locus genetically associated to RA that influences C5 RNA levels in
both liver-derived cells and synovial fibroblast.

Discussion

IncRNAs that act locally by regulating the levels of neighbouring genes are
thought to be widely present in the genome. A few locally acting IncRNAs have
shown to be responsible for important developmental processes and physiology,
and have been linked to human disease.*® However, locally acting IncRNAs are
highly understudied as possible disease candidate genes in loci associated to
complex genetic diseases. Challenges include low expression levels, higher tissue
specificity compared with protein-coding genes, and transcriptional overlap (on
both strands). A more prevalent role for locally acting IncRNAs in complex genetic
diseases has been suggested by a study correlating IncRNA expression to disease-
associated polymorphisms using PBMCs as 29 eQTLs affected expression of the
IncRNAs and neighbouring protein-coding genes.” The outcome was however
hampered by low expression levels of IncRNAs. Also more advanced RNA-
sequencing methods may be hindered in the identification of IncRNA disease
genes by aforementioned low IncRNA expression and complex sequence
characteristics. The success of ‘forward’ approaches hinges on the correct choice
of tissues, in which transcript levels are abundant enough to be quantitatively
assessed. The aetiology of many complex genetic diseases is largely enigmatic
confounding the cell type choice. We took a reverse approach based on the
presence of multiple candidate genes, eQTLs, and preliminary unpublished
evidence of transcription in the GWAS region. Interestingly, analysis of expression
of the intergenic region between TRAF1 and C5 revealed the presence of a novel,
spliced non-coding gene that starts in the region containing the 3’ UTR of C5, and
ends half-way between C5 and TRAF1. The overlap with the region encompassing
the 3’ UTR of C5, and the low expression of C5T1IncRNA imposes that microarray
or regular RNA sequencing transcriptome analyses will fail to identify this non-
coding transcript. Knocking down the expression of C5T1IncRNA in cells, in which
C5T1IncRNA expression correlates with C5, yielded reduced C5 mRNA levels. As
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MRNA levels affected, the protein C5 is likely to be similarly decreased as well.
Thus our data suggest that C5T1IncRNA influences the mRNA levels of the RA
candidate gene C5, albeit we do not yet grasp the mechanism. Possible paths for
the observed decreased C5 levels include miRNA sponging and transcriptional
enhancement. The fact that C5T1lIncRNA and C5 expression are positively
correlated could point to a miRNA sponge function.® Sponging miRNAs is a
common mechanism by which IncRNAs enhance mRNA levels of protein coding

6,50 To

genes when the IncRNA gene overlaps with that of protein-coding genes.
our knowledge, miRNAs targeting the 3’ UTR of C5 mRNA have been predicted
but not yet validated.” Another plausible functional mechanism would be based
on the presence of a Tigger4B repeat in C5T1IncRNA. This repeat sequence is 93%
identical to a stretch of 130 bp in intron 28 of C5. As these sequences are in the
reverse orientation, the RNA could potentially hybridise to either C5 pre-mRNA or
its genomic DNA. Recently, IncRNA/pre-mRNA interaction was hypothesised as a
strategy used by many ncRNAs as part of their regulatory function.> Moreover,
repeats can be found in the majority of IncRNAs and have been associated to
various functional mechanisms.>® Alu repeat sequences in IncRNAs have been
linked to Staufen-mediated decay of coding transcripts,” Staufen-mediated
mRNA stabilisation® and transcriptional activation.” Moreover, BACE1-AS a non-
coding RNA that is transcribed from the opposite DNA strand as BACE1 was
shown to stabilise the mRNA of BACE1 by hybridisation between both
transcripts.® A similar regulatory mechanism might apply to C5T1/ncRNA and C5,
where C5 RNA is stabilised by hybridisation to C5T1IncRNA. However, the precise
mechanism and its potential role in RA require further investigation. Finally, eQTL
data have revealed that lower levels of C5 and TRAF1 are linked to the risk alleles.
It will be of interest to see whether C5T1IncRNA expression or function is related
to the disease haplotype. Remarkably, two highly RA-associated single-nucleotide
polymorphisms (rs10818488 and rs35517037) are present in the exonic region of
C5T1IncRNA, of which rs35517037 is located within the Tigger4B repeat. Such
single-nucleotide polymorphisms could alter RNA function by either influencing
RNA stability, RNA structure or RNA-binding ability and therefore need further
investigation.’

Taken together, we identified a novel RA candidate gene that is of non-coding

nature using an alternative approach based on the presence of protein coding
candidate disease genes in genetic risk locus. This IncRNA could be considered as
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a novel candidate gene as it is fully located within the associated region, is
expressed in RA-relevant cells and influences the mRNA levels of at least one of
the postulated candidate disease genes. The strategy employed in this study
constitutes a practical alternative for the identification of novel regulatory
IncRNAs as disease candidate genes of complex genetic immune-related diseases.
It would be interesting to further dissect the role for this non-coding RNA in
disease over the next years. It is expected that discovery of these IncRNAs will
take a massive leap in near future and may represent pivotal players in the
pathogenesis of complex immune diseases.

Materials and methods

Cell culture

Huh7 cells obtained from ATCC were cultured in Dulbecco’s Modified Eagles
Medium (Gibco, Life Technologies, Paisley, UK) supplemented with 15% fetal
bovine serum (Gibco, Life Technologies), 2 mM I-glutamine (Gibco, Life
Technologies), 10U ml™" penicillin—streptomycin (Gibco, Life Technologies) at
37 °C and 10% CO2. Huh7 cells were tested negative for mycoplasma multiple
times during the various experiments.

Primary PBMCs isolated on a Ficoll gradient (pharmacy LUMC, Leiden, The
Netherlands) were cultured in RPMI 1640 Medium (Gibco, Life Technologies)
supplemented with 10% heat-inactivated fetal bovine serum, 2 mM I|-glutamine
and 10 U ml™ penicillin-streptomycin at 37 °C and 5% CO2. Monocytes (CD14+)
were isolated from PBMCs using magnetic beads (Miltenyi Biotec, Bergisch
Gladbach, Germany) according to the manufacturer’s instructions. The purity of
isolated monocytes was determined by flow cytometry using a PerCPCy5.5
conjugated antibody against human CD14 (catalogue no. 45-0149-41:
eBioscience, San Diego, CA, USA).

LPS stimulation experiments were performed with either 1 x 10° PBMCs or
monocytes per ml with 1 or 10 pg LPS obtained from Salmonella typhosa (Sigma-
Aldrich, Saint Louis, MO, USA). Primary cultures of synovial fibroblasts were
established by collagenolytic digestion of synovial tissue specimens obtained
from RA and osteoarthritis patients during joint replacement surgery. RA patients
fulfilled the American College of Rheumatology 1987 criteria for RA.*® Synovial
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fibroblasts cultures were maintained in Dulbecco’s Modified Eagles Medium/F-12
(Gibco, Life Technologies) supplemented with 10% fetal bovine serum, 2 mM I-
glutamine, 10 mM HEPES (Gibco, Life Technologies), 50U ml™ penicillin—
streptomycin, 0.5 mg ml™ amphotericin B (Gibco, Life Technologies) and used for
experiments between passages 5 and 8. The study was approved by the local
ethic committee and all patients provided informed consent.

RNA isolation, first-strand cDNA synthesis and real-time quantitative PCR

Total RNA was extracted using nucleospin RNA purification columns (Macherey
Nagel, Duren, Germany) according to the manufacturer’s instructions. Purified
RNA was subjected to additional DNase | (1 u pug™) (Invitrogen, Carlsbad, CA, USA)
treatment. First-strand cDNA was synthesised using reverse transcriptase
(Fermentas, Vilnius, Lithuania) according to the manufacturer’s instructions. Real-
time quantitative PCR (RT-gPCR) was conducted using sensifast no-rox SYBR
green mix (Bioline, Luckenwalde, Germany) on a CFX96 or CFX384 real-time PCR
system (Bio-Rad, Temse, Belgium).

The total RNA tissue panel was obtained from Ambion (RNA survey pool,
Leusden, The Netherlands), whereas total RNA from human bone marrow and
lymph nodes was obtained from Clontech (Saint-Germain-en-Laye, France). For
these tissues 1 pg of total RNA was used for first-strand cDNA synthesis using
SuperScript Il reverse transcriptase (Invitrogen). For synovial fibroblast
experiments, RNA was isolated using the miRNEAsy kit (Qiagen, Hilden, Germany)
including on column DNAse digestion. cDNA was synthesised using MultiScribe
Reverse Transcriptase (Invitrogen). FastStart Universal SYBR Green Master (Rox)
(Roche, Mannheim, Germany) was used for qRT-PCR. Expression in synovial
fibroblast was measured on a 7900HT Fast Real-Time PCR System (Applied
Biosciences, Foster City, CA, USA). Multiple housekeeping genes were used for
normalisation: glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (RNA tissue
panel), GAPDH and ribosomal protein L5 (RPL5) (PBMCs and monocytes), and
beta-2-microglobulin  (B2M) and hypoxanthine phosphoribosyltransferase
(HPRT1) (synovial fibroblasts). Relative expression was calculated using the AACT
method.>

Expression of untreated samples was set to 1 unless otherwise stated. Sequences
of the used primer pairs are listed in Supplementary Table S1. Expression of
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C5T1IncRNA was measured using C5T1IncRNA primerl and C5T1IncRNA primer2
(Supplementary Table S1). All gPCR measurements were performed in triplicate
including minus RT samples.

C5T1IncRNA characterisation

5’ RLM-RACE

A schematic overview of the protocol is depicted in Supplementary Figure S1. A
total of 30 ug RNA from Huh7 cells was treated with DNase | (Invitrogen). A
phenol/chloroform extraction was performed after each enzymatic step. RNA
was treated with calf intestine alkaline phosphatase (New England Biolabs (NEB),
Frankfurt, Germany). Next, RNA was treated with tobacco acid pyrophosphatase
(Epicentre, Warsaw, Poland) and the RNA adapter (for sequence see
Supplementary Table S1) was ligated to the liberated 5’ end with RNA ligase
(Thermo Scientific, Waltham, MA, USA). Strand-specific cDNA was produced using
C5T1IncRNA-primer3 and amplified with an adapter-specific primer (for sequence
see Supplementary Table S1) and C5T1IncRNA primer4.

PCR products were Sanger sequenced. cDNA walking experiments were
performed to identify the possible splice transcripts. A splice variant was
identified using primers C5T1IncRNA primer2 and C5T1lIncRNA primer5. PCR
products were separated on a 1% agarose gel, purified using GenelET gel
extraction kit (Thermo Scientific) and Sanger sequenced.

3’'RACE

cDNA synthesis of liver RNA was performed using a 3’ RACE primer (for sequence
see Supplementary Table S1). C5T1IncRNA was amplified (Phusion, NEB) using
the 3'RACE adapter-primer and C5T1IncRNA primerl. A second round of PCR was
performed using the nested primer: C5T1IncRNA primer6. PCR products were
purified from a 1% agarose gel and Sanger sequenced. Obtained sequences were
aligned to the human genome (UCSC genome browser build hg19).%°

cDNA walking experiment

A PCR was performed on cDNA from Huh7 cells using Phusion polymerase
according to the manufacturer’s protocol using various primers located in C5 and
C5T1IncRNA (C5 primer 2 to 5, C5T1IncRNA primer 2 and 5). The C5T1IncRNA
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sequence is available at the DNA Data Bank of Japan (DDBJ) with accession
number LC094347.

Inhibition of transcription

3 x 10° Huh7 cells were first cultured for 24 h in one well of a 24-well plate. Cells
were then treated with 0, 50 and 300 uM a-amanitin (Sigma-Aldrich) for 36 h.
After treatment, RNA was collected and analysed using RT-qPCR. RNA levels of
GAPDH, and RPL5 (both RNAPOLII transcribed), and 18S (RNAPOLI) were analysed
and used for normalisation.

Nuclear isolation, relative abundance of transcript levels and RNA localisation
Huh7 cells were isolated by incubating 5 x 10° cells in 1 ml lysis buffer | (50 mM
HEPES—KOH, pH 7.5, 140 mM NaCl, 1 mM EDTA, 10% glycerol, 0.5% NP-40, 0.25%
Triton X-100, 1 x cOmplete protease inhibitors (Roche) for 10 min on 4 °C roller
bank. Nuclei were pelleted (1350 g at 4 °C for 5 min), washed carefully in lysis
buffer 1l (10 mM Tris-HCI, pH 8.0, 200 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 1 x
cOmplete protease inhibitors (Roche) by rocking for 10 min at RT, and repelleted.
Nuclei were lysed using RA1 RNA lysis buffer (Macherey-Nagel) and RNA was
isolated using nucleospin columns (Macherey-Nagel). Primers representing
NEAT1, a nuclear located RNA were used as positive control. To calculate the
difference between relative abundance of RNA transcripts of C5 and C5T1IncRNA,
cDNA from Huh7 cells was used for gPCR. To amplify C5T1IncRNA, primer4 and
primer7 were used. C5 RNA was amplified using primer7 and C5-primerl
(Supplementary Table S1). Ct-values were normalised for primer efficiencies by
taking along genomic DNA.

Lentiviral knockdown of C5T1IncRNA

shRNA sequences targeting C5T1IncRNA were designed, synthesised by
ShineGene (Shanghai, China), and Sanger sequenced. Sequences are depicted in
Supplementary Table S2. shRNA sequences were introduced into a pRRL.Super
plasmid, which was generated by introducing the H1-mcs-PGKPuro part of
pRetroSuper into the pRRL vector. Lentiviral vectors were generated in 293T cells
using the three plasmid lentiviral production system.®! Lentiviral titres were
estimated by ELISA on basis of P24 levels (ZeptoMetrix, Buffalo, NY, USA). As
controls either an empty lentiviral vector or a vector containing a shRNA
sequence against mouse ATF3 were used.
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Huh7 cells were transduced at a multiplicity of infection of five based on the
levels of P24 (1 ngml™ of P24 equals the transduction of 2500 cells). shRNA-
expressing cells were selected using 1ugml™ Puromycin. Two weeks after
puromycin selection cells were collected for RNA analysis.

GapmeR transfection

Custom designed LNA IlongRNA GapmeRs targeting C5T1IncRNA; 5'-
GGCCTCTTCACGTAGT-3' (GapC5T1-1) and 5-CGGGATCTGGAACATT-3’ (GapC5T1-
2) were purchased from Exiqon (Vedbaek, Denmark) along with the negative
control LNA longRNA GapmeR - Negative Control A (catalogue no. 300610). RASF
were transfected with 10 nM GapmeRs using Lipofectamine 2000 (Invitrogen)
according to the manufacturer's instructions. After 24 h, medium was replaced
and 48 h after transfection cells were lysed for RNA isolation.

Correlation and statistical analysis

Unless otherwise stated, expression experiments were performed at least three
independent times or with three independent donors and is presented as
meants.d. Statistical analysis was performed using GraphPad (GraphPad, San
Diego, CA, USA). Correlation analysis was performed using spearman rank r
correlation test. Spearman rank analysis was applied using relative expression
values. Differences with P-values <0.05 are considered significant.

Supplementary material

Supplementary information is available online on the Genes and Immunity
website (http://www.nature.com/gene): Supplementary Figure S$1-S9 and
Supplementary Table S1 and S2.
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