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INTRODUCTION 
 
More than 93% of the human genome is transcribed [1]. 
Most of the transcripts are non-coding RNAs, including 
microRNAs, piwi-interacting RNAs, small nucleolar 
RNAs, and long non-coding RNAs (lncRNA) [2]. 
LncRNAs are more than 200 nucleotides in length, 
expressed in a tissue- and cell type-specific manner, and 
are classified into six groups based on their genomic 
locus in relation to neighboring genes (antisense, inter-
genic, overlapping, intronic, bidirectional, and pro-
cessed) [3]. One of the best characterized lncRNAs is 
XIST, known to mediate silencing of the X-chromosome 
by inducing recruitment of the polycomb repressive 
complex [4]. Other lncRNAs have been reported to 
regulate gene expression at the transcriptional or post-
transcriptional level [5,6]. The GENCODE v7 catalogue 
of human long non-coding RNAs lists a total of 14880 
lncRNAs, but there are likely more than that [7]. More 
recently, the total number of lncRNAs has been sug-
gested to be close to 60,000 [8]. Of those, the Reference 

 

Database for Functional Long Noncoding RNAs, 
maintained by the Genome Informatics Group, lists only 
181 human lncRNAs for which a function has been 
described [9], indicating that the function of the vast 
majority of lncRNAs is unknown.   
 
Many different features characterize aging of an 
organism, including tissue dysfunction, inflammation, 
and occurrence of age-associated diseases. On the 
cellular and molecular level, aging is characterized by 
loss of synthetic functions and proliferative capacity, 
senescence, accumulation of abnormal dysfunctional 
macromolecules, accumulation of DNA damage and 
mutations, telomere shortening, and changes in cellular 
morphology with increases in cell size. All of these 
alterations are accompanied by changes in the expres-
sion of genes. Many of the aging-associated changes in 
gene expression are cell- or tissue-specific, and only a 
few are observed across different types of cells and 
tissues [10,11]. With aged dermal fibroblasts, changes 
have been reported for genes encoding cytokines, 
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ABSTRACT 
 
Several features differentiate aged cells from young cells, many of which are due to changes in gene expression
during  the  aging  process.  The  mechanisms  of  altered  gene  expression  in  aging  cells  remain  incompletely
understood, and we hypothesized that long non‐coding (lnc) RNAs mediate at least some of these changes. We
screened for alterations in lncRNA expression with aging in skin fibroblasts and identified the lncRNA FLJ46906
to be consistently upregulated with aging in‐vivo and in‐vitro. The function of this lncRNA has not been known.
Here we show  that FLJ46906  regulates several aging‐associated genes,  including  IL1B,  IL6, CXCL8, TGFB1, and
ELN. We  suggest  that  these  effects  are mediated  through NF‐κB  and  AP‐1,  because  these  aging‐associated
genes  are  regulated  by NF‐κB  and  AP‐1,  and  because we  found  that  FLJ46906  directly  binds  to  these  two
transcription factors. This data supports a role of the lncRNA FLJ46906 in the aging process.  
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extracellular matrix proteins, and matrix metallo-
proteinases, sometimes called aging-associated genes 
[12-15]. 
 
The mechanisms by which expression of genes changes 
with aging are poorly understood. Given the increas-
ingly recognized role of lncRNAs in the regulation of 
gene expression, we hypothesized that lncRNA play 
important roles in mediating aging-associated changes 
in gene expression.  
 
RESULTS 
 
Expression of the lncRNA FLJ46906 increases with 
aging in fibroblasts 
 
To discover lncRNAs that are involved in the aging 
process, expression of lncRNAs was compared between 
fibroblasts from a young, 23 year-old donor and an 
older, 70 year-old donor using DNA microarrays 
(SurePrint GE3 Human Gene Expression 8X60K 
Microarray Kit). Out of approximately 7,000 probes for 
lncRNAs on the microarray, a more than 2-fold higher 
expression in the older fibroblasts was found for 28 
lncRNAs, and a more than 2-fold lower expression in 
35 lncRNAs. The entire microarray data set can be 
accessed at https://www.ncbi.nlm.nih.gov/geo/query/ 
acc.cgi?acc=GSE117545. The sequence of twelve of 
these lncRNAs could be found and validated in the 
NCBI Human Genome Reference Sequence Database 
[16]. To confirm these microarray data, expression of 
these twelve lncRNAs was studied in cells from three 
young (18, 23, and 27 years old) and three older donors 
(63, 68, and 70 years old) using quantitative PCR.  Only 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

one lncRNA, FLJ46906, showed a consistent and 
significantly higher expression in the fibroblasts from 
the three older donors, as compared to the expression 
levels in the cells of the three young donors (Figure 1A).  
 
To further investigate upregulation of FLJ46906 with 
aging, we used an in-vitro aging model, for which we 
continuously cultured neonatal fibroblasts with docu-
mentation of cell counts at each passing for deter-
mination of population doublings. Fibroblasts harvested 
at various time points showed increasing expression of 
FLJ46906 with increasing population doublings (Figure 
1B).  
 
The lncRNA FLJ46906 does not regulate the 
expression of neighboring genes 
 
As for most lncRNAs, the function of FLJ46906 has not 
been described yet. Some lncRNAs regulate expression 
of neighboring genes (in cis), others of more distant 
genes (in trans) [17]. To address whether FLJ46906 
regulates the expression of its neighboring genes in cis, 
the expression of the four neighboring genes, as iden-
tified through the NCBI Reference Sequence Database, 
NHSL1, CCDC28A, LOC100507462, and ECT2L 
(Figure 2A) was determined after knockdown of 
FLJ46906 expression. Expression of NHSL1 and 
CCDC28A was not affected by the effective knock-
down of FLJ46906, indicating that they are not 
regulated by FLJ46906 (Figure 2B). Using two different 
pairs of PCR primers, expression of LOC100507462 
and ECT2L was not detectable in the fibroblasts, 
excluding these genes as potential targets of FLJ46906 
in these cells as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Expression of the lncRNA FLJ46906 increases with aging in fibroblasts. (A) The expression of FLJ46906 in
fibroblasts  from  older  donors  (63,  68,  and  70  years  old,  aged  in‐vivo),  as measured  by  qPCR,  is  2.8  fold  higher  than  in
fibroblasts from young donors (18, 23, and 27 years old; n = 3 (triplicate samples from each donor), mean ± SD, *p < 0.05). (B)
Neonatal  fibroblasts aged  in‐vitro by  longterm  culture  show  increasing expression of  FLJ46906 with  increasing population
doublings (PD), as measured by qPCR (n = 3 (cells from triplicate tissue culture dishes), mean ± SD, *p < 0.05, **p < 0.01).   
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Some lncRNAs can regulate gene expression by binding 
to the mRNA of other genes (anti-sense mechanism), 
either in the vicinity of its gene locus, or anywhere else 
in the human genome, similar to siRNA. We therefore 
searched the human genome database for homologies 
with the antisense sequence of FLJ46906. No such 
homologies were found anywhere in the human geno-
me, indicating that the effect of FLJ46906 on the ex-
pression of other genes is not mediated via an anti-sense 
mechanism.  
 
Aging-associated genes are regulated by the lncRNA 
FLJ46906 
 
Since FLJ46906 expression increases with aging in 
fibroblasts, we hypothesized that it regulates aging-
associated genes. After knockdown of FLJ46906, we 
therefore assessed the expressions of several coding 
genes that are well known to change with aging and 
represent three different processes that are well known 
to be altered with aging; inflammation/senescence-
associated secretory phenotype (IL1B, IL6, CXCL8, 
TGFB1), metabolism of the extracellular matrix (ELN, 
COL1A1, MMP1, MMP3, MMP9, MMP14), and cell 
cycle regulation (CDKN1A). Several lncRNAs have 
been associated with aging-associated conditions such 
as diabetes, cancer and mitochondrial dysfunction. 
However,   here  we   focused  on  genes  and  processes  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
associated with skin aging, as our model system is the 
skin-derived fibroblast.  
 
The baseline expression of inflammatory cytokines 
IL1B (interleukin-1β) and IL6 (interleukin-6), and of the 
chemokine CXCL8 (interleukin-8) were significantly 
downregulated, while TGFB1 (transforming growth 
factor-β) and ELN (elastin) were upregulated with 
knockdown of FLJ46906 (Figure 3A). Repeat experi-
ments with a completely different siRNA to knock 
down FLJ46906 showed similar results (Supplementary 
Figure 1). Expression of COL1A1 (Collagen type I, 
alpha 1), matrix metalloproteinases MMP1, MMP3, 
MMP9 and MMP14, and CDKN1A (p21) was not 
altered (data not shown).  
 
In order to investigate whether FLJ46906 also affects 
induced gene expressions, as opposed to just baseline, 
steady-state expressions, we induced expression of IL-6 
with TNF-α and measured the induction of IL-6 with 
and without knockdown of FLJ46906. IL-6 was chosen, 
as its expression is well known to be highly variable and 
inducible. TNF-α is a major regulator of IL-6 expres-
sion. After binding to its receptor, it activates NF-κB, a 
key mediator of inflammatory and stress responses, well 
known to transcriptionally induce IL-6. With that, the 
induction of IL-6 by TNF-α is a good system to 
investigate the behavior of NF-κB. The up to 50-fold 

Figure 2. The lncRNA FLJ46906 does not regulate the expression of neighboring genes. (A) Genome
map around FLJ46906 gene  locus on chromosome 6. (B) The expression of two of the FLJ46906’s neighboring
genes is not affected by knockdown of FLJ46906, as determined by qPCR; two other neighboring genes are not
expressed in neonatal fibroblasts (n = 3, mean ± SD). 
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induction of IL-6 by TNF-α was significantly abrogated 
by knockdown of FLJ46906, indicating that reduced 
levels of FLJ46906 not only affect baseline expression 
of IL-6, but also reduce induced expression of IL-6 
(Figure 3B).  
 
The lncRNA FLJ46906 binds to the transcription 
factors NF-κB and AP-1 
 
All aging-associated genes whose expression was 
changed with knockdown of FLJ46906 are known to be 
regulated by the inflammatory transcription factors NF-
κB and AP-1 [18-28], suggesting that FLJ46906 may 
regulate the expression of aging-associated genes by 
affecting function of these transcription factors. 
Possible mechanisms could include: 
 
1) regulation of the two transcription factors’ expression 
by FLJ46906,  
2) interference of FLJ46906 with activation of the 
transcription factors or their  trafficking  to  the  nucleus,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3) binding of FLJ46906 to the two transcription factors’ 
DNA binding sites,  
4) interference of FLJ46906 with the recruitment of the 
transcription factors to their binding sites,  
5) or binding of FLJ46906 to NF-κB and AP-1 directly.  
To address the first possible mechanism, expression of 
NF-κB and AP-1 was measured with and without 
knockdown of FLJ46906. Neither the mRNA, nor the 
protein levels of NF-κB and AP-1 were changed by 
knockdown of FLJ46906, indicating that FLJ46906 
does not regulate the expression of these transcription 
factors (Supplementary Figure 2).  
 
Various stimuli, including e.g. longwave ultraviolet 
light (UVA) or TNF-α activate NF-κB and AP-1 
[29,30]. An important step in the activation of NF-κB is 
the release from its binding to the cytoplasmic IκB, 
which then enables translocation to the nucleus. Immu-
noprecipitation between NF-κB and IκB was not altered 
following knockdown of FLJ46906, indicating that 
FLJ46906 does not interfere in  this  step  of  the  activa- 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  3.  Aging‐associated  genes  are  regulated  by  the  lncRNA  FLJ46906.  (A)  Baseline  expression  of  IL1B
(interleukin‐1β),  IL6  (interleukin‐6),  CXCL8  (interleukin‐8),  TGFB  (transforming  growth  factor‐b),  and  ELN  (elastin),  as
determined by qPCR, is altered by knockdown of FLJ46906 (n = 3, mean ± SD, *p < 0.05, **p < 0.01). (B) The induction of
IL‐6 by TNF‐α (20 ng/ml; R&D Systems) is partially inhibited by knockdown of FLJ46906 (n = 3, mean ± SD, **p < 0.01). 
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tion of NF-κB (Supplementary Figure 3A). AP-1 is 
activated by phosphorylation. Knockdown of FLJ46906 
did not alter this phosphorylation (Supplementary 
Figure 3B), ruling out a role of FLJ46906 in this step of 
AP-1 activation. 
 
 In order to investigate whether FLJ46906 affects 
translocation of NF-κB and/or AP-1, we used cells with 
and without knockdown of FLJ46906 and compared 
trafficking of NF-κB and AP-1 following irradiation 
with UVA. For NF-κB, translocation from the cytosol 
into the nucleus was observed within 45 minutes after 
UVA exposure. After three hours, NF-κB was again 
observed in the cytosol, indicating translocation from 
the nucleus back to the cytosol. This trafficking pattern 
was not changed in FLJ46906 knockdown fibroblasts 
(Supplementary Figure 4, upper panels). AP-1 was 
located in both nucleus and cytosol in non-stimulated 
fibroblasts. 1.5 hours after UVA exposure, cytosolic 
AP-1 was translocated into the nucleus. After six hours, 
it was again observed in the cytosol. The same pattern 
was observed in FLJ46906 knockdown fibroblasts 
(Supplementary Figure 4, lower panels). This data 
suggests that FLJ46906 does not affect the trafficking of 
NF-κB and AP-1 between the nucleus and the cytosol. 
 
In order to investigate possible binding of FLJ46906 to 
the DNA binding sites of NF-κB and/or AP-1, we 
searched the sequence of FLJ46906 for sequences that 
would be anti-sense to the NF-κB binding site 
sequences (“GGGRNYYYCC”) or the AP-1 binding 
site sequences (“TGA(C/A)T(C/A)A”, including TRE: 
TGACTCA, A-TRE: TGAATCA, and AA-TRE: 
TGACTAA). No such anti-sense sequences were found 
on FLJ46906, indicating that FLJ46906 cannot directly 
bind to the DNA binding sites of NF-κB or AP-1.  
 
Some lncRNAs are known to regulate access of 
transcription factors to their binding sites by affecting 
chromatin remodeling [17] and we hypothesized that 
FLJ46906 has similar effects and alters recruitment of 
NF-κB and AP-1 to their binding sites.  After incuba-
tion with TNF-α to induce recruitment of NF-κB to its 
DNA binding site, we used the chromatin immuno-
precipitation (ChIP) assay to compare binding of NF-κB 
to the IL-6 promoter in cells with or without knock-
down of FLJ46906. The scramble oligo-transfected 
fibroblasts showed drastic increase of NF-κB on its 
binding site after addition of TNF-α, but this enrich-
ment of NF-κB was not changed in FLJ46906 knock-
down fibroblasts (Supplementary Figure 5). This 
indicates that FLJ46906 does not affect the recruitment 
of NF-κB to its binding site on the IL-6 promotor. We 
also used the ChIP assay to measure binding of AP-1 to 
its binding site on the IL-6 promoter. Unlike other 

reports that demonstrate such binding following 
stimulation with TNF-α, e.g. in ovarian-carcinoma cells 
[31], we did not observe it in fibroblasts, either at 
baseline or after stimulation (data not shown). 
 
It has been reported that some lncRNAs regulate 
transcription by directly binding to transcription factors 
or transcription-regulating proteins, such as SMAD2/3, 
p300 or PRC2 [17,32,33]. In order to address whether 
FLJ46906 can bind to NF-κB and AP-1 directly, RNA 
immunoprecipitation assays were performed. After 
immunoprecipitating RNA-protein complexes using 
antibodies directed against NF-κB or AP-1, the amount 
of FLJ46906 RNA was quantified by qPCR (Figure 4). 
U1 (negative RNA control, not expected to bind to NF-
κB or AP-1) showed only marginal enrichment. Binding 
of FLJ46906 to NF-κB and AP-1 was significantly 
higher than the binding of U1 RNA, but also sig-
nificantly higher than the IgG-immunoprecipitated 
sample (negative protein control). This result indicates 
that FLJ46906 binds to both NF-κB and AP-1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DISCUSSION 
 
Using both in-vitro and in-vivo aged cells, we here 
show that the lncRNA FLJ46906 is upregulated in aged 
skin fibroblasts. Other groups have also investigated 
changes in lncRNA expression during aging. Using 
long-term cultures (an in-vitro aging model) of WI-38 
lung fibroblasts and comparing early passage cells with 
senescent cells, Abdelmohsen et al. [34] observed chan-
ges in the expression of a large number of lncRNAs, but 
not of FLJ46906. In contrast to Abdelmohsen et al., we 
did not explicitly study senescent cells. Instead, we used 

 

Figure 4. The lncRNA FLJ46906 binds to the transcription
factors NF‐κB and AP‐1. FLJ46906 was amplified using qPCR
after  immunoprecipations with  antibodies  against  p65  (NF‐κB)
or  cJUN  (AP‐1).  U1  =  negative  RNA  control;  IgG  =  negative
protein  control  (n  =  3  independent  experiments,  triplicate
samples each; mean ± SEM, *p < 0.05, **p < 0.01).   
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aged cells that were mostly still proliferating. This may 
explain the difference in results, because expression 
profiles of aged, but still proliferating cells are different 
from those of fully senescent cells. However, our cells 
also had an increased expression of FLJ46906 when 
they stopped growing past 46 population doublings (last 
data point in Fig 1B), indicating that our cells also have 
an increased expression of FLJ46906 when senescent. 
The difference between their and our results may also 
be explained by the use of different cell types, our 
primary skin fibroblasts vs. their fetal, fibroblast-like 
lung cells. Glass et al. [10] studied the expression 
profiles in whole skin taken from young and older 
donors and also did not observe a significant change in 
the expression of FLJ46906. The vast majority of cells 
in whole skin samples, however, consist of 
keratinocytes, as the density of fibroblasts is dra-
matically lower in the dermis than the density of 
keratinocytes in the epidermis. We therefore suggest 
that the fact that Abdelmohsen et al. [34] and Glass et 
al. [10] did not find a change in FLJ46906 expression in 
senescence or aging is due to differences in lncRNA 
regulation between tissue and cell types. Such 
differences have indeed been described for many other 
lncRNAs [35]. On the other hand, the expression of 
FLJ46906 is quite ubiquitous, as it has been described 
in brain, spleen, and 22 other tissues [36]. It is therefore 
conceivable that the association of FLJ46906 with aging 
may not be limited to the cell type studied by us, the 
dermal fibroblasts, but also characterize aging of other 
cell types. 
 
The lncRNA FLJ46906 was first described by the 
Mammalian Gene Collection Program Team [37], but 
its function has remained unknown. Some lncRNAs, 
e.g. XIST and ANRIL, regulate genes in their immediate 
vicinity (cis-acting), but this we found is not the case 
with FLJ46906. Instead, we found that it up-regulates 
some distant genes that are known to be upregulated in 
aging (IL1B, IL6, CXCL8) and that it downregulates 
some distant genes that are known to be downregulated 
in aging (TGFB1, and ELN). All of these genes are 
regulated by the transcription factors NF-κB and AP-1. 
The reported effects of NF-κB activation, increased 
expression of IL1B, IL6, CXCL8 and reduced 
expression of TGFB1, and ELN completely match the 
direction of gene expression changes with FLJ46906. 
This is also true for AP-1. This suggested a possible 
role of FLJ46906 in the function of NF-κB and AP-1.  
 
First, we excluded several possibilities how FLJ46906 
could alter the activity of NF-κB and/or AP-1, including 
direct alteration of their expression, activation, traf-
ficking, or recruitment to DNA binding sites. We then 
found that FLJ46906 directly binds to NF-κB and to 
AP-1.  

There are several prior reports showing that a lncRNA 
can regulate the activity of a transcription factor: Jiang 
et al. [32] described the direct binding of the lncRNA 
DEANR1 to the transcription factor SMAD2/3, and that 
this binding regulates the activity of SMAD2/3. Lnc-
DC, a lncRNA exclusively expressed in dendritic cells, 
was shown to bind to the transcription factor STAT3 
and to promote STAT3 phosphorylation [38]. The 
lncRNA RMST binds to the transcription factor SOX2 
and with that mediates the recruitment of SOX2 to its 
DNA binding sites in neural cells [39]. Using breast 
cancer cell lines, Liu B et al. [40] describe a lncRNA 
they call NKILA for NF-κB interacting lncRNA, which 
is not only induced by NF-κB, but also interacts with 
the NF-κB/IκB complex to prevent overactivation of 
NF-κB. Parts of this report have been questioned with 
an alternative explanation being put forward that 
NKILA exerts its effects through its antisense properties 
to PMEPA1. In addition, there are several more reports 
on lncRNAs regulating the gene expression of trans-
cription factors [41-43].  
 
We show that FLJ46906 is another transcription factor-
binding lncRNA and suggest that the alteration of the 
aging-associated genes by FLJ46906 is mediated by the 
binding of FLJ46906 to NF-κB and/or AP-1. How 
exactly the binding of FLJ46906 to these transcription 
factors affects their activity remains unclear. There are 
numerous binding partners to these factors that regulate 
their activity [44,45], and one of these interactions may 
be altered by binding of FLJ46906. Alternatively, the 
binding may directly affect its transcription-initiating 
activity.  
 
Although many lncRNAs appear to be associated with 
aging or senescence [34], FLJ46906 is one of very few 
aging-associated lncRNAs for which a molecular 
mechanism has been elucidated. One other example is 
the lncRNA ANRIL, which represses the expression of 
p16 [46]. 
 
Asking the question what causes the changes in gene 
expression during the aging process, we can now state 
that the lncRNA FLJ46906 mediates the changes in the 
expression of some aging-associated genes in skin 
fibroblasts. This raises the question what causes the 
change in the expression of FLJ46906 during aging. At 
this time, this question remains unanswered. 
 
MATERIALS AND METHODS 
 
Cell culture, transfection, and UVA irradiation 
 
Adult primary human dermal fibroblasts established 
from abdominal skin of donors aged 18, 23, 27, 63, 68, 
and 70 years were purchased from Kurabo (Japan). 
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Neonatal fibroblasts were established from neonatal 
foreskin using standard protocols [47]. Cells were used 
with passage numbers less than 10, unless otherwise 
noted and were cultured in Dulbecco's Modified Eagle's 
Medium (Thermo Fisher Scientific) supplemented with 
10% fetal bovine serum and 1% penicillin/streptomycin 
at 37°C and 5% CO2. SiRNA to inhibit expression of 
FLJ46906 (S1 Table) was purchased from Qiagen and 
transfected using lipofectamine 3000 (Thermo Fisher 
Scientific) according to the manufacturer’s protocol. 
For irradiation with longwave ultraviolet light (UVA), 
cells were washed twice with phosphate-buffered saline 
(PBS) and then irradiated through a thin cover of PBS 
using the metal-halide Sellamed 1200 UVA lamp from 
Sellas Sunlight (emission 328 – 460 nm, emission 
maximum at 370 nm).  
 
Gene expression analysis 
 
For RNA expression analysis, total RNA was isolated 
from fibroblasts using TRIzol (Thermo Fisher 
Scientific). After reverse transcription using iScript 
Reverse Transcription Supermix for RT-qPCR 
(BioRad), cDNA was amplified by iTaq Universal 
SYBR Green Supermix (Bio-Rad) using the CFX96 
Real-Time System (BioRad). Primers are listed in the 
Supplementary Table 1. 
 
For protein expression analysis, western blotting was 
performed with antibodies against p65 (Abcam), cJUN 
(Abcam), and β-actin (Lifetechnologies).  
 
RNA immunoprecipitation assay 
 
To demonstrate binding of the lncRNA to proteins, the 
RNA immunoprecipitation assay was used as described 
previously [17] with minor modifications.  
 
Briefly, the nuclear fraction of cells was harvested using 
a nuclear isolation and lysis buffer (1.28 M sucrose, 40 
mM Tris-HCl (pH 7.5), 20 mM MgCl2 and 4% Triton 
X-100) followed by centrifugation. After resuspending 
in RIP buffer (150 mM KCl, 25 mM Tris (pH 7.4), 5 
mM EDTA, 0.5 mM DTT, 0.5% NP40, 100 U/mL 
SUPERase In RNAase inhibitor (Invitrogen), 1 X 
cOmplete ULTRA (Roche)), chromatin was sheared by 
sonication. Dynabeads (Protein G, Lifetechnologies) 
were loaded with antibodies against p65 or cJUN by 
incubation at 4°C for three hours and then transferred to 
chromatin-sheared cell lysates for overnight incuba-
tion.  After washing with RIP buffer, TRIzol was 
added to isolate RNA from RNA-protein complexes. 
Finally, reverse-transcription and qPCR were per-
formed as above to amplify RNA that was bound to 
p65 or cJUN. 

Detection of protein trafficking 
 
After irradiation of fibroblasts grown on glass 
coverslips with UVA, immunocytochemistry was 
performed using standard procedures (fixation with 3% 
paraformaldehyde; permeabilization with 0.5% Triton 
X-100, blocking with 1% BSA). The same antibodies as 
those mentioned above for the Western blotting were 
used for the primary immunoreaction. An IgG Rhoda-
mine-conjugated secondary antibody (Thermo Fisher 
Scientific) was used for labeling. Nuclei were counter-
stained with DAPI (Sigma-Aldrich). 
 
Chromatin immunoprecipitation (ChIP) assay  
 
Fibroblasts were fixed by 0.75% formaldehyde for 10 
minutes for cross-linking between proteins and DNA, 
followed by incubation with 125 mM glycine for 5 
minutes to stop fixation. After harvesting cells with ice-
cold PBS, chromatin was sheared by sonication. 
Magnetic protein G beads (Thermo Fisher Scientiic) 
and antibody against p65 (abcam) or IgG were trans-
ferred to the sheared-chromatin and incubated in a 
rotator at 4°C for 16 hours. After washing three times, 
reverse cross-linking was performed by heating at 65°C 
for 4 hours, followed by phenol-chloroform extraction to 
purify DNA. Enrichment of DNA was determined using 
qPCR. Primers are listed in Supplementary Table 1. 
 
Statistical analysis 
 
The two-sided Student’s t-test was used to test for 
differences, except for comparisons to negative 
controls, when the one-sided Student’s t-test was used.  
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Supplementary  Figure  1.  Aging‐associated  genes  are  regulated  by  the  lncRNA  FLJ46906.
Baseline expression of IL1B (interleukin‐1β), IL6 (interleukin‐6), CXCL8 (interleukin‐8), TGFB (transforming
growth factor‐b), and ELN (elastin), as determined by qPCR, is altered by knockdown of FLJ46906 using a
siRNA  (siRNA 2)  that  is different  from  the one used  for  the experiments presented  in  figure 3A  (n = 3,
mean ± SD, p = 0.002 for IL‐1β, 0.014 for IL‐8, 0.017 for elastin, and n.s. for IL‐6 and TGF‐β). 

Supplementary Figure 2. The lncRNA FLJ46906 does not affect the expression of NF‐κB and AP‐1. (A)
Efficient knockdown of FLJ46906 does not affect the mRNA expression of the NF‐κB component p65 or of the AP‐
1 component cJUN (n = 3, mean ± SD, p = n.s.). (B) Knockdown of FLJ46906 does not affect the protein expression
of the NF‐κB component p65 or of the AP‐1 component cJUN (Western blotting, actin = loading control). 
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Supplementary Figure 3. The lncRNA FLJ46906 does not affect release of
NF‐κB  from  ΙκB or  the phosphorylation of AP‐1.  (A)  Immunoprecipitation
(IP):  72  hours  after  knockdown  of  FLJ46906  (siRNA  +)  the  amount  of
recovered  IκB with pull‐down  of p65  (NF‐κB)  or  the  amount of p65  after
pull‐down of ΙκB are not changed, as compared to samples transfected with
scrambled  siRNA  (siRNA  ‐).  WB  =  Western  blot.  This  experiment  was
repeated  once with  similar  results.  (B) Western  blot  (WB):  The  levels  of
phosphorylated  cJUN  (AP‐1) or of  total  cJUN do not  change 24, 48, or 72
hours  after  knockdown  of  FLJ46906  (siRNA),  as  compared  to  samples
transfected with scrambled siRNA (scramble). This experiment was repeated
once with similar results. 

Supplementary  Figure  4.  The  lncRNA  FLJ46906  does  not
affect  translocation  of  NF‐κB  or  of  AP‐1  following
irradiation with longwave ultraviolet light (UVA). Following
irradiation  with  UVA  (200  kJ/m2),  immunostaining  showed
translocation  of  p65  (NF‐κB)  from  the  cytosol  to  the  nucleus
within 45 min and back to the cytosol within 3 hours. Knockdown
of  FLJ46906  did  not  change  these  traffic  patterns.  Similar
trafficking was  observed with  cJUN  (AP‐1), which were  also  not
affected by knockdown of FLJ46906. Scale bar = 5 μm. 
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Supplementary Figure 5. The lncRNA FLJ46906 does not affect recruitment of NF‐κB to its binding site on the
IL‐6 promoter. A ChIP assay using an antibody against p65 (NF‐κB) was performed to measure binding of p65 to the DNA
of the NF‐κB binding site on the IL‐6 promoter (left panel), to the DNA of the IL‐6 coding region (negative control; middle
panel), and  to DNA of  the GAPDH  coding  region  (negative  control;  right panel). Binding of p65 was  strongly  induced 30
minutes after  incubation with TNF‐α (20 ng/ml). Knockdown of FLJ46906 did not reduce the binding of p65 to  its binding
site on the IL‐6 promoter (left panel).  n = 3 independent experiments with duplicate samples each, mean ± SEM. 

Supplementary Table 1. Primers used. 
Gene Direction Sequence Company 
Expression assay 
CCDC28A Forward AACAGCCAGTGACTCCAATCTG Thermo Fisher Scientific 
  Reverse TGGAACATCTTGTGCATCTGCC Thermo Fisher Scientific 
JUN Forward ACTCGGACCTCCTCACCTCG Thermo Fisher Scientific 
  Reverse GATGTGCCCGTTGCTGGACT Thermo Fisher Scientific 
COL1A1 Forward GTGAGAGAGGTCGCCCTGGA Thermo Fisher Scientific 
  Reverse CCCGGCAGCACCAGTAGC Thermo Fisher Scientific 
CXCL8 Forward GAGTGGACCACACTGCGCC Thermo Fisher Scientific 
  Reverse ACCCTCTGCACCCAGTTTTCC Thermo Fisher Scientific 
ECT2L Forward ACCTCTGGACTAACAAGCAACGTC Thermo Fisher Scientific 
  Reverse CCACTTTGGCCACTTGCATCC Thermo Fisher Scientific 
ELN Forward GGCTGCCAAGTACGGAGTGG Thermo Fisher Scientific 
  Reverse AACCCAAACTGGGCGGCTTT Thermo Fisher Scientific 
FLJ46906 Forward GTTGAGTGCCTGTGTGTTGGG Thermo Fisher Scientific 
  Reverse TCGGGGAGGAACAAAGCTCC Thermo Fisher Scientific 
FLJ46906 siRNA 2 Forward sequence not available, proprietary information Qiagen 
  Reverse sequence not available, proprietary information Qiagen 
IL1B Forward TCGAGGCACAAGGCACAACA Thermo Fisher Scientific 
  Reverse TCACTGGCGAGCTCAGGTACT Thermo Fisher Scientific 
IL6 Forward AAGCCAGAGCTGTGCAGATGAG Thermo Fisher Scientific 
  Reverse CGTCAGCAGGCTGGCATTTG Thermo Fisher Scientific 
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LOC100507462 Forward AAGCTGACGCAGCAAAAGGC Thermo Fisher Scientific 
  Reverse GCGGAAAAGCCTCAGTGTCA Thermo Fisher Scientific 
MMP1 Forward TGTCTCACAGCTTCCCAGCG Thermo Fisher Scientific 
  Reverse CCGCTTTTCAACTTGCCTCCC Thermo Fisher Scientific 
MMP14 Forward sequence not available, proprietary information Qiagen 
  Reverse sequence not available, proprietary information Qiagen 
MMP3 Forward sequence not available, proprietary information Qiagen 
  Reverse sequence not available, proprietary information Qiagen 
MMP9 Forward sequence not available, proprietary information Qiagen 
  Reverse sequence not available, proprietary information Qiagen 
NHSL1 Forward CAAGTGCCCGGTGGTTCAGT Thermo Fisher Scientific 
  Reverse CACAGGGGTGAGTGCTGTGG Thermo Fisher Scientific 
RELA Forward GCAGGCTATCAGTCAGCGCA Thermo Fisher Scientific 
  Reverse TCAGGTCGTAGTCCCCACGC Thermo Fisher Scientific 
RPL27 Forward ATCGCCAAGAGATCAAAGATAA Thermo Fisher Scientific 
  Reverse TCTGAAGACATCCTTATTGACG Thermo Fisher Scientific 
TGFB Forward sequence not available, proprietary information Qiagen 
  Reverse sequence not available, proprietary information Qiagen 
RNA binding assay 
FLJ46906 Forward GTTGAGTGCCTGTGTGTTGGG Thermo Fisher Scientific 
  Reverse TCGGGGAGGAACAAAGCTCC Thermo Fisher Scientific 
U1 Forward ATACTTACCTGGCAGGGGAG Thermo Fisher Scientific 
  Reverse CAGGGGGAAAGCGCGAACGCA Thermo Fisher Scientific 
ChIP assay 
IL6  NF-kB binding 
site 

Forward CACCCTCACCCTCCAACAAA Thermo Fisher Scientific 

  Reverse TTCTCTTTCGTTCCCGGTGG Thermo Fisher Scientific 
IL6 coding region Forward TGGACAGGTATGGCCAGAGA Thermo Fisher Scientific 
  Reverse CAGAGAGGGAAAAGGCCCTG Thermo Fisher Scientific 
GAPDH Forward CCATGTTGCAACCGGGAAGG Thermo Fisher Scientific 
  Reverse AGGAGCGCAGGGTTAGTCAC Thermo Fisher Scientific 

 


