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Abstract

Impaired autophagy may be associated with normal and pathological aging. Here we explore a
link between autophagy and domain function of Werner protein (WRNp). Werner (WRN) mutant
cell lines AG11395, AG05229 and normal aged fibroblast AG13129 display a deficient response
to tunicamycin mediated endoplasmic reticulum (ER) stress induced autophagy compared to
clinically unaffected GM00637 and normal young fibroblast GM03440. Cellular endoplasmic
reticulum (ER) stress mediated autophagy in WS and normal aged cells is restored after
transfection with wild type full length WRN, but deletion of the acidic domain from wild type
WRN fails to restore autophagy. The acidic domain of WRNp was shown to regulate its
transcriptional activity, and here, we show that it affects the transcription of certain proteins
involved in autophagy and aging. Furthermore, siRNA mediated silencing of WRN in normal
fibroblast WI-38 resulted in decrease of age related proteins Lamin A/C and Mrel1.
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1. Introduction

RecQ helicases are ubiquitous in life and are conserved throughout species to human cells
[1]. There are five RecQ helicases in humans, and defects in three of these give rise to
clinical disorders associated with cancer predisposition and/or variable symptoms of
premature aging [2,3]. One of these disorders is Werner syndrome (WS), which is a
recessive autosomal disease associated with premature aging, and the individuals develop
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age associated diseases including cancer [4,5]. WS shares many features of normal aging
including the expression status of various genes within cells [6].

WRN protein (WRNp, 1432 aa) is well characterized for its participation in DNA
metabolism, and it has ATP dependent 3'—5" DNA helicase and single strand DNA
annealing activities [2,7]. WRN has other conserved catalytic domains including 3'—5’
exonuclease, DNA binding RecQ C-terminal (RQC) [8-10], helicase-and-ribonuclease D/C-
terminal (HRDC) and C-terminal NLS [11,12]. WRN also contains an acidic region (424—
477 aa), which is composed of direct repeats of 27 amino acids. This domain is important
for WRNp transcriptional acitivity [13,14]. Various WRN patient mutations have been
shown to affect particular domain function. One of them is a mutation in the helicase domain
at K577M which blocks its helicase activity [15,16]. Mutation in the N-terminal exonuclease
domain at position E84A blocks the exonuclease activity [17]. Central region mutations in
RQC domains R993A and F1037A result in very weak annealing, DNA binding and helicase
activity [18]. Defects in transcription have also been observed in WS cells implicating that
WRNp may have a role in transcriptional control [13,14,19]. WRNp participates in
transcription of genes after stress induced by barbiturate Phenobarbital, an antiepileptic drug
[20].

Autophagy, and specifically macroautophagy is an evolutionarily conserved catabolic
process, which degrades cellular proteins and damaged or excess organelles from the cells
[21]. Damaged macromolecules or organelles prevent proper cellular functions. After
sensing the cellular status double membrane vacuoles known as autophagosomes are formed
and they engulf the protein cargoes and transport them to the lysosomes for degradation. The
acidic environment of the lysosomes digests this content [22—24]. With this machinery cells
can maintain proper cellular homeostasis [25]. This process is evolutionary conserved from
flies to mammals. It was observed that loss-of-functions or mutations in Atgl (Unc-51),
Atg7, Atg18, and Beclin-1 (Bec-1) cause of reduced life span of the nematode
Caenorhabditis elegans [26]. Reduced expression of different atg genes resulted in decreased
life span of the fruit fly Drosophila melanogaster [27]. Failure of autophagy leads to the
accumulation of damaged cellular proteins, which may be responsible for the development
of different neurodegenerative disorders [28] such early Alzheimer’s disease (AD), where
expression of beclin-1 is reduced [29]. Fibroblasts’ from other neurodegenerative disease
such as Machado Joseph Disease (MJD) showed autophagy impairment and accumulation of
aggregated proteins [30]. Here the disease protein, ATXN3, is proposed to regulate many
cellular pathways including aging [31,32]. Recent accumulating data suggest that autophagy
plays a major role in cellular aging [33]. Autophagy generally decreases with age and this
may result in the accumulation of damaged non-functional proteins, which cause oxidative
stress [34]. This perturbs many cellular functions and contributes to the development of
accelerated aging [25].

Alteration of transcriptional activities of WRNp through RNA pol | and RNA pol I1 have
been reported [14,35]. Analysis by expression array showed that both normal old and WS
cells have lower expression of Beclin-1. Additionally, ubiquitination and proteosomal
degradation is also defective in WS cells [6], and this may lead to accumulation of damaged
proteins within cells. Interestingly Beclin-1 plays a crucial role at the initial stage of
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autophagic vesicle formation [36—38]. In our previous study we showed poor response of
starvation induced autophagy in WS cells. After transient overexpression of full length wild
type WRNp in WS cells, upregulation of autophagic proteins were observed [39]. In an
earlier study it was found that WRNp is elevated by tunicamycin mediated endoplasmic
reticulum (ER) stress [40]. The ER stressor tunicamycin blocks N-linked glycosylation (N-
glycans) of proteins which induces the unfolded protein response in the ER lumen, known as
ER stress. Imbalance between misfolded proteins and their clearances resulted in more ER
stress, which ultimately induces the self-degradative process or autophagy through ERAD
pathways. Defective autophagy may lead to accumulation of non functional proteins inside
cells and ultimately results in different diseases including aging. In our earlier studies we
confirmed that WRNp is necessary for the ER stress induced autophagy.

Here, we investigate the autophagic response of WS cell after ER stress. We found that
normal aged cells and WS cells have a very limited response to Endoplasmic reticulum (ER)
stress induced autophagy. Restoration of autophagic proteins was complemented by
transfection with full length WRN in these cell lines. We then mapped the involved region to
the acidic domain of WRN, which was also involved in the transcription of genes necessary
to combat cellular stress. Thus our results suggest that the acidic domain of WRNp plays a
main role for the transcriptional activation of autophagic proteins, which are down regulated
in WS cells and in normal aged cells.

2. Materials and methods

2.1.

Materials

Minimal Essential Media (MEM) (ATO47), Dulbecco’s Modified Eagle Medium (DMEM)
(AT007), L-glutamine (TCL012), MEM Non Essential Amino Acid (ACL006), MEM
Amino Acids (ACL002). Agarose low EEO (MB002) were purchased from Himedia, India.
Fetal bovine serum (FBS) (10270), penicillin-streptomycin (15140122), MEM Vitamin
solution (11120-52) were obtained from Life Technologies, USA. Bovine serum albumin
(BSA) (A9418), Tunicamycin (T7765), Monodancylcadaverin (MDC) (30432) were
obtained from Sigma-Aldrich, USA. Protease inhibitor cocktail (M250-1 ml), Phosphatase
inhibitor cocktail 11 (GX-0211AR) were from Genetix, India. Forward and reverse primers
were synthesized from KRIC, India, Taq polymerase (BB-E0010), MgCl, (BB-E0011),
dNTPs (BB-C0021), from Bio Bharati, India. Q5 High-Fidility DNA Polymerase (M0491G)
was obtained from New England Biolabs (NEB), England. Klenow enzyme (EP0054), T4
DNA ligase, 50% PEG (EL0011) solutions were purchased from fer-mentas, USA. Gel
purification kit (28104) was from Qiagen,Germany. siRNA WRN (439240) and control
SiIRNA (4390846) were purchased from Invitrogen, USA. Anti-LC3 B (ab48394) was
purchased from Abcam, England), anti-Atg5 (9980S), anti-Beclin-1(3738S), anti-p62
(8025S), anti-NFKB (6956P), anti-Mre11(4847P), anti-CDC-2 (9112), were purchased from
Cell Signaling Technologies, USA. Anti-Histone 3.3 B (GTX115549) was purchased from
Gen Tex, USA. Anti-B-Actin (SC-376421) Anti-Werner (SC-5626) antibodies, horse radish
peroxidase-conjugated secondary antibodies were obtained from Santa Cruz Biotechnology,
USA. pBABE-puro mCherry-EGFP-LC3 B which encodes a fusion protein EGFP, mCherry
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and LC3B, was a generous gift from Dr. Jayanta Debnath (Department of Pathology,
University of California, San Francisco).

2.2. Cell lines and culture conditions

WS cells AG11395 (SV40 transformed Fibroblast; Age: 60 Year, Biopsy source: Skin;
Tissue source: Skin; Gender: Male; Ethnicity: Caucasia) and WS primary fibroblasts
AG05229 (untransformed Fibroblast; Age: 25 Year, Biopsy source: Thigh; Tissue source:
Skin; Gender: Male; Ethnicity: Caucasian) unaffected GM00637 (SV40- transformed
fibroblast, Age: 18 Year, Biopsy source: Unspecified; Tissue source: Skin; Gender: Female;
Ethnicity: Caucasia), untransformed primary fibroblast young (GM03440 - Age: 20 Year,
Biopsy Source: Leg; Tissue source: Skin; Gender: Male; Ethnicity: Caucasia) and normal
aged (AG13129) Age: 89 Year, Biopsy source: Arm; Tissue source: Skin; Gender: Male;
Ethnicity: Caucasia) cells were cultured in Minimal Essential Medium (MEM)
supplemented with 10% FBS, 1% peni-cillin_streptomycin, 1% L-glutamine, 1% MEM
NEAA, 1% MEM Amino Acids, 1% MEM Vitamin solution. WI-38 (SV40 transformed
fibroblast; Age: 3 months gestation fetus; Biopsy source: Lung; Tissue source: Lung;
Gender: Female; Ethnicity: Caucasian) cells were cultured in Delbecco’s Modified Eagle
Medium (DMEM) with 10% FBS. All the cells were maintained at 37 °C, 5% CO, and 95%
relative humidity (RH). ER stress was performed by incubating exponential growing cells
with 2.5 pg/ml tunicamycin.

2.3. MDC staining

AG11395 and GM00637 cells (2 x 10%) were seeded in 35 mm plate for overnight. After 16
h cells were treated with 2.5 pg/ml tunicamycin for different time points (2-24 h). The cells
were then washed with 1x PBS thrice and incubated with 50 mmole/L MDC for 10 min at
37 °C. After washing with 1x PBS the cells were mounted on glass slides and viewed under
a fluorescence microscope (Leica DM 2500).

2.4. Autophagic flux measurement

After 16 h of growth cells were transfected with pBABE-puro mCherry-EGFP-LC3 B using
Xtrem gene as per manufacturer’s instructions (Roche). Next day cells were ER stressed
with 2.5 ug/ml tunica-mycin for 8 h. Then cells were washed with 1xPBS thrice and
mounted on glass slides followed by fluorescence microscopic observation (Leica DM
2500).

Autophagic flux of GM00637 and AG11395 and AG11395 cell transfected with full length
wild type WRN and WRN A Acidic was also measured using anti-p62 antibody.

2.5. Western bloting

Whole cell lysates were prepared from the cells with lysis buffer containing 1% Triton
X-100, 50 mM NaCl, 50 mM NaF, 20 mM Tris (pH 7.4), 1 mM EGTA, 1 mM sodium
vanadate, 0.2 mM PMSF, 0.5% NP-40 and protease inhibitors (Bio vision). The supernatant
was collected and protein concentration was estimated using Bradford’s reagent. Cell lysates
containing equal amount of protein (80 pg) were solubilized in Lamellae buffer, boiled for 5
min, and electrophoresed on a 12% SDS-polyacrylamide gel in Tris-glycine buffer (pH 8.8).
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Proteins were then transferred to polyvinylidine difluoride (PVDF) membrane (Bio-Rad).
Nonspecific binding was blocked with 5% non-fat dry milk and 0.05% Tween-20 in 20 mM
Tris-Cl, pH 7.6 (TBS-T). After incubation with the appropriate primary antibody, membrane
was washed with TBS-T and blot was reincubated with secondary antibodies conjugated
with horse radish peroxidase (HRP). Bound antibodies were detected by the ECL detection
reagent (Santa Crutz).

2.6. Cloning

The deletion of acidic domain from WRN (WRN A Acidic) was generated by inverse PCR
using the pEGFP-C3WRN (1-1432) encoding plasmid as the template using final
concentration 0.5 pM forward primer 5’-ATAGTGGCACGGTAGAACCAA-3" and reverse
primer 5’-GGGAGATAAATGCTCAGTAGA-3’, 0.02 U/pl Q5 High-Fidility DNA
Polymerase (NEB) with 200 pM dNTPs. Total PCR protocol consisted of 35 cycle using
reaction condition as initial denature at 98 °C for 30 secconds, denature at 98 °C for 10 s,
annealing at 58.5 °C for 30 s, extention at 72 °C for 4.5 min, final extention 72 °C for 2 min,
hold at 4 °C for 5 min on Biorad. Purification of PCR product and making blunt end using
klenow enzyme as per manufacturer’s instructions. Again, purification of product and then
ligation was done with T4 DNA ligase as per manufactuer’s protocol. 0.8 or 1.5% agarose
gel monitoring was done after each step. Deletion of was confirmed after sequencing using
chromas_lite software by Xcelris Lab Ltd., (India).

2.7. Statistical analysis

Two-tailed Student’s #test was used to evaluate the statistical differences between the
groups. Here P < 0.05 was considered as statistically significant. Error bars represent the
means + SD for all plots. Data analysis was performed using the Microsoft Office 2007
software.

3. Results

3.1. WS cells show lower endoplasmic reticulum stress induced autophagy

Endoplasmic reticulum (ER) stress induced autophagy was measured in WS cell (AG11395)
and in normal skin fibroblast cells (GM00637) by MDC (Monodansylcadaverine) staining.
ER stress was induced by incubating the cells with 2.5 p g/ml tunicamycin. Cells were
collected at different time points (Fig. 1A) and stained for autophagic vacuoles with MDC
followed by fluorescence microscopic analysis. As seen in Fig. 1A, following ER stress
there were fewer autophagic AG11395 cells than GM00637 cells at all time points tested.
Further, we performed immunoblot from total cellular extract of WS and normal cell lines
and analysed for autophagy marker proteins. As seen in Fig. 1B, the band corresponding to
LC3BII is more intense in the normal cell line after ER stress compared to WS cells. The
ratio of intensity LC3BII and LC3BI is shown in Fig. 1C. Similarly, autophagy marker
proteins Beclin-1 and Atg5 increased more after ER stress in GM00637 than in WS cells
(Fig. 1D and 1E respectively).
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3.2. Transient expression of WRN rescues autophagy in WS cells

As seen in Fig. 2A and E, when we over-expressed WRN in WS cells (AG11395 and
AG05229), respectively, ER stressed induced autophagy was restored as determined by the
expression of autophagic marker proteins. The ratio of LC3BII and LC3BI is plotted for
both the sets (Fig. 2B and F) and the level of Beclin-1, and Atg5 compared to -actin are
plotted in (Fig. 2C and D respectively). Further, in WS cells the total amount of autophagic
vacuole formation is much less than in normal fibroblasts, determined after transfecting the
cells with mCherry-EGFP-LC3 plasmid followed by ER stress (Fig. 2G). As seen in (Fig.
2H), the ratio of yellow to red dots in GM00637 (0.47) and AG11395 (0.41) cells were
almost similar indicating that the rate of subsequent fusion with acidic lysosomes was
similar while the total amount of autophagic vacuoles were fewer in AG11395 cells
compared to normal.

3.3. Functional domain of WRN responsible for the restoration of autophagic responses

We then evaluated the role of various catalytic domains of WRNp in autophagy. Different
clones of mutant WRN were used (Fig. 3). X-WRN (mutation at E84A) and K-WRN
(mutation at K577M) is defective in exonuclease and helicase activity respectively [17].
Over expression of those mutants in WS cells resulted in ER stress induced autophagy
similar to wild type WRN indicating that helicase and exonuclease functions of WRNp are
not essential for autophagy (Fig. 4A). Similar results were observed for all the mutant WRN
fragments including the one containing the RQC domain (949-1092 aa), which is known as
interacting domain of WRNp. Interestingly, the fragment of WRN containing 54-499 aa,
which encompasses the acidic and exonuclease domains were able to induce autophagy like
wild type WRN (Fig. 4A). Finally, a deletion of the acidic domain (428-482 aa) was
constructed from full length wild type WRN with the help of inverse PCR. Introduction of
this WRN deleted acidic domain (WRN A Acidic) into cells was not able to induce
autophagic proteins after ER stress in WS (Fig. 4A) and resulted in decreased expression of
autophagy marker protein after ER stress (Fig. 4A and B). Expression levels of different
WRN vectors in WS AG11395 cell line are shown in the supplementary S2.

3.4. Normal autophagic flux

As p62 protein plays an important role in autophagy flux [41], we checked p62 protein
status by immunobloting whole cell extract from WS and normal cell lines (Fig. 5A). The
amount of p62 did not change in WS after ER stress but in normal fibroblast the amount of
p62 decreased after ER stress (Fig. 5A and B). The higher amount of p62 in WS may be due
to the impairment of early steps in autophagy. Similarly, when WS cells were transfected
with full length WRN and WRN A acidic the amount of p62 increased after tunicamycin
treatment in cells transfected with WRN A acidic only (Fig. 5C and D) indicating the role of
the acidic domain in autophagy mediated clearance due to autophagy induction.

3.5. WRN restores ER stress induced autophagy in aged fibroblast

To determine the effect of full length WRNp in the aging process we used normal young
(AG13129) and old (GM03440) fibroblast. As expected aged fibroblast showed reduced
autophagy after ER stress compared to young fibroblast (Fig. 6A and B). When we
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expressed full length WRN in aged fibroblast, ER stress induced autophagy was restored
(Fig. 6C and D). But when we transfected with WRN A Acidic, ER stress induced
autophagy was not restored, indicating the significant role of the acidic domain of WRN.

3.6. WRN acidic domain can influence the expression of other proteins

3.7.

After finding a unique property of the acidic domain we assessed whether the increased
expression of proteins due to the presence of the acidic domain is restricted to autophagy or
whether it has involvement in other cellular processes. Some of the proteins including Lamin
AJC, Mrell, Histone 3 B were found to have reduced expression in WS cells [19,6] and
proteins like Lamin A/C, Mrell, Histone 3B are down regulated with aging [42-46] as seen
in Fig. 7, transfection of full length WRN in WS cells resulted in enhanced expression of
proteins Lamin, Mrell, Histone 3 B and decreased NFkB, CDC2. Simultaneously, it was
observed that Lamin and Mrell are upregulated after transient overexpression of WRN in
normal fibroblast GM00637 (Fig. 8A). Moreover, upregulation of Lamin after WRN
overexpression in WI138 cell (Fig. 8D) indicating overexpression of WRN can also enhance
protein expression on WRN positive background.

Inhibition of WRNp using siRNA decreases expression of age associated genes

Finding that full length WRNp resulted in upregulation of some age associated genes in
AG11395 cells, we wanted to determine the cellular fate after depleting WRN from WI-38
cells. Using siRNA we knocked down about 70% of WRNp in WI-38 cells (Fig. 9A and B).
Protein levels of Lamin A/C and Mrel11 were decreased in sSiRNA treated WI-38 cells
compared to scrambled siRNA (Fig. 9C) in complete medium. The ratio of different proteins
with actin in siRNA and scramble RNA treated WI-38 cells were compared and plotted (Fig.
9D Lamin A/C: Actin), (Fig. 9E Mrell: Actin).

4. Discussion

In this study we find that WS cells display reduced ER stress induced autophagy.
Transfection with full length WRN or the 54-499 aa fragment of WRN rescued the ER
stress induced autophagy in WS cell by upregulating autophagic proteins. Moreover, this
acidic domain can also influence the expression of other proteins not apparently related to
autophagy.

In our previous work we found that WS cells are deficient in starvation induced autophagy
and that transfection of full length WRN resulted in restoration of autophagy [39]. ER stress
induced damage in different proteins and organelles invokes autophagy in order to maintain
cellular homeostasis by clearing damaged proteins or organelles. Thus, the absence of
autophagy results in accumulation of damaged proteins and the development of
pathophysiological features including aging. Most of the work on WRNp has addressed its
role in DNA repair, replication and how different domains of WRNp attributed to distinct
functions, which are important for cellular metabolism. In this study we have identified that
the acidic region of WRNp plays an important role in the regulation of autophagy. This
acidic region was previously shown to stimulate RNA pol Il and hence associated with
transcription. Also, the role of WRNp in the transcription process has remained unclear, but
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overexpression of WRN in WS cells caused enhanced expression of different proteins
including some autophagy related ones (LC3B, Atg5 and Beclin 1) [39]. Involvement of the
acidic region of WRNp in transcription has been reported [13,14]. Here we also document
that WRN transfection in WS cells resulted in increased expression of not only autophagy
related proteins but also of others relevant to the aging process. Moreover, intense
investigation showed lack of autophagy response in normal aged fibroblast [47]. From our
study it seems that the presence of WRNp not only restores autophagy in WS cells but also
in normal aged fibroblasts. This emphasizes the central role of WRN in aging. It is tempting
to speculate that lack of autophagy may be associated with aging and that WRN may be
involved in the process by upregulating some autophagy related proteins and thus
accelerated aging becomes a hallmark of WS patients. Additionally, in the normal aging
process, WRN may be inactivated as its catalytic functions are regulated by different
modulations which are also affected in aged cells. These include post translational
modifications including acetylation [48-50] phosphorylation [51,52] and oxidation [53].

IREa is a marker of ER stress mediated accumulation of unfolded proteins. A recent study
showed a higher amount of IREa and of phosphorylated IREa in WRN null or defective
WRN mice compared with wild type animals [54]. Hacl is a transcription factor, which
encodes proteins involved in the unfolded protein response (UPS) [55]. Inhibition of Hacl
blocks atg8 processing and prApel maturation thus inhibits autophagy [56]. WS cells are
deficient in RNA pol | and Il mediated transcription of various transcription factors. It has
been known that there is a regulatory link between ER associated degradation (ERAD) and
the UPR [57]. ERAD is leading mechanism which can handle misfolded protein [58] during
ER stress. After ERAD, unfolded proteins that accumulate in the ER lumen are transported
into the cytosol and then degraded by the proteasomes [59]. Ws cells cannot mitigate ER
stress as the proteosomal protein level is low in these cells [6].

Recently, a yeast two-hybrid system study showed that WRN is covalently attached with
SUMO-1 and that Ubc9 is an interactive partner of the N-terminal segment of WRNp [60].
Here, we found that the N-terminal fragment (54-499 aa) of WRN can rescue autophagy.
Interestingly, Ubc9 mediated SUMOylation is sufficient to upregulate autophagy in cardiac
myocytes [61]. We have demonstrated that the lower expression of Beclin-1 and Atg5 in WS
cells after ER stress can be complemented by transfection with full length wild type WRN or
its 54-499 aa fragment. Accordingly, deletion of this acidic domain (WRN A Acidic) from
wild type WRN renders it incapable of upregulating autophagic proteins like LC3, BECN1,
ATG-5 and thus autophagy.

Further, we observed that inhibition of WRN using siRNA resulted in diminished age related
proteins LaminA/C and Mrell. Interestingly, we found that the acidic domain containing
full length WRN can up-regulate the protein levels of Lamin A/C by 1.9 fold, Mrell by 1.3
fold compared to WRN A acidic. Our results corroborate previous work, which showed that
WRN knock down from cells decreased the amount of Lamin A/C and Mrel1 in normal
human fibroblast cells [19]. In Hutchinson-Gilford progeria syndrome (HGPS), mutation in
Lamin A/C is well documented, though the involvement of Lamin A/C in the progression of
the diseases is not yet known [42]. Involvement of Mrel1 is important for DNA DSB repair
and telomere length maintaining. Accumulation of damaged DNA may be another
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explanation for aging and age related diseases. Replicative senescence associated with
telomere shortening is well documented and high expression of Mrell along with other
proteins may be essential for maintenance of telomeres, particularly during stress, to avoid
faster aging [43]. Lack of Mrell or some other DNA repair proteins may be cause of
improper DNA repair. Additionally, we also found an increase of H3 histone family 3B
protein by 1.5 fold after transfection with the acidic domain containing full length WRN.
Interesting, experiments in budding yeast (Saccharomyces cerevisiae) reveal increased
histone H3 supply by inactivation of the Hir (histone information regulator) complex or that
overexpression of histones H3 dramatically extends lifespan [44]. Additionally, H3.3 is
essential for the lifespan extension of Caenorhabditis elegans [45]. It has been shown that
old human cells have reduced histone synthesis compared to young cells [46]. On the other
hand, we found that WS contains a higher amount of CDC2 and NFKkB protein. Introduction
of full length WRNp results decreased amount of expression of these protein. Previous study
also stated excess expression of CDC2 in WS [6]. Cdc2 is essential for cell cycle
progression and remarkable reduction is connected with senescence. We found reduction of
CDC2 after transfection of full length WRN. Lowering of CDC2 may cause of cell cycle
arrest. Simultaneously, CDC2 inhibition is connected with autophagic cell death [62]. It was
already noticed that the NF-xB pathway is upregulated in WS. Introduction of full length
WRN reduces the amount of NFKkB [19]. Transcriptional activity of NF-xB is increased in a
variety of tissues with aging and is associated with many age-related degenerative diseases
including Alzheimer’s, diabetes and osteoporosis [63].

Thus, taken together, it is possible that the acidic domain of WRNp helps to maintain the
proper cellular function by upregulation of autophagy via the interaction with Ubc9 and or
concomitant with trans activation of autophagic genes through its acidic domain.

5. Conclusion

Our report finds a relationship between WRNp and ER stress induced autophagy. WS cells
are less responsive in autophagy. Full length wild type WRN can restore autophagy in WS
cells. WRN knock down from normal fibroblast cells resulted downregulation age associated
proteins Lamin A/C and Mrell. On the other hand, deletion of acidic domain of WRN
shows reduced autophagy concomitant with down regulation of Beclin-1, Atg5 and LC3B.
Further, the acidic domain has a global transcription property. Thus, we suggest that the
acidic domain of WRNp is key for its transcriptional activity. Thus WRNp positively
regulates autophagy related proteins and promotes autophagy to prevent cellular aging.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WRNp Werner protein
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Fig. 1.

Ngrmal fibroblast cell (GM00637) and Werner syndrome fibroblast cell (AG11395) were
treated with ER stress inducer tunicamycin. Control cells were incubated with complete
medium. (A) Graphical representation of MDC staining at different time points 2-24 h of all
the cells. More than 600 cells were analysed for each condition. (B) Immunobloting of total
cellular extract for autophagy marker proteins of normal fibroblast GM00637 and WS cell
AG11395. (C) Graphical representation of ratio LC3BII and LC3BI of both cell lines. (D)
Graphical representation of ratio Beclin-1 and Actin of both cell lines. (E) Graphical
representation of ratio Atg5 and Actin of both cell lines. 3 western blots from 3 separate sets
of experiments were used.
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Fig. 2.

(A?) AG11395 cells were transfected with empty vector (EGFPCL1) or full length WRN
plasmid and go for ER stress for 8 h. Total cell lysate was immunoblotted with anti-LC3B,
anti-Beclin-1, anti-Atg5 antibodies. Here B-Actin was used as a loading control. (B-D)
Bands intensity were measured and graphically represent the ratio of LC3B-Il and LC3B-I,
Beclin-1 and Atg5 at different time point respectively. (E) AG05229 cells were tranfected
with full length WRN plasmid and go for ER stress for 8 h. Total cell lysate was
immunoblotted with anti-LC3B, anti-Beclin-1, anti-Atg5 antibodies. Here p-Actin was used
as a loading control. (F) Graphically represent the ratio of LC3B-Il and LC3B-1. Normal
(GMO00637) and WS (AG11395) cells were transfected with pBABE-puro mCherry-EGFP-
LC3 B and ER stressed for 8 h. (G) mCherry and EGFP signal were observed under
fluorescence microscopy. Atleast 450 cells were examined for different conditions. (H)
Graphical representation of autophagic flux of all cell lines. 3 western blots from 3 separate
sets of samples were used. *** p < 0.0005, mean * SD, n=3.
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Schematic diagram representing wild type WRN and different point and deletion mutant
WRN used in this study.
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Fig. 4.

AG11395 cells were transfected with different WRN mutant or fragmented WRN or full
length WRN. Cells were then treated with tunicamycin for 8 h along with complete medium.
(A) Immunobloting of total cellular extract for autophagy marker proteins. (B) Graphical
representation of ratio LC3BII and LC3BI of all conditions. 3 western blots from 3 separate

sets of samples were used.

DNA Repair (Amst). Author manuscript; available in PMC 2019 February 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Maity et al.
A
Tunicamyein
p62
B-Actin

C
AG11395  GMO00637

Page 18

\Y%

X3 S N
g8 58
4 I

- + - + Tunicamycin - g - +
—— — — p62 |.— — —
e o— — — B-Actin [ -e—————

EZ3 Control
$::::::nycin D 1.0+ « Tun:call'nycin

I = 0.8
lﬁ

0.6
<

I o 0.4
\ -]
‘ Ay

B ol
o 0381
-*3
0.6
=
s 0.4
A
0.2
0.0
Fig. 5.

AG11395 GMO00637

0.2+

0.0-

WRNAAcidic WRN

AG11395 and GM00637 cell lines were treated with ER stressor tunicamycin for 8 h along
with complete medium. (A) Immunobloting of total cellular extract for autophagy flux
marker protein p62. (B) Graphical representation of ratio of p62 and Actin. (C) AG11395
cell was transfected with wild type WRN and WRN A Acidic. Whole cell lysate was
immunoblotted with anti-p62. (D) Graphical representation of p62 and Actin ratio. Here -
Actin was used as a loading control. 3 western blots from 3 separate sets of samples were

used.
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Fig. 6.

Ur?affected normal young (GM03440) and aged (AG13129) fibroblast were treated with ER
stressor tunicamycin for 8 h along with complete medium. (A) Total cell lysate was
immunoblotted with anti-LC3B, anti-Beclin-1, anti-Atg5 antibodies. Here p-Actin was used
as a loading control. (B) Bands intensity were measured and graphically represent the ratio
of LC3B-Il and LC3B-I. (D) Graphical representation of represent the ratio of LC3B-I1l and
LC3B-I. 3 western blots were examined for each condition. *** p < 0.0005, mean + SD,
n=3.
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Fig. 7.

A(g.]311395 cell was transfected with wild type WRN and WRN A Acidic. Whole cell extract
was immunoblotted with different proteins like anti-Lamin, anti-H3.3B, anti-Mrel1, anti-
NF-xB and anti-CDC2. Here 3-Actin was used as a loading control. (B-F) represents
Graphical representation of the ratio of Lamin A, Histone 3.3B, Mrell, NFkB and CDC2
with actin respectively. 3 western blots were examined for each condition. * p < 0.05, ** p <
0.005, *** p < 0.0005 mean + SD, n = 3.
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Fig. 8.

Ngrmal fibroblast GM00637 and WI-38 cell was transfected with wild type WRN and WRN
A Acidic (A and D). Whole cell extract was immunoblotted with different proteins like anti-
Lamin, anti-Mrel1, Here B-Actin was used as a loading control. (B—C) represents graphical
representation of the ratio of Lamin A, and Mrell. (E) Represents graphical representation
of the ratio of Lamin A in WI-38 cell.
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Fig. 9.

(A?) Silencing of WRN protein using WRN siRNA in Wi-38 cell. (A) Western blot analysis
of expression of WRN protein in siWRN and scrambled siRNA transfected cell. (B)
Graphical representation of inhibition of WRN protein. ** p < 0.005, mean * SD, n=3. (C)
After transfection with sSiWRN or scrambled siRNA WI-38 cells were allowed to grow in
complete medium for 24 h. Western blot of total cell lysate using anti-Lamin A/C, anti-
Mrell antibodies. Here B-Actin was used as a loading control. (D-E) Quantitfication of
band intensity was performed using Image J. ** p < 0.005, mean = SD, n=3.
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