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10 ABSTRACT

11 Recently, we showed that A40p53, the translational isoform of p53, can inhibit cell growth
12 independently of p53 by regulating microRNAs. Here, we explored the role of A40p53 in
13 regulating the IncRNA-miRNA axis. Based on early research from our laboratory, we
14  selected LINCO00176 for further exploration. LINC00176 levels were affected by the
15  overexpression and knockdown of A40p53. Further, under DNA damage, ER stress, and
16  glucose deprivation, LINC00176 was upregulated in HCT116 p53-/- cells (harboring only
17 A40p53) compared to HCT116 p53+/+ cells. Additionally, ChIP and RNA stability assays
18 revealed that A40p53 transactivates LINC00176 transcriptionally and stabilizes it post-
19  transcriptionally. We ectopically overexpressed and knocked down LINC00176 in HCT116
20 p53-/- cells, which affected proliferation, cell viability, and the expression of epithelial
21 markers. Finally, RNA pulldown revealed that LINC00176 sequesters several putative
22 miRNA targets. These results provide important insights into the pivotal role of A40p53 in
23 regulating the INCRNA-miRNA axis.

24 Keywords: p53 isoform; A40p53; LINC00176; miRNA; cellular effect of A40p53

25 INTRODUCTION

26 The tumor suppressor p53 is a master transcriptional regulator that regulates several critical
27  events during cell fate determination, including transcriptional regulation of multiple genes
28 involved in cell survival, cell cycle regulation, apoptosis, and metabolism (1). p53 has 12
29 isoforms created by alternate promoters, splicing sites, and translation initiation sites. These
30 different isoforms have unique functions and are capable of modulating p53 activity (2). The
31 A40p53 isoform is the only translational isoform of p53. Our laboratory has shown that
32 translation initiation from the first IRES (Internal Ribosomal Entry Site) of TP53 generates
33  full-length p53 protein, whereas translation initiation from the second IRES generates
34 A40p53 (3). Various ITAFs (IRES trans acting factors) are required for the IRES-mediated
35 translation of the two isoforms under different stress conditions (4-6). We have also shown
36  how a protein and miRNA crosstalk at the TP53 3'-UTR influences differential expression of
37  p53 and A40p53 (7).

38  These two isoforms have a robust affinity toward each other as both contain the
39  oligomerization domain, and they can therefore form homo- and hetero-tetramers (8). A40p53

40  can both positively and negatively regulate p53 activity: it can alter the recruitment of p53
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41  co-activators, increasing its activity (9), but it can negatively regulate the transactivation of
42  p53 target genes, such as p21 (10). A40p53 also has p53-independent functions. It controls
43  the switch from pluripotency to differentiation in somatic cells and helps maintain
44  pluripotency in embryonic stem cells (11). It also regulates proliferation and glucose
45  homeostasis in mice (12). Moreover, it uniquely regulates genes involved in apoptosis (13)
46  and senescence (14). In certain cancers, full-length p53 is insufficient to protect against
47  tumorigenesis, and A40p53 is essential for mediating apoptosis through the selective
48  activation of specific target genes (15). Recent observations also suggest a role for A40p53 as
49  a tumor suppressor in hepatocellular carcinoma (16). One of our latest studies showed that
50  A40p53 can specifically regulate miR-186-5p (17). However, although some studies have
51  examined the functional role of A40p53, there has been little detailed investigation regarding
52  intermediate molecules (such as RNAs or proteins) through which A40p53 exerts its

53 influence on cells.

54 Some RNAs in the p53 response pathway have been shown to be involved in tumor
55  suppression (18). Among the cellular pool of RNAs, IncRNAs (long non-coding RNAS) have
56 gained attention in cancer because of their transactivation functions. LncRNAsare a
57  heterogeneous class of noncoding RNAs >200 nucleotides in length with very low or no
58  coding potential. Several IncRNAs crosstalk with p53, thereby regulating cellular processes
59 including cell proliferation, differentiation and development, chromosomal imprinting, and
60 genomic stability (19-21). Therefore, we were interested in exploring the regulation of long
61  noncoding RNAs by A40p53.

62  To understand the potential role of A40p53-mediated regulation of INCRNASs, we investigated
63  a cellular IncRNA profile (unpublished observation) in our laboratory in H1299 cells (a p53-
64  null cell line) with overexpression of full-length p53, A40p53, or both isoforms. Preliminary
65  results suggested that several INCRNAs are differentially regulated under these conditions.
66  Interestingly, LINC00176 was predominantly regulated by A40p53. LINCO00176 is a long
67 noncoding RNA that is differentially expressed in cancer and normal tissues and may have a
68  tumor-suppressive role. Recent studies have demonstrated that LINC00176 regulates the
69  expression of microRNAs in hepatocellular carcinoma (22) and that it promotes ovarian
70  cancer progression by downregulating ceruloplasmin (23). By contrast, a report on genome-
71 scale CRISPR screening has emphasized its possible role as a tumor suppressor INCRNA (24).
72 LINCO00176 is regulated through several pathways involving different upstream regulators
73 and downstream targets. Based on the results obtained from our preliminary experiments, we
74  decided to focus on LINC00176 and its differential regulation by p53 isoforms. We found
3


https://doi.org/10.1101/2022.04.28.489891

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.28.489891; this version posted April 30, 2022. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

75  that LINC00176 is predominantly regulated by A40p53. Therefore, in this study, we explored
76  the role of the A40p53/p53-LINC00176 axis in microRNA-mediated regulation of cell
77 growth and proliferation.

78 MATERIALSAND METHODS

79  Bioinformatic Analysis

80 GEPIA (http://gepia.cancer-pku.cn/detail.php?gene=LINC00176) was used for analysing
81  differential LINC00176 levels in cancer. LINC00176 was queried in the database and the

82  results were generated by selecting Cancer versus Normal Analysis (25). starBase v2.0

83  database (https://starbase.sysu.edu.cn/starbase2/browseNcRNA.php) was used to identify
84  potential miRNA targets of LINC00176 (26). catRAPID fragments software was used to

85  predict possible protein binding regions in LINCO00176
86  (http://service.tartaglialab.com/page/catrapid group old), and the interaction score between
87 LINCO0176 and the  A40p53 was  predicted by RPISeq  software
88  (http://pridb.gdcb.iastate.edu/RPI1Seqg/results.php). PROMOALGEN has been used to predict
89  transcription factor binding site in LINCO0176 gene (http://alggen.lsi.upc.es/cqi-

90  bin/promo_v3/promo/promoinit.cqi?dirDB=TF 8.3). dbDEMC2.0 has been used to perform
91  ameta profiling of selected miRNAs (https://www.biosino.org/dbDEMC/help#help00) (27).

92  Cdl linesand transfections

93  We have used three cell lines in the current study: H1299 (lung adenocarcinoma cell line
94  lacking p53/A40p53), HCT116 p53+/+ cells (colon carcinoma cell line harboring wild-type
95 pb3; hereafter called HCT116+/+); and HCT116 p53-/- cells (colon carcinoma cell line
96 harboring only A40p53; hereafter called HCT116-/-). These cells were maintained in DMEM
97 (Sigma) with 10% Foetal Bovine Serum (GIBCO, Invitrogen). 70%-80% confluent
98  monolayer of cells was transfected with various plasmid constructs using Lipofectamine 2000
99  (Invitrogen) and Turbofectamine in Opti-MEM (Invitrogen). The medium was replaced with
100 DMEM (with antibiotic) and 10% FBS four hours later. The cells were harvested and
101  processed as required at the desired time point. For the stress-induced experiments, the cells
102 were treated with doxorubicin (2uM) for 16 h, Thapsigargin (0.1 uM, 1 pM) for 16 h,
103 DMEM minus Glucose medium for 8 h. For stability experiments cells were transfected with
104  siRNA directed to A40p53, post 40 h of transfection cells were treated with Actinomycin D

105 (1 mg/ml) and cells were harvested at 0 h, 4 h and 8 h post treatment.
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106  Plasmids and constr ucts

107  pGFP-hp-p53- 5'UTR-cDNA (14A): It expresses both pS3FL and A40p53 (a generous gift
108  from Dr. Robin Fahraeus, INSERM, France). pGFP-hp-p53-5'UTR (A135T)-cDNA which
109  expresses onlyA40p53 and pGFP-hp-p53- 5'UTR (A251G/T252 C/G253T)-cDNA which
110  expresses only full-length p53(p53FL) (17). Two constructs were used for Tagged RNA
111 Affinity Purification: Plasmid pMS2 and pMS2-GST. (Both the constructs were a generous
112 gift from Je-Hyun Yoon and Myriam Gorospe Laboratory of Genetics and Genomics,
113 National Institutes of Health, Baltimore, MD 21224, USA) (28,29). LINC00176 (3495-4302)
114  construct obtained in the study (a generous gift from Dr. T Tamura Institut fuer Biochemie,
115  Hannover, Germany) has been used to generate the overexpression construct. LINC00176
116  overexpression construct was generated by cloning the insert into pMS2 plasmid between
117 Hindlll and EcoRlI sites.
118 5'CCGGTGTCGTCTTGCAAACATTAAACTCGAGTTTAATGTTTGCAAGACGAC

119  ATTTTTG-3’ sequence of ShRNA was used to target LINC00176.

120 SRNA transfections

121 HCT116+/+ and HCT116-/- cells were transfected with 30 nM si p53 RNA (IDT). 5'-
122 AACCUCUUGGUGAACCUUAGUACCU-3" is the sequence for p53 siRNA, directed
123 against the 3’UTR of p53; therefore, it targets both p53 as well as A40p53. A non-specific
124  siRNA (Dharmacon) was used in the partial silencing of p53/A40p53 in the experiments as
125  control. si-LINC00176 (5-CUCGUUCUGUAGACUUGUU-3") was used for partial silencing
126 of LINC00176 (a generous gift from Dr. T Tamura, Institut fuer Biochemie, Hannover,
127 Germany) (22).

128  Western Blot analysis

129  Protein concentrations of the extracts were assayed by Bradford (Bio-Rad) and equal amounts
130  of cell extracts were separated by SDS 12% PAGE and transferred to nitrocellulose
131 membrane (Bio-Rad). Samples were then analyzed by Western blotting using rabbit-raised
132 anti-p53 polyclonal antibody (CM1, kind gift from Dr. Robin Fahraeus, INSERM, France and
133 Prof. J.C. Bourdon, of University of Dundee, UK), followed by secondary antibody
134  (horseradish peroxidase-conjugated anti-mouse or anti-rabbit 1gG; Sigma). Mouse-
135  monoclonal anti-B-actin antibody (Sigma) was used as a control for equal loading of total cell
136  extracts. 1801 antibody (Santa Cruz Biotechnology, Cat. No. SC-98) was used to detect p53
137 and A40p53. E-cadherin antibody (Santa Cruz Biotechnology, Cat. No. SC-8426), Slug

5


https://doi.org/10.1101/2022.04.28.489891

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.28.489891; this version posted April 30, 2022. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

138  antibody (Santa Cruz Biotechnology, Cat. No. SC-166476), Bip antibody (Abclonal, Cat. No.
139  A4908) and GST Antibody (B-14) (Santa Cruz Biotechnology, Cat. No. SC-138) was used to
140  detect E-cadherin, Slug, Bip and GST proteins respectively.

141  RNA isolation and Real time PCR

142 Total RNA was isolated from cells with TRl Reagent ™

(Sigma), according to
143 manufacturer’s protocol. The isolated RNA was treated with 10 units of DNase | (Promega),
144  extracted with acidic phenol-chloroform, and precipitated with 3 M sodium acetate (pH 5.2)
145 and 25 volumes of absolute alcohol. RNA amount was quantified with Nano-
146  spectrophotometer and cDNAs were synthesized using specific reverse primers and MMLV
147 RT (Revertaid "™ Thermo Scientific) at 42°C for 1 h, according to standard protocol. While
148  2-5ug of total RNA has been used for checking the expression of mMRNAs and IncCRNAs,

149  50ng of total RNA has been used to check the expression of miRNAs.

150 SYBR green Assay System was used for mRNA, IncRNA and miRNA detection and
151  quantification. We have used actin as endogenous control for mMRNA, IncRNA and 5SrRNA
152  as endogenous control for miRNAs. The thermocycling conditions for SYBR green Assay
153  system include 1 cycle of 95°C for 10 min, and 40 cycles of 95°C for 15 s, and 60°C for 30 s
154  and 72°C for 30 s (Applied Biosystems). 2-*““' method algorithm was used to analyse the
155  relative changes in expressions, where actin/5S served as an endogenous control. The fold
156  change was calculated using 272““". ACt = Ct (target gene) —Ct (endogenous control) and
157  AACt = ACt target sample) —ACt (control sample). Melting curve analysis of every (q)PCR

158  was conducted after each cycle.

159  Tagged RNA Affinity Pull down Assay (TRAP Assay)

160  The method is based on the addition of MS2 RNA hairpin loops to a target RNA of interest,
161  followed by co-expression of the MS2-tagged RNA together with the protein MS2 (which
162  recognizes the MS2 RNA elements) fused to an affinity tag (29). After purification of the
163 MS2 RNP complex, the miRNAs present in the complex are identified. In this study we have
164  tagged the LINCO0176 with MS2 hairpins and have co-expressed it in Human colon
165  carcinoma cells (HCT116-/-) along with the chimeric protein MS2-GST (glutathione S-
166  transferase). After affinity purification using glutathione SH beads, the microRNAs present in
167  the RNP complex were identified by reverse transcription (RT) and real-time, quantitative
168  (q)PCR.
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169 MTT Assay

170  HCT116-/- cells were transfected with either LINC00176 o/e or sh-LINC00176 construct, 36
171 h post transfection these cells were re-seeded in 96 well plate. After 20 h of reseeding 10 pl
172 of MTT (50 mg/ml) reagent was added and cells were incubated for 3-4 h, following which
173 the supernatant was removed and cells were dissolved in 200ul of DMSO. Cell viability was
174  measured as a spectrophotometry reading of amount of MTT incorporated in the cell at 560
175 nm wavelength. The reading taken on the first day is considered as Day 0. Similarly, the
176  reading was measured on Day 2 and Day 4 and Day 6 post re-seeding to check the effect on

177  cell viability over a period of time.

178  Cdll cycle Analysis

179  HCT116-/- cells were transfected with either LINC00176 o/e or sh-LINC00176 construct, 48
180  h post transfection the cells were harvested and fixed with methanol. The fixed cells were
181  treated with RNase A (10 mg/ml) for 1 h at 37°C, following which PI (Propidium iodide-

182  1mg/ml) was added to the cells and taken for Flow cytometric analysis.

183  Colony formation Assay

184  HCT116-/- cells were transfected with either LINC00176 o/e or sh-LINC00176 construct. 36
185  h post transfection 1000 cells from each condition were reseeded on 6 well plate and was
186  incubated for 10-14 days to observe the number of colonies obtained. Post 10-14 days, cells
187  were harvested by directly adding methanol to the plates for cell fixation, followed by which
188  the cells were stained with Crystal Violet solution. After the cells got stained, the excess
189  colour was washed with water 2-3 times, following which the colonies were quantified for

190  any differences in number.

191  BrdU cell proliferation assay

192 BrdU cell proliferation assay was performed as described in BrdU Cell Proliferation ELISA
193  Kit (ab126556). Briefly, HCT116-/- cells were transfected with si-LINC00176. 36 h post
194  transfection these cells were reseeded in 96 well plate. After 12 h of reseeding BrdU solution
195  was added and cells were incubated for 12 h, followed by the protocol as mentioned in the

196  manual.
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197  Statistical analysis

198  The data were expressed as mean + SD. Statistical significance was determined using two-
199  sided Student’s t-test. The criterion for statistical significance was p<0.05 (*) or p<0.01 (**)
200  or p<0.001(***)

200 RESULTS
202  Selection and validation of LINC00176 for further studies

203  We identified LINC00176 based on a preliminary screen (unpublished data from our
204 laboratory) of IncRNA expression in cells expressing different p53 isoforms. As mentioned
205  earlier, LINC00176 is known to have multiple regulators that govern important cancer-driven
206  processes. We assessed the expression of LINC00176 using the GEPIA database.
207  LINCO00176 was differentially expressed in different cancer types (Figure S1A). Box plot
208  analysis suggested that the expression of LINC00176 was lower in tumor tissues (lung and
209  colon) than in normal tissues, which is analogous to WT p53 and A40p53 levels in cancer
210 (Figure S1B). To draw a direct association with p53, we assessed the correlation between
211 p53 and LINC00176 expression and found that in normal tissues, LINC00176 was positively
212 correlated with p53 levels (Figure S1C, E, G). However, in tumor tissues, they were
213 negatively correlated (Figure S1D, F, H). This observation suggests that LINC00176 may be
214  positively regulated by WT p53 in normal conditions and negatively regulated by mutant p53
215 in tumor conditions. Since A40p53 was not annotated in the GEPIA database, we could not
216  analyze the correlation between A40p53 and LINCO00176. However, we hypothesize that
217  A40p53 is one of the most important isoforms of p53 and could be a potential regulator of
218  LINCO00176.

219  Given the distinctive functions of LINC00176 reported in the literature, we investigated its
220  regulation by p53 isoforms. To directly investigate the role of p53 isoforms on LINC00176,
221 we examined the expression of LINCO00176 in three cancer cell lines: H1299 cells with
222 ectopic overexpression of p53, A40p53, or both (14A construct); HCT116+/+ and HCT116-/-
223 cells. LINC00176 levels were first validated in H1299 cells after overexpressing p53,
224  A40p53, or both p53 and A40p53. It was upregulated under all conditions compared to
225  control cells (Figure 1A, B). However, the fold change was highest in cells with A40p53
226 overexpression, suggesting that A40p53 might be a more important regulator than p53. Since
227 it would be more physiologically relevant to examine LINC00176 in a cell line with
228  endogenous expression of p53, we also examined the levels of LINC00176 in HCT116+/+
8
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229  and HCT116-/- cells. Interestingly, we found that the levels of LINC00176 were much higher
230  in HCT116-/- cells than in HCT116+/+ cells (Figure 1C, D). To confirm the ability of p53 to
231 regulate LINCO00176, an siRNA targeting to the 3'-UTR of TP53 was transfected into
232 HCT116+/+ and HCT116-/- cells (Figure 1F, H). The levels of LINC00176 decreased in
233 both cell lines after siRNA transfection (Figure 1E, G). However, we did not observe a
234 significant decrease in LINC00176 in either cell line, which may be because p53/A40p53 are
235  not the only regulators of LINC00176. Nevertheless, silencing A40p53 in HCT116-/- cells
236 (Figure 1G) led to a greater reduction in LINCO00176 levels than silencing p53 in
237  HCT116+/+ cells (Figure 1E). To further examine whether both isoforms could modulate the
238  levels of LINC00176, p53 was overexpressed in HCT116-/- cells (Figure 1J), which reduced
239  LINCO00176 levels similar to those of 14A construct (expressing both p53 and A40p53)
240  observed earlier (Figure 1lI). These preliminary results suggest that LINC00176 is regulated
241 by both p53 translational isoforms, but the levels differ with respect to isoform abundance.
242 When p53 or A40p53 is present alone, either protein can upregulate LINC00176; however,
243 there is higher expression of LINC00176 when only A40p53 is present.

244  Regulation of LINC00176 under different stress conditions

245  p53 and A40p53 are translated by an IRES-mediated mechanism under stress conditions, such
246  as DNA damage, ER stress, and glucose starvation (4-6). Cells were treated with doxorubicin
247  and thapsigargin for 16 h to induce DNA damage and ER stress, respectively, and cultured in
248  glucose-deprived DMEM for 8 h to induce glucose starvation (Figure 2A). In HCT116-/-
249  cells, A40p53 levels increased under all stress conditions (Figure 2C, E, G). LINC00176
250 levels also increased, with the highest increase observed in cells treated with thapsigargin
251 (Figure 2B, D, F). In HCT116+/+ cells, LINC00176 was upregulated in the doxorubicin-
252  treated and glucose-deprived cells; however, in cells treated with thapsigargin, there was no
253  significant change (Figure S2 A-F). It is unclear whether p53 or A40p53 was responsible for
254  the increase in LINC00176 in HCT116+/+ cells as both were found increased upon induction
255  of stress. However, in line with our earlier observation of dominant regulation of LINC00176
256 by A40p53, the results in HCT116-/- cells were more significant and consistent.

257  Next, we wanted to confirm whether A40p53 alone was involved in regulating LINC00176
258  levels under stress or whether another factor could also regulate LINC00176. We selected ER
259  stress as it maximally induced A40p53 in this model, and we observed significant
260  upregulation of LINC00176 in cells treated with thapsigargin (Figure 2D). We knocked
261 down A40p53 in HCT116-/- cells, followed by induction of ER stress (Figure 2H).
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262  Compared to control cells that were untreated and not transfected with siA40p53, there was
263  no change in LINC00176 levels in the cells transfected with siA40p53 and treated with
264  thapsigargin (Figure 2I-K), indicating that A40p53 is a major regulator of LINCO00176.
265  These results suggest that the expression of LINC00176 is closely linked to A40p53 levels.
266 However, we cannot exclude the possibility that other factors might also be involved in

267  regulating LINC00176 expression.

268  Mechanism of LINCO00176 regulation by A40p53/p53

269  Next, we investigated whether LINC00176 is directly regulated by A40p53/p53 (Figure 3A).
270  Using PROMO ALGGEN, we found that there are several A40p53/p53 binding sites in the
271 LINCO0176 gene, which suggests that A40p53/p53 may regulate LINC00176 at the
272 transcriptional level. An earlier study on LINC00176 revealed that it has three putative
273 promoter regions in different cell types (22,24). We used ChIP experiments to examine the
274  association of A40p53/p53 with these three probable promoter regions, one located at the
275  proximal region of LINCO00176 exon 1 (62665399-62666196) and two located at the
276  proximal region of E2 (62667411-62667655 and 62667984-62668233). We
277  immunoprecipitated HCT116-/- and HCT116+/+ crosslinked lysates with 1801 antibody
278  which can detect both A40p53 and p53 proteins (Figure S3A, B). The results showed an
279  association between A40p53 and the LINCO0176 promoters in HCT116-/- cells. However, no
280  such association was found for p53 in HCT116+/+ cells (Figure 3B, C). Because we
281  observed a decrease in LINC00176 levels upon p53 overexpression in HCT116-/- cells, we
282  also examined the effect of ectopic p53 on the binding of A40p53 to LINC00176 promoters in
283  HCT116-/- cells. Interestingly, we found that the binding of A40p53 to all three LINCO0176
284  promoters decreased with p53 overexpression in HCT116-/- cells (Figure 3D, E). This
285  observation is in accordance with the reported literature that p53 and A40p53 regulate each
286  other’s activity through the formation of hetero-oligomers (4). Hence, these results strengthen
287  the observation that A40p53 controls LINC00176 regulation more than p53.

288  We also wanted to further assess the ability of A40p53/p53 to directly regulate LINC00176
289  at the RNA level. p53 is known to directly affect certain RNAs through its C-terminal domain
290  (30) which is shared with A40p53. We aimed to determine whether A40p53 could regulate
291  LINCO00176 RNA directly or indirectly. Analysis using CATRAPID and RPI-Seq software
292 was used to identify potential interactions between mature LINC00176 and A40p53 (Figure
293  S3 C-F). Both the databases predicted probable binding regions and positive interaction score
294  for LINCO00176 and the p53/A40p53. Because the protein domains of A40p53, which might

10
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295  bind to LINC00176, are common with p53, we cannot exclude the possibility that there could
296  be an interaction between LINC00176 and p53. However, based on our initial results, we
297  focused on the A40p53-LINC00176 interaction. Based on the probable RNA binding, we
298  treated cells with actinomycin D after transfection with siA40p53 to assess LINCO00176
299  stability (Figure 3F). The results indicate that knockdown of A40p53 decreased LINC00176
300 levels after treatment with actinomycin D, indicating that the stability of LINC00176 is
301 increased by A40p53 (Figure 3G, H). Therefore, the increased LINC00176 levels observed
302 in the presence of A40p53 in comparison to p53 could be due to multistep regulation at both

303 the transcriptional and RNA stability levels.

304  Deciphering the mechanism of action of LINC00176

305  Thus far, the results obtained in this study indicate that A40p53 can regulate long noncoding
306 RNAs in addition to miRNAs (17). Therefore, it is important to understand how LINC00176
307  functions in cells and what its mechanism of action could be (Figure 4A). Long noncoding
308 RNAs are known to interact with miRNAs, acting as a decoy or promoting their degradation,
309 thereby impacting cellular processes (31). Therefore, miRNA-interacting partners of
310 LINCO00176 were predicted using the Starbase V.2.0 database (Figure 4B), and their levels
311  were measured in HCT116+/+ and HCT116-/- cells (Figure 4C). The expressions of these
312 miRNAs (miR-761, miR-184, miR-503-5p, miR-15b-5p, miR-138, and miR-9-5p) varied.
313  Since most had lower expression in HCT116-/- cells than in HCT116+/+ cells, they could be
314  possible targets of LINC00176, as LINC00176 levels are very high in HCT116-/- cells. In
315  particular, miR-9-5p, which is a known target of LINC00176, was downregulated in
316 HCT116-/- cells compared to HCT116+/+ cells. To assess the direct effect of LINC00176 on
317  these miRNAs, LINC00176 was silenced in HCT116-/- cells, and the corresponding changes
318  in miRNA levels were assessed. Upon silencing LINC00176, the levels of LINC00176 were
319  reduced by 60% compared to that in control cells (Figure 4D). The levels of the miRNAs
320 increased from 30% to 80% (Figure 4E).

321  To investigate whether LINC00176 sequesters target miRNAs, tagged RNA affinity
322 pulldown assays were performed (Figure 4G). miRNA levels were quantified in the
323 pulldown fraction and normalized to input levels (Figure 4F). miR-184, miR-138, miR-503,
324  miR-15b-5p, and miR-9-5p were significantly enriched in the pulldown fraction, indicating
325 that they are direct targets of LINC00176. However, miR-761 did not show any enrichment
326 in the pulldown fraction, implying that it might have an indirect interaction with LINC00176
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327  or could be degraded in a complex. These results indicate that LINC00176 is capable of

328 titrating miRNA levels in cells, which may affect cellular processes.

329 Theimpact of the A40p53-LINCO00176 axis on cellular behavior

330 LncRNAs regulate a wide variety of cellular processes (32). To understand the effect of
331 LINCO00176 on cellular behavior, we overexpressed or knocked down LINCO00176 in
332 HCT116-/- cells and examined the effects (Figure 5A-C). First, we examined the effect of
333  LINCO00176 on EMT marker expression. LINC00176 overexpression increased the levels of
334  E-cadherin (epithelial marker) and decreased the levels of Slug and vimentin (mesenchymal
335 markers) (Figure 5D, E). Interestingly, LINC00176 overexpression also increased A40p53
336 levels. By contrast, knocked down LINC00176 decreased the mRNA levels of E-cadherin but
337 increased those of vimentin and Slug (Figure 5F); however, we did not observe the same
338 trend for the protein levels of E-cadherin and Slug (Figure S5A). We further analyzed cell
339  viability after LINCO0176 overexpression or knockdown and observed that LINC00176
340  overexpression decreased cell viability (Figure 5G, S5 B, C), whereas LINCO00176
341 knockdown increased cell viability (Figure 5H, S5 D, E). However, these effects on cell
342 viability may not be very significant, because LINC00176 might contribute to only a small
343  percentage of the vast majority of cellular processes. We also found that LINCO00176
344  knockdown increased proliferation using the BrdU assay (Figure 51). A40p53 abundance is
345  closely linked with cell cycle phases (3); therefore, we also assessed the effect of LINC00176
346 on cell cycle progression. We observed a slight increase in the proportion of cells in G1 phase
347 and a slight decrease in the proportion of cells in S phase with LINC00176 overexpression
348  (Figure S5F). Furthermore, to check for any effect on cell growth, we performed a colony
349  formation assay, wherein we found a decrease in the number of colonies after LINC00176
350 overexpression (Figure S5G) and an increase in the number of colonies after LINC00176
351 knockdown (Figure S5H). Together, these results indicate that LINC00176 promotes the
352  epithelial phenotype and suppresses the mesenchymal phenotype, cell growth, viability, and

353  proliferation, all of which suggest that this INcRNA contributes to tumor suppression in cells.

354 DISCUSSION

355 In cancer, INCRNAs are key players in the p53-dependent transcriptional pathway, wherein
356  IncRNAs and p53 can regulate each other (33). Therefore, to identify important cancer
357  signaling pathways, it is extremely important to identify novel IncRNAs that are regulated

358 through the p53 pathway. TP53 is the most frequently mutated gene in human cancer (34);
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359  however, these mutations are not found in all cancers, indicating that there could be other
360 factors interfering with WT p53 function (35). These factors, which have complicated our
361  understanding of p53 signaling, include more recently discovered p53 isoforms (36). Owing
362  to the lack of detailed functional characterization, little information is available regarding p53
363  isoforms. However, one isoform that has recently gained attention in cancer research is
364  A40p53, the only translational isoform of p53 (37). Although a few reports have shown the
365  transactivation capacity of A40p53, there are no studies on the regulation of INCRNAs by
366  A40p53. We selected LINC00176 for our current study because of its variable regulation by

367 different transcription factors and differential expression in cancer.

368  Significant changes in the levels of LINC00176 were observed in H1299 cells expressing
369  p53, A40p53, and both isoforms. However, the maximum upregulation was observed in cells
370  expressing only A40p53. The upregulation of LINC00176 by A40p53 was also observed in
371 other cell lines expressing only A40p53 (HCT116-/-) as compared to cells expressing both
372 isoforms (HCT116+/+). Furthermore, LINC00176 was upregulated under different stress
373 conditions, and its expression correlated with the abundance of A40p53. However, we cannot
374  rule out the possibility that there could be other factors involved in the regulation of
375 LINCO00176 because of certain observations. First, we did not observe a significant decrease
376  in LINC00176 levels upon knockdown of A40p53. Second, upon induction of ER stress in
377  cells with A40p53 knockdown, LINCO00176 levels did not change with respect to control
378  cells. This indicates that although A40p53 could be a major regulator of LINC00176, there
379  are other factors that regulate LINCO0176 abundance. This regulation could be at the
380 transcriptional or processing stages; therefore, we investigated any direct binding between the

381 molecules.

382  A40p53 was previously thought to be devoid of transactivation capacity because it lacks
383  TAD1 (38); however, subsequent studies reported that it can regulate some p53 target genes
384 (13,39). It has also been reported that A40p53 is sufficient to induce cell death independent of
385  p53 through a specific subset of genes (Fas, Dr5, Apil, and Pig3) (15). More recently, a study
386  suggested an FLp53-independent, pro-tumoral role for A40p53 because of its ability to
387  transactivate the transcription of antiapoptotic proteins, such as netrin-1 (40). Therefore, we
388  examined the association of A40p53 and p53 with LINC00176. We observed binding of
389  A40p53 to LINCO0176 promoters; surprisingly, p53 did not bind to LINC00176 promoters.
390  However, overexpression of p53 in HCT116-/- cells decreased the association of A40p53
391  with LINCO0176 promoters, suggesting that the formation of hetero-oligomers between p53

392  and A40p53 interfered with the transactivation function of A40p53, which is consistent with
13
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393  the results of earlier reports (8). We also observed that A40p53 regulates LINC00176 not
394 only at the transcriptional level but also post-transcriptionally, since the stability of
395 LINCO00176 also decreased after A40p53 knockdown. p53 is known to bind to the IncRNA
396 MEGS3 (28); however, there are no previous reports of A40p53 binding to RNA. Whether
397  A40p53 can directly or indirectly bind to LINC00176 RNA remains unknown and requires
398  further investigation. Although we also observed LINCO00176 upregulation with p53

399  expression, it is possible that p53 might regulate it through an unrelated mechanism.

400  The significance of LINC00176 upregulation by A40p53 was determined by examining
401  different miRNA targets. We identified different miRNA targets for LINC00176, from which
402  we selected a few targets based on the number of binding sites and their functions in different
403  cancers (Figure $4). The majority of the selected miRNAs are differentially expressed in
404  cancer owing to their diverse regulatory pathways. Their levels were mostly decreased in
405  HCT116-/- cells compared to those in HCT116+/+ cells, and their expressions negatively
406  correlated with LINC00176 levels. Upon further analyzing their levels after knockdown of
407 LINCO00176 and TRAP assays, we found that most of these miRNAs were sequestered by
408 LINCO0176. However, although the level of miR-761 increased upon LINCO00176
409  knockdown, it was not sequestered by LINC00176. As IncRNAs are known to serve as
410  miRNA decoys, LINC00176 may be degrading these miRNAs; however, the mechanism of
411 miRNA regulation by LINC00176 needs to be further examined.

412 Finally, we examined the direct effects of LINC00176 on cellular behavior through ectopic
413 overexpression or silencing. Based on the different hallmark processes of cancer (41) we
414  examined EMT, cell proliferation, cell viability, cell cycle progression, and colony formation.
415 LINCO00176 overexpression enhanced the epithelial phenotype and upregulated A40p53,
416  suggesting a possible feed-forward loop between A40p53 and LINCO00176 through which
417  they regulate the other’s levels. However, LINC00176 knockdown did not give consistent
418  results, as the expression of EMT markers also decreased upon LINC00176 knockdown. We
419  speculate that the decrease in the protein levels of EMT markers could be due to a decrease in
420  A40p53, which might also directly regulate EMT markers. Therefore, the effect of
421 LINCO00176 knockdown is inconclusive. A40p53 function is known to be cell context-
422  specific, and A40p53 can have differential effects when overexpressed or silenced (35). This
423  strengthens our hypothesis that, since there is a feed-forward loop between LINC00176 and
424 A40p53, many of the INcRNA effects will be dependent on the levels of A40p53 and therefore
425  will vary. Furthermore, we observed a decrease in cell viability and colony formation and a
426  slight decrease in the proportion of cells in S phase with LINC00176 overexpression.
14
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427  In conclusion, our results indicated that LINC00176 contributes to the tumor-suppressive
428  function of A40p53, independent of pS3FL function (Graphical Abstract). However, it
429  would be interesting to determine whether the function of the A40p53-LINCO00176 axis is
430 universal or cell type-specific. Taken together, this study opens up avenues for mechanistic

431 insights into how A40p53 governs cellular processes through IncCRNAs.
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se4 FIGURE LEGENDS

565 Figure 1. Selection and validation of LINCOO0176 for further studies

566  (A) Quantitative PCR for validation of LINC00176 in H1299 cells expressing control, p53
567  only, A40p53 only and 14A construct. (B) Western blot analysis of cell extracts from H1299
568  cells expressing control, p53 only, A40p53 only and 14A construct, probed with CM1 after
569 48 h. (C) Quantitative PCR for validations of LINC00176 in HCT116+/+ and HCT116-/-
570  cells. (D) Western blot analysis of cell extracts from HCT116+/+ and HCT116-/-cells, probed
571 with CM1. (E) Quantitative PCR of LINC00176 in HCT116+/+ cells transfected with si p53
572 (30nM) and non-specific si (Nsp si). (F) Western blot analysis of cell extracts from
573  HCT116+/+ cells transfected with either si p53 (30nM) and non-specific si (Nsp si), probed
574  with CM1. (G) Quantitative PCR of LINCO00176 in HCT116-/- cells transfected with si
575  A40p53 (30nM) and non-specific si (Nsp si). (H) Western blot analysis of cell extracts from
576  HCT116-/- cells transfected with siA40p53 (30nM) and non-specific si (Nsp si), probed with
577  CML. (1) Quantitative PCR of LINC00176 in HCT116-/- cells transfected with control and
578  p53 only. (J) Western blot analysis of cell extracts from HCT116-/- cells transfected with
579  control and p53 only, probed with CM1.

580 Figure 2. Regulation of LINCO00176 under different stress conditions

581 (A) Schematic of different stress induction in HCT116-/- cells. (B) Quantitative PCR of
582  LINC00176 in HCT116-/- treated with Doxorubicin (2uM) for 16 h. (C) Western blot
583  analysis of cell extracts from HCT116-/- treated with Doxorubicin (2uM) for 16 h, probed
584  with CM1. (D) Quantitative PCR of LINC00176 in HCT116-/- treated with Thapsigargin
585  (0.1uM and 1uM) for 16 h. (E) Western blot analysis of cell extracts from HCT116-/- treated
586  with Thapsigargin (0.1uM and 1uM) for 16 h, probed with CM1. (F) Quantitative PCR of
587  LINCO00176 in HCT116-/- deprived of Glucose in medium for 8 h. (G) Western blot analysis
588  of cell extracts from HCT116-/- deprived of Glucose in medium for 8 h, probed with CM1.
589  (H) Schematic of experiment in HCT116-/- transfected with siA40p53 followed by
590 Thapsigargin (0.1uM) treatment. (I) Quantitative PCR of LINC00176 in HCT116-/-
591 transfected with siA40p53 followed by Thapsigargin (0.1uM) treatment. (J) Western blot
592  analysis of cell extracts from HCT116-/- transfected with siA40p53 followed by Thapsigargin
593  (0.1uM) treatment, probed with CM1. (K) Western blot analysis of cell extracts from
594 HCT116-/- transfected with siA40p53 followed by Thapsigargin (0.1uM) treatment, probed
595  with Bip Antibody.
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596  Figure 3. Mechanistic basis of LINC00176 regulation by A40p53/p53

597  (A) Schematic of possible routes of LINC00176 regulation. (B) Quantitative PCR of
598 LINCO00176 promoters in HCT116-/- cells processed for ChIP Assay 48 h post seeding.
599  A40p53 was pulled down with 1801 Ab (Santa Cruz) and associated LINC00176 promoters
600  were probed using qPCR. (C) Quantitative PCR of LINC00176 promoters in HCT116+/+
601  cells processed for ChIP Assay 48 h post seeding. p53 was pulled down with 1801 Ab (Santa
602  Cruz) and associated LINC00176 promoters were probed using gPCR. (D) Quantitative PCR
603  of LINC00176 promoters in HCT116-/- cells transfected with p53 only and control, which
604  has been processed for ChIP Assay 48 h post transfection. A40p53/p53 was pulled down with
605 1801 Ab (Santa Cruz) and associated LINC00176 promoters were probed using gPCR. (E)
606  Western blot analysis of cell extracts from HCT116-/- transfected with p53 only and control,
607  probed with CM1. (F) Schematic of experiment to determine A40p53 mediated regulation on
608 LINC00176 RNA stability. (G) Quantitative PCR of LINC00176 in HCT116-/- transfected
609  with siA40p53 followed by Actinomycin D treatment for 0 h, 4 h and 8 h. (H) Western blot
610  analysis of cell extracts from HCT116-/- transfected with siA40p53 followed by Actinomycin
611 D treatment, probed with CM1.

612  Figure4. Deciphering the mechanism of action of LINC00176

613  (A) Schematic for the probable downstream regulation by LINC00176. (B) Table for the
614  selected miRNA targets of LINC00176 obtained from Starbase V2.0, as mentioned in
615  methods section. (C) Quantitative PCR of selected miRNAs in HCT116+/+ and HCT116-/-
616  cells. (D) Quantitative PCR of LINC00176 in HCT116-/- transfected with siRNA (30nM)
617  directed to LINC00176 and non-specific si (Nsp si). (E) Quantitative PCR of selected
618  miRNAs in HCT116-/-cells transfected with siRNA (30nM) directed to LINC00176 and non-
619  specific si (Nsp si). (F) Quantitative PCR of selected miRNAs in GST pulldown lysates of
620 HCT116-/-cells (co-transfected with LINC00176 overexpression construct and pMS2-GST
621  construct) normalised to Input values. (G) Western blot analysis of cell extracts from Input
622  and Pulldown fraction of HCT116-/- cells (co-transfected with LINC00176 overexpression
623  construct and pMS2-GST construct), probed with CM1 and GST Antibodly.

624  Figure5: Theimpact of A40p53-LINCO00176 axis on cellular processes

625  (A)Schematic of the different processes that has been checked for any probable effect by
626  LINCO00176 over-expression or partial silencing. (B) Quantitative PCR of LINC00176 in
627 HCT116-/- cells transfected with LINC00176 overexpression construct. (C) Quantitative

20


https://doi.org/10.1101/2022.04.28.489891

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.28.489891; this version posted April 30, 2022. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

628 PCR of LINC00176 in HCT116-/- cells transfected with LINC00176 shRNA construct. (D)
629  Quantitative PCR of EMT markers (E-cadherin, Vimentin, Slug) in HCT116-/- cells
630  transfected with LINCO00176 overexpression construct. (E) Western blot analysis of cell
631  extracts from HCT116-/-cells transfected with LINC00176 overexpression construct, probed
632  with E-cadherin Antibody, Slug Antibody and CML1. (F) Quantitative PCR of EMT markers
633  (E-cadherin, Vimentin, Slug) in HCT116-/- cells transfected with LINC00176 shRNA
634  construct. (G) HCT116-/- cells were transfected with LINC00176 overexpression construct,
635 at 36 h post transfection cells were reseeded on 96 well plate for MTT Assay. MTT
636 incorporation was calculated at Day 0, Day 2, Day 4 and Day 6 post seeding (Data
637  represented for Set 1). (H) HCT116-/- cells were transfected with LINC00176 shRNA
638  construct, at 36 h post transfection cells were reseeded on 96 well plate for MTT Assay. MTT
639  incorporation was calculated at Day 0, Day 2, Day 4 and Day 6 post seeding (Data
640  represented for Set 1). (I) HCT116-/- cells were transfected with 30nM si-LINC00176, 36 h
641  post transfection cells were reseeded for BrdU assay. After 12 h of seeding BrdU was added
642  to the cells and incubated for 12 h. Following which, percentage of cell proliferation was

643  checked by calculating BrdU incorporation.

644  Graphical Abstract: Model depicting the regulation of A40p53-L1NCO00176-miRNA
645 axis

646  (A) In absence of A40p53, LINC00176 levels do not increase which leads to increased pool
647  of free miRNAs which probably binds to several mRNA targets preventing their function,
648  ultimately resulting in increased cell proliferation. (B) However, when A40p53 is present it
649  upregulates LINC00176 levels both at the level of transcription and post-transcription, which
650  sequesters oncogenic MiRNAS preventing it to bind to their respective mRNA targets, which

651  ultimately results in decreased cell proliferation.
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Figure 1. Selection and validation of LINC00176 for further studies
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Figure 2. Regulation of LINC00176 under different stress conditions
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Figure 4. Deciphering the mechanism of action of LINC00176
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Figure 5: The impact of A40pS3-LINC00176 axis on cellular processes
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Graphical Abstract: Model depicting the regulation of A40p53-LINC00176-miRNA axis
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