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A B S T R A C T

Nonsense-Mediated mRNA Decay (NMD) is a key control mechanism of RNA quality widely described to target 
mRNA harbouring Premature Termination Codon (PTC). However, recent studies suggested the existence of non- 
canonical pathways which remain unresolved. One of these alternative pathways suggested that specific mRNA 
could be targeted through their 3′ UTR (Untranslated Region), which contain various elements involved in mRNA 
stability regulation. This study focused on 3′UTR of mRNA encoding NMD factors, on which we observed an 
enrichment of binding sites for UPF1 and eIF4A3 proteins, two important NMD factors. Using GFP reporter 
constructs containing the 3′UTR of these NMD mRNA fused to the GFP cDNA, we showed that GFP expression 
was significantly increased upon eIF4A3 inhibition, suggesting mRNA level stabilization. Furthermore, co- 
immunoprecipitation targeting UPF1 revealed that its interaction with mRNA encoding NMD factors was dis
rupted when cells were previously treated with the eIF4A3 inhibitor. We therefore propose that eIF4A3 might be 
necessary to recruit UPF1 and trigger the degradation of these transcripts through a non-canonical 3′UTR- 
dependent mechanism.

1. Introduction

Nonsense-Mediated mRNA Decay (NMD) is a post-transcriptional 
mechanism which selectively degrades transcripts harbouring a Pre
mature Termination Codon (PTC) [1]. Recent genome-wide studies led 
to the estimation that about 10 % of all cellular transcripts are submitted 
to NMD regulation in Homo sapiens [2]. The canonical NMD mechanism, 
defined as EJC-dependent, targets mRNA either harbouring a PTC 
generated from alternative splicing, containing an uORF (upstream 
ORF), or presenting a 3′UTR with an intron [3]. NMD selectively de
grades mRNA harbouring a premature termination codon (PTC) but also 
regulates the abundance of many cellular RNAs. The central role of NMD 
in the control of gene expression requires the existence of buffering 
mechanisms which tightly regulate the magnitude of this pathway. 
Here, we focused our analysis on the mechanism of NMD with an 
emphasis on the role of RNA helicases involved in the transition from 
NMD complexes recognizing a PTC to those promoting mRNA decay. We 

also used recent strategies to uncover novel trans-acting factors and their 
functional role in the NMD pathway. Finally, we described recent 
progress in the study of the physiological role of the NMD response. The 
EJC-dependent molecular mechanism of the NMD is fully characterized 
and involves two families of proteins: the UPF (Up-Frameshift) family, 
containing UPF1, UPF2 and UPF3B, and the SMG (Suppressor with 
Morphological effect on Genitalia) family, comprising SMG1, SMG5, 
SMG6 and SMG7. This process also requires the involvement of a 
multi-protein complex, called EJC (Exon-Junction Complex), deposited 
on the mRNA during splicing, and composed of 4 proteins (Y14/RBM8A, 
MAGOH, eIF4A3/DDX48 and MLN51/CASC3). While the canonical 
pathway is extensively detailed, little is known about the transcripts 
which are targeted by the NMD via their 3′UTR in an EJC-independent 
manner. Recent studies highlighted UPF1 as central in the 
EJC-independent NMD, hypothesis supported by its enrichment in the 
3′UTR of mRNA [4]. Nevertheless, it has been reported that UPF1 can 
bind on non-NMD targets as well, indicating that the presence of UPF1 
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on a 3′UTR does not guarantee degradation by the NMD pathway [5]. 
One of the models proposed to explain how UPF1 might elicit NMD in an 
EJC-independent manner is based on the “false 3’UTR” model from 
yeast [6] but this model has been recently challenged thanks to the use 
CLIP-seq (Crosslinking and Immunoprecipitation-Sequencing) or long 
read nanopore sequencing and revealed that the EJC-independent NMD 
is not linked to the position of the stop codon and the 3′UTR length [7]. 
Therefore, to gain further insights into the 3′UTR-dependent mechanism 
targeting RNA encoding NMD factors, we identified RBP (RNA-binding 
protein) binding sites within their 3′UTR and we demonstrated the 
involvement of UPF1 and eIF4A3 proteins, operating together in a 
non-canonical NMD pathway.

2. Materials and methods

2.1. Cell culture and transfection

A549 cells (NSCLC, ATCC, CCL-185) were cultivated and transfected 
following the protocols described by Baudu et al. [8]. For RT-qPCR 
analysis, cells were seeded in 6-well plates (300,000 cells/well) for 
24 h, transfected for 4 h with 1 μg GFP-3′UTR plasmids (Genscript), 
washed with Hank’s buffer, and incubated for 24 h in fresh medium. For 
IncuCyte experiments, cells were seeded in 96-well plates (20,000 
cells/well), transfected for 6 h with 500 ng GFP-3′UTR plasmids, 50 ng 
DsRed plasmid (transfection control), in Opti-MEM™. The medium was 
then replaced with DMEM containing 5 μM eIF4A3 helicase inhibitor 
(eIF4A3-IN-1, MedChemExpress) and incubated for further 12 h in 
IncuCyte live-cell imaging system (5 % CO₂, 37 ◦C).

2.2. RNA extraction and RT-qPCR

Total RNA was extracted using the NucleoSpin RNA Plus kit 
(740984.250, MACHEREY-NAGEL) and quantified with a Nanodrop. 
RNA was incubated with DNase (Invitrogen™ TURBO™, Thermo Fisher 
Scientific) at 37 ◦C for 30 min, followed by inactivation with EDTA (15 
mM) at 75 ◦C for 10 min, and purified with the RNA Clean-up kit 
(Macherey-Nagel). Reverse transcription was performed with 100 ng of 
RNA using the One-Step PrimeScript™ RT-PCR Kit (Takara). For qPCR, 
3 μL of 1:60 diluted cDNA, 1x TB Green Premix Ex Taq (Takara), and 
primers (0.1 μM) (Supplementary material) were used in a 15 μL reac
tion. Reactions were run on a StepOnePlus™ Real-Time PCR System and 
analysed using the ΔΔCT method.

2.3. IncuCyte live-cell imaging and data analysis with the SARTORIUS 
software

Cells were placed in IncuCyte, and 4 images per well were captured 
every 3 h. Analysis was performed using the Sartorius IncuCyte 2022B 
Rev2 software. Cell confluence was assessed using the classical conflu
ence parameter. Green (GFP-3′UTR) and red (DsRed transfection con
trol) fluorescence was assessed and expressed as integrated intensity/ 
cell area per image to estimate the average amount of GFP fluorescence 
per cell. The time course used for the assay was chosen so that there was 
no significant increase in red fluorescence to avoid cell proliferation 
bias.

2.4. RNA immunoprecipitation (RIP)

After harvesting 20 million cells, RNA bound to UPF1 proteins was 
immunoprecipitated using an anti-UPF1 antibody (Cell Signaling) and 
Dynabeads Protein A magnetic beads (Active Motif), as described by 
Baudu et al. [8]. All IP steps, including bead coupling, lysis, washing, 
and elution, were performed using the IP-Star Compact Automated 
System (Diagenode) from the EPIGENExp platform. RNA was extracted 
from the eluate using the NucleoSpin RNA Plus kit and further 
concentrated with the RNA Clean-up kit (MACHEREY-NAGEL), 

following the supplier’s recommendations. The reverse transcription 
was performed on purified RNA, followed by qPCR analysis with specific 
primers for UPF1, UPF3B, SMG5 and SMG7 cDNA, as described above. 
Reactions were run on a StepOnePlus™ Real-Time PCR System and 
analysed as follows: each IP UPF1 or IP IgG was reported to its corre
sponding input. Then each IP UPF1 to its corresponding IP IgG. The 
calculated Fold enrichment (IP UPF1/IP IgG) for each mRNA is then 
presented relative to the untreated condition.

2.5. Statistical analyses

In Fig. 1, to assess the significance of the overlap between two groups 
of transcripts, a statistical test was performed using the website Statis
tical significance of the overlap between two groups (http://nemates.org/ 
MA/progs/overlap_stats.html). This website performs a hypergeomet
ric test to assess the significance of an overlap within a larger set, for 
which the list of all NMD-sensitive mRNA was used. The overlap be
tween NMD-sensitive transcripts containing, or not, an intron which 
bind to UPF1 and those which bind to eIF4A3 was analysed, as well as 
the overlap between transcripts without intron in the 3′UTR. For results 
presented in Figs. 2–4, statistical analyses were performed using 
GraphPad software (GraphPad Software Inc.). Student’s t tests were 
used for RT-qPCR data, and ANOVA tests for IncuCyte and RIP data. All 
data are expressed as the mean ± SEM. *: P ≤ 0.05; **: P ≤ 0.01 and ***: 
P ≤ 0.001.

3. Results

3.1. The 3′UTR of transcripts encoding NMD factors contain binding sites 
for UPF1 and eIF4A3

Since it has been suggested by Yepiskoposyan et al. that the autor
egulation of transcripts encoding NMD factors could be mediated by 
their 3′UTR, we analysed the sequence of the 3′UTR of seven NMD 
transcripts (UPF1, UFP2, UPF3B, SMG1, SMG5, SMG6 and SMG7) to 
search for a common pattern [9]. We compiled different information 
such as the size of the 3′UTR, as well as the presence or absence of an 
intron within the 3′UTR (Data not shown). Apart from UPF3B, all mRNA 
isoforms contain a long 3′UTR (>1000 nt). Moreover, we analysed the 
presence of potential RBP binding sites within the different 3′UTR of 
these RNA encoding NMD factors. To do so, we extracted the data 
regarding the binding of RBP onto the 3′UTR of RNA encoding NMD 
factors from the AURA database (The Atlas of UTR Regulatory Activity, 
http://aura.science.unitn.it/) which regroups CLIP-seq analyses [10]. 
Among the list of RBP able to interact with the 3′UTR of RNA encoding 
NMD factors, UPF1, FMRP and eIF4A3 bind 6 of these 3′UTR (out of 7). 
These observations are consistent with the statement of Kurosaki and 
collaborators describing that one-third of FMRP-bound mRNA are NMD 
targets [11]. Interestingly, we found UPF1 and eIF4A3 binding sites in 
all 3′UTR, apart from the one of UPF3B.

To assess whether eIF4A3 is commonly found on the 3′UTR of NMD- 
sensitive mRNA, we conducted a bioinformatic analysis combining data 
from the AURA database and the NMD-sensitive mRNA list character
ized by Mühlemann et al. [7]. This analysis revealed 317 transcripts 
sensitive to NMD which were also bound by both UPF1 and eIF4A3 
(Fig. 1). This list included canonical NMD substrates with introns in their 
3′UTR which could be targeted by an EJC-dependent NMD, and 
non-canonical substrates lacking introns in their 3′UTR and therefore 
targeted by an EJC-independent NMD, while they were still bound by 
UPF1 and eIF4A3. When we sorted the transcripts by the presence or 
absence of an intron in the 3′UTR, we obtained a list of 242 
NMD-sensitive transcripts harbouring an intron in the 3′UTR which were 
associated with UPF1 and eIF4A3, representing the EJC-dependent NMD 
targets. Interestingly, 75 NMD-sensitive transcripts (approximately 25 
%) without introns were both bound by UPF1 and eIF4A3, representing 
the putative targets of an alternative EJC-independent NMD.
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3.2. The 3′UTR of the transcripts encoding NMD factors regulate their 
expression at both RNA and protein levels

To confirm the implication of eIF4A3 in the EJC-independent NMD, 
we designed plasmids containing the 3′UTR of each NMD transcript 
cloned downstream of the GFP coding sequence in a pcDNA3.1 plasmid 
(Fig. 2A). Given that the 3′UTR of SMG1 was too long (4716 nt) to be 
successfully cloned into the plasmid, it was excluded from this study. 
First, we examined whether splicing events occurred within the 3′UTR of 
transcripts encoding NMD factors under our experimental conditions. To 
do so, A549 cells were transfected with the different GFP plasmids, and 
an RT-PCR analysis was performed using primers flanking the 3′UTR 
(from the end of the GFP sequence to the end of the 3′UTR). The major 
bands observed on gel electrophoresis corresponded to the expected size 
for each 3′UTR, suggesting that splicing events were rare (Fig. 2B). Then, 
the GFP expression obtained from these plasmids was measured at both 
RNA and protein levels using RT-qPCR and Incucyte (Fig. 2C and D). The 
transfection efficiency was assessed across all conditions thanks to the 
DsRed control plasmid co-transfected in all experiments (1/10 ratio 
compared to the GFP plasmid). It is noteworthy that we did not detect 
any difference in DsRed expression between the different conditions. 
After the transfection of the different constructions, we observed a sig
nificant decrease of GFP transcript levels when its sequence was fused to 
the 3′UTR of UPF1, UPF2, SMG5, SMG6 and SMG7 (Fig. 2C), but not 
when the GFP sequence was cloned before the 3′UTR of UPF3B. These 
results were consistent with those obtained for GFP fluorescence in 
living cells, which was significantly decreased with the 3′UTR of UPF1, 
SMG5, SMG6 and SMG7, but not with UPF3B (Fig. 2D). However, we did 
not confirm a decrease of GFP fluorescence for the 3′UTR of UPF2, but 
this might be explained by the high variability of results between ex
periments for this 3′UTR.

Overall, the NMD 3′UTR which induced both a decrease of GFP 
transcript and GFP protein were those from UPF1, SMG5, SMG6 and 
SMG7 transcripts. Interestingly, these 3′UTR are characterized as long 
3′UTR (>1000 nt) and we pointed out that they also contain a high 

number of UPF1- and eIF4A3-binding sites. In contrast, the 3′UTR of 
UPF3B, which is only 852 nt long and does not contain any UPF1 or 
eIF4A3 binding sites, did not induce a decrease of GFP transcript and 
protein levels. Taken together, these results suggested that eIF4A3, in 
collaboration with UPF1, could promote NMD in an EJC-independent 
manner.

3.3. Pharmacological inhibition of eIF4A3 increased GFP expression 
driven by the 3′UTR of NMD factors in living cells

To determine whether eIF4A3 inhibition impacted the regulation of 
the 3′UTR of the NMD transcripts, A549 cells were transfected with GFP 
reporters and treated, or not, with the pharmacological inhibitor of 
eIF4A3 helicase activity, namely eIF4A3-IN-1 (eIF4A3-IN-1, MedChe
mExpress). We then monitored the GFP fluorescence in living cells using 
IncuCyte live-cell imaging (Fig. 3). As expected, the GFP fluorescence 
linked to the GFP control plasmid (negative control), insensitive to the 
NMD, increased over time but remained unchanged between treated, 
and not treated conditions. We observed similar results for the plasmids 
containing the 3′UTR of UPF2 and UPF3B. These results were consistent 
with the ones obtained in Fig. 2. Regarding the constructs containing the 
3′UTR of UPF1, SMG5, SMG6, or SMG7, GFP levels remained low for 
non-treated cells, but increased significantly in the presence of the 
eIF4A3 inhibitor. Overall, the inhibition of eIF4A3 affected the mRNA 
stability and/or translation of transcripts containing the 3′UTR of UPF1, 
SMG5, SMG6 and SMG7, but not the ones containing the 3′UTR of UPF3B 
and UPF2. This data supported our hypothesis that eIF4A3 was indeed 
involved in the regulation of NMD transcript stability and/or translation 
through their 3′UTR, even if these 3′UTR did not contain any EJC.

3.4. The binding of UPF1 onto the NMD transcripts is abolished by the 
eIF4A3 inhibition

To determine whether eIF4A3 inhibition impacted the binding of 
UPF1 onto mRNA encoding NMD factors, we performed RNA-IP 

Fig. 1. Venn diagram illustrating the overlap between different mRNA groups: NMD-sensitive mRNA (purple), mRNA bound by UPF1 (blue), mRNA bound by 
eIF4A3 (green) and mRNA without introns (yellow). A hypergeometrical test was performed to evaluate the significance of each observed overlap between two sets 
within the NMD-sensitive mRNA set (see supplementary material). (For interpretation of the references to colour in this figure legend, the reader is referred to the 
Web version of this article.)
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Fig. 2. Measurement of GFP transcript and protein expression driven by the 3′UTR of NMD transcripts. (A) Schematic representation of plasmid constructs 
used for the study of the regulation of GFP expression regulation via the 3′UTR of NMD transcripts. (B) Agarose gel electrophoresis of RT-PCR products derived from 
GFP-3′UTR mRNA in transfected A549 cells. The 3′UTR of the NMD transcripts UPF1, UPF2, UPF3B, SMG5, SMG6 and SMG7 were cloned downstream of the GFP 
coding sequence in a pcDNA3.1 plasmid. The empty GFP plasmid was used as a negative control of NMD degradation. (C) Cells were transfected for 4 h, and mRNA 
levels were quantified using RT-qPCR. The values were calculated using the ΔΔCT method, normalized to the housekeeping gene 18S RNA. (D) Cells were transfected 
for 12 h with GFP-3′UTR constructs, and GFP expression was analysed by IncuCyte live-cell imaging and fluorescence GFP was quantified at 12 h using the 
SARTORIUS software. Data are represented as mean ± SEM of three independent experiments. P-values were calculated using the Student’s t-test. ns: not significant, 
*: p ≤ 0.05, **: p ≤ 0.01 and ****: p ≤ 0.0001.
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Fig. 3. Measurement of GFP expression driven by the 3′UTR of NMD transcripts in living cells, treated or not with eIF4A3-IN-1. Cells were transfected with 
the different GFP-3′UTR constructions and 6 h after transfection, they were treated or not, with an inhibitor of eIF4A3 helicase activity, eIF4A3-IN-1, for 12 h. GFP 
levels were then analysed by IncuCyte live-cell imaging and GFP fluorescence levels were quantified using the SARTORIUS software. Data are represented as mean ±
SEM of three independent experiments. P-values were calculated using the Student’s t-test. ns: not significant, *: p ≤ 0.05, **: p ≤ 0.01 and ****: p ≤ 0.0001.
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Fig. 4. Analysis of the enrichment of mRNA bound to the UPF1 protein by RNA immunoprecipitation (RNA IP). (A) Cells were transfected for 6 h, and mRNA 
levels were quantified using RT-qPCR. The values were calculated using the ΔΔCT method, normalized to the housekeeping gene 18S RNA. (B) Western-Blotting 
performed to confirm that the addition of the eIF4A3 inhibitor did not alter UPF1 immunoprecipitation. (C) Total RNA from 10 million A549 cells treated, or 
not, with the eIF4A3 inhibitor for 6 h were collected for RNA IP. The RNA immunoprecipitated with UPF1 were then quantified by RT-qPCR using UPF3B, UPF1, 
SMG5 or SMG7 primers (blue histograms). The values were calculated using the ΔΔCT method, firstly normalized to the Input and then to the IP-IgG. Data are 
represented as mean ± SEM of three independent experiments. P-values were calculated using the Anova test. ns: not significant, *: p ≤ 0.05, **: p ≤ 0.01 and ****: p 
≤ 0.0001. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

C. Mercier et al.                                                                                                                                                                                                                                 Biochemical and Biophysical Research Communications 747 (2025) 151270 

6 



experiments using an anti-UPF1 (RIP-UPF1), or a control IgG (RIP-IgG), 
from A549 cells treated, or not, with the inhibitor of eIF4A3 (Fig. 4). The 
transcripts analysed in these experiments were those containing binding 
sites for UPF1 and eIF4A3 (UPF1, SMG5, and SMG7) and the UPF3B 
mRNA, as a control (no binding sites for UPF1 and eIF4A3). First, we 
analysed the effect of the eIF4A3-IN-1 inhibitor on the RNA levels of 
NMD factors (UPF3B, UPF1, SMG5 and SMG7) using RT-qPCR. The in
hibitor led to an overall increase in the RNA levels of UPF1, SMG5 and 
SMG7, whereas no significant effect was observed for UPF3B (Fig. 4A). 
We then confirmed, by western blotting, that the addition of the in
hibitor did not modify the immunoprecipitation rate of UPF1 (Fig. 4B). 
On one hand, RNA-IP experiments showed that UPF3B was undetected 
in both the RIP-IgG and RIP-UPF1 samples and that there was no sig
nificant difference before, or after, treatment with the eIF4A3 inhibitor. 
Contrary to the GFP reporter experiments (Fig. 3) which focused only on 
the 3′UTR of the transcripts, RNA-IP data confirmed that the endogenous 
UPF3B transcript was not targeted by UPF1 (Fig. 4C). These data are 
consistent with the fact that UPF3B lacks binding sites for UPF1 and 
eIF4A3, and that it does not contain any uORF. On the other hand, we 
confirmed that the UPF1, SMG5 and SMG7 transcripts were enriched in 
the UPF1-IP compared to the control IgG-IP. More interestingly, when 
we added the eIF4A3 inhibitor, we lost the interaction between UPF1 
and these transcripts since we did not detect any enrichment anymore in 
the UPF1-IP compared to the IgG-IP (Fig. 4C). These results demon
strated that the inhibition of eIF4A3 activity abolished the binding of 
UPF1 to endogenous UPF1, SMG5 and SMG7 mRNA, and therefore 
suggested that this interaction may be mediated by eIF4A3. This 
observation is particularly important for the UPF1 transcript, which 
contains no uORF or intron in its 3′UTR, suggesting that it could be 
targeted by eIF4A3 to recruit UPF1 and trigger EJC-independent NMD.

4. Discussion

In this study, we analysed the 3′UTR of mRNA encoding NMD factors 
and demonstrated that they were enriched for UPF1 and eIF4A3 binding 
sites. Interestingly, we observed that these binding sites were also pre
sent on transcripts lacking introns in their 3′UTR, indicating the absence 
of EJC. These first results suggested that UPF1 and eIF4A3 could func
tion together, independently of an EJC, to mediate mRNA decay. 
Yepiskoposyan et al. previously demonstrated that the 3′UTR of UPF1, 
SMG5 and SMG7 mRNA are the main NMD-inducing features of these 
transcripts [9]. According to these data, using GFP reporters, we 
observed that the 3′UTR of UPF1, SMG5, SMG6 or SMG7 alone would be 
sufficient to decrease both the GFP RNA and protein levels from plas
mids containing each 3′UTR cloned downstream of the GFP coding 
sequence. Interestingly, we demonstrated that pharmacological inhibi
tion of eIF4A3 completely restored GFP fluorescence in living cells. We 
verified the presence of splicing events by amplifying the 3′UTR using 
RT-PCR and observed that the predominant signal corresponded to the 
expected one. However, we also detected lower bands of weak intensity, 
indicating that splicing events might occur for a small proportion of 
these transcripts. Altogether, our results suggested that eIF4A3 regu
lated RNA encoding NMD factor levels through their 3′UTR, even in the 
absence of an EJC. Then, the RNA-IP experiments demonstrated that 
eIF4A3 helicase activity was essential for the binding of UPF1 onto 
UPF1, SMG5 and SMG7 mRNA.

One remaining critical question is how to explain the different 
regulation of the 3′UTR recognized by UPF1 and eIF4A3? It has been 
reported, using CLIP-seq of eIF4A3, that while most of eIF4A3 was 
enriched in the coding sequence, more than a half was also present in the 
3′UTR [12]. This distribution suggested that the 3′UTR probably con
tained elements able to recruit eIF4A3 independently of the presence of 
an EJC. To explain how this EJC-independent NMD could work, several 
non-exclusive hypotheses have been proposed, such as the recruitment 
of eIF4A3 thanks: i) to secondary structures in the 3′UTR, or the exis
tence of ii) G/C-rich regions and/or iii) UPF1 binding sites. This process 

would depend on GC-rich sequences forming stable secondary RNA 
structures that would serve as recognition elements for RNA-binding 
proteins such as UPF1 and eIF4A3. Indeed, it was further reported 
that highly structured transcripts generally present shorter half-lives, 
highlighting the role for secondary structures in transcript stability 
and degradation [13,14].

In addition, it has been demonstrated that UPF1 binding sites are 
highly sensitive to form secondary RNA structures [15,16]. RNA prox
imity ligation methods, such as hiCLIP (hybrid individual-nucleotide 
resolution UV crosslinking and immunoprecipitation) developed to 
study RNA duplexes bound to RBP, also revealed the in vivo presence of 
RNA duplexes in the long 3′UTR and their involvement in their degra
dation [17,18].

Based on these observations, we therefore propose that eIF4A3 might 
play an important role in the regulation of RNA encoding NMD factors, 
potentially by facilitating the recruitment of UPF1 onto their 3′UTR. This 
cooperation between two helicases, eIF4A3 and UPF1, would specif
ically target highly structured transcripts with long 3′UTR to facilitate 
their degradation. To conclude, our study suggested a coordinated ac
tion of eIF4A3 and UPF1 on 3′UTR to further induce the degradation of 
targeted mRNA, particularly those encoding NMD factors, and therefore 
indicating that eIF4A3 is important for the autoregulation of NMD.
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