Int. J. Morphol.,
38(6)1668-1675, 2020.

Spatio-Temporal Expression Profile of Mettl3/Mettl14
During Mouse Retina Development

Perfil de Expresion Espacio-Temporal de Mettl3 / Mettl14
Durante el Desarrollo de la Retina del Ratén

Qi Zhong?!; Jingyi Guo! & Shuyi Chent

ZHONG, Q.; GUO, J. & CHEN, S. Spatio-temporal expression profile of Mettl3/Mettl14 during mouse retina developntent.
J. Morphol., 38(6)1668-1675, 2020.

SUMMARY: The Mettl3/Mettl14 methyltransferase complex installs the most ubiquitous internal mMRNA modification-
N6-methyladenosine (m6A). The vertebrate retina development is a multi-step process that requires fine-tuning of muetiple cellu
events, but very little is known about the potential function of Mettl3 and Mettl14 in this process. In this study, we dietdmstr
spatio-temporal expression of Mettl3 and Mettl14 during retina development in mouse by quantitative PCR and immunofluorescence
staining. We found that these two components of methyltransferase complex could be detected from the beginning of retina
development; and the expression of Mettl3 and Mettl14 were gradually restricted to inner nuclear layer (INL) and ganglion cell
layer (GCL); Double labeling showed that Mettl3 and Mettl14 had similar expression patterns in mature retinal INL and GCL.
Overall, our spatio-temporal expression data provided the foundation for future research on the function of m6A modifieation in
retina development.
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INTRODUCTION

The study of retinal development and retinopathiettl14. Mettl3 and Mettll4 have methyltransferase
requires an understanding of various cellular mechanismsemologous domains. However, the crystal structures only
that regulate gene expression. Much work has focused sitowed SAM and SAH densities in the catalytic cavity of
lineage-specific transcription networks that govern steiettl3, indicating that Mettl3 is the sole catalytic subunit.
cell differentiation (Furlong & Levine, 2018). There areln contrast, the catalytic cavity of Mettl14 adopted a closed
more than 170 kinds of modifications in RNA, amongonformation that could not accommodate SAM. Mettl3 is
which m6A is one of the most abundant and well-studietie unique catalytic subunit, and Mettl14 functions in
MRNA modifications. Among all transcriptomes encodedtructural stabilization and RNA substrate recognition
by mammalian cells, 20 % to 40 % contain N6{Wanget al, 2016; Zhou & Pan, 2016).
methyladenosine (m6A) methylation modifications, and
methylated mRNAs often contain multiple m6A It has been reported that m6A methylation regulated
modification sites in each transcript (Dominissiiial, embryonic cortical neurogenesis (Yoetral, 2017). In the
2012; Meyeret al., 2012). m6A and other RNA mouse, the optic vesicle is formed through an invagination
modifications also exist in long non-coding andf the diencephalic neural tube at E9.5 (Fuhrmann, 2010).
microRNAs. Researchers around the world have identifidRetina is a thin sheet of neural tissue located on the inner
many enzymes involved in m6A, including methylasesurface of the posterior eye. The adult retina comprises six
demethylase and methylation recognition enzymes whitypes of neurons [rod and cone photoreceptors, bipolar,
are called writer, eraser, and reader, respectively (Roundtegracrine, horizontal, and ganglion cells (GCs)] and one
et al, 2017). The m6A modification is installed by atype of glial cell (the Muller glia), which are organized
multicomponent methyltransferase complex. The core ofto three distinct cellular layers. These different cell types
the complex is a heterodimer of two proteins, Mettl3 angre generated from a pool of multipotent retinal progenitor
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cells (RPCs) in a sequence that is remarkably conserveeriods to theACt from E11.5. TheAACt value was
across all vertebrates (Young, 1985; Agathocleous & Harrisansformed into 22¢t value as the estimated gene
2009). During embryogenesis in the mouse, GCs aeapression fold change value. Primer sequences for gRT-
generated first, followed by the production of con®CR analysis were listed in Table I.
photoreceptors, horizontal cells, and most of the amacrine
neurons. Bipolar neurons, Muller glia, the remainingmmunostaining. Mouse retinas were fixed on 4 %
amacrine neurons, and most rod photoreceptors graraformaldehyde (PFA) in phosphate buffer for 4h at
generated postnatally. Up to now, nothing is known abotdom temperature. After fixation, retinas were dehydrated
the role of m6A modification during mammalian retindan 30 % sucrose solution until embryos sank, and
development in vivo. In this study, we focused on thembedded into OCT (SAKURA; Torrance, USA). The
expression of methylase complex of m6A in the mouse rblocks were cut into slides using Leica Cryostat Microtome
tina. Embryonic and postnatal mouse retina samples wéteeica CM1950; Wetzlar, GER). Slides were incubated
collected to examine the spatio-temporal expression with primary antibodies at°€ overnight, washed with
Mettl3 and Mettl14 during retina development in mousd?BST, and then incubated with secondary antibodies at
Our data provides the foundation for future research on theom temperature for 2 hours. The slides were then
function of mM6A modification in the retina development. washed, counterstained with',46-diamidino-2-
phenylindole (DAPI) for 10 minutes, washed again, and
then mounted with cover glass using VECTASHIELD
MATERIAL AND METHOD mounting medium (H-1000, Vector Laboratories;
Burlingame, USA). Images were obtained with Nikon C2
confocal microscope (Nikon Eclipse Ni-E; Tokyo, JPN).
Animal Maintenance. This study was conducted in strictPrimary antibodies used in the study: monoclonal rabbit
accordance with the recommendations of the Associatiamti-Mettl3 antibody (ab195352, 1:500; Abcam;
for Research in Vision and Ophthalmology (ARVO)Cambridge, USA), polyclonal rabbit anti-Mettl14 antibody
Statement guidelines. The research protocol with anim@iPA038002, 1:500; Sigma-Aldrich; Darmstadt, GER),
experimentation was approved by the Institutional Animahonoclonal mouse anti-Brn-3a antibody
Care and Use Committee of Zhongshan Ophthalmic Cent@AB1585,1:100; Millipore; Boston, USA), monoclonal
To obtain time-matched embryos, wild-type C57BL/6goat anti-Calretinin antibody (AB1550,1:1000; Millipore),
male and female mice were caged together in the afternaomnoclonal mouse anti-Syntaxin (Hpc-1) antibody
and vaginal plugs were checked the next morning. Nog80664,1:500; Sigma-Aldrich) and polyclonal sheep anti-
of the day when a plug was found was counted as embryo@ibx10 antibody (AB9014, 1:100; Millipore). Secondary
day 0.5 (E0.5). The animals used in this experiment includedtibodies used in the study: Donkey anti-Mouse 1gG
16 pregnant mice, 6 in each stage of postnatal day 0 (P@);+L) Highly Cross-Adsorbed Secondary Antibody, Alexa
P3, P6, P9, P15 and adult mice. Fluor 488 from Thermo Fisher Scientific(Waltham, MA
USA), catalog # A-21202, RRID AB_141607; Donkey
Quantitative PCR. Tissues were collected in TRIZOL anti-Rabbit IgG (H+L) Highly Cross-Adsorbed Secondary
Reagent (Invitrogen; California, USA) and RNA wasAntibody, Alexa Fluor 568 from Thermo Fisher Scientific,
isolated according to manufacturer's protocol. After cDONA&atalog # A10042, RRID AB_2534017; Donkey anti-Goat
was synthesized using Superscript lll First-Strand Synthe$igs (H+L) Cross-Adsorbed Secondary Antibody, Alexa
SuperMix (Invitrogen), quantitative PCR was performedFluor 488 from Thermo Fisher Scientific, catalog # A-
using individual gene-specific quantitative PCR (qPCR)1055, RRID AB_2534102; Donkey anti-Sheep 1gG
primers and the SYBR green dye (04887352001, Roch&{+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor
Basel, Switzerland). The data was normalized using Gapd88 from Thermo Fisher Scientific, catalog # A-11015,
as the internal control gene. TA&Ct value was calculated RRID AB_2534082. The concentration of all secondary
by difference in normalized Ct valuAQt) from different antibodies was 1:2000.

Table I. Primers used for gRT-PCR.

Species Gene Primers
mouse Mettl3 5 - ATCCAGGCCCATAAGAAACAG-3
3'- CTATCACTACGGAAGGTTGGG-5
Mettl14 5 -GGTGAGCAGCCGAAGCTGG-3

3'-CACCAATGCTATCCGCACTC-%
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RESULTS of Mettl3 and Mettl14 were detected in the RPC early at
E11.5 (Figs. 2Aand 3A). Later at P6 these two proteins were
concentrated on the INL and GCL (Figs. 2G and 3G) and it

Temporal expression profile of Mettl3 and Mettl14 at continued into the adult retina (Figs. 2H-J and 3H-J).

transcriptional level. Retinogenesis in the mouse begins

midway through the gestational period at embryonic day 1®calization of Mettl3 and Mettl14 in mouse INL and

(E10) and continues through the second postnatal week. FISCL . To identify the cell types express Mettl3 and Mettl14,

retinal ganglion cells differentiate from retinal progenitorsve performed double labeling experiments using

at E11 followed by horizontal cells, cone photoreceptors ashtibodies to Mettl3 and Mettl14 in combination with well-
amacrine cells. Bipolar cells, rod photoreceptors and Millestablished markers for different retina cells in a mature
glial cells are born in the latter half of retimivelopment retina (P30). Co-labelling with anti- Brn3a, a marker for

(Turneret al, 1990; Livesey & Cepko, 2001). Mouseretinal ganglion cells (Pagt al, 2005), showed that the

E11.5, E13.5, E15.5, E17.5, postnatal day 0 (P0), P3, Rettl3 positive cells in the GCL also expressed Brn3a (Fig.

P9, P15 and adult (2 months) retinas were collected 48\). The Mettl3-positive cells that were not labeled by

perform quantitative PCR. We found that the expressidrn3a in the GCL could be a displaced amacrine cell.

of Mettl3 remained at a low level during early retindndeed, those Mettl3-positive cells co-localized with

development. At P6, the expression of Mettl3 bursted arwdlretinin (Chandrat al, 2017) (Fig. 4B), which marks a

increased two-fold compared to that at P3 and continuedbset of amacrine cells in the GCL. Then we showed that

to increase through adulthood (Fig. 1A). The expressidiettl3 was expressed in the nucleus of the amacrine cells,
pattern of Mettl14 was similar to that of Mettl3. Howeversurrounded by the amacrine cell membrane marker HPC-
the expression of Mettl14 was significantly higher thad (Inoue & Akagawa, 1993) (Fig. 4C). To study the other
that of Mettl3 during early retina development apositive signals of Mettl3 in the INL, we examined the
transcriptional level (Fig. 1B). distribution of Mettl3 in combination with Chx10, a well-
established markers for bipolar cells (Rowan & Cepko,

Mettl3 and Mettl14 immunostaining patterns in  2004). We found that many Mettl3-positive cells co-

Developing Mouse Retina. We  applied localized with Chx10 (Fig. 4D). The expression patterns

immunofluorescence staining to locate the expression of Mettl3 and Mettl14 closely resembled each other in the

Mettl3 and Mettl1l4 at different stages of mouse retinmature retina (Fig. 4A-D’). These results demonstrated

development. Mettl3 and Mettl14, which are nucleoproteingr the first time the precise cell types that co-localized

were shown to co-locate with DAPI staining. The expressiamith Mettl3 and Mettl14 in the adult mouse retina.
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Fig. 1. Transcriptional level of m6A methyltransferase complex involved in mouse retinogenesis. (A, B) Quantitative ReaRTime P
(gRT-PCR) of Mettl3 and Mettl14 in mouse retina cDNA samples at embryonic day 11.5 (E11.5), embryonic day 13.5 (E13.5); embryon
day 15.5 (E15.5), embryonic day 17.5 (E17.5) postnatal day O (PO), postnatal day 3 (P3), postnatal day 6 (P6), post{iR8al day 9
postnatal day 15 (P15) and Adulthood. Expression was normalized to GADPH (glyceraldehyde-3-phosphate dehydrogenase) gene
expression, with all data points for E11.5 set to 1.
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Fig. 2. Immunostaining of Mettl3 during retina development.
(A-J) Retinal sections at E11.5 (A)-Adult (J) were stained with
Mettl3.

DISCUSSION that organ or tissue, the expression patterns of Mettl3 and
Mettl14 during retina development have not been
demonstrated yet, which are necessary for studying the

Normally, if the expression of a gene is found imole of m6A in retinogenesis, In the present study, we
the development of an organ or a tissue, the genepierformed quantitative PCR and immunofluorescence
generally considered to play a role in the development labeling to show Mettl3 and Mettl14 expression patterns
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Fig. 3. Immunostaining of Mettl14 during retina development. (A—
J) Retinal sections at E11.5 (A)-Adult (J) were stained with Mettl14.

J

during mouse retina development tbe first time. We plays an important role in retinal development. In addition,
found that the expression of the two proteins runs througine core component of m6A methyltransferase is a
the entire retinal development process, we believe that mé&terodimer containing two proteins Mettl3 and Mettl14.
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Calretinin

Fig. 4. Co-localize with Mettl3 and Mettl14 in the adult mouse retina. (A—D) Retinal sections at P30 were double stained with
retinal markers (green) and Mettl3 (red). A: Mettl3 was expressed in RGCs and co-localized with strong Brn3a signalsi3-C: Mett
was expressed in amacrine cells and co-localized with strong Calretinin and Hpc-1 signals. D: Mettl3 was expressedalhsbipolar ¢
and co-localized with strong Chx10 signals. ONL: outer nuclear layer; INL: inner nuclear layer; GCL: ganglion cell layer. Scale
bars are 10Qm.

The highly consistent expression pattern of thedwoadly expressed and may play essential roles in the
two proteins echoes this fact. Finally, Immunofluorescenakevelopment and specification of mouse neuronal reti-
douwble labeling techniqueshowed that Mettl3 and na and glia cells. We believed that our work will provide
Mettl14 were expressed in amacrine, bipolar anal foundation for studying the functions of m6A during
ganglion cells. In summary, Mettl3 and Mettl1l4 areetina development.
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Fig. 5. Retinal sections at P30 were double stained with the same retinal markers (green) and Mettl14 (red) (A-D).
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complejo de metiltransferasa podian ser detectados desde el co-
RESUMEN: El complejo Mettl3 / Mettl14 metiltransferasa mienzo del desarrollo de la retina; la expresion de Mettl3 y Mettl14

establece la modificacion interna mas significativa de ARNm: N&e restringid gradualmente a la capa nuclear interna (INL) y la
metiladenosina (m6A). El desarrollo de la retina de los vertebradospa de células ganglionares (GCL); se observé que Mettl3 y
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