Corresponding Primary Transcript and mRNA Levels for Pomc and Prss56 Suggest Oscillating Transcriptions
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Introduction

We recently reported the curious phenomenon that there are marked differences among adult rats
with respect to the number and distribution of pro-opiomelanocortin (POMC) -expressing hypothalamic
tanycytes (Wittmann et al., J Comp Neurol, 2017). These differences are present at both the mRNA and
protein levels, exist in both males and females and among rats with similar age and weight that were
euthanized at the same time of the day. While the cause of this variability remains unknown, there are
two alternative explanations for this phenomenon. One is individual variation among animals, the other,
more likely explanation in our view, is that POMC expression in tanycytes changes dynamically, thus
both low and high POMC levels occur periodically (or episodically) in each brain. In a subsequent study
we demonstrated that the mRNA levels of Prss56, a gene that encodes a serine protease, is similarly
variable in tanycytes, but inversely proportional to tanycyte Pomc mRNA levels (Wittmann et al., J Comp
Neurol, 2018). Thus, according to our hypothesis, Pomc and Prss56 are expressed in an out-of-phase,
oscillatory manner.

The amount of mMRNA depends on both the rate of transcription and mRNA degradation. The Pomc
primary transcript was reported to have much shorter half-life than the mature mRNA (Fremeau et al.,
Mol brain Res, 1989), and its level may closely correlate to the transcriptional activity of the Pomc gene.
To investigate whether increased transcription drives the accumulation of Pomc and Prss56 mRNASs in
rat tanycytes, we detected their primary transcripts by using intron-specific in situ hybridization.

Inverse correlation between Pomc and Prss56 mRNA expression in tanycytes
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(a-d) Fluorescent in situ hybridization performed on adjacent sections demonstrates a brain
with high Pomc and low Prss56 (a,b), and another with low Pomc and high Prss56 levels (c, d)
In tanycytes (rostrocaudal position: -3.4 mm from Bregma). 3v, third ventricle. Scale bar:
100e m (e) Inverse correlation between Pomc and Prss56 in situ hybridization signals in
tanycytes from 22 adult rat brains. Y-axes represent area in € m covered by hybridization
signal. Indicated are the borders separating the qualitative categories of high, intermediate
and low expression levels. Wittmann et al., J Comp Neurol, 2018.

Materials and Methods

Adult (8-15 weeks old), male and female Sprague-Dawley rats were used for this study. Rats were
euthanized by anesthesia and subsequent decapitation. The brains were removed and snap-frozen on
dry ice, and 18 nm thick coronal sections, collected in 1-in-12 series, were cut from the hypothalami with
a Leica cryostat. For fluorescence In situ hybridization (ISH), digoxigenin-labeled intron-specific
riboprobes were synthesized from the following DNA templates: a 1,340 bp seguence in rat Pomc Intron
A (almost identical to the one published by Fremeau et al., Science, 1986); and two, 546 and 368 bp
sequences corresponding to Intron 1 and Intron 4 of rat Prss56, that were synthesized and cloned into
pBluescript plasmids by Genscript (Piscataway, NJ). The two Prss56 probes were used in combination
to Increase detection sensitivity. The digoxigenin-labeled probes were detected with peroxidase-
conjugated anti-digoxigenin antibody (Roche), subsequent biotinylated-tyramide amplification using the
TSA Biotin Plus Kit (Perkin Elmer), and Alexa 488-conjugated Streptavidin (Thermo Scientific). On two
brains, dual fluorescent ISH for Pomc mRNA and Pomc Intron A were performed, using fluorescein- and
digoxigenin-labeled riboprobes respectively, and a detection procedure described in Wittmann et al., J
Comp Neurol, 2018.
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Results

Fig. 1. ISH for Pomc mRNA and Pomc Intron A in brains with high
and low Pomc expression in tanycytes

ISH demonstrates corresponding distribution and proportional levels of Pomc mRNA
and Pomc primary transcript in tanycytes in a brain with high (A, B), and another
brain with low (C, D) Pomc expression in tanycytes. Arrows indicate ISH signal for
the Pomc primary transcript in tanycyte nuclei. 3v, third ventricle.

Fig. 2. ISH for Prss56 mRNA and Prss56 introns 1 and 4 in brains

with high and low Prss56 expression in tanycytes
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(A, B) In a brain with high Prss56 mRNA expression in tanycytes, the Prss56
primary transcript is detected in tanycyte nuclei usually as a single fluorescent spot
(inset). (C, D) This signal was absent in a brain with low Prss56 mRNA in tanycytes.

3v, third ventricle.
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Fig. 3. Dual ISH for Pomc mRNA and Pomc Intron A in brains
with low and intermediate expression in tanycytes
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Dual ISH images from 4 rostro-caudal levels show that the Pomc
primary transcript (red) accumulates in the nuclei of Pomc mRNA
(green) -expressing tanycytes in a brain with intermediate Pomc levels
In tanycytes (E-H), but not in the brain with low levels (A-D). Arrows on
G point to the highest concentration of Pomc-expressing tanycytes.

Conclusions

1. In general, high Pomc or Prss56 mRNA levels in tanycytes were accompanied by high levels of the corresponding
primary transcripts, whereas low primary transcripts corresponded to low mMRNA levels. These data suggest that
variable Pomc and Prss56 mRNA levels highly correlate with the transcriptional activity of these genes, raising the
possibility of oscillatory expression and/or activity of certain transcription factors in adult rat tanycytes.

2. We hypothesize that this phenomenon may be related to the stem/progenitor cell function of tanycytes and
reminiscent of the oscillatory expression of transcription factors in neural stem cells (Sueda et al., Genes Dev, 2019).



