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Abstract

The brain employs distinct circuitries to encode positive and negative valence stimuli and
dysfunctions of these neuronal circuits have a key role in the etiopathogenesis of many psychiatric
disorders. The Dorsal Raphé Nucleus (DRN) is involved in a wide range of behaviors and drives
the emotional response to rewarding and aversive experiences. Whether specific subpopulations
of neurons within the DRN encode these behaviors with different valence is not known. Notably,
microRNA (miR) expression in the mammalian brain is characterized by tissue and neuronal
specificity, suggesting it might play a role in cell and circuit functionality, but this specificity has not
been fully exploited.

We demonstrated that miR-34a is selectively expressed in a subpopulation of GABAergic neurons
of the ventrolateral DRN. Moreover, we report that acute exposure to both aversive (restraint stress)
and rewarding (chocolate) stimuli reduce GABA release in the DRN. On the contrary, inactivation
of DRN miR-34a or its genetic deletion in GABAergic neurons induces an enhancement of local
GABA release in response to aversive but not rewarding stimuli. Consistently, DRN miR-34a
inhibition selectively controlled passive responses during inescapable/uncontrollable aversive
experiences.

These data demonstrate a role of miR-34a in regulating GABAergic neurotransmitter activity and
behavior in a valence-related manner, and suggest miRs could represent a functional signature of

specific neuronal subpopulations with valence-specific activity in the brain.

Significance Statement

The Dorsal Raphé Nucleus is an important source of neurotransmitters in the brain that is involved
in valence encoding. Recent studies have highlighted that specific subpopulations of neurons within
a brain area encode positive or negative stimuli. The functional dissection of such circuits is a
relevant goal both in neuroscience and in psychiatry. Here, we found that miR-34a is selectively
expressed in ventrolateral DRN GABAergic neurons. Moreover, we report that this molecule has a
selective functional role in the regulation of inhibitory transmission. Specifically, miR-34a regulates
DRN GABAergic activity and behavior in response to aversive, but not rewarding, stimuli. These
data also provide evidence that microRNAs could represent a potential tool for functional dissection

of brain circuits.



Introduction

Processing of rewarding and aversive experiences is fundamental for survival. Experience
characterized by positive and negative valence requires expression of different behavioral
strategies supported by the engagement of specific neuronal circuits. Functioning of these circuits
guarantees survival and health while their dysfunction can cause both physical and mental
disorders.

The Dorsal Raphé Nucleus (DRN) is an essential source of neuromodulators and is involved in a
wide range of behaviors, including the response to rewarding (1-3) and aversive stimuli (4-7). The
DRN processes these behaviors thanks to its anatomical and cellular complexity, characterized by
functionally distinct subregions organized in multiple cell types (8-10). Indeed, specific
subpopulations of neurons within the DRN selectively respond to rewarding or aversive stimuli (6,
11, 12). Previous studies have mostly focused on serotonin (5-HT) neurotransmission because the
DRN is the primary source of serotonergic innervation of the brain. However, local y-aminobutyric
acid (GABA) signaling plays a crucial role in the physiology of this nucleus (13) by modulating
serotonergic neuron excitability and 5-HT release in several brain areas (13—15). Studies in rodents
have demonstrated that DRN GABAergic transmission mediates responses to aversive and
rewarding stimuli (2, 4, 16, 17). Indeed, major changes in the activity of DRN GABAergic neurons
have been observed under either positive or negative experiences. Occurrence and direction of
these changes, though, depended on the valence of the experience and on the behavioral coping
strategy. These findings suggest the involvement of distinct neuronal populations in mediating
behavioral responses with different valence. Despite its potential interest in the context of
psychiatric disorders, the functional segregation of GABAergic neurons within these local inhibitory
circuits has not been elucidated.

Specific patterns of transcriptional profiles drive the identity and physiology of functionally distinct
sub-neuronal populations. In this context, microRNAs (miRNAs) may have a pivotal role, as miRNA
expression is often specific at neuronal and sub-neuronal levels (18—20). Notably, single-cell RNA
sequencing data in mice have revealed the expression of a subset of miRNAs with distinct profiles
in glutamatergic and GABAergic neurons and subtypes of GABAergic neurons (21).

Previous work in the DRN has shown a key role of miRNAs in the physiology and pathophysiology
of the DRN (22-26). We recently provided evidence of a highly selective expression of miR-34a in
this nucleus, where it is required for the behavioral response to stress (23, 24) as well as for stress-
induced 5-HT release in the medial prefrontal cortex (mPFC). Indeed, miR-34a, which belongs to
the miR-34 family together with miR-34b and miR-34c, is known to be involved in neurotransmitter
release (23, 24, 27-29), likely at dendritic levels (23, 30).

In the present study we tested the hypothesis that expression of miR-34a modulates activity of

GABAergic neurons in the DRN of mice exposed to motivationally salient conditions. To this end,
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we combined in situ hybridization (ISH), miRNAscope ISH, and immunofluorescence to identify the
regional and cellular selectivity of miR-34a expression in the mouse brain. Moreover, we tested
whether GABAergic miR-34a regulates responses to aversive and rewarding experiences using

pharmacological and genetic strategies.

Results

miR-34a is selectively expressed in GABAergic neurons of the ventrolateral DRN

We have previously shown that miR-34a is highly expressed in the DRN (23, 24). Here, we further
characterized miR-34a localization by ISH and showed that this miR is exclusively expressed in
the ventrolateral part of the DRN (Fig. 1A and Fig. S1). With a combined miRNAscope and
immunofluorescence approach we confirmed the selective localization of miR-34a in the
ventrolateral part of the DRN and demonstrated that miR-34a is present exclusively in GAD67-
positive neurons (Figure 1B), while it is lacking in 5-HT+ neurons (Figure 1B). Moreover, we
observed that some GAD67+ cells did not exhibit a miR-34a signal (Figure 1B), suggesting that
this miR is expressed only in a sub-population of GABAergic neurons. Given these findings, we
asked whether the confinement of miR-34a expression to GABAergic neurons is specific to the
DRN or whether it is common to other brain structures, where a high number of GABAergic cells
physiologically reside. Thus, we investigated miR-34a expression in the medial prefrontal cortex
(mPFC), the nucleus accumbens, the hippocampus and the central amygdala. We observed a
weaker miR-34a signal in these areas with respect to the DRN (Fig. S2) confirming, with a more
sensitive method, previous evidence on the different regional expression of miR-34a in the brain
(23, 24). Furthermore, we observed a partial colocalization between miR-34a and GADG67 in the
hippocampus and in the amygdala (Fig. S2). The specificity of the miR-34a probe was confirmed
by performing a miRNAscope™ in situ hybridization assay on brain slices obtained from miR-34a
knock out (KO) mice: in these slices, no miR34a signal was detected in the DRN (Fig. S3).
Finally, to demonstrate the selectivity of miR-34a expression in GABAergic neurons of the DRN,
we employed a genetic strategy, whereby we deleted the miR-34a gene selectively on GABAergic
neurons and we evaluated residual miR-34a expression levels. To this end, we crossed Gad2::Cre
mice with miR-34a'*®"° mjce, and obtained a mouse model lacking miR-34a selectively on Gad2
expressing neurons (Gad2::Cre/miR-34a'>®ox)  Strikingly, by ISH analysis, we could not detect
any miR-34a immunoreactive cells in the DRN of Gad2::Cre/miR-34a'>®'o mice (Figure 1C).
Altogether, our results demonstrate that, in the DRN, miR-34a is selectively expressed on a

subpopulation of GABAergic neurons.



Both aversive and rewarding experiences reduce GABA release in the DRN.

Prior to examining the role of miR-34a in DRN GABAergic neurotransmission, we evaluated the
physiology of DRN GABA release in response to acute exposure (2h) to an aversive (restraint
stress) or a rewarding (white chocolate) stimulus in C57BL/6 mice.

To this end, we used two complementary experimental settings (timelines in Fig. 2A,B): 1. in-vivo
microdialysis, through which we measured the levels of extracellular GABA in the DRN during the
2 hours of experience with the stimulus; 2. ex-vivo electrophysiology, through which we evaluated
miniature inhibitory postsynaptic currents (mIPSCs) of 5-HT neurons in DRN slices collected in
mice exposed to the aversive or rewarding experience. Our results show that both restraint stress
and white chocolate exposure produced a significant time-dependent decrease of GABA outflow in
the DRN, measured by in-vivo microdialysis (effect of time: F(1,14)=7.451, p=0.0001; Fig. 2C).
Specifically, in response to restraint stress, extracellular GABA showed a significant reduction at
20, 60, 80 and 120 min from the start of the protocol. During exposure to white chocolate, GABA
levels also showed a significant reduction at 40-120 min from the start of the protocol (Fig. 2C).
Consistent with a decrease in presynaptic GABA release, we found that exposure to both acute
stress and white chocolate reduced the frequency, but not the amplitude, of mMIPSCs recorded from
5-HT neurons with respect to the no-stimulus group (frequency: F(2,44)= 11.75, P<0.0001; Fig.
2D; Fig. S4). These data confirm that both rewarding and aversive stimuli decrease GABAergic

release onto 5-HT neurons in the DRN.

miR-34a regulates DRN GABA activity in response to aversive, but not rewarding, stimuli.
MiR-34a has been shown to modulate neurotransmitter release (23, 24, 27-29). We thus tested
whether it regulates GABA release in response to stimuli with different valence. Region-specific
blockade of miR-34a was obtained by intra-DRN injection of an antagomiR-34a (Ant-34a) in
C57BL/6 mice. A significant reduction of miR-34a levels in the DRN was detected after 2h, 48h and
7 days from the injection with Ant-34a (10uM, 0.5ul), but not with a non-targeting scrambled
sequence (negative control) (Fig. S5). The rapid and long-lasting effect of this antagomiR is
consistent with previous reports (27, 31).

We then evaluated the effect of miR-34a blockade on local GABAergic release in response to acute
exposure to aversive (restraint stress) or rewarding (white chocolate) stimuli. In response to
restraint stress, Ant-34a, infused in concomitance with the stressful procedure (Fig. 3A), increased
GABAergic activity with respect to negative control-infused animals. Indeed, in microdialysis
experiments, statistical analysis revealed a significant effect of treatment (F(1,13)=10.95;
p=0.0056) with differences between the Ant-34a and negative control groups at 20, 40, 60 and 120
min (Fig. 3C). Specifically, negative control mice showed a decrease of extracellular GABA release

in the DRN, while miR-34a inhibition caused an increase in GABA release. Consistently, we found
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that exposure to acute stress caused significant differences in mIPSCs recorded in 5-HT neurons
of mice that had received intra-DRN injection of Ant-34a compared to negative control mice. In
particular, mIPSC frequency was significantly higher in the Ant-34a group (U=47, p=0.0017), while
amplitude was not different (U=88, p=0.14, Fig. 3E). Similar results were obtained when Ant-34a
was infused 48h before the restraint stress exposure (frequency: U=130.5, p=0.005; amplitude:
U=251.5, p=0.99; Fig. S6A,B). Of note, the infusion of Ant-34a, in absence of any stressful
procedure, did not significantly alter the frequency (U=114, p=0.06) or amplitude (U=105, p=0.44)
of mIPSCs (Fig. S7A,B).

Remarkabily, in response to chocolate exposure, intra-DRN miR-34a inhibition (starting 48h before
the chocolate exposure) did not modify local GABA release when compared to negative control
mice in the two experimental settings (Fig. 3B). Indeed, by in-vivo microdialysis we observed a
similar significant reduction of GABA release in the DRN of both negative control and Ant-34a
injected mice in response to chocolate exposure (Time: F(1,13)= 4.68; P=0.0039). In the Ant-34a
treated-mice, GABA levels were significantly lower at 20, 40, 80, 100 min (Fig. 3D). Similarly,
negative control treated-mice showed a significant decrease of GABA levels at 20, 40, 100 min.
The electrophysiological analysis confirmed these findings, as no differences were found in either
frequency (U=56, p=0.78) or amplitude (U=42, p=0.24) of mIPSCs between negative control and
Ant-34a injected mice (Fig. 3F).

These findings indicate that miR-34a expressed within the DRN selectively controls local GABA
release and inhibitory constraint over 5-HT neurons in an adverse situation. Since we identified
DRN miR-34a exclusively in GABAergic neurons, we tested whether these responses to restraint
were selectively controlled by miR-34a-expressing GABAergic neurons. To this end, we measured
GABA release in response to restraint stress in the DRN of Gad2::Cre/miR-34a'>®"°® and in the
two control groups: Gad2::Cre and miR-34a'>®'o** mice (timeline in Fig. S8A). In-vivo microdialysis
experiments revealed a significant effect of genotype (F(2, 24)= 14.46; P=0.0001, Fig. S8B).
Specifically, while Gad2::Cre and miR-34a'>'o*¢ showed a slight decrease of GABA release in the
DRN, Gad2::Cre/miR-34a'"®"> mice showed increased GABA release. Post-hoc comparison with
Gad2::Cre/miR-34a'*¥'o® mice revealed significant differences at 80 and 120 for Gad2::Cre and at
20, 80, 120 min for miR-34a">®"> mice.- Consistently, electrophysiology recordings from 5-HT
neurons showed a significant effect of genotype (F(2, 66)= 3.84 P=0.026, Fig. S8C). Post-hoc
analysis showed that restraint stress caused a significant increase in mIPSC frequency in
Gad2::Cre/miR-34a'>®'o® mice compared to miR-34a>®'ox (p=0.018) and to Gad2::Cre mice
(p=0.037). No significant differences were evident for mIPSC amplitude for either comparison (F(2,
66)= 0.77, p=0.47; Fig. S8C).



GABAergic miR-34ain the DRN is necessary for the behavioral response to aversive but not
rewarding stimuli.

In rewarding experiences, inhibition of DRN GABAergic neurons facilitates both active
(approach/consumption) and passive (waiting) responses (2). On the contrary, in aversive contexts,
it is only associated with passive behavior elicited by inescapable/uncontrollable situations (4).
Thus, we tested whether inhibition of GABAergic miR-34a in the DRN influences behavior in a
rewarding experience (i.e. the sucrose preference test, SPT) and two different aversive
experiences, i.e. an escapable/controllable context (dark light test, DLT) and an
inescapable/uncontrollable context (Forced Swim Test, FST) (Fig. 4A,E).

We found that DRN infusion of Ant-34a did not alter sucrose consumption (t=1.032, df=15, p=0.32;
Fig. 4B) nor the time spent in the light compartment of the DLT (t=0.2129, df=15, p=0.83, Fig. 4C),
while it significantly reduced immobility time in the FST compared to negative control mice (t=4.511,
df=15; p=0.0004; Fig. 4D). Similarly, mice carrying the genetic deletion of miR-34a in GABAergic
neurons did not significantly differ from the two control groups, when measuring the preference
index of the SPT (main effect of genotype: F(2,23)=0.2694, p=0.7662; Fig. 4F). On the contrary,
we found a significant effect of genotype in the DLT (F(2,23)=4.197, p=0.0279), due to Gad2::Cre
mice spending significantly less time in the light zone than miR-34a*®"°x* mice (Fig. 4G). Finally,
the FST revealed a significant effect of genotype (F(2,23)=12.18; p=0.0002), with Gad2::Cre/miR-
34a'o®oxe mice exhibiting significantly less immobility than Gad2::Cre or miR-34a'>®"°x* mice (Fig.
4H).

These findings support a role of DRN GABAergic miR-34a in selectively controlling passive

responses during inescapable/uncontrollable aversive experiences.

Discussion

The DRN plays a fundamental role in orchestrating the behavioral responses to motivationally
salient stimuli, regardless of their positive or negative valence, through 5-HT neurons projecting
toward many brain areas (1, 6, 11, 12). Although a consistent population of GABAergic neurons
modulates the activity of 5-HT neurons within the DRN, no study has identified and characterized
DRN GABAergic neurons engaged in the response to motivationally salient stimuli. Our study starts
to fill this void by identifying the selective expression of miR-34a in a subpopulation of GABAergic
neurons and offering evidence of some of their functional characteristics.

In this work, we present three innovative findings: 1) miR-34a is expressed in GABAergic neurons
of the DRVL; 2) miR-34a modulates DRN GABAergic transmission in a valence-dependent manner;
3) miR-34a modulation of GABAergic transmission in the DRN selectively mediates the behavioral

response to severe inescapable/uncontrollable adverse experiences.



miR-34a is expressed in GABAergic neurons of the DRVL. DRN neurons receive GABAergic
inputs from both local interneurons and distal GABAergic cells originating in other brain structures
(13). Our combined miRNAscope and ISH approach showed that the miR-34a signal is localized
in soma-shaped structures within the DRVL, a small region highly responsive to negative emotional
stimuli (17, 32-34). Moreover, this technique, by allowing analysis of the miR-34a and of the
GADG7 signals on the same slice, demonstrated that miR-34a is expressed in DRVL GABAergic
neurons. The cell-type specificity of miR-34a expression was further confirmed by ISH on a mouse
model carrying a genetic deletion of miR-34a on GABAergic neurons. This finding is in line with
another study on miR profiles in the mouse brain, showing that the miR-34 family, and more
specifically the a and c isoforms, are expressed in GABAergic neurons of the cerebellum (21).

Notably, we found that not all GABAergic neurons in the DRVL co-localize with the miR-34a signal,
but whether neurons expressing miR-34a correspond to a specific subtype of GABAergic cell
remains to be determined. Indeed, in the DRN, inhibitory interneurons are morphologically,
electrically and chemically heterogeneous (13, 35) and a recent single-cell transcriptome study in
mice reported at least three GABAergic neuronal subtypes in this area (8). Future studies will clarify

whether miR-34a is expressed in a specific subpopulation of DRN GABAergic cells.

miR-34a modulates DRN GABAergic transmission in a valence-dependent manner. The
findings reported here support the relevance of GABA transmission in responding to emotionally
salient stimuli regardless of their valence (2, 4). Furthermore, they identify a specific role of locally
expressed miR-34a in regulating GABAergic transmission in the DRN under acute aversive
experiences but not under the acute exposure to palatable food. Specifically, the blockade of miR-
34a unmasked the release of GABA in response to an inescapable/uncontrollable aversive
stimulus. This finding is in line with previous evidence reporting a role of miR-34a in acute regulation
of synaptic transmission (27). Moreover, many mRNAs that modulate neurotransmitter release in
the DRN are validated targets of miR-34a, including 5-HT2C (22), CRFR1 (36, 37) or
synaptotagmin-1 (29).

miR-34a modulation of GABAergic transmission in the DRN selectively mediates the
behavioral response to severe inescapable/uncontrollable adverse experiences. Although
the DRN orchestrates behavioral responses in both aversive and rewarding experiences, the
pattern of responses by local neurotransmitters (5-HT and GABA) depends on the type of
experience itself. Thus, while inhibition of DRN GABAergic neurons is involved in both active
(approach/consumption) and passive (waiting) responses to a rewarding stimulus, active

responses to adverse experiences (escape or avoid) are associated with increased GABA activity
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(2, 4). However, during the experience with severe inescapable/uncontrollable stressors, which
elicit mainly passive defensive behavior, activation of GABA neurons is only observable during
escape attempts (4).

In line with the latter observation, we report a decrease in GABA release in the DRN of mice
exposed to palatable food or to the inescapable stressor. However, only in mice exposed to the
stressor, inhibition of DRN GABA release was dependent on miR-34a. These findings suggest that
miR-34a inhibits DRN GABA functioning in adverse experiences requiring passive defensive
strategies. We tested this hypothesis by evaluating the effects of the inactivation of DRN miR-34a
and selective genetic deletion of the microRNA in GABAergic neurons on the behavioral response
to three different experiences: escapable/controllable, inescapable/uncontrollable and rewarding.
Both miR-34a manipulations effectively prevented the expression of the passive defensive
response (immobility) in FST-exposed mice by enhancing active attempts at escaping the
inescapable test apparatus. Conversely, neither intervention influenced avoidance of the lighted
compartment of the light/dark test or the preferential consumption of palatable food in STP.

When activated, the DRN provides 5-HT to distinct brain regions and this activity is finely controlled
by local GABAergic circuits (13—15). Thus, stimuli with different valence could activate distinct
subpopulations of GABAergic cells. These would in turn impinge on different 5-HT neurons
targeting distinct areas, such as the ventral tegmental area (VTA) for reinforcing effects (1, 38) or
the mPFC and amygdala for behavioral responses to inescapable/uncontrollable and
escapable/controllable aversive conditions, respectively (5, 6, 14, 24). In line with this hypothesis,
discrete subsets of GABAergic cells encoding valence-specific information were recently reported
in the mPFC (39). Our data indicate that, in response to negative but not positive valence stimuli,
miR-34a contributes to constrain GABAergic release on a subset of local 5-HT neurons, likely
facilitating 5-HT release in selected target structures, e.g. the mPFC. Supporting this idea, we have
previously reported that both constitutive and conditional deletion of miR-34a in mice attenuates
stress-induced 5-HT release in the mPFC (23, 24, 28). These considerations point to miR-34a
expressing GABAergic neurons in the DRVL as a major node of a DRN-mPFC circuit mediating
the behavioral response to inescapable/uncontrollable aversive conditions.

In conclusion, this work expands our knowledge in the field of microRNA regulatory activity in the
brain, suggesting they can represent a functional signature of distinct neuronal (sub)populations
with valence-specific activity in the brain. Moreover, the identification of the biological underpinning
of specific valence system behaviors is crucial to the development of new treatments based on the
pathophysiology of psychiatric disease, moving a step further toward precision medicine for mental

disorders.



Materials and Methods

For details on Methods, see SlI.

Animals

Twelve-fifteen weeks old male mice were used for experiments. All experiments were conducted
in accordance with the ltalian national law on the European Community Council Directives
(2010/63/UE).

Aversive or rewarding stimuli
Restraint stress and white chocolate were used as aversive and rewarding stimulus, respectively
(24, 40).

Antagomir-34a injection

For the restraint stress condition, antagomir-34a (Ant-34a) or its negative control (0.5ul, 10uM) was
administered at 0.25 pl/min flow rate either right after cannula implantation or immediately before
the stressful stimulus initiation. For experiments involving reward stimulus-induced GABA
evaluation, as well as for behavioral tests, Ant-34a, or its negative control, were infused 48 hours
before the stimulus/test, to avoid the confounding effect of immobilization-induced stress. The
following coordinates from the bregma were used: AP = + 4.36 mm, ML = + 1.5 mm, DV = + 2.0

mm, angled 26°.

In-vivo microdialysis
A microdialysis probe of 3.5 mm length was implanted with the following coordinates: AP = + 4.36
mm, ML =+ 1.5 mm, angled 26°. GABA concentrations were detected using a High Pressure Liquid

Chromatography (HPLC) system coupled with a fluorescence detector.

Ex-vivo electrophysiological recordings

Electrophysiological recordings were performed from acute coronal brain sections containing the
DRN. Whole cell patch clamp recordings were obtained from 5-HT neurons, identified based on
their morphology and their electrophysiological characteristics (41). Miniature inhibitory
postsynaptic currents (mIPSCs) were recorded in voltage clamp mode at -70 mV in the presence
of DNQX and TTX. For post-hoc identification, neurons were filled with Alexa Fluor 488 through the

recording pipette.

In Situ Hybridization

In Situ Hybridization (ISH) on DRN coronal slices was performed as described previously (24).
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MiRNAscope™

miRNAscope™ (Advanced Cell Diagnostic, USA) was performed according to the manufacturer’s
protocol as in (42). The miR-34a probe (SR-mmu-miR-34a-5p-S1) was applied on sections. Before
miRNAscope processing, sections were incubated with primary antibodies (anti-GAD67, anti-5-

HT). Sections were examined under a confocal laser-scanning microscope.

Behavioral tests

Tests were run from the least to the most invasive, and a minimum interval of 24h between tests
was maintained, to decrease the chance that behavioral responses would be altered by prior test
history.

Sucrose Preference Test (SPT)

During familiarization (day 1) and the day of the test (day 2), animals were individually placed in
the test cage and exposed to a double choice drinking test [saccharin solution (1%) or drinking
water]. Results are expressed as sucrose preference score [sucrose intake/(sucrose intake+water
intake)].

Dark/Light Test (DLT)

The DLT apparatus consisted in a rectangular box divided by a partition into 2 environments: a dark
(35%x20%30 cm) and a brightly illuminated compartment (35x20%x30 cm). The compartments were
connected by a small passage located at the bottom of the partition, in the center. The time spent
(s) in the aversive, lighted, compartment within a 5-minute recording, was annotated.

Forced Swimming Test (FST)

The mice were individually placed in a glass cylinder (diameter 18 cm, height 40 cm) containing 20
cm of fresh tap water maintained at 28 + 2 °C during a single session lasting 10 min. The behavior
of the animals was recorded and then scored by a trained observer blind to the animals’ genotype

and treatment.

Statistics
Data are presented as mean+SEM. Datasets were analyzed with t-test, Mann-Whitney or Anova,

based on the experimental design.
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Figure 1. miR-34a is selectively expressed on GABAergic neurons of the Dorsal Raphé
Ventrolateral Nucleus (DRVL). (A) Representative images showing the miR-34a signal on
DRN coronal sections from C57BL6 mice, obtained by in situ hybridization (ISH). Scale bar =
500 um. (B) Representative images of miRNAscope ISH combined with immunofluorescence
performed on coronal brain sections at the level of the DRN region from C57BL/6 mice.
Columns: low and high magnification images of a coronal brain section. Rows: triple-labeled
confocal images of the DRN, with miR-34a (red), serotonin (5-HT, green), GAD-67 (blue) and
merged signals. Scale bars: low magnification 75 pm; high magnification 40 um. (C)
Representative images showing the signal of miR-34a on coronal sections of the DRN of
Gad2::Cre, miR-34aloxr/loxp gnd Gad2::Cre mice. Scale bar = 500 ym.
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Figure 2. Exposure to aversive (restraint stress) and rewarding (white chocolate)
stimuli cause a local reduction of GABA release in the Dorsal Raphé Nucleus (DRN).
(A, B) Experimental timelines: 2 days after stereotaxic surgery mice were exposed to (A)
restraint stress or (B) white chocolate and GABA release was evaluated by in-vivo
microdialysis or ex-vivo electrophysiology. (C) In-vivo microdialysis shows that exposure to
120 min of restraint stress or white chocolate promotes a significant reduction of GABA
levels in the DRN of C57BL/6 mice (restraint group N=8; white chocolate group N=8),
*p<0.05, **p< 0.01 from basal values (white chocolate group), #p<0.05, #p< 0.01 from basal
values (restraint stress group). Results are expressed as percent changes (meantSEM)
from basal values (D) Left panel: example traces of voltage-clamp spontaneous recordings
from DRN 5-HT neurons of mice that had received either no stimulus, 2h of restraint stress
or 2h of chocolate exposure. Right panels: frequency but not amplitude of miniature
inhibitory post-synaptic currents (mIPSCs) were significantly lower in mice exposed to stress
or chocolate vs no stimulus (** p<0.01, *** p<0.001, ns: non significant).
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Figure 3. Inhibition of miR-34a in the Dorsal Raphé Nucleus (DRN) through an
antagomiR-34a (Ant-34a) potentiates local GABA release in response to an aversive
(restraint stress), but not a rewarding (white chocolate), stimulus. Experimental
timelines: (A) Two days after the stereotaxic surgery, Ant-34a or negative control (Neg. Ctrl.)
were administered. Immediately after the administration, the 2h restraint stress procedure
started. (B) In case of the rewarding stimulus protocol, Ant-34a or Neg. Ctrl. were
administered 2 days before exposure to white chocolate, to avoid immobilization-induced
stress. (C) In-vivo microdialysis data show that intra-DRN infusion of Ant-34a in C57BL/6
mice exposed to 120 min of restraint stress (N=7) caused a time-dependent increase of
GABA outflow compared to the Neg. Ctrl.-treated group (N=8), *p<0.05 in comparison with
the corresponding time point of the Neg. Ctrl. group. (D) Conversely, 120 minutes of white
chocolate exposure significantly reduced GABA outflow regardless of the Ant-34a/Neg.Ctrl.
treatment (Ant-34a group N=6; Neg.Ctrl. Group N=9), *p<0.05, **p< 0.01 from basal values
(Neg. Ctrl. -treated group). #p<0.05 from basal values (Ant-34a-treated group). Microdialysis
results are expressed as percent changes (meanstSEM) from basal values. (E-F)
Representative traces and average values for mIPSC frequency and amplitude recorded
from 5-HT neurons at the end of the restraint protocol (E) or of the exposure to chocolate
(F), in animals infused with Ant-34a or Neg. Ctrl, **p<0.01, ns: non significant.
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Figure 4. Inhibition of miR-34a in the Dorsal Raphé Nucleus (DRN) promotes active coping behavior,
while leaving anxiety-like and anhedonic behavior unaltered.

(A) Experimental timeline: Ant-34a or Neg. Ctrl. were administered 2 days before the start of the behavioral tests.
(B-D) Intra-DRN infusion of Ant-34a did not alter sucrose consumption in the sucrose preference test (SPT, panel
B) nor the time spent in the light compartment in the Dark Light Test (DLT, panel C), while it significantly reduced
the immobility time in the Forced Swim Test (FST, panel D) compared to Neg. Ctrl.-treated mice. (E)
Experimental timeline: behavioral characterization of mice with selective inhibition of miR-34a in GABAergic
neurons. (F-H) The behavioral profile of mice carrying a genetic deletion of miR-34a specifically in GABAergic
neurons (Gad2::Cre/miR-34aloxr/loxp mice) was compared to their relative control groups (Gad2::Cre and miR-
34aloxelloxp mice). (F) No significant differences were observed in the SPT among the 3 groups. (G) In the DLT,
Gad2::Cre mice showed a significant decrease in the time spent in the light zone compared to miR-34aloxr/loxp
mice (H) In the FST, Gad2::Cre/miR-34a'>x/loxp mice showed a significant decrease of immobility time compared
to Gad2::Cre and miR-34aloxp/loxe mice. *p<0.05, **p<0.01, ***p<0.001, ns: non significant.
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Supplementary Methods.

Animals

C57BL/6J mice were purchased from Charles River (Charles River Laboratories, Italy) and
used for experiments involving intra-DRN injection of Ant-34a or its negative control.
Conditional miR-34a knockout mice (miR-34al°xP1oxP) were provided by Alexander Yu Nikitin
(Department of Biomedical Sciences and Cornell Stem Cell Program, Cornell University, Ithaca,
NY). Gad2::Cre mice were provided by Dr. Cornelius Gross (European Molecular Biology
Laboratory, Monterotondo, Italy). The mouse line for genetic knockdown of miR-34a in
GABAergic neurons (Gad2::Cre/MiR-34a°xPoxP) was obtained by crossing Gad2::Cre with miR-
34loxP/lloxP (Fig. S9).

Twelve-fifteen weeks old male mice were used for experiments. After weaning, all mice were
housed in groups (three to four per cage) on a 12h light/dark cycle in a temperature-controlled
environment (21°C). Food and water were provided ad libitum.

All experiments were conducted in accordance with the Italian national law (DL 26/2014) based
on the European Community Council Directive (2010/63/UE). The experimental procedures on
animals were approved by the Italian Ministry of Health (no. 769/2017 and 70/2022).

Administration of aversive or rewarding stimuli

Restraint stress is a stressor used to induce stressful physiological responses in an animal by
restricting its free movement and it represents an aversive stimulus. The restraint apparatus is
formed by an adjustable neck-blocking support that is mounted on a Plexiglas base and by a
movable U-shaped metal piece that can be fixed to the base at the level of the animal’s hips,
thus preventing the mouse from turning on its back.

White chocolate is a highly rewarding stimulus for mice (1) and no food restriction is necessary
to elicit approaching and consummatory behavior (Fig. S10). To familiarize with the stimulus,
all mice were pre-exposed to white chocolate for 3 consecutive days (2 hours per day) in their

home cage before the day of microdialysis/electrophysiology experiments.

Stereotaxic surgery
Mice were anesthetized with Zoletil 100/Rompum 20 and then mounted in a stereotaxic frame
(David Kopf Instruments, Tujunga, CA, USA) equipped with a mouse adapter. All coordinates

were measured according to (2).

Intra-DRN antagomir-34a (ant-34a) infusion

AntagomiR-34a [LNA Antimir-34 (15-mer), product sequence 5-3
A*C*G*T*C*T*A*T*A*C*G*C*C*C*A (Qiagen)] or a negative control sequence were infused in
the DRN of C57BL/6J mice through a 26-gauge guide cannula that was implanted at 1 mm from
DRN 48 hours before the experiment. For implantation, the following coordinates from the
bregma were used: AP = + 4,36 mm, ML = + 1,5 mm, DV = + 2,0 mm, angled 26°. For the
restraint stress condition, antagomir-34a (Ant-34a) or its negative control (0.5ul, 10uM) was

2



administered at 0.25 pl/min flow rate either right after cannula implantation or immediately
before the stressful stimulus initiation. For experiments involving reward stimulus-induced
GABA evaluation, as well as for behavioral tests, Ant-34a, or its negative control, were infused
48 hours before the stimulus/test, to avoid the confounding effect of immobilization-induced
stress. Indeed, even the short physical restraint that is necessary to infuse the animal was
shown to be highly stressful (3) and, in our hands, sufficient to modify the release of GABA in
DRN for at least 2 hours.

In vivo microdialysis

Vertical concentric dialysis probes were prepared with AN69 fibers (Hospal Dasco, Bologna,
Italy) as previously described (4). The total length of the probe was 3.5 mm (dialysis membrane
length 1Tmm, o.d. 0.24 mm) and the following coordinates were used: AP = + 4.36 mm, ML = +
1.5 mm, angled 26°. The day before use, the probe’s membranes were tested to evaluate in
vitro GABA recovery. The microdialysis probe was connected to a model fusion 740 pump (KR
Analytics Ltd., UK) through PE-20 tubing and an ultralow-torque dual-channel liquid swivel
(Model 375/D/22QM, Instech Laboratories, Inc., Plymouth Meeting, PA, USA) to allow free
movement. Artificial Cerebrospinal Fluid (147 mM NaCl, 1 mM MgCl, 1,2 mM CaClz, 4 mM KClI)
was pumped through the dialysis probe at a constant flow rate of 2 pl/min. The mean
concentration of three samples collected immediately before treatment (<10% variation) was
taken as the basal concentration. GABA concentrations were detected using a High Pressure
Liquid Chromatography (HPLC) system (Alliace, Waters Corporation, Milford, MA) coupled with
a fluorescence detector (474 Model, Waters Corporation, Milford, MA). 30 pL for each sample
were analyzed prior to the derivatization reaction with 50 pyL o-Phthaldialdehyde (OPA) as
previously described (5, 6). The mobile phase contained 70 mM di-sodium hydrogen
phosphate, 400 uM EDTA, 0,15% (v/v) tetrahydrofurane, 26% (v/v) methanol, pH 5,25.
Microdialysis experiments were performed 48 h after surgery. GABA concentration values were

evaluated on percent changes (mean + SEM).

Ex-vivo electrophysiological recordings

Mice were sacrificed by decapitation. Brains were removed from the cranial cavity and
dissected in ice-cold oxygenated slicing solution containing (in mM): 234 sucrose, 26 NaHCO3,
11 glucose, 10 MgS0O4, 2,5 KCI, 1,25 NaH2PO4, and 0,5 CaCl2 (saturated with 95% O2 and
5% CO2). Coronal brain sections (250 ym thickness) containing the DRN were cut using a
vibratome (VT-1200S, Leica Biosystems, Germany). Brain slices were incubated to recover at
34 °C for 30 min and then at room temperature (24 + 1 °C) in a holding chamber with
oxygenated artificial cerebrospinal fluid (ACSF) containing (in mM): 126 NaCl, 26 NaHCOs, 10
glucose, 2.5 KCI, 2 CaClz, 1,25 NaH2POs4, and 2 MgSOQs4), before being transferred to the
recording chamber for electrophysiological recordings. Neurons were visualized under an

upright microscope (ECLIPSE E600FN, Nikon) equipped with a 60x water-immersion lens.



Whole cell patch clamp electrophysiological recordings were obtained from 5-HT neurons using
a MultiClamp700B amplifier and recorded with pClamp 10 software (Molecular Devices, USA).
Data were low-pass filtered at 3 kHz and digitized at 10 kHz with a Digidata 1440 (Molecular
Devices, USA). During recordings, slices were submerged in oxygenated ACSF and
superfused (2 ml/min) at 32-34 °C. Pipettes (3—5MQ) were pulled with a micropipette puller
(Narishige PP830, Japan) and filled with the internal solution (in mM: 70 K-gluconate, 70 KCI,
10 HEPES, 4 EGTA, 2 NaCl, 4 ATPMg, 0,3 GTP-Na, pH 7,26, 291 mOsm). Serotonergic
neurons were identified based on their morphology and their electrophysiological
characteristics, such as the width of the action potential and the characteristic “shoulder” (7).
Miniature inhibitory post-synaptic currents (mIPSCs) were recorded in voltage clamp mode at
=70 mV in the presence of DNQX (20 uM, Tocris) and TTX (1 uM, Tocris) to block AMPA
receptor-mediated post-synaptic currents. In all experiments, the series resistance was below
25 MQ and recordings were excluded if the holding current exceeded —200 pA or if the series
resistance fluctuated >20% of the initial value. mIPSCs were detected off-line using a template
search with the Clampfit 10.7 software.

For post-hoc identification, neurons were filled with Alexa Fluor 488 (Thermofisher Scientific)
through the recording pipette. Slices were then transferred in 4% paraformaldehyde (PFA) and
then incubated overnight with an anti-5-HT antibody (Cod. 114-10207, RayBiotech) dissolved
in 0.1M PB and 0.3% Triton X-100. After that, proper secondary antibody incubation and DAPI

counterstaining (1:1000 for 5 minutes) were performed.

In Situ Hybridization

In Situ Hybridization (ISH) on DRN coronal slices was performed as described previously (5).
Brains were collected, fresh frozen in OCT, cryosectioned with 20 ym thickness and mounted
on Superfrost Plus slides. ISH was performed using the miR-34a locked nucleic acid (LNA)
probe with digoxigenin (DIG) label (Exigon). Hybridization with scramble LNA probe was used
as negative control. Briefly, sections were fixed in 4% paraformaldehyde (PFA), digested with
proteinase K for 5 min, acetylated, and hybridized with the probes in 50% formamide, 5x saline-
sodium citrate (SSC), 5x Denhardt’s solution, 500 pg/ml salmon sperm DNA, and 250 pg/ml
tRNA overnight at 50 °C. After post-hybridization washes with 50% formamide, 2x SSC at
45 °C, and 2x SSC at room temperature, sections were blocked and incubated overnight with
anti-DIG-AP (Roche; at 1:1000). Signal detection was done using a NBT/BCIP substrate.

Images were acquired using Olympus BX53 microscope (4X/1.25 numerical aperture).

MiRNAscope™

miRNAscope™ (Advanced Cell Diagnostic, USA) was performed according to the
manufacturer’s protocol as in (8). Briefly, C57BL/6J mice were deeply anesthetized, then
perfused with saline solution (0.9% NaCl) and 4% PFA. After overnight post-fixation in 4% PFA,
brains were cryoprotected in sucrose solution (30%), then stored at -80°C. 15 ym coronal slices

were sectioned using a cryostat and mounted on Superfrost Plus slides. Sections were



dehydrated and post fixated according to the protocol, then peroxidase was applied, and
antigen retrieval was performed. The miR-34a probe (SR-mmu-miR-34a-5p-S1, cod.
MIMATO0000542) was applied on sections; then the amplification cascade was performed as
stated in the manufacturer’s protocol and detected by using Fast Red solution. Before
miRNAscope processing, sections were incubated with primary antibodies including rabbit anti-
GADG67 antibody (1:200; cod. GXGTX101881, Genetex) and goat anti-5-HT (1:400; Cod. 114-
10207 RayBiotech) in 0.1M PB and 0.3% Triton X-100. After the miRNAscope protocol,
sections were incubated for 1h at RT with secondary antibodies including Alexa Fluor 647
donkey anti-rabbit IgG and Alexa Fluor 488 donkey anti-goat, 1: 200; Molecular Probes;
Eugene, OR, USA; A31572).

Sections were air-dried and coverslipped with GEL/MOUNT (Biomeda, Foster City, CA, USA).

Sections were examined under a confocal laser-scanning microscope (Leica SP5).

Behavioral tests

All tests used in this work have been demonstrated to be sensitive to manipulation of DRN
GABAergic activity in animal models (9—11). Tests were run from the least to the most invasive,
and a minimum interval of 24h between tests was maintained, to decrease the chance that

behavioral responses would be altered by prior test history (Fig. 4A,E).

Sucrose Preference Test (SPT)

During familiarization (day 1) and and the day of the test (day 2), animals were individually
placed in the test cage and exposed to a double choice drinking test [saccharin solution (1%)
or drinking water] from graduated tubes (10 mL volume). Intake was measured to the nearest
0.1 mL. The test cage was the same throughout the experiment. Only mice drinking at least 0.1
mL on day 1 were included in the study. Results are expressed as sucrose preference score

[sucrose intake/(sucrose intake+water intake)].

Dark/Light Test (DLT)

The DLT apparatus consisted in a rectangular box divided by a partition into 2 environments: a
dark (35x20x30 cm) and a brightly illuminated compartment (35%x20x30 cm). The
compartments were connected by a small passage located at the bottom of the partition, in the
center. The time spent (s) in the aversive, lighted, compartment within a 5-minute recording,

was annotated.

Forced Swimming Test (FST)

Mice were individually placed in a glass cylinder (diameter 18 cm, height 40 cm) containing 20
cm of fresh tap water maintained at 28 + 2 °C during a single session lasting 10 min. Behavior
of the animals was recorded and then scored by a trained observer blind to the animal genotype

and treatment.Microdissection of Brain Punches



Mice were sacrificed by decapitation, and brains were removed and stored at — 80 °C. Micro-
punches of the DRN were obtained from coronal brain slices with a maximum thickness of 300
pm using a stainless-steel tube of 1 mm internal diameter. Coordinates were measured
according to the brain atlas of Franklin and Paxinos (2). Punches were then stored at —-80 °C

until the day of the assay.

RNA Purification and Quantitative Real-Time RT-PCR (qPCR)

Total RNA was isolated from brain punches using a total RNA purification Plus Kit (Norgen
Biotek, Thorold, Canada) according to the manufacturer's protocols. RNA quantity was
determined by absorbance at 260 nm using a NanoDrop UV-Vis spectrophotometer. For gPCR,
the same amount of RNA (10 ng) from each structure was used for reverse transcription.
Complementary DNA for miR-34a, and the endogenous control sno135 was obtained using the
TagMan MicroRNA Reverse Transcription kit (Applied Biosystems, Branchburg, NJ) with the
correspondent specific primers set (Tagman ID 000426 and 001230, Applied Biosystem). cDNA
templates (around 0,7 ng per sample) were amplified by gPCR with the Tagman technology,
using the 7900HT thermal cycler apparatus equipped with the SDS software version 2.3
(Applied Biosystems) for data collection. Ct values were normalized to measures of sno135. All
data were run in triplicate and were expressed as fold changes (2-22¢()) according to the AAC(t)
method (12).

Statistics

In microdialysis experiments, GABA outflow levels in response to chocolate or stress exposure,
in naive mice as well as in Ant-34a/negative control infused subjects, were analyzed using a
repeated-measures ANOVA with treatment (restraint stress vs. chocolate, or Ant-34a vs.
negative control) as a “between factor” and time as a “within factor” (measures at: 0, 20, 40,
60, 80, 100, and 120 min since the start of the procedure). Repeated-measures ANOVA with a
“between” factor (3 groups: miR-34a>F1oP Gad2::Cre, Gad2:C/miR-34!F/oxP) and a “within”
factor (time, seven measures: 0, 20, 40, 60, 80, 100,120 min) was used for the microdialysis
experiment involving transgenic mice. In all cases GABA levels were evaluated as percent
changes (means + SEM).

In electrophysiology experiments, a one-way Anova with a post-hoc Dunnett's multiple
comparisons test was used to compare mIPSCs frequency and amplitude of unstressed,
chocolate-exposed and restraint-stressed naive mice and to compare miR-34aloxP/loxP
Gad2::Cre, Gad2:C/miR-34°xP1oxP mice. In all other cases, a Mann-Whitney test was used for
comparisons between two groups.

For behavioral experiments, the t-test was used to analyze SPT, DLT and FST in Ant-34a and
negative control treated mice. One-way ANOVA was used for SPT, DLT and FST to compare
the miR-34aloxPloxP - Gad2::cre, Gad2::cre/MiR-34°°xPloxP groups, and to compare latency to

approach and consumption of chocolate.



A t-test was used to compare the effect of Ant-34a with respect to its negative control group, at

each time point. All data were analyzed with Graphpad Prism v.8.
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Fig. S1. Validation of the in-situ Hybridization (ISH) protocol. No miR-34a signal was
detected on Dorsal Raphe Nucleus (DRN) coronal sections from C57BL6 mice, when
incubating with the scramble LNA probe. Scale bar = 500 pym.
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Fig. S2. Regional expression of miR-34a in the brain. Representative confocal images of
miR-34a (red), GAD67 (green) and merged signals at the level of the medial prefrontal cortex
(mPFC), nucleus accumbens (NAc), hippocampus (Hipp) and central amygdala (CeA) of
C57BL/6 mice. Scale bar = 75 ym
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Fig. S3. Validation of miRNAscope ISH combined with the immunofluorescence protocol
on mMiR-34.,,c KO (TKO) mice. Representative confocal images of miR-34a signal in miR-
34ab,c KO (TKO) mice on coronal section at the level of Dorsal Raphe. Double-labeled confocal
images of miR-34a (red), GAD67 (green) and merged signals showing the absence of miR-34a
signal. Scale bar = 75 ym.
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Fig. S4. Identification of neurons recorded ex vivo. During the whole cell recording, neurons
were filled with Alexa Fluor 488. Slices were then counterstained with the 5-HT antibody to
confirm that signals were recorded on 5-HT positive cells. Example of a recorded DRN neuron,
Alexa Fluor 488 (green), 5-HT (red) and merged (yellow) signals. Scale bar = 200 ym.
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Fig. S5. AntimiR-34a (Ant-34a)-mediated silencing of miR-34a in the mouse Dorsal Raphé
Nucleus (DRN). AntagomiR-34a (10uM, 0.5ul), but not its negative control (Neg. Ctrl.),
significantly reduced miR-34a levels in the DRN as shown by RT-gPCR measurement of miR-
34a at 2 h, 48 h and 7 days after intra-DRN injection. *p<0.05.
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Fig. S6. Effect of intra-Dorsal Raphé Nucleus (DRN) injection of the antagomiR-34a (Ant-
34a) 48 hours before the stressful stimulus. (A) Experimental timeline: two days after the
intra-DRN injection of Ant-34a or of its Neg. Ctrl., C57BL/6 mice underwent 2 hours of restraint
stress and subsequently GABA release was evaluated by ex-vivo electrophysiology. (B) Ant-
34a (vs. its negative control) potentiated mIPSC frequency but not amplitude in response to
restraint stress.
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Fig. S7. Antagomir-34a (Ant-34a) did not alter basal GABAergic release. (A) Experimental
timeline: Forty-eight hours after the intra-DRN injection of Ant-34a or negative control (Neg.
Ctrl.), GABA release was evaluated by ex-vivo electrophysiology. (B) The injection of Ant-34a
did not alter the frequency or the amplitude of mIPSCs recorded from DRN 5-HT neurons (ns:

non significant).
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Fig. S8. Genetic deletion of GABAergic miR-34a potentiates local GABA release in
response to restraint stress. (A) Experimental timeline: 2 days after the stereotaxic surgery
(for microdialysis probe implantation), Gad2::Cre/miR-34a'oxoxe ) Gad2::Cre and miR-34aloxp/loxp
mice were exposed to restraint stress and GABA release was evaluated. (B) In-vivo
microdialysis showed a significant stress-induced increase of GABA release in the DRN in
Gad2::Cre/miR-34aloxp/loxe (N=9) mice compared to Gad2::Cre (N=7) and to miR-34aloxp/loxp
(N=11) mice. #p<0.05, #*p<0.01 compared to the Gad2::Cre group; *p<0.05, **p<0.01,
***p<0.001 compared to the miR-34a'>xP/loxe group. Results are expressed as percent changes
(mean+SEM) from basal values. (C) Frequency, but not amplitude, of mIPSCs recorded from
DRN 5-HT neurons of mice undergoing the restraint stress procedure, was significantly higher
in Gad2::Cre/miR-34aloxloxp mice compared to control Gad2::Cre mice. *p<0.05; ns: non
significant.

15



; / —
L \
‘}_“_ “/ 4 x

Gad2-CRE MiR-34texPiaxP

E

Gad2-CRE X MiR-34/xPiu®

B 37_.\5‘ ‘{j
¢ o
s & s ¥
s & &K e & &
%\)@ L n},f A & o> o 9-_9
& FEF & & & S
300 bp_ —— — _— — —. e
- -
MiR-34aloxPlorP Gad2:Cre

Fig. S9. Generation of a mouse model carrying a genetic deletion of miR-34a on
GABAergic neurons. (A) Schematic design of mice crossing. (B) Exemplificative PCR
screening for miR-34a floxed sites and for the GAD67-dependent Cre site.
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Fig. S10. Exposure of mice to white chocolate elicits approaching and consummatory
behavior. (A) Latency to approach and (B) consumption of chocolate of C57BI/6 (C57) mice
with either no injection or injection of Ant-34a, or of its negative control (Neg. Ctrl). ns: non
significant.
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