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Supplementary Figures and Legends
(Each Supplementary Figure is followed by its corresponding legend on the next page)
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Figure S1. Aging, streptozotocin-induced B—cell damage and high fat diet regulate Hes3 expression in

the brain.

(a) gPCR analysis of the relative mRNA expression of Hes/Hey genes in young and old mice (N=3-6). (b)
Diagram showing the brain areas used for image acquisition and Hes3 signal measurement. (c) Examples
of images used for Hes3 quantification. The particular images correspond to the top field marked in (b).
Nuclei are stained with DAPI and are shown in blue. (d,e) A single high dose of STZ increases blood
glucose levels and reduces insulin levels 8 weeks after injection, indicating the establishment of the STZ
model (N=8; measurements were performed after an overnight fasting). (f-h) HFD increases BW, insulin,
and glucose levels at different time points, indicating the establishment of the HFD model (N=4-10;
measurements were performed after an overnight fasting). [Data are means * SEM. Mann-Whitney test;

*p<0.05].
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Figure S2. Metformin regulates Hes/Hey gene expression in vivo and in vitro.

(a) Heatmap showing gene expression levels of different Hes/Hey genes in different areas of the brain in
control and metformin-treated mice. (N=5-12; MET, Metformin; the data are summarized per animal
group and presented as a heat map in Figure 2a]. (b-d) Bar graph versions of the qPCR analysis shown in
(a). (e) BW progression in mice treated with metformin (2g/l in the drinking water, continuously for 8
weeks), and control mice (normal drinking water; not fasted BW measurements; N=12). (f-h) BW,
glucose, and insulin measurements in mice treated with metformin, and control mice. (N=12;
measurements were performed after an overnight fasting). (i) Immunocytochemistry image examples of
EdU incorporation 72 hours after treatment with metformin (500uM). EAU was added 5 hours before
cell fixation. [Scale bar: 30 um]. (j) Immunocytochemistry image examples of Hes3 expression in
undifferentiated NSCs and following differentiation for different periods of time [Scale bar: 30 um;
Insets: DAPI. Note: Oligodendrocytes in the cell culture media do not survive for long periods of time].

[Data are means + SEM. Mann-Whitney test; *p<0.05. HPRT was used as a reference gene].
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Figure S3. Exendin-4 regulates Hes/Hey gene expression in cultured mouse fNSCs. Related to Figure 2.

(a) Ex-4 increases cell number (DAPI-stained nuclei counts) in a dose-dependent manner (N=7; p<0.05
for the 72h Ex-4 dose of 200nM). (b) Brightfield image of primary mouse fNSC cultures treated with or
Ex-4 (200nM) for 72 hours (to compare with Figure 2d). (c) Ex-4 (200nM) does not significantly alter EAU
incorporation (N=3; 72h treatment). (d) Image examples of EdU incorporation 72 hours after treatment
with Ex-4 (200nM). EdU was added 5 hours before cell fixation. [Scale bar: 30 um]. (e,f) Ex-4 (200nM,
72h) regulates Hes/Hey gene mRNA levels in cultured fNSCs (N=3. Data are means * SEM. Mann-

Whitney test; *p<0.05. HPRT was used as a reference gene).
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Figure S4. Hes3 null mice exhibit altered expression of Hes/Hey genes in the brain.

(a) Heatmap showing gene expression levels of different Hes/Hey genes in different areas of the brain in
WT and Hes3 null mice, in ND and HFD conditions. The heat map shows values from individual mice and
corresponds to Figure 3a. (N=4-8). (b-g) Bar graph version of the gPCR analysis shown in (a). [Data are

means = SEM. Mann-Whitney test; *p<0.05. HPRT was used as a reference gene].



Figure S5

T e < @ s o s

fmut  mcon  mmut

f.con

[weosad] el0] - 50180 8y} Ul ads Bwi Wedsad

*

(8]

oo ofd oo
* om—Q .
i3+
o e -

0e 4 0z st oL

(%] @101 - J01U3 By} Ul SOUBISIP JUSIAY

odbds e

TSR

Ko

!E .
...._M.m +

— T T T T
08L 094 OvL 02+ 00L 08

[ fesoL - seas jo sequiny.

©

*
*
.

-
B
W=
N

00008 000s2 00002

[wo] eto]. - pejenen souersiq

fmut  mcon  mmut

f.con

fmut  mcon  m.mut

f.con

fmut  mcon  mmut

f.con

c e fope
000@ .

b |

«©

b0

*

5z oz

s

(s) swiny asuodsai p,z

iuz

>

*» o+0..v0

o

4

adl

o w...*.._.:

= 0z
(s) awny asuodsai T

PPI/ burst

-1}

U

k4

[

means +- std

= female control
= female mutant

—| = male control

= male mutant

H

8

e

=3
o

09 oy
[%] 1dd

0z

0

L m.con m.eut

feon

Lt meon m.eul

feon

69 73 81 global

67

PP itensity [dB]

mean grip force 4 paws

mean grip force 2 paws

(8) @104 ueay

5 e

(8) 22104 uBB N

100

o

-4
iy
4

AyAnoy Jojowooo]

0C

I

[

nww

vow

nwy

way

nw'w

VO W

nwy

voTg

f.mut m.con m.mut

f.con

(1dS ap) ploysaiyL

© —

(1/1oww) a3e30e]

. Cmmqﬁ»o

05z ooz 05t Qo

(s) (ueaw) [1e} 03 Aduaieq

m.con m.eul

Lt

L m.con

fcon

Frequency (kHz)

@®Male, WT ®Male, Hes37- ]

{'Female, Hes3"-

[ @Female, WT



Figure S5. Behavior, neurology, and nociception phenotyping of Hes3 null mice (Selected data from

https://www.mouseclinic.de). (a) Open field: Distance traveled - Total boxplot with stripchart, split by

sex and genotype (b) Open Field: Number of rears - Total boxplot with stripchart, split by sex and
genotype (c) Open Field: Percent distance in the center - Total boxplot with stripchart, split by sex and
genotype (d) Open Field: Percent time spent in the center - Total boxplot with stripchart, split by sex and
genotype (e) Prepulse Inhibition: PPl grouped barplot, split by sex and genotype (f) Hot Plate Test: 1st
response time boxplot with stripchart, split by sex and genotype (g) Hot Plate Test: 2nd response time
boxplot with stripchart, split by sex and genotype (h) SHIRPA: Locomotor Activity boxplot with
stripchart, split by sex and genotype (i) Grip Strength: Mean force (2 and 4 paws) boxplot, split by sex
and genotype (j) Rotarod: Latency to fall (mean) boxplot with stripchart, split by sex and genotype (k)
Lactate: Boxplot with stripchart, split by sex and genotype (l) ABR: Stimulus intensity thresholds
measured for different frequencies, medians and quartiles. Values above measurement limit (85db) are

replaced by 100. [N numbers: a-k, 15; i: 10]


https://www.mouseclinic.de/
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Figure S6. Conceptual diagram of how Hes3 in the brain may be integrating multiple biological

parameters.

Aging opposes Hes3 expression in the brain. MIF is a positive regulator of Hes3 whose expression also
drops with age. It is possible, therefore, that as MIF drops with age this contributes to the reduction of

Hes3 expression we observed with age.

Insulin is another powerful inducer of Hes3. Therefore, in the STZ models, reduced circulating insulin
levels may lead to a reduction in Hes3 levels in the brain. However, in the STZ models, cell stress caused
by the damage to the organism may also promote an increase in brain Hes3 levels. Also, STZ-induced
inflammation in the brain may further alter Hes3 expression. Which of these effects prevails may

depend on the particular model used and the particular time point of the assessment of Hes3 levels.

HFD involves initial periods of inflammation and subsequent periods of prolonged elevated insulin. The
effect of the HFD-induced inflammatory response on brain Hes3 may depend on the precise
inflammatory response as some inflammatory cytokines such as the interleukins are predicted to
oppose Hes3 expression (because they activate JAK which opposes Hes3 expression) whereas at least

one other cytokine, MIF, has been demonstrated to increase Hes3 expression levels.

The type 2 diabetes medication metformin has multiple effects at the signal transduction level. One of
the best described effects is that it opposes mTOR activity. Because mTOR is a potent activator of Hes3
expression, this result may explain our observation that metformin, in vivo, reduces Hes3 levels (in the
hypothalamus of adult mice). Metformin may also induce stress effects on target cells, and this could
lead to an increase in Hes3 expression. Our observations using cultured NSCs suggest this as a
possibility, as we observed a reduction in cell growth, induced differentiation, and an increase in Hes3

expression.



Ex-4 induces Hes3 expression in cultured the cultured mouse insulinoma cell line MIN6. Similarly, Ex-4
increased Hes3 expression in cultured NSCs. It also increased cell number. Therefore, increased Hes3
expression can correlate with either increased cell number or decreased cell number. In the latter case,
decreased cell number is accompanied by a differentiated morphology, suggesting that increased Hes3
expression may be a reaction to the onset of differentiation. Indeed, when NSC cultures are induced to
differentiate by removal of mitogen in the medium, they also exhibit a transient increase in Hes3

expression.



