
• 5HT/glut neurons of the DRN differentially express ion-channel genes in hTau mice and in post-mortem AD. hTau 5HT/glut neurons are more 
excitable, which increases pTau accumulation, and may drive deficits in social interaction behaviors. In parallel, human 5HT/glut neurons are 
especially vulnerable to tau pathology.

• Which comes first, pTau or changes in gene expression? Future studies combining spatial transcriptomics, ephys, and purpose-built de novo
animal models will answer this question.
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Persons with Alzheimer’s disease 
(AD) exhibit social withdrawal 
and changes in mood prior to 
cognitive decline. These may be 
driven by pathological changes in 
the serotonergic (5-HT) nuclei, 
particularly the dorsal raphe 
nucleus (DRN). Using Visium 
Spatial Gene Expression, we 
previously determined that the 
DRN of hTau mice (transgenic 
model for early AD, Khan 2023) 
differentially expresses ion-
channel genes (Kolling 2025), 
which regulate the electrical 
activity of neurons. Hyper-
phosphorylated Tau (pTau) 
disrupts neuronal excitability, 
which may exacerbate its spread.

Can we untangle the molecular origins of Tau 
pathology using spatial transcriptomics?

Introduction The mouse DRN contains 5-HT neurons 
that are dually glutamatergic (5HT/glut)

hTau 5HT/glut differentially express Kcna4

Human 5HT/glut differentially express 
KCNA4 in Alzheimer’s disease

hTau 5HT/glut have altered biophysical 
properties and action-potential df/dt

5HT/glut 5HT-nonglut

Chronic hyper-excitability affects social 
behavior and enhances pTau accumulation

Human 5HT/glut are especially vulnerable 
to pTau and preferentially express KCNA4

Future Direction: Which does pTau change 
first, gene expression or activity?
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Full Text

Left:  Overview of the Visium Spatial Gene Expression workf low. DEGs were identif ied using a novel 
ASSMD-based statistical pipeline (Kolling 2025). Right:  Top: DRN subregions and associated DEGs. 
Bottom: RNAscope validation of Slc17a8  gene expression (VGLUT3) within the centromedial DRN.

Left to right:  Number of 5-HT neurons (Tph2), 5HT/glut neurons (Tph2/Slc17a8) and Kcna4  (Kv1.4)-
posit ive 5HT/glut neurons in the DRN, wild-type (  ) and hTau mouse (  ), one tissue section per 
animal; 2w RM ANOVA w/Sidak’s post hoc. Confocal image, spatial gene expression with regards to 
centromedial (CM) DRN; aq: aqueduct. Quantitation of Kcna4  puncta within all 5-HT neurons (Tph2+) 
and 5HT/glut neurons (Tph2+/Slc17a8+); Welch’s t-test. **p  < 0.01, ****p  < 0.0001

Comparison of cognitively-normal (CN) vs Alzheimer ’s disease (AD) cases. Left: Representative 
confocal images demonstrating expression patterns of KCNA4 . Data plots:  KCNA4  percent expression 
area (%EA) in 5HT/glut neurons and 5HT-nonglut neurons (non-glutamatergic 5-HT neurons). Mann-
Whitney test. *p  < 0.05

Left to right: post hoc validation of 5HT/glut identity. Threshold current (rheobase) assessment. 
Normalized action-potential df/dt (rate of change of frequency). *p  < 0.05, **p  < 0.01, ****p  < 0.0001

Top:  Overview of the DREADDs experiment. Data plots: 3-chamber social interaction test, 
“stranger mice” were sex- and age-matched novel conspecif ics. %Interaction/Soc Chamber Time: 
Direct-interaction time expressed as a percentage of total chamber t ime. 1W Welch’s ANOVA 
w/Tukey’s post hoc. Heat maps are normalized within trial. *p  < 0.05, **p  < 0.01

pTau accumulation (AH36 antibody) following chronic DREADDs challenge. Viral mCherry reporter 
(top). pTau was assessed within virus-posit ive area as percent immunoreactive area (%IR). 1w 
ANOVA w/Dunnett’s post hoc, *p  < 0.05, **p  < 0.01

Top: Spatial distribution via immunofluorescence-enabled in situ  hybridization (iFISH). Data plots:  
iFISH was used to determine pTau (AT8) %IR (left) and KCNA4 %EA (right) in 5HT/glut neurons 
for all Tau-posit ive cases, regardless of cognitive status. Orange data points:  cognitively-normal, 
lime data point: cognitively-normal PART case. All cases are M age 53-70 yrs, Braak 2. 1w RM 
ANOVA w/Tukey’s post hoc, *p  < 0.05, **p  < 0.01, ***p  < 0.001, ****p  < 0.0001
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