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Abstract:

Traumatic brain injury leads to cellular and circuit changes in the dentate gyrus, a gateway to
hippocampal information processing. Intrinsic granule cell firing properties and strong feedback
inhibition in the dentate are proposed as critical to its ability to generate unique representation of
similar inputs by a process known as pattern separation. Here we evaluate the impact of brain
injury on celular decorrelation of temporaly patterned inputs in sices and behavioral
discrimination of spatial locations in vivo one week after concussive lateral fluid percussion
injury (FPI) in mice. Despite posttraumatic increases in perforant path evoked excitatory drive to
granule cells and enhanced AFosB labeling, indicating sustained increase in excitability, the
reliability of granule cell spiking was not compromised after FPI. Although granule cdlls
continued to effectively decorrelate output spike trains recorded in response to similar temporally
patterned input sets after FPI, their ability to decorrelate highly similar input patterns was
reduced. In parallel, encoding of similar spatial locations in a novel object location task that
involves the dentate inhibitory circuits was impaired one week after FPI. Injury induced changes
in pattern separation were accompanied by loss of somatostatin expressing inhibitory neuronsin
the hilus. Together, these data suggest that the early posttraumatic changes in the dentate circuit
undermine dentate circuit decorrelation of temporal input patterns as well as behaviora
discrimination of similar spatial locations, both of which could contribute to deficits in episodic

memory.

Keywords: granule cell, dentate gyrus, electrophysiology, traumatic brain injury, memory,

behavior, fluid percussion injury, temporal pattern separation
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Introduction

Traumatic brain injury (TBI) is a growing epidemic (Vaishnavi et al., 2009; Rusnak, 2013) with
an annual global incidence of over 60 million patients (McAllister, 1992) who are at risk for a
variety of neuropsychological sequelae (Rao and Lyketsos, 2000). While neurological
complications of TBI increase with injury severity (Annegers and Coan, 2000), even mild to
moderate concussive brain injuries can lead to early and long term deficits in memory function
(Kumar et al., 2013; Arciniega et a., 2021; Alosco et al., 2023). The dentate gyrus, a critical
node in memory processing, receives extensive inputs from the entorhinal cortex and develops
discrete sparse representations for downstream processing in hippocampal circuits (Leutgeb et
a., 2007; Neunuebel and Knierim, 2014). The dentate gyrus is also the focus of neuronal loss
and circuit reorganization early after human and experimental concussive brain injury
(Lowenstein et al., 1992; Santhakumar et al., 2000; Meer et a., 2016; Leh et al., 2017,
Neuberger et a., 2017b; Folweller et al., 2020), suggesting that dentate dependent memory

functions are likely compromised after brain injury.

In particular, the dentate gyrus has been shown to be essential for distinguishing between similar
memory episodes by encoding partially overlapping memories into discrete neuronal
representations (Gilbert et al., 2001; McHugh et al., 2007; Yassa and Stark, 2011; Cayco-Ggjic
and Silver, 2019). At the circuit level, this is proposed to be achieved by pattern separation, a
process of minimizing interference by segregating similar input patterns into discrete neuronal
activity patterns. Whereas behaviorally relevant inputs and the resulting neuronal input patterns
occur in space and time (Hainmueller and Bartos, 2020), their neuronal representations have
been evaluated mostly in the spatial domain as changes in firing or activity rates in spatially

discrete neurona groups or ensembles (Leutgeb et al., 2007; Larimer and Strowbridge, 2010;
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GoodSmith et al., 2017). However, whether brain injury impairs the ability of the dentate circuit

to faithfully represent inputs and disambiguate similar neuronal input patterns remains unknown.

Most behavioral studies have focused on discrimination of spatial and contextual patterns to
evaluate mechanisms of dentate pattern separation and assess the impact of disease (McHugh et
a., 2007; Morris et al., 2012; Bekinschtein et al., 2013; Kahn et a., 2019). Studies in the fluid
percussion injury (FPI) model of concussive brain injury have revealed early deficits in
sequential spatial navigation in a dentate-dependent radial arm maze task, indicating that
concussive brain injury compromises the ability to process and recall subtle spatial differences
(Correll et al., 2021). Similarly, brain injury is also known to compromise working memory
function (Smith et al., 2015; Korgaonkar et al., 2020a). Still, whether episodic processing of
gpatial novelty by behavioral discrimination of spatial location is altered after brain injury

remains to be determined.

In an approach complementary to behavioral studies, computational analyses of mechanisms for
disambiguating overlapping memories have adopted spatially and temporally patterned inputs to
assess “pattern separation”. In this approach, model networks are activated by inputs with
various degrees of similarity in spike timing and/or activated cell ensembles and the ability of the
network to generate distinct spatio-temporal firing patterns is used as a measure of pattern
separation (Rolls and Kesner, 2006; Myers and Scharfman, 2011; Madar et al., 2019b; Braganza
et a., 2020). These studies have shown that dentate granule cells (GCs) decorrelate input
patterns both in terms of the active ensembles recruited as well as the pattern of firing in the
active neurons (Myers and Scharfman, 2009, 2011; Yim et a., 2015). However, few
experimental studies have evaluated the ability of the dentate circuit to decorrelate spatially and

temporally patterned inputs (Larimer and Strowbridge, 2010; Madar et a., 2019a). Recently,
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Madar et al. (2019a) adopted an experimental paradigm in hippocampal slices to demonstrate
that GCs could undertake input decorrelation at the level of individual neurons. These studies
identified a role for inhibition in supporting temporal pattern separation in GCs and revealed
cell-type specific and disease related changes in input decorrelation by dentate neurons (Madar et
a., 2019a; Madar et a., 2021). These findings are consistent with predictions of smulations
(Braganza et al., 2020) and with behavioral deficitsin discrimination of novel spatial location in
mice during suppression of dentate somatostatin interneuron activity in vivo (Morales et al.,
2021). Since experimental concussive brain injury has been shown to result in early loss of
dentate inhibitory neuron subtypes (Lowenstein et al., 1992; Toth et al., 1997; Santhakumar et
a., 2001; Folweiler et al., 2020), we examined whether the resulting changes in inhibition
(Folweller et al., 2020; Gupta et al., 2020; Gupta et al., 2022) could ater dentate dependent
pattern separation in the temporal and spatial domains one week after brain injury. Because the
relationship between neuronal spike train timing and behavioral spatial information is currently
unclear, we will denote GC pattern separation of temporally patterned inputs in dice as

“decorrelation” and behavioral spatial pattern separation in vivo as “spatial discrimination”.
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86 MATERIALSAND METHODS
87 All experiments were performed in accordance with IACUC protocols approved by the
88  Univergity of California, Riverside, CA in keeping with the ARRIVE guidelines.
89 Fluid Percusson Injury: Randomly selected 8 to 10-week-old littermate male and female
90 C57BL6/J mice were subjected to lateral fluid percussion injury (FPI) or sham injury. Briefly,
91 mice were placed in a stereotaxic frame under isoflurane anesthesia and administered the local
92 anesthetic 0.25% bupivacaine (subcutaneous). A 2.7 mm hole was trephined on the left side of
93 the skull 2 mm caudal to bregma and 1 mm lateral from the sagittal suture. A Luer-Lok syringe
94  hub with a3 mm inner diameter was placed over the exposed dura and bonded to the skull with
95 cyanoacrylate adhesive. The animals were returned to their home cage following recovery. One
96 day later, animals were anesthetized with isoflurane and attached to a fluid percussion injury
97  device (Virginia Commonwealth University, Richmond, VA, Model 01-B) directly at the metal
98 nozzle. A pendulum was dropped to deliver a brief (20 ms) 1.5-1.7 atm impact on the intact
99 dura. For sham injury, the animals underwent surgical implantation of the hub and were
100 anesthetized and attached to the FPI device, but the pendulum was not dropped (Smith et al.,
101  2012; Guptaet a., 2022).
102 Slice Preparation: Naive C57BL6/J mice and mice one week after FPI or sham injury were
103 anesthetized with isoflurane and decapitated for slice preparation using established protocols
104 (Korgaonkar et al., 2020b; Afrasiabi et al., 2021). Horizontal brain dices (300 pum) were
105 prepared inice-cold sucrose artificial CSF (sucrose-aCSF) containing the following (in mM): 85
106  NaCl, 75 sucrose, 24 NaHCOs;, 25 glucose, 4 M(Cl,, 2.5 KClI, 1.25 NaH,PO,, and 0.5 CaCl,
107 using a Leica VT1200S Vibratome (Wetzlar, Germany). Slices were incubated at 34°C for 30

108 minin an interface holding chamber containing an equal volume of sucrose-aCSF and recording
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109 aCSF, and subsequently were held at room temperature. The recording aCSF contained the
110 following (in mM): 126 NaCl, 2.5 KCI, 2 CaCl,, 2 MgCl,, 1.25 NaH,PO,, 26 NaHCO;, and 10
111  D-glucose. All solutions were saturated with 95% O, and 5% CO, and maintained at a pH of 7.4

112  for 1-6 h. Only sections on the side of injury were used in experiments.

113 Physiological Recordings

114  Voltage clamp recordings of perforant path evoked excitatory postsynaptic currents (eEPSCs)
115 were obtained from dentate GCs using recording electrodes (3 - 6 MQ) containing a Cs-
116  Methanesulfonate Internal (in mM): 140 Cs-Methane sulfonate, 5 NaCl, 10 HEPES, 0.2 EGTA,
117 4 Mg-ATP, 0.2 NaGTP, 5 Qx-314 with 0.2% biocytin. GCs were held at -70 mV, close to
118 reversal potential for GABA, to isolate EPSCs (Andreasen and Hablitz, 1994). Evoked EPSCs
119 wererecorded in responseto 0.1 to 2.0 mA stimuli, applied in 100 pA steps, through a concentric
120 stimulus electrode positioned at the perforant path on the other side of the fissure from the
121  dentate molecular layer. Peak amplitude of eEPSC was measured from the average of 3 to 5
122  responses at each step using ClampFit 10. A subset of recordings were obtained in a saturating

123  concentration of gabazine (10 uM) to block both synaptic and extrasynaptic GABA A receptors.

124 Current clamp recordings to assess GC pattern separation were obtained using filamented
125 borosilicate glass eectrodes (3 - 6 MQ) containing (in mM): 126 K-gluconate, 4 KCl, 10
126 HEPES, 4 Mg-ATP, 0.3 Na-GTP, 10 PO-creatinine with 0.2% biocytin. To assess cell health,
127 GCs were held at -70 mV and responses to 1500 ms current steps from -200 pA to threshold
128 positive current injection in 40 pA steps were recorded. Cells with resting membrane potential

129 positiveto -55 mV were excluded from analysis.

130
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131 Pattern Separation Paradigm and Analysis

132  To assess GC pattern separation, input trains of varying correlations were adopted from Madar et
133 al. (2019a). Each input correlation set included 5 temporally distinct trains at 10 Hz with an
134  overall mean Pearson’'s correlation coefficient (Rin) of 0.25, 0.50, 0.75, or 0.95, designated
135 henceforth as R25, R50, R75 and R95. The individual input trains (#1-#5) within an input
136  correlation set were each 2 seconds long and were delivered at 2 second intervals. The 5 distinct
137 input trains were delivered in sequence and the set was repeated 10 times for a total of 50
138  recorded trains (Madar et al., 2019a; Madar et al., 2021). Note that the average frequency of each
139  input train was maintained at 10 Hz while in each set of 5 trains the timing of stimuli was varied

140 to generate trains with different correlations.

141 GCs were held at -70 mV in whole cell configuration and stimuli were delivered through a
142  concentric stimulating electrode (10 pm tip diameter) placed in the outer molecular layer to
143  activate perforant path fibers. Stimulus trains were delivered with intensity ranging from 0.1-2
144  mA at 0.5 Hz so asto dlicit action potentials in response to approximately 50% of stimuli. Once
145 stimulus intensity was set, it was maintained constant for all input sets recorded. Cell resting
146 membrane potential and access resistance were assessed between input sets and recordings were
147  terminated if access resistance increased over 20% or membrane depolarized beyond -55 mV. To
148  assess the role of inhibition in temporal pattern separation, GCs were recorded and stimulated
149  with input correlations of R75 in aCSF and then perfused with a sub-saturating concentration of
150 gabazine (SR95531, 100nM), a GABAA receptor antagonist as described in earlier studies
151 (Madar et al., 2019b), and to avoid burst firing (not shown) that occurred in pilot studies using

152  saturating gabazine (10 uM).
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153  For quantification of GC pattern separation function, Pearson’s R correlation was calculated on
154  output spike train rasters as previously defined in Madar et al. (2019a) using custom MATLAB

155 code modified from: https://qithub.com/antoinemadar/PatSepSpikeTrains. Unless indicated

156 otherwise, data were binned at 10 ms. For validation of pattern separation paradigm in naive
157 mice, parwise correlation of each GC spike output train (Ro:) was plotted against the
158 predetermined correlation in the corresponding pairwise input spike trains. The five distinct input
159 spike trains and their corresponding output spike trains are compared in a pairwise manner to
160 assess correlation. Thus, the five input patterns yield 10 distinct Ri, values centered around the
161 target Rin and correspondingly, 10 Ry values. These Rin-Rou Sets were used to compare data

162  between GCs from sham and FPI mice.

163 To assesstherdiability of GC input-output coupling between experimental groups, we evaluated
164  spike train reliability (Rw) as a measure of the cdl’s ability to faithfully respond to multiple
165 presentations of the same input train (effectively Ri,=1). R, was calculated as the average
166 correation of output of a given GC in response to 10 presentations of the same input pattern in

167 the R95 input set and then averaged across the 5 patterns.

168 Novel Object Location Task and Analysis

169 To assess behavioral pattern separation, we implemented a novel object location task to test
170  gpatia discrimination (Bekinschtein et al., 2013; Morales et al., 2021) in mice one week post FPI
171  or sham injury. The task consisted of a circular arena 50 cm in diameter and 47 cm high with
172  laboratory tape in varying patterns in four distinct locations on the white opague arena walls
173  serving as spatial visual cues. The experimenter room was separated from the testing room with

174  the test arena by a closed door. The testing room was dimly lit with overhead lights using
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175 dimmer switch on lowest setting. Mice underwent four days of habituation for 10 minutes each
176 followed by a sample and choice phase on day five. The testing arena and objects were cleaned
177  with 70% ethanol in between each animal throughout the entire experiment. During habituation,
178 mice were brought to the testing room from the vivarium, handled by the experimenter, and
179  exposed to the testing arena for 10 min each day where they were allowed to explore freely. On
180 test day, mice were first exposed to a sample phase for 10 min, with three identical objects
181 placed 120 degrees and approximately 16 cm apart and allowed to fredy explore the objects.
182  Mice were then returned to their home cage for 30 min before the choice phase. During the
183 choice phase, one object was placed in its original (familiar) location, one object was removed,
184  and thelast object was shifted by 60° to a novel (unfamiliar) location. The mice were placed into
185 the arena and allowed to explore the objects for five minutes. Videos were manually coded and
186 analyzed by an experimenter blinded to animal injury status. Object exploration was counted as
187 the number of times the animal’s nose was within 0.5 cm of the object, with each continuous
188  second counted as an additional exploration. Discrimination ratio was calculated as [Exploration
189 of Object in Unfamiliar Location — Exploration of Object in Familiar Location] / [Total

190 Exploration]. Total exploration was also compared between groups.

191 Immunohistochemistry:

192  Immunohistochemistry for AFosB, somatostatin (SST), and parvalbumin (PV) was used to
193 evaluate persistent neuronal activity (You et a., 2017) and interneuron loss. Immediately
194  following the novel object location task, mice were perfused transcardially with ice cold PBS
195 followed by 4% PFA. Brains were excised and incubated in 4% PFA overnight and transferred to
196  30% sucrose for 2-3 days or until tissue sank. Brains were then flash frozen in OCT using liquid

197 nitrogen and stored at -80°C prior to cryosectioning. 20 um serial sections were collected and
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198 mounted on SuperFrost slides and stored at -80°C prior to staining. Slides were stained for
199 AFosB, SST, or PV following standard procedures (Neuberger et al., 2017a; Korgaonkar et al.,
200 2020b). Briefly, slides were allowed to thaw to room temperature (RT) for 10 min, washed with
201  1xPBS 3x5min to wash off residual OCT. Slides were blocked in 10% normal goat serum in PBS
202  +0.3% Triton-X for one hour at RT, then incubated in anti- AFosB, SST, or PV antibody (1:500,
203 Cdl Signaling D3S8R; SST: 1:100, Millipore MA5-16987; PV: 1:1000, Swant GP72) overnight
204 at 4°C. Slides were then washed 3x10 min with PBS and then incubated in goat anti-rabbit
205 AF594 secondary antibody (1:1000, Invitrogen A11012) for AFosB, goat anti-rat AF647
206  antibody (1:1000, Invitrogen A-21247) for SST goat anti-guinea pig AF647 antibody (1:1000,
207  Invitrogen, A-21450) for PV for 1.5 hours at RT, washed 3x10 min with PBS, and coverslipped
208 using Vectashiedd with DAPI mounting media. Slides were imaged using Zeiss Axioscope
209  Epifluorescence Microscope as single optical sections at 10x and 20x for analysis. Blinded

210 analysis was performed using Cell Detection settings in QuPath 0.4.2 (https.//qupath.github.io)

211  with files coded without injury status. Briefly, for AFosB and SST analysis, a ROl was drawn to
212  outline the granule cdl layer (GCL) using DAPI labeling to detect AFosB positive cells and in
213  thehilusto detect SST neurons. Detection parameters were kept consi stent between sections, and
214  3to 6 level matched sections were averaged in each mouse for analysis, depending on slice and
215 image quality. Robust and sparse PV immunolabeled neuronal somata were counted manually on
216  QuPath for full dentate region to include both hilar, GCL, and molecular layer PV interneurons.
217  SST cel counts were normalized to total hilar area (in mm?). The hilar area averaged across
218  sections was not different between sections from sham and FPI mice (area in mm?, sham:

219 1.11+0.06 in 8 mice, FPI: 1.20+0.09 in 6 mice, p=0.38 by Student’ s t-test).
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220 Statistical Analysis: Statistical analyses were conducted in GraphPad Prism 9. The Shapiro-
221  Wilk test was used to test for normality, and appropriate parametric or non-parametric statistical
222  analyses were conducted. F-test to compare variances was used to assess whether both sample
223 groups undergoing dtatistical comparisons have equal standard deviations. All statistical
224 comparisons were conducted at an alphalevel of o = 0.05. Two-way repeated measures ANOV A
225 (TW-RM ANOVA), paired and unpaired Student’s or Welch's t-test, Mann-Whitney U test and

226  Kolmogorov-Smirnov (K-S) test were used where appropriate.

227
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228 RESULTS

229 Dentate gyrusexcitability isincreased one week after concussive brain injury in mice.

230  Previous studies have identified an early increase in dentate network excitability after concussive
231 Dbraininjury in rat (Santhakumar et al., 2001; Neuberger et al., 2017a; Korgaonkar et a., 2020b)
232  and mice (Witgen et al., 2005; Smith et al., 2012; Folweiler et a., 2018; Folweiler et a., 2020).
233 To determine if afferent input drive to GCs is enhanced after FPI in mice, we recorded granule
234 cdll current responses to stimulation of the perforant path fibers using an electrode placed outside
235 thefissurein mice one week after FPI or sham injury. Asillustrated by the IR-DIC images (Fig.
236 1A) and the lack of change in average cross-sectional area of the hilus (see methods), the
237 moderate FPI used in this study did not result in gross anatomical distortions of the dentate
238  gyrus. Recordings were obtained from a holding potential of -70 mV to isolate glutamatergic
239  currents in the absence of synaptic blockers. As reported following FPI in rat (Korgaonkar et al.,
240  2020b), perforant path-evoked excitatory post-synaptic current (eEPSC) amplitudes in response
241  toincreasing current injection, was significantly enhanced in mice one week after FPI compared
242  to sham injured controls (Figure 1B-C, n = 14 cells from 5 sham mice and 8 cells from 4 FPI
243  mice, K1, 176)=31.25, p<0.0001 for effect of injury by TW-RM ANOVA). In light of the
244  extensive changes in dentate inhibition after FPI (Gupta et al., 2012; Gupta et al., 2022), we
245 isolated eEPSCs in the presence of saturating concentration of the ionotropic GABAAR
246  antagonist gabazine (10uM). Granule cell eEPSC amplitude recorded in gabazine was also
247  increased after FPI (Figure 1D-E, n = 11 cellg4 sham mice and 10 cdls/4 FPI mice, F(1,
248  19)=15.49, p<0.0009 for effect of treatment by TW-RM ANOVA). Note that the prolonged
249  eEPSC depolarization is consistent with polysynaptic activation previously reported after FPI in
250 rat (Santhakumar et a., 2000). Anaysis of the resting membrane potential (in mV, sham: -
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251  65.63+2.95in 12 cdls, FPI: -64.7+1.92 in 10 cell, p=0.9 by t-test) and access resistance (in M<,
252 sham: 14.1+1.4 in 12 célls, FPI: 15.3+1.5 in 10 cell, p=0.56 by t-test) failed to reveal systematic
253  differences between groups. To assess whether FPI results in sustained increase in excitability
254  one week after injury, we examined dentate sections for expression of AFosB, a uniquely stable
255  activity-dependent immediate early gene product shown to be persistently enhanced in epilepsy
256 (You et al., 2017). Immunohistochemical staining of sections from a cohort of sham and FPI
257 mice sacrificed one week after FPI identified an increase in the number of AFosB expressing
258 putative GCs in the granule céll layer compared to that in sham mice (Fig 1 F-G, number of
259  AFo0sB + GCs: sham: 24.11+5.98, n = 8 mice FPI: 52.51+15.25, n = 7 mice, p=0.02 by Mann-
260 Whitney U test), which is consistent with sustained enhancement of dentate excitability. There
261 wasanincreasein variance in the number of AFosB expressing GCs after brain injury (Fs7= 5.6,
262 p=0.04) indicative of individual differences in dentate hyperexcitability. Together, these data
263  establish that the mouse model of moderate FPI used in our study results in both an increase in
264  excitatory drive to GCs and an overall sustained increase in dentate excitability one week after

265 injury.

266 Inhibitioniscritical for granule cell decorrelation of temporal spike train patterns.

267  The characteristic low GC excitability and robust inhibition are critical for maintaining sparse
268 GC firing and pattern separation. To determine if temporal input decorrelation by GCs is
269 impacted by FPI, we implemented an ex-vivo temporal pattern separation paradigm (Madar et
270 al., 2019a; Madar et al., 2021) to assess the ability of GCs, within the local dentate microcircuit,
271  to disambiguate temporally patterned inputs. GC firing was recorded in response to stimulation
272  of perforant path fibers in the outer molecular layer, using sets of stimulus patterns with known
273  degrees of similarity, to quantify similarity between output spikes. For initial validation, four sets
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274  of Poisson input stimulus patterns with 10 Hz average frequency and input correlations of R25, R50,
275  R75, or R95 were used to elicit GC responses (Fig 2A). Similarity indices of the GC “output” spike
276  trains (Roy) were computed as the pairwise Pearson’ s correlation coefficient on output spike train
277 databinned at 10, 20 and 100 ms to assess the effect of bin-width on Ry (Fig 2B). Consistent with
278 Madar et al. (20194), GC output similarity was consistently lower than the corresponding pairwise
279  input similarity (Fig 2B, Rin vS. Rout, N =4 cells/ 3 mice). Since the reduction in output similarity was
280  most robust when spike data were binned over 10 ms (Fig. 2B), a bin width of 10 ms was adopted in
281  subsequent experiments. We then examined the potential contribution of the local inhibitory circuit
282 to GC tempora pattern separation by partially decreasing GABAergic inhibition. To compare
283  similarity indices before and after partial inhibitory block within the same cell, we restricted the
284 inputs to a set of 5 stimuli with R75, reflecting a 75% similarity of across the inputs. GC
285  responses were recorded first in aCSF and then in a non-saturating concentration of gabazine
286 (100 nM). Under both recording conditions, GC output correlation remained consistently lower
287  than the input correlation of 0.75 suggesting contributions from cell intrinsic and/or afferent
288  synaptic characteristics in mediating GC temporal pattern separation. However, pairwise
289  comparison of Ry within the same cell and pattern in aCSF versus gabazine revealed a
290 gignificant increase in GC output correlation (Fig.2 C-E, Mean pairwise Roy, aCSF. 0.20+0.02,
291 Gabazine: 0.30+£0.01, n = 4 cells /3 mice; p < 0.0001 by Paired t-test, Cohen’s D =1.7). These
292  results validate the role for inhibition in the ability of GCs to decorrelate temporally patterned

293  inputsasreported previousy (Madar et al., 2019a).

294  Reliability of dentate granule cell spiking isnot altered early after FPI.

295 After validating the experimental brain injury model in mouse (Fig. 1) and establishing the

296 temporal pattern separation paradigm in slice recordings (Fig. 2), we examined GCs in mice one
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297  week after sham or FPI for their ability to decorrelate input spike train sets with 25% and 95%
298 gimilarity. To ensure that there were no systematic differences in GC recordings between sham
299 and FPI, we confirmed that the access resistance was not different between recordings from the
300 two experimental groups (in MQ, sham: 13.98+1.38, FPI: 15.57+1.97, p=0.54 by Student’s t-
301 test). Additionally, examination of the GC intrinsic parameters failed to reveal differences in
302 resting membrane potential (Fig. 3A-C, in mV, sham: -72.18+1.14, , FPI: -75.86+2.06, p=0.16
303 by Student’st-test) and input resistance (in MQ, sham: 102.3+8.61, FPI: 121.1+13.34, p=0.28 by
304  Student’s t-test, based on 11 cells/3 sham mice and 14 cells/4 FPI mice. In GCs that reached
305 threshold with a +160 pA current injection, firing frequency was unchanged after FPI (in Hz,
306 sham: 6.67+2.46 in 7 cdls, FPI: 6.74+1.54 in 9 cells, p=0.98 by unpaired Student’s t-test).
307 Similarly, action potential threshold measured at rheobase current injection was not different
308  between groups (Fig. 3B, C, in mV, sham: -31.49+2.13, FPI: -32.15+1.78, p=0.81 by unpaired
309  Student’s t-test). Given the neuronal loss and circuit alterations after FPI (Bonislawski et al.,
310 2007; Neuberger et al., 2017a; Folweiler et al., 2020; Gupta et al., 2020), we examined whether
311 the fidelity of GC response to a given input train is fundamentally altered by injury. Under
312 optimal conditions, if alocal dentate network receives identical inputs, a given GC within the
313  receiving network should maintain indistinguishable output responses. To determine if injury
314 dterstheability of the GC network to reliably respond to a given input train, we calculated spike
315 trainreiability (Ry) asthe average Ro.: Of agiven GC in response to identical input pattern using
316 the R95 input set (Fig 4A, B). Note that because stimulus intensity was set to achieve a 50%
317  spike success in each cell, the enhanced eEPSC (Fig. 1) should not impact evaluation of spike
318 train reliability. Indeed, the average firing rate elicited by the input spike trains was not different

319 between GCs from sham and FPI (Fig. 4C, average firing frequency in Hz, sham: 3.55+0.38,
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320 FPI: 2.99+0.19, p=0.17 by unpaired Student’s t-test). Interestingly, the variance of the firing
321 frequency trended towards a reduction after FPI (Fi013= 3.10, p = 0.06, F-test for variance)
322  suggesting a potential decrease in a source of input decorrelation after FPI. Despite the dentate
323 circuit changes and enhanced AFosB labeling in GCs after FPI, spike train reliability was not
324  different between the GCs from sham and FPI mice (Fig. 4C, average spike train reliability:
325 sham: 0.47+0.05, FPI: 0.51+0.03, p=0.44 by unpaired Student’s t-test; variance (Fio13= 1.92, p

326 =0.27 by F-test for variance).

327 Granulecel decorreation of temporal patterned inputsisreduced after FPI.

328 To compare tempora pattern separation between GCs from sham and FPI mice, GCs were
329 stimulated using input stimulus train sets with 25% and 95% similarity (Fig. 5A-B). Plots of
330 averaged pairwise Ry values against Rip, for each input set showed that the GCs from both sham
331 and FPI mice were still able to decorrelate inputs (Rou: < Rin) (Fig. 5C). Note that the input trains
332 each average Rin generate 10 distinct pairwise Rin values, reflecting correlation between 2 input
333 trains, with corresponding 10 pairwise Roy values for each cel (Supplementary Fig 1C, D).
334  Comparison of the Ry Values obtained in response to the 20 Ri, values (10 each at R25 and R95)
335 in GCsfrom sham and FPI mice revealed a significant effect of injury (F(1,18) = 6.57, p<0.02 by
336 TW-RM ANOVA, based on 9 Sham cell from 3 mice and 11 FPI cells from 4 mice each where
337 dl input trains were recorded). However, the Ry Within each cell averaged across the 10 Ri,
338 valuesat R25 (Sham: 0.13+0.01in 9 cells/3 mice, FPI: 0.12+0.01 in 11 cells/4 mice, p=0.36) and
339 R95 (Sham: 0.47+0.04 in 11 cells/3 mice, FPI: 0.49+0.01 in 14 cells/4 mice, p=0.49) showed no
340 apparent difference (Supplementary Fig 1A, 1B, note that a few cellsin which only R95 stimulus
341 trains were recorded were included in this analysis). We reasoned that this was because

342  averaging across multiple Ri, values fails to capture the differences between R, values and
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343 corresponding Ry (Supplementary Fig 1C, D). We generated cumulative probability
344  digributions of the Ry data corresponding to each average R, value to better assess changes in
345  decorrelation. The cumulative probability distribution of al Rqy values for Rin values centered
346 around R25 was not different between GCs from sham and FPI (Fig. 5D, p=0.8 by K-S test).
347 However, the distribution of all Ry values in response to inputs centered around R95 was
348 dignificantly different between groups (Fig. 5E, p=0.0005 by K-S test) with a preferentia
349 reduction in the ability of GCs to support greater decorrelation after FPI. These findings are
350 consigtent with a subtle reduction in the ability of the dentate circuit to decorrelate highly similar
351 inputs after injury. These data show that although GCs are continuing to disambiguate similar
352  spiketrain inputs early after injury, their critical ability to do so when inputs are highly similar is

353 compromised after injury.

354 Behavioral spatial pattern separation isdegraded early after FPI.

355 To determine whether the reduction in the ability of the dentate circuit to decorrelate input
356 patterns after injury was accompanied by deficits in behavioral spatia discrimination, we
357 adopted anove object location task, which relies on dentate function and tests for episodic rather
358 than sequential memory (Morales et al., 2021). Mice one week after FPl or sham surgery were
359  assessed in the novel object location task following appropriate habituation (Fig. 6A). The mice
360 were exposed to three identical objects in the sample phase followed, 30 minutes later, by a
361 choice phase in which one object was removed and one of the remaining objects was moved to a
362 nove location (Fig. 6A-B). Compared to sham mice, which showed significantly greater
363 interaction with the object in the novel location (p=0.0002 by one sample t-test), FPI mice failed
364 to show preference for the object in the nove location (p=0.67 by one sample t-test).

365 Consistently, the discrimination ratio, defined as the difference between number of interactions
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366  with the object in the novel location and the familiar location divided by the total interaction with
367 both objects, was lower in FPI mice (Fig. 6C, discrimination ratio: sham: 0.28+0.04, FPI:
368 0.04+0.08, n = 8 mice/group, p=0.02 by unpared Student’'s t-test). However, the total
369 exploration assessed as the number of contacts with objects in the 5-minute exploration period
370 was not different between groups (Fig. 6D, number of contacts. sham: 39.25+5.58, FPI:
371 41.13+6.6, n = 8 mice each, p=0.83 by unpaired Student’s t-test) indicating no difference in

372 exploration between sham and FPI mice.

373  Finally, because, previous studies have identified a role for dentate somatostatin interneurons in
374  performance of the novel object location task (Morales et a., 2021) and somatostatin neurons are
375  vulnerable to brain injury (Lowenstein et al., 1992; Santhakumar et al., 2000; Frankowski et al.,
376  2019), we examined whether there was a loss of somatostatin neurons in the FPI mice that
377 peformed the behavioral task. Staining for somatostatin revealed a significant reduction of
378  labeled neuronsin the dentate hilus one week after FPI (Fig 6E-F, cells'mm?, sham: 11.50+0.92,
379  FPI: 7.337+0.66, based on within animal averages of level matched sections from 8 sham and 6
380 FPI mice, p=0.005 by unpaired Student’s t-test). In contrast immunostaining for PV failed to
381 reved changes in PV neuron density after FPI (Fig 6E-F, cells/section, sham: 4.52+0.86, FPI:
382  5.22+0.70, based on within animal averages of level matched sections from 8 sham and 8 FPI
383 mice, p>0.05 by unpaired Student’ s t-test). These data suggest that injury-induced selective loss
384  of dentate somatostatin interneurons could contribute to the observed impairment in location

385 discrimination in mice early after brain injury.

386

Corrubia et a., Page 19 of 41


https://doi.org/10.1101/2023.06.22.546120
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.06.22.546120; this version posted September 17, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

387 Discussion:

388 Changes in episodic memory are a major neurocognitive consequence of traumatic brain injury
389  with early and persistent deficits observed in patients and in animal models (Hamm et al., 1996;
390 McHugh et al., 2006; Tsirka et al., 2010; Kumar et al., 2013; Smith et al., 2015; Korgaonkar et
391 a., 2020a; Alosco et al., 2023). Although the dentate gyrus is known to play an essential role in
392  encoding and disambiguating spatial memories, the underlying circuit mechanisms are not fully
393  understood (Rolls and Kesner, 2006; Morris et al., 2012; Kesner, 2013; Cayco-Gajic and Silver,
394  2019). Here we implemented parallél circuit and behavioral assays of pattern separation in mice
395 one week after concussive brain injury. Interestingly, we find that the reiability of GC firing is
396 not altered after brain injury. Moreover, the GC output correlation was consistently lower than
397  input spike train correlation in cells from both control and injured mice, indicating that temporal
398 pattern separation at the cellular level continued to occur after brain injury. However, the critical
399 ahility of dentate GCs to decorrelate highly similar input patterns was reduced after brain injury.
400 These results are analogous to the effect of partial GABAA receptor antagonism where GC
401  output correlation is higher than in aCSF, yet, remains lower than input correlation indicating
402  deficits in decorrelation of inputs by GCs (Fig. 2 and Madar et al., 2019a). Despite the limited
403  decrease in GC cedllular temporal pattern decorrelation after injury, behavioral discrimination of
404  gpatial location in an episodic memory test was severely compromised. It is possible that the
405  posttraumatic increase in the number of GCs showing sustained increase in excitability,
406 identified by AFosB labeling, degrades sparse coding in the dentate and contributes to decline in
407  gpatial location discrimination. Furthermore, we demonstrate a decrease in dentate hilar
408 somatostatin neurons in brain injured mice that showed deficits in spatial discrimination. Since

409 somatostatin neurons have been shown to contribute to the novel object location task (Morales et
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410 al., 2021) used in our study, posttraumatic somatostatin neuron loss could contribute to deficits
411 in behavioral spatial discrimination. Together these findings identify early changes in dentate
412  inhibition and an increase in GC activity that could compromise the ability of the dentate to
413 effectively decorrelate spike trains and engage distinct GC ensembles, likely contributing to

414  deficitsin encoding episodic memories.

415 Posttraumatic changes in dentate circuit impact temporal decorrelation of input patterns.

416 There is considerable evidence for the dentate gyrus playing a critical role in distinguishing
417  context and spatial locations (Leutgeb et al., 2007; McHugh et al., 2007; Kesner, 2013; Senzai
418 and Buzsaki, 2017). Because events occur in space and time, patterned neuronal firing can be
419 essentia for encoding spatial and temporal information (Kobayashi and Poo, 2004; Buzsaki,
420  2010; Tort et al., 2011; Eichenbaum, 2013). Experimental and computational studies examining
421  dentate gyrus processing of temporally patterned inputs have identified that individual GCs can
422  effectively orthogonalize temporal patterns in input spike trains. The ability of GCs to
423  decorrelate temporal patterns likely depends on a combination of their intrinsic properties, local
424 circuit inhibition, probabilistic synaptic release and spike-timing history resulting from short-
425  term synaptic dynamics (Yim et al., 2015; Madar et al., 2019b, a). By adopting a temporal
426  pattern separation paradigm, we confirmed that GCs effectively decorrelate input patterns,
427  particularly those with high similarity (Fig. 2). Additionally, we show that even low dose
428 gabazine (100 nM), resulting in partial block of inhibition, contributed to input decorrelation
429  (Fig. 2) demonstrating arole for inhibition in decorrelation of input patterns. It is possible that, in
430 addition to inhibition, perforant path synaptic dynamics and GC intrinsic physiology also

431  contribute to temporal pattern separation in GCs.
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432  In mice one week after concussive brain injury, we demonstrated an increase in perforant path
433  evoked excitatory drive (Fig 1) which is consistent with our prior studies identifying an immune
434  receptor mediated increase in AMPA currents one week after FPI in rat (Li et al., 2015;
435 Korgaonkar et al., 2020b). These results and the lack of changesin GC intrinsic physiology (Fig.
436  3) and loss of hilar somatostatin neurons early after FPI are consistent with earlier studiesin rats
437 (Lowenstein et al., 1992; Santhakumar et al., 2000; Korgaonkar et a., 2020b). Moreover,
438 labeling for AFosB, which indicates sustained increases in excitability (You et al., 2017), is
439 increased one week after FPI. Therefore, it may seem surprising that the reiability and average
440  firing frequency of GC responses to temporally patterned inputs remains unchanged after brain
441 injury (Fig 4). Indeed, spike train reliability, a measure of the output correlation in response to
442  identical inputs, is consistently lower than unity due to contributions from network noise and
443  probabilistic transmitter release. A possible reason for maintenance of GC reliability despite the
444  posttraumatic increase in afferent drive (Fig. 1) could be because, in the absence of post-injury
445  changesin GC intrinsic physiology, setting the input stimulus intensity to elicit response in 50%
446  of trias limited the effect of the increased excitatory input. Additionally, despite the loss of
447  interneuron populations (Santhakumar et al., 2000; Folweiler et a., 2020), dentate inhibitory
448  circuits undergo reorganization including increase in granule cell tonic GABA currents (Gupta et
449  a., 2012; Gupta et a., 2022) which could help maintain GC activity levels. Moreover, GCs
450 continue to effectively decorrelate input spike patterns as demonstrated by the consstent
451  observation that output correlation remains lower than the input correlation even after brain
452  injury (Fig 5C). Our finding that GCs continue to decorrelate input patterns early after brain
453 injury is also consistent with recent findings in computational and experimental models of

454  temporal lobe epilepsy (Yim et al., 2015; Madar et al., 2021). However, our results reveal a
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455  significant decrease in temporal pattern separation in response to input trains with high degrees
456 of similarity, which suggests that the network level changes including a partial loss of hilar
457  somatostatin neurons do impact decorrelation of input information. Because suppressing dentate
458 inhibition with saturating concentrations of gabazine leads to burst firing in GCs (not shown),
459  complete disinhibition is unlikely to yield meaningful analysis of decorreation. Future studies
460 adopting opto- or chemogenetic suppression of specific neuronal subtypes could provide
461 additional insghts into the contribution of specific interneuron subtypes to GC input
462  decorrelation. Although injury did not decrease GC spike reliability, the variance in firing
463  frequency in response to identical input trains trended to decrease after injury. It is interesting to
464  speculate that the mechanisms contributing to reduced variance in GC firing after injury could

465  also reduce GC decorrelation of highly similar inputs.

466  Distinguishing between cellular decorrelation of spike timing and behavioral discrimination of

467  temporally ordered memories.

468 It must be noted that the temporal pattern separation paradigm used in this study focused on
469  timing of spike trains and does not directly correspond to the encoding of temporal sequences of
470 events. Indeed, it is unclear whether the dentate gyrus is involved in distinguishing the temporal
471 order of sequential events occurring over a span of minutes to days (Gilbert et al., 2001).
472  However, the dentate gyrus, and particularly the ongoing generation of adult-born neuronsin the
473  dentate, has been shown to play a role in stratification of memories over the time course of
474  weeks (Clelland et al., 2009; Aimone et al., 2011; Nakashiba et al., 2012; Rangdl et al., 2014,
475  Miller and Sahay, 2019). Interestingly, adult neurogenesis is altered after brain injury with early
476  increase at one week followed by a progressive decline at one month (Yu et al., 2008; Kernie and
477  Parent, 2010; Shapiro, 2016; Neuberger et al., 2017a; Ngwenya and Danzer, 2018; Clark et al.,
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478  2020). Whether injury induced changes in neurogenesis alter stratification or timestamping of
479  contemporary memories and/or compromise spatial and contextual pattern separation at later
480 time points after injury remains to be examined. In this study we focused on the early time point,
481  one week after injury, when the injury-induced neurons are believed to be immature and unlikely
482  to contribute to local dentate feedback inhibition (Overstreet-Wadiche and Westbrook, 2006;
483 Temprana et a., 2015; Miller and Sahay, 2019). Additionally, we recorded GCs in the middle
484  and outer third of the granule cell layer so as to avoid immature adult-born neurons, typically
485 located in the inner third of the granule cell layer (Save et al., 2018; Kerloch et al., 2019).
486 Crucidly, al GCs included in analysis had input resistance less than 300 MQ consistent with
487  mature GC phenotype. Thus, our results identify that, at the level of individual putative mature
488 dentate GCs, spike reliability and ability to decorrelate spike train patterns persist despite the
489 early circuit changes after brain injury. Still, considering that temporal correlations between
490 dentate neurons at the sub-second time scale are important for spatial memory discrimination
491 (van Dijk and Fenton, 2018), our dice physiology data suggest that the dentate's ability to
492  encode input timing is largely retained early after brain injury. Because the dentate gyrus is
493  particularly important for disambiguating highly similar patterns, the posttraumatic reduction in
494  GC ability to decorrelate highly similar inputs could contribute to deficits in pattern separation

495  after brain injury.

496  Mechanisms underlying altered behavioral pattern separation after brain injury.

497  In contrast to GC temporal pattern separation, we find that the ability to encode and discriminate
498  subtle differencesin spatial location is profoundly compromised one week after brain injury (Fig.
499  5). Our results complement a previous study which showed that mice one week after mild to

500 moderate concussive brain injury are impaired in a sequential location discrimination task using
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501 theradia arms maze (Corrdl et a., 2021). Unlike the radial arm maze, the novel object location
502 adopted in our study examines episodic memory and does not rely on repetition of discrete trial
503  procedures (Bekinschtein et al., 2013; Morales et al., 2021). At the medium difficulty level (60°
504 relocation) adopted in our study, the task has been shown to rely on dentate processing and is
505 compromised by selective suppression of dentate somatostatin neurons. Consistently, we find
506 that the behavioral deficit in novel object location one week after brain injury is accompanied by
507 sdlectiveloss of hilar somatostatin neurons suggesting that interneuron loss may drive deficitsin
508 gpatial pattern separation. Our data showing lack of change in PV neurons one week after FPI,
509 when quantified across all dentate subregions, is consstent with Folweiler et al. (2020).
510 However previous studies have identified post-FPI loss of PV neurons restricted to the dentate
511 hilus and altered inhibition after FPI (Santhakumar et al., 2000; Folweller et al., 2020). Whereas
512  loss of immature and highly excitable adult born neurons born prior to injury could contribute to
513 deficitsin encoding novel object location, studies using the cortical impact injury have reported
514 no loss of GCs born prior to injury (Kang et al., 2022). Rather, these neurons support enhanced
515 feedback inhibition 8-10 weeks after injury. Moreover, it should be noted that neurogenesis is
516 increased rather than decreased one week after injury (Shapiro, 2016; Neuberger et al., 20173,
517 Clark et al., 2020; Correl et al., 2021) and adult born neurons support local circuit feedback
518 inhibition of mature GCs 4-6 weeks into development (Temprana et al., 2015; Miller and Sahay,
519 2019). Taken together, it is unlikely that injury induced changes in dentate neurogenesis underlie
520 deficits in spatial pattern separation observed one week after injury. Instead, post-injury
521 reduction of feedback inhibition, due to loss of somatostatin neurons, and increases in basal

522  activity of GCs, reveaed by the enhanced AFosB staining, likely impair the ability of the dentate
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523 circuit to effectively decorrelate entorhinal inputs into discrete active GC ensembles and firing

524  patterns.

525  Reconciling the modest loss in cellular temporal decorrelation with profound impairment in

526  behavioral spatial discrimination.

527  The apparent divergence in effect of brain injury on decorrelation of spike trains at the cellular
528 level and discrimination of spatial location at a behavioral level indicate that disambiguation of
529 information likely involves activation of distinct neuronal ensembles by input patterns. This is
530 consistent with findings in computational models (Myers and Scharfman, 2009, 2011).
531 Experimentally, due to the time for genetically encoded reporters to express (Guenthner et al.,
532 2013; Ramirez et al., 2013), it may be challenging to identify neurons activated by two distinct
533 and recent spatial inputs. However, there is some evidence for sparse but shared activation of
534 neurons by different spatial experiences (Tashiro et al., 2007). The basal increase in neuronal
535 excitability, identified by increase in AFosB labeled GCs after brain injury, could corrupt this
536 sparse and selective activity necessary for discrimination of spatial memories. A potential caveat
537 isthat, whereas the circuit experiments focused on the outer molecular layer, which receives the
538 lateral entorhinal cortical fibers carrying contextual information, the spatial information
539 examined in the behavioral spatial discrimination study is thought to be carried by inputs from
540 the media entorhinal cortex. Future studies examining decorrelation of medial perforant path
541 inputs and behavioral analysis of context encoding could resolve whether the differences
542  identified here are pathway specific. Analysis of spatiotemporal activity patterns of neuronal
543  ensembles during behaviors or imaging circuit activity in vitro in response to spatiotemporal

544  input patterns would help resolve how the dentate disambiguates input patterns.
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545  In summary, our study identifies that early posttraumatic changes, including persistent increase
546 in excitability and loss of somatostatin interneurons, reduce temporal pattern separation by
547 dentate GCs and degrade the ability to discriminate between similar spatial locations. These

548 changeslikely contribute to working memory deficits after brain injury.

549
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770  Figurelegends

771  Figure 1. Enhanced dentate excitability one week after brain injury. (A) Representative IR-
772  DIC images illustrating stimulating electrode positioning in slices from sham and FPI mice. (B)
773  Representative eEPSC traces from dentate granule cells in sham (black) and FPI (red). (C) Plot
774 of eEPSC peak amplitude in granule cells recorded in responses to increasing stimulus
775 intensities. (D) Representative traces of pharmacologically isolated eEPSCs from dentate granule
776  cédlsin sham (black) and FPI (red) recorded in 10 uM gabazine. (E) Summary plot of granule
777  cell eEPSC peak amplitude in responses to increasing stimulus intensities recorded in 10 uM
778 gabazine. (E). Representative images of staining for AFosB in sections (20 um) from mice one
779  week after sham and FPI. Scale bar=100um. (F) Histogram showing average number of AFosB-

780 positive cdlsin GCL of sham and FPI mice.

781  Figure 2. Robust temporal pattern separation by dentate granule cells. (A) Representative
782  input spike trains from the R75 input set are illustrated with each pattern (input trains #1-5) in a
783  digtinct color. The GC firing evoked by three (of 10) repetitions of each input set is illustrated
784  with output trace color matched to corresponding input spike train. (B) Rou VS Rin plots
785  calculated with bin widths for correlation set to 10, 20, and 100 ms. Responses were elicited by
786  input sets with similarity indices ranging from R25 to R95. (C-D) Example traces of GC firing
787  responses dlicited during 10 repetitions of the same representative (R75, pattern #4) input spike
788 train recorded in aCSF (C) and in 100 nM gabazine (D). (E) Summary of pairwise R

789  comparisonsin aCSF and 100 nM gabazine (n = 4 cells). * Indicates p < 0.05 by Paired T-test.

790 Figure 3. Granule cell intrinsic physiology is not altered FPI (A) Representative granule cell
791 membrane voltage traces in response to -200 pA and +160 pA current injections. (B)

792  Representative action potential phase plots obtained from the first action potential in granule
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793  cdls sham (black) and FPI (red) mice. (C) Summary plots of resting membrane potential, input
794  resistance, firing frequency at +160pA i-inj and action potential threshold. Note that only cells

795  that reached threshold at +160pA were included in analysis of firing frequency.

796  Figure 4. Assessment of GC firing fidelity after FPI. (A-B) Example of a single input spike
797 train a R95 and the corresponding membrane voltage traces recorded in GC during 10
798  repetitions of the same stimulusin sham (A) and FPI (B) mice. (C-D) Summary plot of GC firing
799 freguency (C) and reliability index (D) of GC firing during R95 inputs in sham (n = 11 cdlls

800 from 3 mice) and FPI (n = 14 cellsfrom 3 mice).

801 Figure 5. GC temporal pattern decorrelation is maintained after brain injury. (A-B)
802 Representative input spike trains from the R95 input set are illustrated with each pattern (input
803 trains #1-5) in a distinct color. GC firing evoked by three repetitions of each input set in sham
804 (A) and FPI (B). Each membrane voltage trace is color matched to corresponding input spike
805 train. (C) Summary plot of Rou VS Rin recorded during presentation of stimulus sets with R25 and
806 R95 similarity indices in GCs from sham (black) and FPI (red) mice. (D-E) Cumulative
807  probability distributions of pairwise Ry in GCs from sham and FPI mice during presentation of
808 input setswith average Rin=R25 (D, recordings from 9 cellsin 3 sham mice and 11 céllsin 3 FPI
809 mice) and R95 (E, 11 cellsin 3 sham mice and 14 cellsin 3 FPI mice) * Indicates p < 0.05 by K-

810 Stest.

811 Figure 6. Spatial recognition memory isimpaired following FPI (A) Timeline of behavioral
812 task and tissue processing for histological staining. (B) Schematic representation of the novel
813  object location task performed one week post injury showing 4-day habituation in open chamber

814 and test day timeline and location of objects in sample and choice phases. (C-D) Summary plot
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815 of discrimination ratio (C) and total duration of exploration (D) in sham (n = 8) and FPI (n=8)
816 mice. (E) Representative images of dentate sections immunostained for somatostatin illustrates
817 reduction in hilar somatostatin neurons one week after FPI, scale bar=100um. (F) Summary
818 histogram of somatostatin cell counts in sections from the dentate hilus in sham and FPI mice.
819 (G) Representative images of dentate sections from sham and FPI mice immunostained for
820 parvabumin. (H) Summary histogram of PV cell counts/sections quantified in all dentate layers

821 insham and FPI mice.

822

823

824  Supplementary Figures

825 Supplementary Figure 1. Decrease in GC decorrelation of highly similar temporal input
826 patterns after brain injury. (A-B) Summary plots of average Rq.: in each cell averaged across
827 al Rj, values centered around R25 (A) and R95 (B). (C-D) Pairwise Rout/Rin in GCs from
828 sham and FPI mice for 10 distinct Rin values each centered around R=0.25 (C) and R=95 (D).

829 Notethat these are the same data as in Fig 5C presented at adifferent scale.

830
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