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Abstract 39 

Although there is evidence that adult neurogenesis contributes to the 40 
therapeutic efficacy of chronic antidepressant treatment for anxiety and 41 
depression disorders, the role of adult neurogenesis in the onset of depression-42 
related symptoms is still open to question. To address this issue, we utilized a 43 
transgenic mouse strain in which adult neurogenesis was specifically and 44 
conditionally impaired by Nestin-CreER-driven, inducible knockout (icKO) of erk5 45 
MAP kinase in Nestin-expressing neural progenitors of the adult mouse brain 46 
upon tamoxifen administration. Here we report that inhibition of adult 47 
neurogenesis by this mechanism is not associated with an increase of the 48 
baseline anxiety or depression in non-stressed animals, nor does it increase the 49 
animal’s susceptibility to depression after chronic unpredictable stress treatment. 50 
Our findings indicate that impaired adult neurogenesis does not lead to anxiety or 51 
depression. 52 
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Significance statement  53 
New neurons are continuously born in two regions of the adult mammalian 54 

brain, the hippocampus and the olfactory bulb, through a process called adult 55 
neurogenesis. These adult born neurons are critical for learning and memory, as 56 
well as olfaction. Furthermore, an increase in adult neurogenesis likely 57 
contributes to the therapeutic efficacy of chronic antidepressants. However, 58 
whether impaired adult neurogenesis underlies the etiology of anxiety and 59 
depression is still unclear. This study aims to address this question by utilizing a 60 
genetic mouse model in which the production of adult born neurons is inducibly 61 
and selectively impaired. Our data suggest that impaired adult neurogenesis 62 
alone does not contribute to anxiety or depression, nor does it increase 63 
depression after chronic stress.  64 65 
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Introduction 66 
 Adult neurogenesis occurs in the subgranular zone of the dentate gyrus 67 
and the subventricular zone along the lateral ventricles in mammalian brains (J. 68 
Altman and G. D. Das, 1965; A. Alvarez-Buylla et al., 1988). Adult-born neurons 69 
in the dentate gyrus functionally integrate into the hippocampal circuitry and play 70 
a critical role in cognitive processes such as contextual and spatial memory and 71 
pattern separation. Interestingly, there is also a link between adult neurogenesis 72 
and psychiatric disorders including anxiety and depression (M. A. Kheirbek et al., 73 
2012; D. Petrik et al., 2012). Sustained stress exposure not only induces 74 
maladaptive fear responses and depression, but it also decreases the production 75 
and survival of adult born hippocampal neurons in animal models (R. S. Duman, 76 
2004; J. L. Warner-Schmidt and R. S. Duman, 2006). Furthermore, treatment of 77 
anxiety/depression with antidepressants normalizes the level of adult 78 
neurogenesis (B. Czeh et al., 2001; D. J. David et al., 2009; J. W. Koo et al., 79 
2010; J. C. Garza et al., 2011). Studies that combined depression animal models 80 
and neurogenesis-ablation animal models suggest that intact adult neurogenesis 81 
is critical for antidepressant-mediated reversal of the depressive state (L. 82 
Santarelli et al., 2003; D. J. David et al., 2009; J. M. Revest et al., 2009; J. W. 83 
Koo et al., 2010; A. Surget et al., 2011).  84 
 Despite these exciting discoveries, conflicting evidence exists regarding a 85 
direct link between impairment of adult neurogenesis and the etiology of 86 
depression/anxiety. For example, although a recent study supports a causal role 87 
for decreased adult neurogenesis in depression (J. S. Snyder et al., 2011), other 88 
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studies in the literature report the absence of depression-like behavior in animals 89 
with impaired adult neurogenesis (L. Santarelli et al., 2003; A. Surget et al., 2008; 90 
D. J. David et al., 2009; M. N. Jayatissa et al., 2010; A. Surget et al., 2011; D. M. 91 
Iascone et al., 2013; P. Jedynak et al., 2014; J. Pascual-Brazo et al., 2014). 92 
Furthermore, stress does not always decrease adult neurogenesis (A. Reif et al., 93 
2006; D. C. Lagace et al., 2010). The increase in adult neurogenesis caused by 94 
exercise is paradoxically associated with an increased level of anxiety (J. Fuss et 95 
al., 2010), and some effects of antidepressants are neurogenesis-independent 96 
(D. J. David et al., 2009; I. Mendez-David et al., 2013; P. Jedynak et al., 2014). 97 
There is a general consensus that adult-born neurons in the dentate gyrus 98 
contribute to efficacy of antidepressants in the treatment of anxiety and 99 
depression. However, the participation of adult hippocampal neurogenesis in the 100 
onset of anxiety and depression-related symptoms is still not clear. Whether adult 101 
neurogenesis is involved in the modulation of baseline anxiety and depression or 102 
in maintaining appropriate emotion and mood in the context of stress are key 103 
unanswered questions. Further studies using different neurogenesis-ablation 104 
strategies and multiple anxiety and depression animal models are needed to 105 
clarify this issue.   106 
 ERK5 is a MAP kinase whose expression in the adult brain under normal 107 
physiological conditions is limited to the neural stem/progenitor cells, transiently 108 
amplifying progenitors, and/or newborn neurons in the adult neurogenic regions; 109 
it is not expressed in mature neurons in the adult brain (Y. W. Pan et al., 2012c; 110 
Y. W. Pan et al., 2012b; Y. W. Pan et al., 2012d; T. Li et al., 2013).  Tamoxifen 111 
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administration to adult Nestin-CreER™/ERK5loxP/loxP mice leads to inducible 112 
deletion of erk5 in the adult brain (Y. W. Pan et al., 2012c; Y. W. Pan et al., 113 
2012b; Y. W. Pan et al., 2012d; T. Li et al., 2013). This deletion is specific to 114 
Nestin-expressing neural progenitors, occurs only after tamoxifen administration, 115 
and sustains for at least 3 months. Deletion of erk5 disrupts adult neurogenesis 116 
in hippocampus as well as the subventricular zone, and impairs multiple forms of 117 
hippocampus-dependent learning and memory, including contextual fear 118 
memory, spatial learning and memory, and pattern separation (Y. W. Pan et al., 119 
2012c; Y. W. Pan et al., 2012a, 2013).  120 

To investigate whether the impairment of adult neurogenesis in ERK5 121 
icKO mice is associated with anxiety and depression-like behaviors, we 122 
subjected the mice to a series of behavioral tests to evaluate their anxiety and 123 
depression. We report that inhibition of adult neurogenesis by erk5 deletion does 124 
not induce anxiety or depression-like behaviors in non-stressed animals, nor 125 
does it increase an animal’s susceptibility to depression in the context of stress. 126 

 127 
Materials and Methods 128 
Animals 129 
 Nestin-CreER™ (C. T. Kuo et al., 2006) and ERK5loxP/loxP (X. Wang et al., 130 
2005) mice were crossed to yield Nestin-CreER™/ERK5loxP/+ animals. Nestin-131 
CreER™/ERK5loxP/+ mice were further crossed with ERK5loxP/loxP mice to yield 132 
homozygous Nestin-CreER™/ERK5loxP/loxP animals, which were used for 133 
experimental breeding.  These mouse strains were the same as previously 134 
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described (Y. W. Pan et al., 2012c; Y. W. Pan et al., 2012b; Y. W. Pan et al., 135 
2012a; Y. W. Pan et al., 2012d; T. Li et al., 2013). All animal experiments were 136 
performed with identically treated and handled littermate controls.  Because there 137 
may be sex differences in adult neurogenesis (C. K. Barha et al., 2011; K. 138 
Roughton et al., 2012; K. M. Hillerer et al., 2013), and there are generally more 139 
individual variations using female mice in behavior tests because of their short 140 
estrous cycles, we only used male mice for behavioral tests in this study to 141 
reduce variation and the number of animals needed. A small cohort of Nestin-142 
CreER™/ERK5loxP/loxP mice were also bred with Gt(ROSA)26Sor-YFP (R26-YFP) 143 
mice (S. Srinivas et al., 2001) to yield Nestin-CreERTM/ ERK5loxP/loxP /R26-144 
YFPloxP/loxP mice (T. Li et al., 2013) for cellular studies. Unless specified, mice 145 
were group housed under standard conditions  (12 h light/dark cycle) with food 146 
and water provided ad libitum. All animal procedures were performed according 147 
to the regulation of the Authors’ University’s animal care committee.  148 
Administration of Tamoxifen 149 

To initiate Cre-mediated recombination, 10–12 week old mice were dosed 150 
with 200 mg/kg tamoxifen or vehicle (corn oil with 2% acetic acid) via oral gavage 151 
once per day for 4 d per cycle, for a total of 3 cycles with a 2-week inter-cycle 152 
interval (3 X 4 d), exactly as previously described (Y. W. Pan et al., 2012c; Y. W. 153 
Pan et al., 2012d; T. Li et al., 2013; W. Wang et al., 2013). The tamoxifen 154 
administration to most of the animals (cohorts 2-4) was performed by the same 155 
investigator Dr. Pan as in previous studies (Y. W. Pan et al., 2012c; Y. W. Pan et 156 
al., 2012b; Y. W. Pan et al., 2012a; Y. W. Pan et al., 2012d). The tamoxifen-157 
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treated Nestin-CreER™/ERK5loxP/loxP mice were designated as the ERK5 158 
inducible and conditional knock-out (icKO) mice, while vehicle-dosed littermates 159 
of the same genotype or tamoxifen-treated ERK5loxP/loxP littermates were used as 160 
controls for all behavioral experiments (see Fig. 1 for controls included in each 161 
cohort).  162 
Animal behavior tests.   163 

Four different cohorts of mice were used for behavior tests in this study 164 
(Fig. 1). A timeline for each cohort, showing the order of behavior tests, and the 165 
length of time between each behavioral assay is illustrated in Fig 1. There was 166 
no statistically significant difference between the body weight of control and 167 
ERK5 icKO mice. For example, at the end of all behavioral tests for cohort 3 168 
mice, the average body weight was 23.963 ±0.693 g (mean ± sem) for control, or 169 
23.238 ± 0.466 g (mean ± sem) for ERK5 icKO, p>0.05. The light levels (lux) for 170 
each behavioral tests are: Open field: 250 lux; elevated plus maze: 250 lux; 171 
dark/light box: Light chamber: 300 lux; sucrose splash test: 250 lux; sucrose 172 
preference test: 250 lux; forced swim test: 250 lux; tail suspension test: 250 lux; 173 
novelty induced hypophagia: 1000 lux; novelty suppressed feeding: 1000 lux. 174 

 175 
Open field assay  176 
 The assay was performed two weeks after the last dose of Tamoxifen. 177 
Mice were placed in an unfamiliar arena with clear side walls (10 × 10 × 16 inch 178 
in dimension, TruScan) and were allowed to freely explore the arena for 20 min. 179 
They were returned to their home cages after the test. Their locomotor activity 180 
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was tracked by photo beams pre-installed to the arena and then analyzed by 181 
TruScan Software (Coulbourn Instruments).  182 
Elevated plus maze 183 
 A beige elevated plus maze apparatus was used for this experiment (San 184 
Diego Instruments Co). The maze consists of two perpendicularly located open 185 
arms and closed arms with a center area. Each arm measures 50X5 cm and the 186 
center area measures 5X5 cm. The one-third distal portion of the two open arms 187 
and the two closed arms were defined as the open ends and the closed ends, 188 
respectively. The maze was placed in the center of a room with its stage 40 cm 189 
above the floor level and all the arms at least 50 cm away from any object in the 190 
room. Animals were placed in the center of the maze facing toward one of the 191 
open arms and allowed to freely explore the stage for 5 min. A video camera was 192 
installed onto the ceiling of the room and directly above the center of the maze. 193 
The video camera was connected with a computer and ANY-maze software (San 194 
Diego Instruments Co) was used to track and analyze the movement in a real-195 
time mode. 196 
Dark/light exploration assay 197 
 The test was conducted in a 2-chamber shuttle box with an opaque divider 198 
in the middle of the box (Coulbourn Instruments). Each chamber measures 199 
17X17X33 cm in dimensions. An opening measuring 6X6 cm was located at the 200 
center bottom of the divider. The walls of one chamber were made of black 201 
plexiglass while those of the other chamber were transparent. The ceiling of the 202 
box was made of a sheet of aluminum with a round hole measuring 1 cm in 203 
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diameter over the center of the light chamber. Mice were habituated in the room 204 
for 1 h before the test with the room lights off. During the test, the room was not 205 
illuminated but the light compartment was lit by a 60W bulb closely placed over 206 
the hole on the ceiling. During the test, a mouse was first placed into the dark 207 
chamber and allowed to freely travel between the chambers for 5 min. The time 208 
spent in the light chamber was scored. 209 
Splash test 210 
 The splash test was performed by splashing a sucrose solution on the 211 
animal’s belly. Briefly, mice were split into individual cages and singly housed for 212 
at least one week prior to the test. On the day of testing, mice were splashed with 213 
a 10% sucrose solution on their belly using a wooden cotton-tipped applicator 214 
and quickly returned to the home cages. Grooming behavior, defined as 215 
touching, scrubbing or licking the belly with snout, was monitored for 5 min. The 216 
latency to the first groom, the number of grooms, and total duration of the 217 
grooming were recorded by an experimenter blind to the genotype and treatment 218 
of the mice.  219 
Sucrose preference assay 220 
 Mice were given access to both plain water and a sucrose solution and 221 
their preference for the sucrose solution was quantified. Briefly, 3 days prior to 222 
the testing, singly housed mice were habituated to sucrose by being given a 223 
water bottle containing plain water and a second bottle with 1% sucrose with the 224 
left/right location balanced across animals and switched every day. After 3 days 225 
of habituation, both bottles were removed for 16 h overnight (5 pm to 9 am). The 226 
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water and sucrose bottles were then reintroduced in reversed left/right locations 227 
to the mice for 24 h. Bottles were weighed before the test, 20 min after the start 228 
of the test, and at the end of the test. The total drinking was expressed as the 229 
sum of the consumptions from both the plain water and sucrose bottles. The 230 
sucrose preference was expressed as the percentage of sucrose consumption of 231 
the total liquid consumption. 232 
Novelty-suppressed feeding test 233 
 The novelty-suppressed feeding test was performed by scoring the latency 234 
to feed for a food-deprived mouse when it is introduced to an unfamiliar 235 
environment. Briefly, prior to the test, individually housed mice were subjected to 236 
an 18 h (6 pm to 12 pm) food deprivation followed by food restriction (about 3 g 237 
of food per day) for 72 h. Mice were weighed before the food restriction and then 238 
weighed daily to avoid the loss of more than 15% of the body weight. Novelty 239 
suppressed feeding assay was performed 20 h after the last feeding at 8 am. A 240 
hexagonal cylinder with clear Plexiglass base (hexagon of 12.5 cm for each side) 241 
and walls (height of 30 cm) was used as the test chamber. The cylinder was 242 
placed on a sheet of white filter paper to increase light reflection. A half pellet of 243 
mouse food (about 3 g) was placed on a piece of chemical weighing paper (3 X 3 244 
cm) in the center of the floor of the cylinder. A mouse was removed from its 245 
home cage, weighed and introduced to one corner of the cylinder. The mouse 246 
was allowed to freely investigate the cylinder and the food for a maximum of 15 247 
min. Feeding behavior was observed by an experimenter blind to the genotype 248 
and treatment of the mouse. Once the mouse bit the food, the latency to biting 249 
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was recorded and then the mouse and a new pre-weighed pellet of food were 250 
quickly transferred to the home cage. The mouse was undisturbed in the home 251 
cage for 5 min and then the food was removed and weighed again.   252 
Novelty-induced hypophagia assay  253 
 In novelty-induced hypophagia assay, mice were given access to 254 
chocolate milk in an unfamiliar environment and the latency to drink was scored. 255 
Briefly, singly housed mice were habituated to Darigold chocolate milk for 30 min 256 
per day for 3 consecutive days. On the 4th day, a mouse was introduced into a 257 
clean mouse cage of the same dimensions, and with access to a bottle of 258 
chocolate milk, but the cages had the following modifications to enhance 259 
aversiveness: no bedding, bright lighting and white paper under the cage. The 260 
mouse was allowed to freely investigate the cage and drink chocolate milk for 15 261 
min. The latency to drink the chocolate milk and the number of trips to the 262 
chocolate milk were scored by an experimenter blind to the genotype and 263 
treatment of the mice.  264 
Forced swim assay 265 
 The test was performed by using a standard protocol of forced swim test 266 
for mice. Briefly, a 4-L glass beaker (16.5 cm in diameter) filled with water (23-25 267 
°C) to a depth of 17.8 cm was used as the apparatus. Mice were placed in the 268 
beaker and allowed to swim undisturbed for 6 min and then removed, dried and 269 
returned to their home cages. Water was changed between each subject. The 270 
entire session was recorded from the side by a video camera. The video was 271 
scored later by an experimenter blind to the genotypes for the latency to first 272 
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episode of immobility, the duration of immobility and immobile episodes during 273 
the last 4 min of the session. 274 
Tail suspension test 275 
 Tail suspension test was performed by suspending a mouse from a 276 
horizontal bar 50 cm above the floor by adhesive tape placed approximately 1 cm 277 
from the tip of the tail. Immobility, including the latency to first immobile episode, 278 
the number of immobile episodes, and the accumulated time spent immobile, 279 
within a 6-min session was scored by an experimenter blind to the genotype and 280 
treatment of the mice. 281 
Chronic unpredictable stress (CUS) treatment 282 
 Singly housed mice were treated with a 14-day schedule of CUS 283 
treatment for a total period of 4 weeks (2 repeats of the same 14-day schedule). 284 
The stressors included restraint (1.5 h), cold swim (15 °C, 10 min), wet 285 
bedding/cage tilt (45°, 16 h or 20 h), inversion of the light/dark cycle (16 h), tail 286 
pinch (with plastic clothespins, 10 min), warm swim (25 °C, 6 min), inescapable 287 
shock (0.7 mA, 0.5 s/min X 3 min or 3 s/min X 3 min), and food and water 288 
deprivation (16 h), on a randomized schedule.  289 
Statistical analysis 290 

All data were expressed as mean ± standard error of the means (SEM). 291 
Comparison between the control and ERK5 icKO groups was analyzed by 292 
Student’s t-test, two-tailed analysis. n.s., not significant. n=9-12 for control group 293 
and 10-14 for ERK5 icKO mice in each test.  294 
 295 
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Results 296 
Inhibition of adult neurogenesis by targeted deletion of ERK5 is not 297 
associated with an increased level of anxiety in non-stressed mice 298 
 Under normal conditions, ERK5 expression in the adult brain is limited to 299 
the neural stem/progenitor cells, transiently amplifying progenitors, and/or 300 
newborn neurons in the adult neurogenic regions including the subgranular zone 301 
(SGZ) of the dentate gyrus in the hippocampus and the subventricular zone 302 
(SVZ)/ rostral migratory stream (RMS). ERK5 is not expressed in mature neurons 303 
(NeuN+) in the adult brain (Y. W. Pan et al., 2012c; Y. W. Pan et al., 2012d; T. Li 304 
et al., 2013; W. Wang et al., 2013). Data in Fig. 2 confirm that ERK5 protein is 305 
specifically expressed along the SGZ of the dentate gyrus, and that it is co-306 
labeled with markers for transiently amplifying progenitors and/or newborn 307 
neurons (PSA-NCAM, DCX), but not with NeuN, a marker expressed in mature 308 
neurons.   309 

We utilized an inducible and conditional ERK5 knock-out (ERK5 icKO) 310 
mouse model to determine whether the inhibition of adult neurogenesis by ERK5 311 
deletion alters baseline anxiety. In this model, adult Nestin-312 
CreER™/ERK5loxP/loxP mice were treated with tamoxifen to induce erk5 gene 313 
deletion in the Nestin-expressing neural stem cells (ERK5 icKO), while vehicle-314 
treated mice of the same genotype, or ERK5loxP/loxP littermates treated with 315 
tamoxifen or vehicle were used as controls (see Fig. 1 for details).  Previous 316 
studies showed that Nestin-CreER™-driven erk5 deletion occurs only upon 317 
tamoxifen administration (Y. W. Pan et al., 2012c; Y. W. Pan et al., 2012d; T. Li 318 
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et al., 2013; W. Wang et al., 2013). To further examine the specificity of 319 
tamoxifen-induced, Nestin-CreERTM-mediated recombination, Nestin-320 
CreERTM/ERK5loxP/loxP mice were crossed with R26-YFP reporter mice where 321 
Cre-mediated recombination removes a transcriptional STOP to allow YFP 322 
expression (S. Srinivas et al., 2001). Nestin-CreERTM/ERK5loxP/loxP/R26-323 
YFPloxP/loxP mice were sacrificed 10 d after the last dose of tamoxifen or vehicle 324 
control. There was ERK5 but no YFP expression in the SGZ of vehicle control 325 
treated mouse brain (Fig. 3A). In contrast, there were abundant YFP+ cells but no 326 
ERK5+ cells along the SGZ of tamoxifen treated mouse brains. Furthermore, 327 
there were no YFP+ cells in the cortex, stratum, CA1, CA2, or CA3 of the 328 
hippocampus after tamoxifen treatment (Fig. 3B). These data indicate that 329 
Nestin-Cre-ERTM-mediated deletion of erk5 is specific to adult neurogenic regions 330 
and there is no discernible deletion of erk5 without tamoxifen or in non-331 
neurogenic regions after tamoxifen treatment. 332 

Deletion of erk5 leads to impaired hippocampal adult neurogenesis 333 
primarily through delayed neuronal differentiation (Y. W. Pan et al., 2012c; Y. W. 334 
Pan et al., 2012d). The reduction of ERK5+ cells (75-80%) in the SGZ was similar 335 
at 3-4 weeks and 12 weeks after the last dose of tamoxifen treatment in naïve 336 
mice without behavior testing (Y. W. Pan et al., 2012c; Y. W. Pan et al., 2012d).  337 
Here we show that ERK5 protein is still not expressed in ERK5 icKO mice even 338 
after animals have been subjected to a series of behavior tests for learning and 339 
memory in a 3-month period (Fig. 3C). 340 
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Conditional deletion of erk5 impairs multiple forms of hippocampus-341 
dependent learning and memory, including contextual fear memory, spatial 342 
learning and memory, and pattern separation (Y. W. Pan et al., 2012c; Y. W. Pan 343 
et al., 2012a, 2013). To evaluate the level of anxiety of ERK5 icKO mice, we first 344 
subjected the mice to a series of behavior assays, including the open field, 345 
elevated plus maze, and the dark/light exploration test, to test the animal’s 346 
adaptation and spontaneous exploration in new environments. In the open field 347 
assay, a mouse was placed in an unfamiliar arena and locomotor activity was 348 
recorded. The level of anxiety is primarily assessed by the level of ambulation 349 
and the avoidance of exploration to the center of the arena (M. Bourin et al., 350 
2007; A. Ramos, 2008). In comparison to control littermates, ERK5 icKO mice 351 
did not change the overall ambulation level, quantified as the number of moves 352 
(p=0.324)1, moving distance (p=0.460)2, and moving time (p=0.419)3 on the floor 353 
plane (Fig. 4A), nor did they show reduced exploration to the center of the arena, 354 
expressed as the number of entries to the center (p=0.760)4, and the time spent 355 
in the center of the arena (p=0.512)5 (Fig. 4B). These data indicate that non-356 
stressed ERK5 icKO mice do not display overt anxiety-like behavior in the open 357 
field assay.  358 
 To confirm the findings from the open field assay, we subjected the ERK5 359 
icKO and control mice to two approach-avoidance conflict-based behavioral 360 
paradigms for assessing anxiety behaviors: the elevated plus maze and the 361 
light/dark exploration test. The elevated plus maze is based on the natural 362 
aversion of rodents for open spaces; decreased exploration in the open arms is a 363 
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sign of anxiety (M. Bourin et al., 2007; A. Ramos, 2008). The ERK5 icKO mice 364 
did not exhibit an increased avoidance to the open spaces compared to control 365 
mice, quantified by the amount of time spent in the open arms (p=0.630)6 and the 366 
open ends defined as the distal one third of open arms (p=0.758)7 (Fig. 5A,B). 367 
However, it is still possible that ERK5 icKO mice spent more time in immobility 368 
while they were in the open arms, a hidden sign of elevated maladaption. We 369 
therefore analyzed the immobile behavior in the open arms and found that ERK5 370 
icKO mice did not exhibit an increase of immobility in the open arms (p=0.725)8 371 
(Fig. 5C), confirming that they were actively exploring the open arms as control 372 
mice did. Their overall fear response to a novel environment was not 373 
compromised by ERK5 deletion as both groups of mice spent about 50% of time 374 
(150 s during the 5-min test) in immobility on the apparatus (p=0.543)9 (Fig. 5D). 375 
These results indicate that ERK5 icKO mice are not deficient in their ability to 376 
explore an unfamiliar and open environment, and they do not exhibit increased 377 
anxiety in the elevated plus maze test.  378 
 In contrast to the elevated plus maze test, the light/dark exploration assay 379 
is based on the innate aversion of rodents to brightly illuminated areas. Mice 380 
were introduced into a novel shuttle box with one dark and one brightly 381 
illuminated compartment. Decreased tendency to explore the light compartment 382 
indicates elevated anxiety (J. Crawley and F. K. Goodwin, 1980; M. Bourin and 383 
M. Hascoet, 2003). The vehicle-treated control mice explored the light 384 
compartment substantially, although they still exhibited a preference for the dark 385 
compartment (2 min in light and 3 min in dark compartment over a 5 min period), 386 
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consistent with the behavior of normal mice reported in the literature (M. Bourin 387 
and M. Hascoet, 2003). ERK5 icKO mice did not show a decreased tendency to 388 
explore the light compartment – the latency to their first entry (p=0.553)10, total 389 
number of entries (p=0.981)11, and accumulated time spent exploring the light 390 
compartment (p=0.673)12 were not significantly different from their control 391 
littermates (Fig. 6). These data indicate that ERK5 icKO mice are competent in 392 
exploring an unfamiliar and brightly lit environment and do not exhibit anxiety in 393 
the dark/light exploration assay. 394 
 Feeding in a new environment is an indication of adaptation, whereas the 395 
inhibition or delay of feeding behavior in a new environment, hypophagia, is a 396 
sign of anxiety (S. C. Dulawa and R. Hen, 2005). One commonly used 397 
hypophagia test is novelty-suppressed feeding, in which a food-deprived mouse 398 
is introduced to a new environment with a pellet of food and the latency to feed is 399 
quantified. Compared with the vehicle control mice, ERK5 icKO mice did not 400 
delay their first attempt to eat food (p=0.212)13 (Fig. 7A). However, a confounding 401 
factor for this test is the animal’s degree of hunger and level of appetite, which 402 
may affect their motivation for food, thus the latency to feed. Therefore, food 403 
consumption in a familiar environment, in their home cages, to which they were 404 
returned after the test, was used to assess their motivation for food. There was 405 
no significant difference between ERK5 icKO mice and the control mice in their 406 
home cage food consumption (p=0.545)14 (Fig. 7B). Together, these data 407 
suggest that ERK5 icKO mice do not display an elevated level of hypophagia, 408 
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indicating that they do not have an increased level of anxiety in the novelty-409 
suppressed feeding test. 410 
 Mice were also subjected to another behavior test for hypophagia, the 411 
novelty-induced hypophagia test (S. C. Dulawa and R. Hen, 2005), in which a 412 
palatable snack (chocolate milk) was used and no food restriction is required. 413 
The test was performed in a new mouse cage without bedding, an unfamiliar but 414 
less aversive environment. Again, there was no difference between ERK5 icKO 415 
mice and control mice in the latency to drink the chocolate milk (p=0.935)15 or the 416 
frequency of drinking (p=0.387)16 within the observation period, confirming that 417 
ERK5 deletion does not cause hypophagia (Fig. 8). 418 
   419 
Impaired adult neurogenesis by targeted deletion of ERK5 is not associated 420 
with depression-like behaviors in non-stressed mice 421 
 Symptoms of depression include a lack of self-care, loss of interest in 422 
pleasure, and the feeling of hopelessness. An array of behavioral tests have 423 
been developed to assess each of these aspects of depression in rodents. For 424 
example, grooming behavior observed in the splash test is used to assess self-425 
care, the sucrose preference test is designed to evaluate the level of interest in 426 
pleasure, while the tail suspension test and forced swim test are two frequently 427 
used tests for quantification of hopelessness and despair.  428 
 To assess whether the inhibition of adult neurogenesis by ERK5 deletion 429 
is associated with depression-like behavior, we first evaluated self-care, 430 
specifically the grooming behavior, of the ERK5 icKO mice and control mice 431 
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using the splash test. Mice were splashed with sucrose solution on their 432 
abdomen and their grooming behavior was then scored. We did not observe a 433 
difference between the two groups of mice in their latency to groom (p=0.205)17, 434 
grooming frequency (p=0.899)18, or the duration of grooming (p=0.415)19 (Fig. 9), 435 
suggesting that inhibition of adult neurogenesis by ERK5 deletion does not affect 436 
self-care in non-stressed animals. 437 
 Next, we evaluated whether ERK5 deletion affects the animal’s interest in 438 
pleasure using the sucrose preference assay. Mice were given access to both 439 
sucrose water and plain water. A significant preference to sucrose water versus 440 
plain water indicates the interest for pleasure. We first habituated both the ERK5 441 
icKO mice and control mice to freely available water and 1% sucrose for 3 days. 442 
After a 16h of fluid deprivation, mice were reintroduced to both bottles and their 443 
preference for each bottle was measured during a 20 min test followed by a 24-h 444 
test. Both groups preferred the sucrose drink over the plain water in the first 20 445 
min (p=0.799, ERK5 icKO mice vs. control mice)20 (Fig. 10A) as well as over the 446 
next 24 h (p=0.188, ERK5 icKO mice vs. control mice)21(Fig. 10B), and they 447 
consumed the same amount of total liquid (p=0.468)22 (Fig. 10C).  448 
 To assess hopelessness, we subjected ERK5 icKO mice and control mice 449 
to the forced swim test and tail suspension test. In the forced swim test, a mouse 450 
is placed into an inescapable container filled with water. After a brief period of 451 
vigorous swimming, the mouse exhibits a characteristic immobile posture. Early 452 
onset of immobility and an increased level of immobility indicate increased 453 
behavioral despair or lowered mood (R. D. Porsolt et al., 1977). Compared with 454 
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controls, ERK5 icKO mice showed no signs of increased despair in the forced 455 
swim test, determined by the latency to the first immobile episode (p=0.192)23, 456 
the immobility frequency (p=0.470)24, and the total time spent immobile 457 
(p=0.191)25 (Fig. 11). In the tail suspension test, the mice were hung up on a bar 458 
by the tail for 6 min and  immobility behavior was scored. The ERK5 icKO mice 459 
did not show earlier onset of immobility (p=0.942)26, or increased frequency 460 
(p=0.840)27 or duration of immobility (p=0.389)28 (Fig. 12), signs of increased 461 
behavioral despair. 462 
 463 
ERK5 icKO mice do not show enhanced behavioral despair after chronic 464 
unpredictable stress treatment  465 
 Finally, we investigated whether impaired adult neurogenesis increases 466 
the animal’s susceptibility to depression in the context of chronic stress, using a 467 
modified chronic unpredictable stress (CUS) protocol. Stressors included food 468 
and water deprivation, cage tilt and wet bedding, cold swim and warm swim, 469 
electrical foot shock, tail pinch, and alteration of light/dark cycle with a 470 
randomized schedule for 4 weeks. Mice were then subjected to the forced swim 471 
test or tail suspension test to evaluate depression. There was no difference 472 
between ERK5 icKO and control mice in their latency to immobility (p=0.389)29 473 
and time spent in immobile (p=0.527)30 in the forced swim test (Fig. 13A), and in 474 
their latency to immobility (p=0.816)31, frequency of immobility (p=0.694)32 and 475 
time spent in immobility (p=0.771)33 in the tail suspension test (Fig. 13B). These 476 
data indicate that the inhibition of adult neurogenesis by ERK5 deletion does not 477 
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increase the animal’s susceptibility to depression induced by chronic 478 
unpredictable stress. 479 
 480 
 481 
The same cohort of ERK5 icKO mice that have impaired hippocampus-482 
dependent memory do not show anxiety/depression-like behavior 483 
 The behavior data in Fig. 4 -13 suggest that impaired adult neurogenesis 484 
does not lead to anxiety/depression-like behaviors.  Since these data are all 485 
negative, we performed another set of experiments using a 4th cohort of ERK5 486 
icKO mice that have been subjected to hippocampus-dependent learning and 487 
memory behavior tests.  In addition, ERK5loxP/loxP littermates similarly treated with 488 
tamoxifen or vehicle were added as genotype controls. The ERK5 icKO mice 489 
showed reduced remote contextual fear memory(Y. W. Pan et al., 2012a) (Fig. 490 
14A) (p=0.00055 34, p=0.016 35, and p=0.010 36 for percent freezing on 5-week 491 
test, when ERK5 icKO mice were compared with control A, B, and C mice 492 
respectively). However, they showed no change in the dark/light box test (Fig. 493 
14B) and tail suspension test (Fig. 14C) compared to all three groups of control 494 
mice including genotype controls and tamoxifen drug controls (p=0.436 37, 495 
p=0.980 38, and p=0.765 39 for time in light, and p=0.920 40, p=0.985 41, and 496 
p=0.952 42 for light entries in the dark/light box test; and p=0.580 43, p=0.796 44 497 
and p=0.769 45 for immobile latency, and p=0.714 46, p=0.665 47 and p=0.589 48 498 
for the immobile episodes in the tail suspension test when ERK5 icKO mice were 499 
compared with control A, B, and C mice respectively). 500 
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 501 
Statistical table 502 

 503 
 Data structure Type of test Power 

1* Normal distribution Two-tailed Student’s t-test 15% 

2 Normal distribution Two-tailed Student’s t-test 11% 

3 Normal distribution Two-tailed Student’s t-test 12% 

4 Normal distribution Two-tailed Student’s t-test 5% 

5 Normal distribution Two-tailed Student’s t-test 20% 

6 Normal distribution Two-tailed Student’s t-test 10% 

7 Normal distribution Two-tailed Student’s t-test 10% 

8 Normal distribution Two-tailed Student’s t-test 10% 

9 Normal distribution Two-tailed Student’s t-test 11% 

10 Normal distribution Two-tailed Student’s t-test 12% 

11 Normal distribution Two-tailed Student’s t-test 3% 

12 Normal distribution Two-tailed Student’s t-test 5% 

13 Normal distribution Two-tailed Student’s t-test 25% 

14 Normal distribution Two-tailed Student’s t-test 7% 

15 Normal distribution Two-tailed Student’s t-test 3% 

16 Normal distribution Two-tailed Student’s t-test 11% 

17 Normal distribution Two-tailed Student’s t-test 23% 

18 Normal distribution Two-tailed Student’s t-test 3% 

19 Normal distribution Two-tailed Student’s t-test 13% 
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20 Normal distribution Two-tailed Student’s t-test 4% 

21 Normal distribution Two-tailed Student’s t-test 72% 

22 Normal distribution Two-tailed Student’s t-test 9% 

23 Normal distribution Two-tailed Student’s t-test 35% 

24 Normal distribution Two-tailed Student’s t-test 9% 

25 Normal distribution Two-tailed Student’s t-test 26% 

26 Normal distribution Two-tailed Student’s t-test 3% 

27 Normal distribution Two-tailed Student’s t-test 12% 

28 Normal distribution Two-tailed Student’s t-test 4% 

29 Normal distribution Two-tailed Student’s t-test 11% 

30 Normal distribution Two-tailed Student’s t-test 11% 

31 Normal distribution Two-tailed Student’s t-test 5% 

32 Normal distribution Two-tailed Student’s t-test 8% 

33 Normal distribution Two-tailed Student’s t-test 6% 

34 Normal distribution Two-tailed Student’s t-test 100% 

35 Normal distribution Two-tailed Student’s t-test 80% 

36 Normal distribution Two-tailed Student’s t-test 100% 

37 Normal distribution Two-tailed Student’s t-test 28% 

38 Normal distribution Two-tailed Student’s t-test 3% 

39 Normal distribution Two-tailed Student’s t-test 10% 

40 Normal distribution Two-tailed Student’s t-test 4% 

41 Normal distribution Two-tailed Student’s t-test 3% 

42 Normal distribution Two-tailed Student’s t-test 3% 
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43 Normal distribution Two-tailed Student’s t-test 8% 

44 Normal distribution Two-tailed Student’s t-test 5% 

45 Normal distribution Two-tailed Student’s t-test 5% 

46 Normal distribution Two-tailed Student’s t-test 6% 

47 Normal distribution Two-tailed Student’s t-test 6% 

48 Normal distribution Two-tailed Student’s t-test 8% 

* numbers in this column refer to the corresponding superscripted 504 
numbers following p values in Results.  505 506 
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Discussion 507 
Because of the tissue- and cell type-specific expression of ERK5, the 508 

selectivity, specificity, and sustainability of Nestin-CreER™-driven erk5 deletion, 509 
and a demonstrated role for ERK5 in adult neurogenesis, the ERK5 icKO mice 510 
provide an excellent animal model to examine a functional role of adult 511 
hippocampal neurogenesis in the etiology of anxiety and depression since other 512 
brain regions outside of the adult neurogenic zones are not affected in the ERK5 513 
icKO mice. Because an animal’s emotionality and affect are multidimensional, 514 
and most of the behavioral tests are based on spontaneous exploration or 515 
physical responses and thus involve many nonpsychiatric functions, including 516 
locomotion, vision and hearing, an animal model may be deficient in one aspect 517 
of the emotion and mood but not in others (A. Ramos, 2008). Thus, we 518 
performed extensive behavioral assays to assess the level of anxiety and 519 
depression-like behaviors in ERK5 icKO mice. We found that the ERK5 icKO 520 
mice are not deficient in any of the nine tests examined, indicating that impaired 521 
adult neurogenesis as a result of erk5 deletion does not alter emotionality and 522 
mood.  523 

Numerous studies have reported that intact adult neurogenesis is required 524 
for modulating the adaptive responses to chronic stress and for the therapeutic 525 
efficacy of antidepressants. However, there is limited evidence for adult 526 
neurogenesis in maintaining appropriate affect and emotion in naïve and non-527 
stressed animals(D. Petrik et al., 2012). For example, cranial X-ray irradiation, 528 
which effectively eradicates adult neurogenesis in most studies (M. D. Saxe et 529 
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al., 2006; C. D. Clelland et al., 2009; T. Kitamura et al., 2009), is not associated 530 
with anxiety or depression-like phenotypes in naïve or non-stressed animals in 531 
the majority of studies using this animal model (L. Santarelli et al., 2003; M. D. 532 
Saxe et al., 2006; A. Surget et al., 2008; D. J. David et al., 2009; A. Surget et al., 533 
2011). The deletion of TrkB in GFAP+ neural stem cells, which suppresses 534 
hippocampal neurogenesis, is not associated with increased anxiety or 535 
depression in non-stressed mice, assessed by the dark/light box and open field, 536 
or forced swim and tail suspension test, respectively (Y. Li et al., 2008). If 537 
anything, these mice are less anxious and spent more time in the open arms in 538 
the elevated plus maze test. Thus, there is no clear dose-response correlation 539 
between the extent of impairment of adult neurogenesis and the expression of 540 
anxiety and depression-like phenotypes. Even more unexpectedly, the reduction 541 
of adult neurogenesis by deletion of the cell cycle checkpoint gene ATR 542 
produces an anxiolytic phenotype in marble burying, novelty-induced 543 
hypophagia, and zero maze tests (J. L. Onksen et al., 2011) while enhanced 544 
adult neurogenesis by voluntary exercise increases anxiety (J. Fuss et al., 2010).  545 

Since global approaches such as irradiation to ablate neurogenesis may 546 
lead to off-target effects, inducible and cell-specific manipulations, which directly 547 
and selectively target adult neurogenesis, have been used to assess whether 548 
adult neurogenesis is a regulator of anxiety and depression. The results 549 
regarding both the presence and types of phenotypes (anxiety or depression) 550 
from a number of these cell-specific transgenic animal models have also been 551 
inconsistent. For example, when the pro-apoptotic protein Bax is inducibly 552 
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expressed in Nestin-expressing adult neural stem cells, inhibition of adult 553 
neurogenesis presents an anxiety-like phenotype (elevated plus maze, dark/light 554 
box, and predator avoidance tests) although it had no effect on depression 555 
(forced swim and novelty suppressed feeding tests) (J. M. Revest et al., 2009). In 556 
contrast, when over 99% of doublecortin+ newborn neurons are eliminated in the 557 
dentate gyrus of transgenic mice expressing thymidine kinase under the control 558 
of GFAP promoter upon valganciclovir treatment, it does not alter the baseline 559 
level of anxiety (elevated plus maze), yet causes depression (forced swim and 560 
sucrose preference tests) (J. S. Snyder et al., 2011). Our data indicate that 561 
conditional impairment of adult neurogenesis by inducible erk5 deletion does not 562 
lead to anxiety or depression behavior in non-stressed mice.   563 
 Whether a deficiency in adult neurogenesis increases an animal’s 564 
susceptibility to anxiety and affective disorders in the context of stress is an 565 
interesting, open question. When mice were subjected to 6 weeks of chronic 566 
unpredictable stress (CUS) and then injected with methylazoxymethanol to 567 
impair adult neurogenesis, the mice had exacerbated CUS-induced anxiety-like 568 
behavior, indicated by an increased latency in the novelty-suppressed feeding 569 
test (J. M. Bessa et al., 2009). Snyder et al also reported that, after acute stress 570 
resulting from a 30-min restrain, mice lacking adult neurogenesis show increased 571 
depression-like behavior in the novelty suppressed feeding assay (J. S. Snyder 572 
et al., 2011). Mice with suppressed adult hippocampal neurogenesis due to the 573 
expression of a pathological tau protein in Nestin-expressing neural stem cells 574 
show no increase in anxiety measured by the elevated plus maze assay in a non-575 
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fearful environment (rooms with dim light and no noise) but a dramatic reduction 576 
of explorative activity in a fearful environment (rooms with bright light and 577 
moderate noise) (A. Pristera et al., 2013). In contrast, stress resulting from 578 
chronic administration of corticosterone does not cause increased anxiety in X-579 
irradiated mice compared with the sham control (D. J. David et al., 2009). In 580 
addition, several other studies did not observe an effect of impaired adult 581 
neurogenesis on CUS-induced anxiety measured by the open field assay, 582 
novelty-suppressed feeding test, or cookie test (A. Surget et al., 2008; D. J. 583 
David et al., 2009; A. Surget et al., 2011). In the present study, ERK5 icKO and 584 
control mice performed similarly post-CUS in the forced swim test and tail 585 
suspension test, indicating that disruption of adult neurogenesis by erk5 deletion 586 
does not increase the animal’s susceptibility to depression after CUS treatment.  587 

It is not clear why different studies using cell specific manipulations to 588 
target adult neurogenesis have led to contradictory conclusions. Some 589 
possibilities include differences in the sex, strain and genetic differences of the 590 
animals, details of the experimental design of behavior assays, and the efficiency 591 
and specificity of the methods used to ablate adult neurogenesis. For example, 592 
the mice were in the CD1:C57/Bl6 background, the thymidine kinase expression 593 
was driven by the GFAP promoter, and acute restraint was used as a stress 594 
model in the study using GFAP-thymidine kinase transgenic mice (J. S. Snyder 595 
et al., 2011). Our ERK5 icKO mice were in the C57/Bl6:129 background, erk5 596 
deletion was driven by the Nestin-promoter, and mice were subjected to chronic 597 
unpredictable stress. Furthermore, expression of thymidine kinase kills 98% of 598 
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one-day old newborn neurons (J. S. Snyder et al., 2011), whereas erk5 deletion 599 
in our ERK5 icKO mice impairs adult neurogenesis by inhibiting neuronal 600 
differentiation but does not reduce the total number of surviving BrdU+ cells (Y. 601 
W. Pan et al., 2012c; Y. W. Pan et al., 2012d). It is conceivable that cell death 602 
triggered by transgenic expression of a lethal gene, such as thymidine kinase or 603 
the pro-apoptotic protein Bax, exceeds normal physiological level, thus causing 604 
effects that are not observed by deleting a specific endogenous signaling 605 
molecule like ERK5. Indeed, similar to the report here, two other studies also 606 
used Nestin-Cre-ER technology to delete TrkB or fragile X mental retardation 607 
protein (FMRP), and found that impaired adult hippocampal neurogenesis by 608 
conditional deletion of these endogenous signaling molecules is not associated 609 
with depression (assessed by the novelty-suppressed feeding and tail 610 
suspension test, respectively) (Y. Li et al., 2008), or anxiety-like behaviors 611 
(elevated plus maze test) in non-stressed mice (W. Guo et al., 2011)). 612 
Alternatively, anxiety/depression is not very sensitive to adult neurogenesis and 613 
only manifests when extensive loss of adult born neurons occurs.  614 

It is interesting that conditional erk5 deletion impairs hippocampal adult 615 
neurogenesis and hippocampus-dependent memory formation, but has no effect 616 
on anxiety/depression.  Several other mouse models also have disrupted 617 
learning and memory upon impairment of adult neurogenesis but do not show 618 
depression- or anxiety-like effects. For example, Saxe et al. reported that 619 
although X-irradiation impaired some forms of hippocampus-dependent learning 620 
and memory, it did not affect animal behaviors in the elevated plus maze or 621 
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dark/light box tests (M. D. Saxe et al., 2006). In the study by Guo et al., which is 622 
most analogous to our report here, Nestin-cre-ER-driven conditional knockout of 623 
FMRP reduced hippocampal neurogenesis and impaired hippocampus 624 
dependent learning and memory (W. Guo et al., 2011). However, there is no 625 
change in animal behavior in the elevated plus maze test (supplemental figure 8 626 
in (W. Guo et al., 2011)). It is possible that cell stage specific properties of adult-627 
born neurons contribute to learning and memory vs. anxiety/depression.  For 628 
example, immature, adult-born neurons have higher sensitivity to lower threshold 629 
stimulation and are more likely activated by weak afferent activity than mature 630 
neurons in the dentate gyrus (A. Marin-Burgin et al., 2012). Thus, adult-born 631 
neurons may be uniquely suited for new synapse recruitment during memory 632 
formation. On the other hand, the total number of neurons in the hippocampal 633 
circuitry may be important for total synaptic strength. Since adult neurogenesis 634 
only contributes to a very small population of neurons in the hippocampus, 635 
reduced adult neurogenesis in many of the animal models, although interfering 636 
with memory formation, may not be sufficient to cause synaptic depression and 637 
depressive behavior. 638 
 Together, our data from the ERK5 icKO mouse model indicate that 639 
inhibition of adult neurogenesis is not associated with anxiety and depression-like 640 
behaviors in non-stressed mice, nor does it increase an animal’s susceptibility to 641 
depression after chronic unpredictable stress. Our findings support the notion 642 
that intact adult neurogenesis is not essential for maintaining appropriate emotion 643 
and affect. 644 
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 645 
Figure Legends 646 
Figure 1: Mouse cohorts used for behavior tests and experimental timeline 647 
for each cohort. 648 
 649 
Figure 2: ERK5 MAPK expression in the dentate gyrus of the adult mouse 650 
brain. Images are representative immunostaining of coronal sections of adult 651 
mouse brain tissue showing ERK5 protein expression (green) primarily in 652 
transiently amplifying progenitors and/or newborn neurons (doublecortin+ (DCX) 653 
or NCAM+) but not in mature neurons (NeuN) (red) in the SGZ. Hoechst staining 654 
(blue) was used to identify all cell nuclei. Scale bar represents 100 μm and 655 
applies to all panels.  656 
 657 
Figure 3: Characterization of the specificity of Nestin-CreER-mediated 658 
recombination in ERK5 icKO mice. A, ERK5 and YFP immunostaining in the 659 
dentate gyrus of Nestin-CreERTM/ERK5loxP/loxP/R26-YFPloxP/loxP animals treated 660 
with tamoxifen or vehicle control, demonstrating the specificity and effectiveness 661 
of Nestin-Cre-ERTM-mediated erk5 deletion. Scale bar = 100 μm. B, YFP 662 
immunostaining in the cortex, striatum, and CA1-3 of the hippocampus of Nestin-663 
CreERTM/ERK5loxP/loxP/R26-YFPloxP/loxP animals treated with tamoxifen, 664 
demonstrating that Nestin-Cre-ERTM-mediated recombination does not occur in 665 
non-neurogenic regions. Scale bar = 100 μm. C, ERK5 immunostaining in the 666 
dentate gyrus of ERK5 icKO and control animals 3 months after behavior testing 667 
for learning and memory, demonstrating the sustained deletion of erk5 during the 668 
time frames of behavior testing. Scale bar = 25 μm.  669 



 

 33

Figure 4: ERK5 icKO mice are not deficient in an open field test. Naïve mice 670 
were introduced into an open field arena for 20 min. Activity was scored by the 671 
TruScan software. A, There was no difference in the total number of moves, the 672 
total distance traveled, and the total time spent in moving in the floor plane 673 
between ERK5 icKO mice and control mice. B, The ERK5 icKO mice did not 674 
exhibit reduced exploration in the center of the arena, shown as the number of 675 
entries to the center, the distance traveled and the time spent in the center of the 676 
arena. n.s., not significant.  677 
 678 
Figure 5: ERK5 icKO mice performed similarly to the controls in the 679 
elevated plus maze. Mice were placed in the elevated plus maze and allowed to 680 
explore for 5 min. Exploratory activity and immobility were analyzed by AnyMaze 681 
Software. A, The time spent in open arms and closed arms. B, The time spent in 682 
open and closed ends (the distal one third of the open and closed arms). C, The 683 
time spent immobile in the open and closed arms. D, The total time immobile in 684 
the entire maze. n.s., not significant. 685 
 686 
Figure 6: ERK5 icKO mice are not deficient in a dark/light exploration test. 687 
Mice were first placed into the dark compartment of a shuttle box with one dark 688 
and one light compartment. They were allowed to freely explore the box for 5 689 
min. A, The latency to the first entry of the light compartment. B, The total entries 690 
to the light compartment. C, The time spent in the light compartment. n.s., not 691 
significant. 692 
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 693 
Figure 7: ERK5 icKO mice do not display enhanced hypophagia behavior in 694 
a novelty-suppressed feeding test. After 4 days of food restriction, individually 695 
housed mice were introduced into an unfamiliar environment with one pellet of 696 
regular mouse food. A, The latency to eat the food pellet in the unfamiliar 697 
environment. B, The food consumption in the home cage. Once the mouse 698 
started eating the food or the 15-min time limit was reached, the mouse and a 699 
new pre-weighed food pellet were quickly transferred to the home cage and the 700 
food consumption in the next 5 min was measured.  n.s., not significant. 701 
 702 
Figure 8: ERK5 icKO mice behave the same as control mice in a novelty-703 
induced hypophagia test. Individually housed mice were trained with chocolate 704 
milk 30 min per day on 3 consecutive days in their home cages. On the 4th day, 705 
each mouse was transferred into a new mouse cage without bedding but with the 706 
access to a bottle of chocolate milk. The mouse was allowed to drink the milk 707 
freely for 15 min. A, The latency to drink the chocolate milk. B, The total number 708 
of trips to the chocolate milk. n.s., not significant. 709 
 710 
Figure 9: ERK5 icKO mice do not display reduced grooming behavior in the 711 
splash test. Mice were splashed with 10% sucrose solution on the abdomen and 712 
their grooming behavior was observed in the home cage for 5 min. A, The 713 
latency to first groom. B, The total time spent in grooming. C, The number of 714 
grooming episodes. n.s., not significant. 715 
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 716 
Figure 10: ERK5 icKO mice do not show more anxiety in the sucrose 717 
preference test. Mice were habituated to freely accessible plain drinking water 718 
and 1% sucrose water for 3 days. Then, after a 16-h water deprivation, they were 719 
given access to both plain water and sucrose water for 24 h. The consumption 720 
from each bottle was measured after the first 20 min of the test and again at the 721 
end of the test. A, The percentage of sucrose water consumption at 20 min. B, 722 
The percentage of sucrose water consumption at the end of the 24-h test. C, The 723 
total consumption from the two bottles in 24 h. n.s., not significant. 724 
 725 
Figure 11: ERK5 icKO mice do not display increased despair behavior in a 726 
forced swim test. A 4-L glass beaker with water added to 17 cm from the base 727 
was used as the apparatus for this test. A mouse was dropped into the water for 728 
a total of 6 min and immobility was observed from the side. A, The latency to the 729 
first episode of immobility. B, The total number of immobile episodes in the last 4 730 
min of the test. C, The accumulated duration of immobility in the last 4 min of the 731 
test. n.s., not significant. 732 
 733 
Figure 12: ERK5 icKO mice do not show increased despair behavior in a 734 
tail suspension test. A, The latency to the first episode of immobility. B, The 735 
total number of episodes of immobility. C, The accumulated duration of 736 
immobility. n.s., not significant. 737 
 738 
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Figure 13: ERK5 icKO mice do not exhibit enhanced depression after a 4-739 
week course of chronic unpredictable stress (CUS) treatment. A, The 740 
latency to the first episode of immobility from the onset of the test, and the 741 
accumulated duration of immobility in the last 4 min of the forced swim test. B, 742 
The latency of immobility, the total number of episodes of immobility, and the 743 
accumulated duration of immobility in the tail suspension test. n.s., not 744 
significant. 745 
 746 
Figure 14: The same cohort of ERK5 icKO mice that show impaired 747 
hippocampus-dependent memory do not exhibit anxiety/depression-like 748 
behavior.  A, ERK5 icKO mice are impaired in remote memory when the erk5 749 
gene was inducibly deleted. Data are from figure 2 of Pan et al. (Y. W. Pan et al., 750 
2012a). **, p< 0.01. B and C, These mice are not deficient in a dark/light 751 
exploration test (B), or tail suspension test (C), performed sequentially after the 752 
remote memory test. n.s., not significant. 753 754 
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