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Abstract

Specific growth factors induce formation and differentiation of excitatory and inhibitory synapses, 

and are essential for brain development and function. Fibroblast growth factor 22 (FGF22) is 

important for specifying excitatory synapses during development, including in the hippocampus. 

Mice with a genetic deletion of FGF22 (FGF22KO) during development subsequently have fewer 

hippocampal excitatory synapses in adulthood. As a result, FGF22KO mice are resistant to 

epileptic seizure induction. In addition to playing a key role in learning, the hippocampus is known 

to mediate mood and anxiety. Here, we explored whether loss of FGF22 alters affective, anxiety or 

social cognitive behaviors in mice. We found that relative to control mice, FGF22KO mice display 

longer duration of floating and decreased latency to float in the forced swim test, increased 

immobility in the tail suspension test, and decreased preference for sucrose in the sucrose 

preference test, which are all suggestive of a depressive-like phenotype. No differences were 

observed between control and FGF22KO mice in other behavioral assays, including motor, 
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anxiety, or social cognitive tests. These results suggest a novel role for FGF22 specifically in 

affective behaviors.

Keywords

depression; fibroblast growth factor 22; knockout mouse; forced swim test; tail suspension test; 
sucrose preference test

1. Introduction

Fibroblast growth factors (FGFs) are known to play important roles in synapse formation 

and maintenance (1-3). Altered expression of, or mutations in, FGFs and their receptors have 

been implicated in the pathogenesis of many neuropsychiatric diseases, including depression 

(4), altered social behavior (5), seizures (6) and intellectual disability (6).

FGF22 is a critical determinant of excitatory synapses in the developing hippocampus (1). 

When FGF22 is deleted in mice (FGF22KO mice), excitatory synapses in the hippocampus 

fail to form during development, and this defect persists into adulthood (1). The deletion of 

FGF22 renders mice resistant to seizure kindling in a pentylenetetrazol (PTZ) kindling 

model of epilepsy (1), and FGF22KO mice do not display seizure-induced neuropathology, 

such as increased hippocampal mossy fiber sprouting and hilar cell death, even when 

seizures are induced (7). FGF22 has been implicated in the organization of other excitatory 

synapses in the brain, including retinogeniculate synapses (8) and mossy fiber-dentate 

granule cell synapses in the cerebellum (3), as well as the peripheral neuromuscular junction 

(NMJ) synapse (9).

The hippocampus is implicated in mood, anxiety, and learning and memory (10-12). Since 

FGF22 is critical for excitatory synapse formation in the hippocampus, we hypothesized that 

FGF22KO mice may have abnormal affective, anxiety-like, and social cognitive behaviors. 

Here we performed a battery of behavioral studies and found that FGF22KO mice exhibit 

passive stress coping behaviors in affective reactivity tests, including the forced swim test 

and the tail suspension test, the tests that are often used to screen for antidepressants. The 

FGF22KO mice also prefer sucrose to a lesser degree than WT littermates, suggestive of 

anhedonia, the failure to engage in pleasurable activity. These alterations in affective tasks 

are independent of any changes in anxiety-like behaviors, social cognition, and motor 

phenotypes. Our results reveal a unique role for FGF22 in affective behaviors and suggest 

that FGF22KO mice may be an ethologically useful animal model for screening 

antidepressant compounds.

2. Materials and Methods

2.1. Animals

The generation of FGF22KO mice has been described previously (1). FGF22KO mice were 

backcrossed with C57BL/6J mice for at least 20 generations. All mice were bred within our 

colony, and all wild-type (WT) animals were FGF22KO littermates. Studies were conducted 

using adult mice (8-30 weeks old). All mice were housed by sex in groups of two to five. 
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Mice were maintained in cages with a 14-h/10-h light/dark cycle for a minimum of one 

week prior to behavioral experiments. The average ambient temperature was 22°C and mice 

were provided with food and water ad libitum. All experiments were conducted during the 

animals' light cycle. Air purifiers (Honeywell, Southborough, MA) were used during all 

experiments to mask ambient noise. For all experiments, examiner was blinded to mouse 

genotype. We used several cohorts of mice and used them in multiple tasks. Being mindful 

of potential order of testing effects (13, 14), we tested the mice using the least stressful tasks 

first and the most stressful tasks last, in the following order: rotarod, open field, light-dark 

box, elevated zero maze, social recognition, forced swim test, and tail suspension test. 

Mixed cohorts of males and females were used in each genotype group in all tests except 

rotarod, open field, and tail suspension, where groups were male (precise numbers of 

animals for each task can be found in Supplementary Table 1). Although the rotarod and 

open field groups were entirely male, in the social recognition task females and males (both 

WT and FGF22KO) displayed similar exploration (Supplementary Figure 1), suggesting that 

motor exploratory behaviors are similar between males and females in our cohorts. Sucrose 

preference test was performed on experiment-naïve animals in their home cages without 

masking of ambient noise. All experiments were conducted according to the National 

Institute of Health guidelines for animal care and were approved by the University 

Committee on the Use and Care of Animals of the University of Michigan (PRO00003549 

and PRO00004242) and the Institutional Animal Care and Use Committees at Boston 

Children's Hospital (13-11-2528).

2.2. Behavioral Procedures

2.2.1. Open Field (OF)—Animals were permitted to explore a transparent acrylic arena 

for 5 minutes under white room lights at 33 lux as previously described (15). Total distance 

traveled and percent time in periphery of arena were calculated by Limelight automated 

software via a video camera mounted above the arena (Actimetrics, Wilmette, IL).

2.2.2. Rotarod—Animals were trained to run on rubber-coated rod which accelerated from 

4 rpm to 40 rpm (Ugo Basile, Comerio, Italy) over a 5-minute testing period as previously 

described (15). Animals underwent one training session per day for 5 consecutive days. 

Time to passively rotate on the rod or fall off the rod was recorded for each trial.

2.2.3. Elevated Zero Maze (EZM)—Elevated zero maze was performed as previously 

described (16) with some modifications, detailed below. The maze is a 6-cm-wide ring 

(outer diameter 70cm), divided into 4 quadrants with alternating walled (closed) and 

unwalled (open) areas, elevated on 70cm legs. Testing was performed under low light 

conditions (3 lux). Mice were placed into an open area to start, and allowed to explore for 5 

minutes. Mice were considered to be in an open area if their nose and more than 50% of 

their body was in the open area. Total time spent in open and closed compartments was 

calculated by Limelight automated software via a video camera mounted above the box 

(Actimetrics, Wilmette, IL).

2.2.4. Light-Dark Box (LDB)—Light-dark box test was performed as previously 

described (17). Mice were placed into the lit compartment of a 46-cm-long box divided into 
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a lit opaque white acrylic area (2/3 of surface area) and a lidded dark compartment made of 

black acrylic (1/3 of surface area). Animals were allowed to freely explore both areas of the 

acrylic box for 5 minutes, and total time spent in each compartment was calculated by 

Limelight automated software via a video camera mounted above the box (Actimetrics, 

Wilmette, IL).

2.2.5. Social Recognition (SR)—Social recognition testing was performed as previously 

described (18) with some modifications. Testing was performed in a 3-chambered 

transparent acrylic arena with overhead light set at 6 lux. Mice were habituated for 10 

minutes in the middle chamber of the arena, and then allowed to explore all 3 chambers for 

10 minutes. During the sociability stage of the task (hereafter called the “object phase”), an 

empty wire cup was placed in one outer chamber, and a novel C57BL/6J mouse (same sex as 

test mouse) was placed under an identical wire cup in the opposite outer chamber; the test 

mouse was allowed to explore all chambers for 10 minutes and movement was recorded with 

Limelight software via a video camera mounted above the test area. After the object phase, 

social novelty preference (hereafter called the “social phase”) was assessed by placing a 

second novel C57BL/6J mouse under the first wire cup (which had previously been empty) 

and the test mouse was allowed to explore all chambers for 10 minutes. The time between 

each phase of the task was approximately 1 minute. Videos were scored manually for 

exploration of objects and mice by a trained observer blinded to genotype.

2.2.6. Forced Swim Test—Animals were placed into a 4L beaker of tepid water (∼25°C) 

for 5 minutes, and their behavior was recorded using a video camera mounted on the same 

level as the base of the beaker. Video recordings were reviewed and scored by a trained 

observer blinded to genotype. Animals were assessed for total duration of floating and 

latency to start floating in the water. Mice were judged to be floating when making only the 

movements necessary to keep their heads above water.

2.2.7. Tail Suspension Test—Animals were suspended by a piece of paper tape wrapped 

around the base of their tails 10cm above a piece of opaque white acrylic for 5 minutes. 

Behavior was recorded using a video camera mounted on the level of the acrylic base. Video 

recordings were reviewed and scored by a trained observer blinded to genotype. Animals 

were assessed for total duration of immobility. Mice were judged to be immobile when 

making only the movements necessary for breathing. Any time mice spent climbing their 

own tails was excluded. Duration of immobility is expressed as a percentage of time spent 

not tail-climbing.

2.2.8. Sucrose Preference Test—Mice were singly housed for the sucrose preference 

test. They were given two fresh water bottles in their home cage the morning of day 1, which 

were weighed before placement in the cage. Twenty-hour hours later, the water bottles were 

removed and weighed, then replaced with one water bottle and one bottle filled with 2% 

sucrose. Twenty-four hours later, the bottles were weighed and the bottle positions were 

switched, to control for any side position preferences in the mice. The bottle positions were 

switched daily for an additional 2 days, weighing the bottles each day before switching (2 
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days with each bottle in each position). Data are presented as the amount of sucrose 

consumed as a percentage of total liquid consumed over the testing period.

2.3. Statistical Analysis

Data were prepared and analyzed using GraphPad Prism 6.02 for Windows, and are 

graphically represented as mean ± standard error of the mean (SEM) for each group. Data 

were analyzed using the statistical test noted in results and figure legends. Results were 

considered significant when p<0.05 (denoted in all graphs as follows: *p<0.05; **p<0.01, 

***p<0.001).

3. Results

3.1. Mice lacking FGF22 display normal exploratory and locomotive behavior

Because loss of FGF22 causes a decrease in number and size of excitatory synapses in the 

hippocampus, an essential brain structure for many affective and cognitive processes, our 

aim was to investigate whether FGF22KO mice have abnormalities in behaviors related to 

anxiety, mood, and learning and memory. Before performing such behavioral tests, we first 

confirmed that FGF22KO mice were not impaired in basic exploration or motor behaviors. 

In the open field test, FGF22KO mice traveled a similar distance overall compared to WT 

littermates (Student's unpaired two-tailed t-test, t(13)=0.44, p=0.67) (Fig. 1A), suggesting 

normal exploratory behavior. We also examined their ability to learn to walk on an 

accelerating rotarod to assess for motor strength and coordination. FGF22KO mice 

demonstrated normal ability to learn the accelerating rotarod task, including similar time to 

acquire the skill and normal ability to stay on the rod as it accelerated (main effect of 

genotype, repeated-measures ANOVA, F1,13 =0.1003, p=0.76; main effect of training for 

both groups, repeated-measures ANOVA, F4,52=23.61, p<0.0001; interaction effect, 

repeated-measures ANOVA, F4,52=0.1341, p=0.97) (Fig. 1B). These results confirm that 

FGF22KO mice have the basic motor and exploratory behaviors required to perform the 

behavioral assays we used.

3.2. Mice lacking FGF22 display normal anxiety-like behaviors

We then examined FGF22KO mice for changes in anxiety-related behaviors using several 

measures. In the elevated zero maze, increases or reductions in anxiety-like behaviors 

manifest as more or less time in the enclosed parts of the track, respectively (19). When 

mice were placed in the elevated zero maze under low-light conditions (3 lux), both 

genotypes exhibited a preference for the closed parts of the maze (two-way ANOVA, main 

effect of maze part, F1,96=107.9, p<0.0001; *** p<0.001, Tukey's HSD), but there was no 

main effect of genotype (two-way ANOVA, main effect of genotype, F1,96=0, p>0.99; 

interaction effect, F1,96=0.55, p=0.46). We also examined anxiety-like behavior using 

another test, the light-dark box, in which the motivation to explore novel areas conflicts with 

the desire to avoid exposure in open areas (20, 21). To exaggerate any potential differences 

present, this test was performed under higher-light conditions (21 lux). As with the elevated 

zero maze, both WT and FGF22KO mice preferred dark parts of the maze over light parts 

(two-way ANOVA, main effect of box part, F1,92=336.9, p<0.0001, *** p<0.001, Tukey's 

HSD) but there was no main effect of genotype (main effect of genotype, F1,92=0, p>0.99; 
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interaction effect, F1,92=2.24, p=0.14). Finally, we assessed the animals' behavior in an open 

arena, under higher-light conditions. In the open field test, time spent in the center of the 

field is associated with reduced anxiety, whereas time spent in the periphery, also known as 

thigmotaxis, is associated with higher anxiety (22, 23). Both WT and FGF22KO mice 

preferred the periphery of the open arena to the center (two-way ANOVA, main effect of 

open field part, F1,26=842.9, p<0.0001, *** p<0.001, Tukey's HSD) (Fig. 2C). Again, there 

was no main effect of genotype, (main effect of genotype, F1,26=0, p>0.99; interaction 

effect, F1,26=0.64, p=0.43). Taken together, these results demonstrate that FGF22KO 

animals exhibit normal anxiety-like behaviors.

3.3. Mice lacking FGF22 display depressive-like behaviors

We next asked whether FGF22KO mice displayed behavioral differences that might suggest 

depressive-like behaviors. The forced swim test is commonly used as a preclinical 

behavioral screen for antidepressant medications, where increased escape-targeted 

swimming behavior correlates with a drug's antidepressant effect (24). By corollary, animals 

that float in this test are thought to exhibit hopelessness, amotivation, and a passive style of 

coping with stress, which are characteristics present in depression (24, 25). Interestingly, 

FGF22KO spent significantly more time floating in the forced swim test than WT littermates 

(Student's unpaired two-tailed t-test, t(33)=2.62, p=0.01) (Fig. 3A). Additionally, they 

stopped swimming sooner than WT mice, shown as a significant decrease in the latency to 

begin floating (Student's unpaired two-tailed t-test, t(33)=2.48, p=0.02) (Fig. 3B). To 

confirm these results, we tested the animals with another test that assesses stress coping 

style, the tail suspension test. As in the forced swim test, increased immobility during tail 

suspension is correlated with increased passive stress-coping phenotypes (26, 27). Again, we 

observed a significant increase in the amount of time FGF22KO animals spent immobile 

compared to WT littermates (Student's unpaired two-tailed t-test, t(16)=2.17, p=0.045) (Fig. 

3C). Finally, we tested whether animals exhibit behaviors suggestive with anhedonia, the 

reduction of engagement in pleasurable activity, in the sucrose preference test. Anhedonia is 

one of the core features of depression in humans. In this test, animals are provided with both 

water and 2% sucrose solution for several days to measure the degree of their preference for 

sucrose over water. Typically, mice prefer sucrose at a very high ratio (28). Using a separate 

cohort of experiment-naïve mice, we observed that WT mice demonstrate a significant 

preference for sucrose over water, whereas FGF22KO animals prefer sucrose to a lower 

extent, consistent with lack of pleasure-motivated behavior or anhedonia (Student's unpaired 

two-tailed t-test, t(29)=4.66, p<0.0001) (Fig. 3D). These data suggest that FGF22KO 

animals exhibit alterations in behavior consistent with a depression-like phenotype.

3.4. Mice lacking FGF22 display normal social behaviors and social recognition in a social 
cognitive task

Finally, we examined whether FGF22KO mice have deficits in social recognition and social 

preference. To address this question, we first asked whether FGF22KO mice would display 

normal preferences for novel animals in a social recognition test. We found that FGF22KO 

mice exhibit similar preferences as their WT littermates for animals compared to objects in 

the social recognition test (two-way ANOVA, main effect of test object, F1,66=71.21, 

p<0.0001; *** p<0.001, Tukey's HSD) (Fig. 4A), with no main effect of genotype (main 
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effect of genotype, F1,66=0.013, p=0.91; interaction effect, F1,66=0.096, p=0.76). FGF22KO 

mice, similarly to their WT littermates, prefer novel animals over animals they have 

previously investigated (two-way ANOVA, main effect of test animal, F1,66=21.63, 

p<0.0001; *** p<0.001, Tukey's HSD) (Fig. 4B). Again, there was no main effect of 

genotype (main effect of genotype, F1,66=1.45, p=0.23; interaction effect, F1,66=0.79, 

p=0.38). There were no differences in the amount of time FGF22KO and WT mice spent 

exploring stimuli during any phase of the task (Student's unpaired two-tailed t-test, 

t(33)=0.19, p=0.85 for object phase; Student's unpaired two-tailed t-test, t(33)=1.31, p=0.20 

for social phase) (Fig. 4C), supporting the open field data showing no differences in motor 

exploratory behavior (Fig. 1A and Supplementary Fig. 1). Since there is a 60-second delay 

between the social preference (object phase) and social recognition (social phase) stages of 

the test, this also confirms that FGF22KO mice have functional short-term memory, at least 

for conspecifics.

4. Discussion

FGF22 is critical for the presynaptic organization of excitatory synapses in the hippocampus 

(1). Here we investigated the behavioral manifestations of the loss of FGF22 in adult mice. 

We found that FGF22KO mice display behaviors consistent with a depressive-like 

phenotype in three behavioral paradigms: the forced swim test, the tail suspension test, and 

the sucrose preference test. The fact that anhedonia-like behavior (lack of sucrose 

preference) was observed in an independent cohort of FGF22KO animals supports our 

findings of depression-like behaviors in the initial cohort of FGF22KO mice. Interestingly, 

our results show that loss of FGF22 during development does not affect general neurological 

functioning, as evidenced by normal motor and exploratory behaviors. There is also no 

obvious effect of FGF22 loss on anxiety-like behaviors. Additionally, loss of FGF22 does 

not negatively affect social behaviors or social memory. These results suggest a specific role 

for FGF22 in affective behaviors.

Since FGF22 is required for normal excitatory synapse development in the hippocampus, 

and the hippocampus has been implicated in affective behaviors modeled by the forced swim 

and tail suspension tests (28, 29), our results are consistent with the hypothesis that loss of 

excitatory synapses in the hippocampus is responsible for the altered behaviors observed in 

FGF22KO mice, including a passive style of coping with stress and anhedonia. Of course, it 

is also possible that there are other brain regions involved in the behaviors we observed, 

such as the prefrontal cortex (30-32), and we are currently investigating the neural circuits 

that may be involved in the behavioral manifestations of FGF22 deletion. Nevertheless, our 

results raise the intriguing question: why does loss of FGF22, which has been shown to be 

important in both the central and peripheral nervous system, cause such a specific behavioral 

phenotype? One potential answer is that there may be mechanisms that compensate for the 

lack of appropriate excitatory synapses, but the compensation might be limited spatially. For 

example, knockout mice for FGFR2, a receptor for FGF22, show transient defects at the 

neuromuscular junction (9), but more prolonged synaptic defects in the cerebellum (3). The 

question of how specific synapses compensate for the loss of FGF22 remains to be 

answered.
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In addition to synapse formation, FGF22 may have additional roles during development and 

in adulthood, which may account for the depression-like phenotype in FGF22KO mice. It is 

known that FGF22 contributes to reactive neurogenesis in the adult dentate gyrus under 

certain conditions, such as seizure induction by pentylenetetrazol (7). Abnormal adult 

neurogenesis in the dentate gyrus has been hypothesized to contribute to depression (33). 

Thus, it is possible that FGF22KO mice have abnormal adult neurogenesis that induces 

abnormal affective behaviors, although at least some mouse models lacking adult 

neurogenesis do not exhibit abnormal stress-coping behaviors either on the forced swim test 

(34) or the tail suspension test (35) at baseline.

Alterations in the levels of FGFs and their receptors, FGFRs, have been observed in 

postmortem brain tissue from depressed patients (4, 36). Mice lacking FGFR1 signaling in 

telencephalic neurons have fewer cortical inhibitory interneurons, resulting in hyperactivity 

without other signs of learning problems (37, 38). Mice lacking FGF2 also display 

hyperactivity, correlated with decreased corticostriatal glutamatergic fibers (39). 

Interestingly, mice overexpressing FGF2 have an increase in hippocampal neuronal 

excitability and susceptibility to kainate-induced seizures (40), which suggests that FGF2 

has variable functions depending upon the area of the brain studied. There may also be a 

critical developmental time period that determines how FGF2 alters behavior, including 

anxiety and depression, during adulthood (41, 42). Mice with inducible loss of FGFR2 have 

mild deficits in spatial learning, which depend on the developmental period in which FGFR2 

expression was lost (43). Thus, multiple FGFs may play a role in the development and 

clinical manifestations of depression-related behaviors and other mental disorders in a 

temporally and spatially regulated manner.

In summary, our studies demonstrate the importance of FGF22 in affective behaviors in 

mice. This suggests the possibility that, conversely, upregulation or activation of FGF22 in 

certain brain areas could treat or reduce the risk of illnesses that feature deficits in stress 

coping and emotional reactivity as core manifestations of disease, such as depression. 

However, it should be noted that since global loss of FGF22 prevents seizure induction 

under certain experimental conditions (1), any intervention that increases FGF22 levels 

should be evaluated for seizure risk. Nonetheless, our results suggest that FGF22KO mice 

could be used as an animal model to screen for antidepressant compounds and that the 

appropriate control of FGF22 or FGF22 regulators, such as fibroblast growth factor binding 

proteins (FGFBPs) and fibroblast growth factor receptor like 1 (FGFRL1) (44), may lead to 

treatment of certain aspects of affective disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Mice lacking fibroblast growth factor 22 (FGF22KO) have depressive-like 

behaviors.

• FGF22KO mice have normal motor, exploratory, and social behaviors.

• Fibroblast growth factor 22 plays specific roles in affective behaviors.
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Figure 1. 
Mice lacking FGF22 display normal exploratory and locomotive behavior. A. FGF22KO 

mice traverse the same overall distance in the open field test as WT animals (Student's 

unpaired two-tailed t-test, t(13)=0.44, p=0.67). B. FGF22KO mice demonstrate normal 

motor learning and endurance on the rotarod test. Significant effect of day of training 

(repeated-measures ANOVA, F4,52=23.61, p<0.0001); *=p<0.05, Tukey's HSD. There was 

no effect of genotype (repeated-measures ANOVA, F1,13 =0.1003, p=0.76) and no 

interaction effect (repeated-measures ANOVA, F4,52=0.1341, p=0.97).
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Figure 2. 
Mice lacking FGF22 display normal anxiety-like behaviors. A. FGF22KO mice spend the 

same amount of time in closed and open parts of the elevated zero maze as WT littermates 

(two-way ANOVA, main effect of maze part, F1,96=107.9, p<0.0001; *** p<0.001, Tukey's 

HSD; main effect of genotype, F1,96=0, p>0.99; interaction effect, F1,96=0.55, p=0.46). B. 
FGF22KO and WT mice spend the same amount of time in the dark compartment of the 

light-dark box (two-way ANOVA, main effect of box part, F1,92=336.9, p<0.0001, *** 

p<0.001, Tukey's HSD; main effect of genotype, F1,92=0, p>0.99; interaction effect, 

F1,92=2.24, p=0.14). C. FGF22KO and WT mice spend the same amount of time in the 

periphery of the open field arena (two-way ANOVA, main effect of open field part, 

F1,26=842.9, p<0.0001, *** p<0.001, Tukey's HSD; main effect of genotype, F1,26=0, 

p>0.99; interaction effect, F1,26=0.64, p=0.43).
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Figure 3. 
Mice lacking FGF22 display depressive-like behaviors. FGF22KO mice spend more time 

floating (A.) and start floating more quickly (B.) than their WT littermates (Student's 

unpaired two-tailed t-test, t(33)=2.62, *p<0.05 and t(33)=2.48, *p<0.05, respectively). C. 
FGF22KO mice spend more time immobile than WT littermates (Student's unpaired two-

tailed t-test, t(16)=2.17, *p<0.05). D. FGF22KO mice drink less sucrose than WT littermates 

in a sucrose preference test (Student's unpaired two-tailed t-test, t(29)=4.66, ***p<0.001). 

Dotted line indicates chance level of discrimination (50%).
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Figure 4. 
FGF22KO mice display normal learning and memory in a social cognitive task. A. In a 

standard social preference task, WT and FGF22KO animals prefer a novel animal over an 

object (two-way ANOVA, main effect of test object, F1,66=71.21, p<0.0001; ***Tukey's 

HSD p<0.001; main effect of genotype, F1,66=0.013, p=0.91; interaction effect, F1,66=0.096, 

p=0.76). B. In the social recognition stage of the task, WT and FGF22KO animals prefer a 

novel animal over a familiar one (two-way ANOVA, main effect of test animal, F1,66=21.63, 

p<0.0001; ***Tukey's HSD p<0.001; main effect of genotype, F1,66=1.45, p=0.23; 

interaction effect, F1,66=0.79, p=0.38). C. FGF22KO mice spend a similar amount of time 

exploring stimuli during the object phase as WT littermates (Student's unpaired two-tailed t-
test, t(33)=0.19, p=0.85). Both FGF22KO and WT mice also explore stimuli during the 

social phase to a similar extent (Student's unpaired two-tailed t-test, t(33)=1.31, p=0.20).
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