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Abstract 25 

Because of the involvement of the brain in the pathophysiology of psychiatric disorders, 26 

obtaining information on the biochemical features that directly contribute to symptoms is 27 

challenging. The present study aimed to assess fatty acid-binding protein 7 (FABP7) 28 

expressed specifically in the brain and detectable in the peripheral blood and to investigate 29 

the correlation between blood FABP7 concentration and symptoms. We recruited 30, 29, 30 

and 35 patients with schizophrenia, bipolar disorder, and depression and evaluated using 31 

the Positive and Negative Syndrome Scale (PANSS), Young Mania Rating Scale (YMRS), 32 

and Hamilton Depression Rating Scale (HAMD-21), respectively. Plasma FABP7 33 

concentrations correlated with PANSS scores (R2 = 0.3305, p < 0.001) but not with other 34 

scales. In the analysis of the relationship between five dimensions of schizophrenia 35 

symptoms derived from the PANSS 5-factor model and measured plasma FABP7 36 

concentrations, severities of depression/anxiety, cognition, and positive symptom were 37 

significantly correlated with plasma FABP7 concentrations. Further molecular investigation 38 

of the functional and kinetic analyses of FABP7 is necessary to understand the relationship 39 

of this protein with schizophrenia pathology. Nevertheless, the present study suggests that 40 

FABP7 can be a biological indicator reflecting the pathogenesis of schizophrenia and has 41 

potential applications as a biomarker for diagnosis and symptom assessment. 42 

 43 
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1. Introduction 47 

Because the brain is involved in the pathophysiology of psychiatric disorders, 48 

performing biopsy to elucidate the disease pathophysiology is challenging. Thus, 49 

identifying molecules expressed in the periphery of the brain that are associated with 50 

pathological conditions is essential. These molecules are called "surrogate indicators" or 51 

"surrogate markers." However, molecules that function in the periphery have their own 52 

dynamics in peripheral tissues, thus making it difficult to assess their association with 53 

brain abnormalities. This problem could be resolved by identifying molecules detectable in 54 

the periphery that indicate any damage to the disease-affected organ, such as γ-glutamyl 55 

transpeptidase (γ-GTP), which is detected in blood and indicate liver diseases. 56 

Unfortunately, no such molecules have been associated with psychiatric disorders. Fatty 57 

acid-binding proteins (FABPs), which have a high affinity for unsaturated fatty acids and 58 

are involved in fatty acid transport, form a family of molecules and are expressed with 59 

specificity to organs and cell types (Furuhashi and Hotamisligil, 2008; Storch and Corsico, 60 

2008). Previous studies have reported an association between extracellular leakage and 61 

tissue damage for some FABPs. For instance, elevated serum concentrations of FABP3 62 

expressed in the myocardium and elevated urinary concentrations of FABP1 expressed in 63 

the upper urinary tract reflect damages caused by inflammation and oxidative stress in the 64 

myocardium and kidneys, respectively (Kamijo et al., 2004; Kleine et al., 1992); thus, they 65 

are clinically used as diagnostic aid markers for acute myocardial infarctions and renal 66 

disorders. Although the molecular function of FABPs remains unclear, FABP1 binds to lipid 67 

peroxide and deviates from the cell. This action may contribute to reduced oxidative stress 68 

in the tissue, which is involved in the pathophysiology of renal damage. This phenomenon 69 

may explain the increase in extracellular FABP1 concentrations in patients with renal 70 

function (Yamamoto et al., 2007 3). Although FABP3, FABP5, and FABP 7 are all expressed 71 

in the brain, FABP3 and FABP5 are mainly expressed in the myocardium and epidermal 72 

cells, respectively, but are also expressed in various other tissues such as the lung, stomach, 73 

and kidney. In contrast to FABP3 and FABP5, FABP7 is called brain-type FABP. Although 74 

its expression has also been confirmed in the retina and mammary gland, it is expressed 75 

mostly in the brain, particularly in the glia. FABP7 is thus more specific the brain than 76 

FABP3 and FABP5. In genetic studies, FABP7 had an SNP (rs2279381) that correlates with 77 

schizophrenia (Watanabe et al., 2007), and gene expression was higher in the postmortem 78 

brain than in controls, suggesting that FABP7 is associated with schizophrenia. Subsequent 79 

molecular biological studies showed that FABP7 participates in lipid signaling involved in 80 

the regulation of neurogenesis, which is essential for brain development. Studies 81 

examining aspects of FABP7 that differ from these findings on its molecular function were 82 



also conducted. Serum concentrations of FABP7 are elevated in patients with 83 

neurodegenerative diseases, such as acute stroke, Alzheimer’s disease, and Parkinson’s 84 

disease, suggesting that FABP7 leakage may result from host cell damage. The disruption 85 

of the blood–brain barrier caused by cell wounding or cell death is suggested to be the 86 

mechanism of release of FABP into the serum (Halford et al., 2017). Although psychiatric 87 

disorders are not considered neurodegenerative diseases, previous studies have suggested 88 

various common pathophysiological pathways between psychiatric disorders and 89 

neurodegenerative diseases. For instance, a number of previous studies have demonstrated 90 

abnormal oxidative stress and inflammation-induced neuronal cell death (Andreazza et al., 91 

2008; Black et al., 2015; Koga et al., 2016), abnormal brain volume (de Zwarte et al., 2019; 92 

Opel et al., 2020; Steen et al., 2006; Tham et al., 2011), and disruption of the blood–brain 93 

barrier (Greene et al., 2020). These findings suggest that a leakage of FABP7 into the blood 94 

may occur in psychiatric disorders, similar to that in neurodegenerative diseases. However, 95 

plasma FABP7 concentrations in patients with psychiatric disorders have remained 96 

uninvestigated so far. In the present study, we aimed to determine whether plasma FABP7 97 

concentrations correlate with clinical scales in schizophrenia, bipolar disorder, and 98 

depression, considering FABP7 as a potential objective indicator of symptoms in 99 

psychiatric disorders. 100 

 101 

 102 

  103 



2. Methods 104 

2.1. Study participants 105 

We recruited 30 patients with schizophrenia (including 1 with schizoaffective disorder), 106 

30 patients with bipolar disorder, and 34 patients with depression from outpatient and 107 

inpatient wards at Hokkaido University Hospital. All were diagnosed using the Diagnostic 108 

and Statistical Manual of Mental Disorders IV (DSM-IV). We also recruited 41 healthy 109 

controls that had never been diagnosed with any psychiatric disorders. Table 1 shows the 110 

patients’ demographic data. 111 

 112 

2.2. Preparation of plasma samples 113 

After obtaining informed consent from the participants, we collected whole-blood 114 

specimens into EDTA-2K tubes, followed by centrifugation at 1000 g to obtain the plasma. 115 

The plasma samples were then frozen in 500 µL of aliquots at −80 °C until FABP7 116 

concentration measurement. 117 

 118 

2.3. Clinical scales 119 

For patients with schizophrenia and schizoaffective disorder, the symptom severity was 120 

measured using the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987), 121 

which comprises 3 subscales, namely, the 7-item positive factor subscale, 7-item negative 122 

factor subscale, and 16-item subscale for general psychopathology. Given that some of the 123 

items assigned to one subscale are better conceptualized as part of another symptom 124 

construct such as “mood” or “cognition,” a five-factor model of PANSS was developed 125 

through factor analysis based on the original PANSS subscales to assess the core symptoms 126 

or five dimensions of schizophrenia, including excitement/hostility, depression/anxiety, 127 

cognition, and positive and negative factors (Citrome et al., 2011). For patients with 128 

depression and bipolar disorder, depressive and manic symptoms were assessed using the 129 

21-item Hamilton Depression Rating Scale (HAMD-21) (Hamilton, 1960) and the 11-item 130 

Young Mania Rating Scale (YMRS) (Young et al., 1978), respectively; both were in Japanese 131 

version and rated by an interviewer. Subsequently, we analyzed the correlation between 132 

plasma FABP7 concentration and the total scores of HAMD-21 and YMRS in patients with 133 

depression and bipolar disorder and PANSS in patients with schizophrenia. In patients 134 

with schizophrenia, we also examined the correlation of plasma FABP7 concentration with 135 

the five dimensions of schizophrenia. 136 

 137 

2.4. Enzyme-linked immunosorbent assay 138 

Human or mouse plasma FABP7 concentrations were determined using a commercially 139 



available enzyme-linked immunosorbent assay (ELISA) kit (Human FABP7 ELISA Kit, 140 

SEB277Hu; Cloud-Clone Corp., TX, USA). Then, the plasma was diluted into phosphate-141 

buffered saline at a ratio of 1:5. Subsequently, we dispensed 100 µL of the diluted plasma 142 

onto coated ELISA plates and examined FABP7 in the samples according to the 143 

manufacturer’s instruction. Each sample was assayed in duplicate. 144 

 145 

2.5. Ethical statement 146 

All patients provided written informed consent, and the institutional review board at 147 

Hokkaido University Graduate School of Medicine approved the study protocol (Approval 148 

Number: 014-0190). 149 

 150 

2.6. Statistical analysis 151 

According to sex, groups were compared using chi-square test. Differences in the means 152 

of age and duration of illness among the groups were analyzed by one-way analysis of 153 

variance (ANOVA), followed by Bonferroni post-hoc test. The total scores of HAMD-21 and 154 

YMRS between the bipolar disorder and depression groups were compared using t-test. 155 

The plasma FABP7 concentrations determined by ELISA are expressed as mean ± SEM. The 156 

association between plasma FABP7 concentration and the scores of clinical scales were 157 

investigated by linear regression analysis. These statistical data were analyzed using 158 

GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). The significance level was set 159 

at 0.05. The residual values were obtained from linear regression analysis by regressing 160 

plasma FABP7 concentration onto age using SPSS Statistics 26 (IBM Corp., NY, USA). 161 

 162 

3. Results 163 

3.1. Demographic data of the participants 164 

Table 1 lists the participants’ demographic data, and Supplemental Table 1 summarizes 165 

the medication information of each patient group. The male-to-female ratio and the mean 166 

illness duration were not significantly different between the three groups (chi-square 167 

analysis, p > 0.05; Tukey-HSD post-hoc test with one-way ANOVA, p < 0.05). The mean age 168 

was higher in the bipolar disorder group than in the schizophrenia group (Tukey-HSD 169 

post-hoc test with one-way ANOVA, p < 0.05). The total scores of HAMD-21 were not 170 

significantly different between the bipolar disorder and depression groups (t-test, p > 0.05), 171 

but those of YMRS were higher in the former than in the latter (t-test, p < 0.05). 172 

Chlorpromazine equivalent in the patients with schizophrenia was 797.55 ± 527.64 (average 173 

± standard deviation). 174 

 175 
Table 1 Demographic data of the participants in the present study. 



 176 
  Schizophrenia Bipolar disorder Depression 

Participants (male: female) 17:13 13:17 15:19 

Mean age (year) 43.8 ± 8.8 a 52.8 ± 9.5 b 48.9 ± 12.9 a b 
Mean duration of illness 
(year) 21.5 ± 11.3 a 20.0 ± 8.4 a 16.4 ± 6.9 a 

Mean PANSS total score 68.8 ± 11.6   

Mean HAMD-21 total score  10.2 ± 7.3 a 11.8 ± 7.9 a 

Mean YMRS total score   3.8 ± 4.2 a 1.7 ± 1.8 b 

  177 Population of each group and the means ± standard deviation values of age, duration 

of illness, PANSS total score, HAMD-21 total score, and YMRS total score. Statistical 

difference in sex between the groups was determined by chi-square analysis, while the 

mean values of age and illness duration were determined by one-way ANOVAs with 

Tukey-HSD post-hoc tests. The total scores of HAMD-21 and YMRS were compared 

using t-tests. Factors not associated with the same letters (a, b) were found to be 

statistically different. 



3.2. Association of plasma FABP7 concentrations with sex, age, and disease duration 178 

Plasma FABP7 concentrations in patients with schizophrenia, bipolar disorder, and 179 

depression were not significantly different between males and females (Supplemental Fig. 180 

1A–C). In entire participants, patients’ age significantly correlated with plasma FABP7 181 

concentrations (R2 = 0.03159, p < 0.05, Fig. 1). Furthermore, disease duration had no 182 

significant correlation with plasma FABP7 concentrations (Supplemental Fig. 2A–C). 183 

 184 

3.3. Correlation of plasma FABP7 concentrations with clinical rating scales 185 

The total score of PANSS positively correlated with plasma FABP7 concentrations in the 186 

schizophrenia group (R2 = 0.3332, p < 0.001, Fig. 2A). Considering that age significantly 187 

correlated with plasma FABP7 concentration, we conducted a correlation analysis adjusted 188 

for age. When the plasma FABP7 concentration–age residuals were employed, the 189 

correlation remained significant (R2 = 0.3387, p < 0.001, Fig. 2B). Conversely, the total scores 190 

of HAMD-21 and YMRS in the bipolar disorder and depression groups did not correlate 191 

with plasma FABP7 concentration (Fig 2C, E, G, and I), as well as plasma FABP7 192 

concentration–age residuals (Fig. 2D, F, H, and J). 193 

 194 

3.4. Five-factor model in PANSS and plasma FABP7 and residual values of FABP7–age 195 

PANSS is a rating scale consisting of 7 items on a positive scale, 7 items on a negative 196 

scale, and 16 items on a comprehensive psychopathology scale. Further factor analysis of 197 

these subscales demonstrated that the five dimensions of schizophrenia can be assessed 198 

(Van den Oord et al., 2006). Considering that PANSS total score significantly correlated 199 

with plasma FABP7 concentration, we next assessed its correlation with the five 200 

dimensions of schizophrenia. Plasma FABP7 concentration correlated with 201 

depression/anxiety (R2 = 0.2304, p < 0.01, Fig. 3C), cognition (R2 = 0.2852, p < 0.01, Fig. 3E), 202 

and positive factor (R2 = 0.1843, p < 0.01, Fig. 3G). When plasma FABP7 concentration–age 203 

residuals were used, the correlations with depression/anxiety (R2 = 0.1953, p < 0.01), 204 

cognition (R2 = 0.3147, p < 0.01), and positive factor (R2 = 0.1937, p < 0.01) remained 205 

significant (Fig. 3D, F, and H).  206 

 207 

3.5. Effect of drugs on plasma FABP7 concentration 208 

To assess the effect of antipsychotics and antidepressant on plasma FABP7 concentration, 209 

we analyzed the correlation of chlorpromazine equivalents and imipramine equivalents 210 

with the plasma FABP7 concentration in all participants using linear regression analysis. 211 

No significant correlation was found between plasma FABP7 concentrations and 212 

chlorpromazine equivalents (Fig. 4A), imipramine equivalents (Fig. 4C), and diazepam 213 



equivalents (Fig. 4E). These correlations did not change with plasma FABP7 concentration–214 

age residuals (Fig. 4B, D, and F) 215 

 216 

4. Discussion 217 

FABP7 is specifically expressed in the central nervous system. In this study, by 218 

examining the FABP7 concentrations detected in the periphery, we found that plasma 219 

FABP7 had a correlation with schizophrenia severity. Particularly, the severity of 220 

depression/anxiety, cognitive decline, and positive factor, which are part of the major 221 

symptoms of schizophrenia, were positively associated with plasma FABP7 concentration. 222 

Plasma FABP7 concentration was found to be positively correlated with age. Abnormal 223 

acceleration of aging has been reported in the pathophysiology of psychiatric disorders 224 

(Fries et al., 2020; Kirkpatrick and Kennedy, 2018; Luca et al., 2013). However, considering 225 

that the correlation between the severity of schizophrenia and plasma FABP7 concentration 226 

remained significant despite the adjusted value of plasma FABP7 concentration with age, 227 

there may be other underlying pathological pathways apart from those involved in aging. 228 

In postmortem brain studies and proton magnetic resonance spectroscopy (1H-MRS) 229 

studies, oxidative stress accumulated excessively in the brain tissue of patients with 230 

schizophrenia compared with that of the controls (Koga et al., 2016). The accumulation of 231 

excessive oxidative stress may cause neuronal cell death and pathogenesis through the 232 

neurodegenerative pathways (Benes, 2004). Prefrontal cortex hypomyelination caused by 233 

oxidative stress-induced oligodendrocyte apoptosis is associated with cognitive decline in 234 

schizophrenia (Maas et al., 2017). The FABP family has antioxidant properties (Bennaars-235 

Eiden et al., 2002; Kajimoto et al., 2014; Wang et al., 2005). For instance, FABP1 expression 236 

is upregulated upon stress to the kidney tissue (Sato et al., 2017), and this protein can 237 

capture oxidized lipids generated by kidney damage and remove them from the cells ((Sato 238 

et al., 2017; Yamamoto et al., 2007)). In a previous study, the expression of FABP7 gene was 239 

upregulated in the postmortem brains of patients with schizophrenia (Watanabe et al., 240 

2007). If FABP7 has the same effect as FABP1, the increase in FABP7 concentrations in the 241 

peripheral blood could be the result of the elimination of excessive oxidative stress in the 242 

brain in schizophrenia pathology. Although FABP7 has the same lipid-binding ability as 243 

FABP1 (Xu et al., 1996 29), its function of excreting selectively oxidized lipids out of cells 244 

has remained unreported. Hence, the molecular role of FABP7 needs further analysis. 245 

Schizophrenia is a neurodevelopmental disorder; however, evidence of progressive 246 

worsening of clinical symptoms and changes in neural structure after the onset of 247 

psychosis has led to the hypothesis that neurodegenerative aspects may contribute to 248 

schizophrenia pathophysiology (Jarskog et al., 2005). In cognitive disorders such as 249 



Alzheimer’s disease, the occurrence of large-scale apoptotic neuronal cell death has direct 250 

clinical significance (Mattson et al., 2001). Meanwhile, synaptic apoptosis plays a role in 251 

synapse remodeling and removal, both physiologically and pathologically, and may also 252 

contribute to neuronal plasticity (Garden et al., 2002; Gilman and Mattson, 2002). Cognitive 253 

decline is one of the core symptoms of schizophrenia, which is difficult to treat and is 254 

associated with functional outcomes (O'Carroll, 2000; Sinkeviciute et al., 2018). Historically, 255 

schizophrenia was named dementia praecox by Kraepelin (Lyketsos and Peters, 2015), 256 

highlighting the idea that the pathophysiology of cognitive decline in both schizophrenia 257 

and dementia might be partially shared. Teunissen et al. reported elevated serum FABP7 258 

concentrations in patients with dementia-related diseases (Teunissen et al., 2011), 259 

suggesting common pathophysiological mechanisms. 260 

Although depression/anxiety in the PANSS 5-factor model was found to be significantly 261 

correlated with plasma FABP7 concentration, it was not found to be significantly correlated 262 

with disease severity in patients with bipolar disorder or depression by HAMD-21. 263 

Moreover, positive factor in the PANSS 5-factor model was also found to be correlated with 264 

plasma FABP7 concentration. These findings suggest that elevated plasma FABP7 265 

concentrations may be a schizophrenia-specific marker. 266 

This study has some limitations. First, the human samples were only obtained at a single 267 

institution. Replication should be verified using samples from other institutions and/or 268 

other ethnic groups. Second, the correlation between drug dose and plasma FABP7 269 

concentration was shown to be non-significant. However, it would still be useful to 270 

investigate plasma FABP7 concentrations in drug-naïve patients. Third, although our study 271 

has investigated only patients with psychiatric disorders, a comparison should be made 272 

between the control and disease groups to identify biological markers for clinical 273 

application. According to previous studies, the variance of blood FABP7 concentrations of 274 

healthy subjects seems to be large. Karvellas et al. have determined serum concentration of 275 

FABP7 in healthy controls and found a median serum concentration of 13.5 ng/mL (8.7–276 

20.2, 95% confidence interval) (Karvellas et al., 2017). By contrast, Rogatzki et al. reported 277 

mean ± standard deviation serum BLBP (alternative name for FABP7) concentration of 0.96 278 

± 0.37 ng/mL (0.71–1.21, 95% confidence interval) (Rogatzki et al., 2021) in their control 279 

group. Based on these findings, it remains unclear whether there is a difference between 280 

healthy controls and patients. All comparison groups should be investigated together with 281 

a same method in future studies. Fourth, in the present study, we focused on FABP7, which 282 

could be able to specifically reflect abnormalities related to the brain. However, it would be 283 

beneficial to investigate the relationship between psychiatric symptoms and FABP3 and 284 

FABP5 which though mainly expressed in the periphery are also reflected in the brain. 285 



Nevertheless, our study findings suggest that FABP7 can be an indicator of severity that 286 

can separate subsets from the heterogeneous population of schizophrenia with diverse 287 

pathologies, with depression/anxiety, cognitive decline, and positive factor. Plasma FABP7 288 

also appears to be unresponsive to drugs, indicating to be a good candidate for symptom 289 

assessment. FABP7 is suggested to be potentially useful for elucidating the pathogenesis, 290 

diagnosis, and selection of appropriate drug therapies for schizophrenia. 291 

 292 
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Figure Legends 430 

Fig. 1. Correlation between plasma fatty acid-binding protein 7 (FABP7) concentration and 431 

age. 432 

Linear regression analysis revealed a significant correlation between age and plasma 433 

FABP7 in all participants (R2 = 0.03159, p < 0.05). 434 

 435 

Fig. 2. Clinical rating scales correlated with plasma fatty acid-binding protein 7 (FABP7) 436 

concentrations.  437 

The relationship between plasma FABP7 concentration and clinical rating scales was 438 

evaluated by simple regression analysis. The Positive and Negative Syndrome Scale 439 

(PANSS) total score significantly correlated with plasma FABP7 concentration in the 440 

schizophrenia group (A, R2 = 0.3332, p < 0.001). Even the plasma FABP7–age residuals did 441 

not affect the correlation (B, R2 = 0.3387, p < 0.001). The total scores of Young Mania Rating 442 

Scale (YMRS) and 21-item Hamilton Depression Rating Scale (HAMD-21) total score in the 443 

bipolar disorder and depression groups (C, E, G, I), and the plasma FABP7–age residuals 444 

did not change the correlation (D, F, H, J). 445 

 446 

Fig. 3. Correlation between plasma fatty acid-binding protein 7 (FABP7) concentration and 447 

five dimensions of schizophrenia symptoms derived from Positive and Negative Syndrome 448 

Scale (PANSS) clinical rating scale. 449 

The relationship between plasma FABP7 concentration and the five dimensions of 450 

schizophrenia symptoms derived from the factor analysis of the 30 items in PANSS clinical 451 

rating scales was analyzed by simple regression analysis. Excitement/hostility had no 452 

significant correlation with plasma FABP7 concentration (A) and plasma FABP7–age 453 

residuals (B). Depression/anxiety significantly correlated with plasma FABP7 concentration 454 

(C, R2 = 0.2255, p < 0.01) and plasma FABP7–age residuals (D, R2 = 0.1953, p < 0.05). 455 

Cognition significantly correlated with plasma FABP7 concentration (E, R2 = 0.2909, p < 456 

0.01) and plasma FABP7–age residuals (F, R2 = 0.3147, p < 0.01). Positive factor also 457 

significantly correlated with plasma FABP7 concentration (G, R2 = 0.1876, p < 0.05) and 458 

plasma FABP7–age residuals (F, R2 = 0.0.1937, p < 0.05). Conversely, negative factor showed 459 

no significant correlation with plasma FABP7 concentration (A) and plasma FABP7–age 460 

residuals (B). 461 

 462 

Fig. 4. Correlation between plasma fatty acid-binding protein 7 (FABP7) concentration and 463 

drug. 464 

Simple linear regression analysis indicated no significant correlation between 465 



chlorpromazine equivalents (A), imipramine equivalents (C), or diazepam equivalents (E) 466 

and the plasma FABP7 concentration in all participants. These correlations remained with 467 

plasma FABP7–age residuals (B, D, F). 468 

 469 
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