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SUPPLEMENTARY METHODS 63 

In vitro treatment with ω-3 PUFAs, lipid mediators and cytokines: Concentrations of EPA 64 

and DHA (non-esterified), IL1β, IL6 and IFN-α were previously validated and used in all our 65 

studies with respectively, ω-3 PUFA1-4 and/or cytokines1, 2, 5-7. EPA, DHA, LOX and CYP450 66 

lipid mediators, LOX, CYP450 and sEH inhibitor were all dissolved in 100% EtOH. Our cells 67 

express COX-2, 5-, 12-, 15-LOX, CYP2C8, CYP2C9 and CYP2J2 enzymes (data not shown). 68 

 69 

Immunocytochemistry and quantification of immunofluorescence: Immature and mature 70 

neurons were assessed using respectively DCX and Map2 (primary antibody: rabbit anti-DCX, 71 

1:500; mouse anti-Map2, 1:500, Abcam, Cambridge, UK; secondary antibody: Alexa 488 72 

donkey anti-rabbit; 1:1000, Invitrogen; Alexa 555 donkey anti-mouse, 1:1000, Invitrogen), 73 

whereas apoptotic cells were examined using CC3 (primary antibody: rabbit anti-CC3, 1:500, 74 

Technol; secondary antibody: Alexa 555 donkey anti-rabbit, 1:1000, Invitrogen). All cells were 75 

labelled using DAPI dye (Figure 1b, c, d and e). The number of DCX and Map2 positive cells 76 

over total DAPI positive cells was counted using an insight automated imaging platform 77 

(CellInsight). Detailed information on the staining and imaging analyses procedure can be found 78 

in our previous publications2, 5, 6. At least six independent experiments were conducted on 79 

independent biological cultures, and each sample was tested in quadruplicate. 80 

 81 

Analysis of lipid mediators in cell culture supernatants and human plasma: Lipid 82 

mediators were extracted from cell supernatant and human plasma samples using ice-cold 83 

methanol (15%, v/v), and 12-hydroxyeicosatetraenoic acid (HETE)-d8, prostaglandin (PG) B2-84 

d4, 8 (9)-epoxy eicosatrienoic acid-d11, and 8,9-dihydroxyeicosatrienoic acid-d11 (20 ng 85 

each/sample; CaymanChemicals, Ann Arbor, MI, USA) were used as internal standards. The 86 

extracts were semipurified using solid-phase extraction cartridges (C18-E; Phenomenex, 87 
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Macclesfield, United Kingdom) to remove interferences, such as proteins and preconcentrate 88 

the analytes, and then quantitated using compound-specific calibration lines constructed using 89 

commercially-available standards (Cayman Chemical, Ann Arbor, Michigan). UPLC/ESI-90 

MS/MS analysis was performed on an Acquity UPLC pump (Waters, Wilmslow, United 91 

Kingdom) coupled to an electrospray ionization triple quadrupole mass spectrometer (Xevo 92 

TQ-S; Waters) as previously described8. See Supplementary Figure 2 for the full panel of 93 

metabolites analysed. At least six independent experiments were conducted on independent 94 

biological cultures, and each sample was tested in duplicates. 95 

 96 

RNA isolation and quantitative real-time PCR (qPCR) analysis: RNA was isolated using 97 

the RNeasy Micro Kit (Qiagen), RNA quantity and quality were assessed by evaluation of the 98 

A260/280 and A260/230 ratios using a Nanodrop spectrometer (NanoDrop Technologies). 99 

SuperScript® III Reverse Transcriptase (Life Technologies) was then used to synthesise 100 

cDNA. Both target (STAT1, NF-kB and AQP4) and housekeeping genes (RPL13A and BACT) 101 

expression levels were then analyzed by TaqMan qRT-PCR instrument (CFX384 real time 102 

system, Bio-Rad, California, USA) using the iScriptTM two-step RTPCR kit for probes (Bio-Rad, 103 

California, USA) (Figure 1d, e). Detailed information on the gene expression analyses procedure 104 

can be found in our previous publications9, 10. At least six independent experiments were 105 

conducted on independent biological cultures, and each sample was tested in triplicate.  106 

 107 

Clinical samples: Patients’ sociodemographic characteristics (age, gender) were recorded at 108 

the initial assessment together with body weight and the body mass index (BMI), which was 109 

calculated as the participant’s weight (kg) divided by the square of standing height (m) and 110 

measured11. The severity of depressive symptoms was measured by trained psychiatrists using 111 

the 21-item HAMD11 before therapy (baseline), and at week 12. Based on the changes in 112 
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HAMD scores at each visit, clinical remission was defined as the HAMD scores ≤712. The 113 

exclusion criteria for patients were: (1) a recent or past history of other DSM-IV axis-I 114 

diagnoses besides unipolar major depression, including psychotic disorders, organic mental 115 

disorders, impulse control disorders, substance use disorder or substance abuse (last 6 months 116 

prior to the study), and bipolar disorders; (2) axis-II diagnoses, including borderline and 117 

antisocial personality disorder; (3) a notable medical comorbidity; (4) acutely suicidal ideation 118 

and attempt were noted that close monitoring such as hospitalization was necessary; (5) all 119 

kinds of substance users including tobacco smokers and alcohol users, such as current or ex-120 

smokers and current or ex-drinkers; and (6) regular consumption of ω-3 PUFAs supplements 121 

or a habit of eating fish equal to or > 4 times per week.  122 

 123 

SUPPLEMENTARY RESULTS 124 

Treatment with LOX or CYP450 inhibitor, but not COX-2 inhibitor, prevents the effect 125 

of EPA and DHA against cytokines-induced reduction in neurogenesis and increase in 126 

apoptosis  127 

We pre-treated cells with either EPA or DHA (both 10µM) with or without a selective 128 

inhibitor of COX-2 enzymes (CAS 416901-58-1; 1, 4 and 8µM), LOX (NDGA; 1, 10 and 129 

30µM) or CYP450 (SKF525A; 1µM) for 2 days during differentiation, followed by treatment 130 

with either IL1β (10000pg/ml), IL6 (50pg/ml) or IFN-α (50000pg/ml), again with or without 131 

LOX and CYP450 inhibitors, for additional 2d (Figure 1c).  132 

 133 

Treatment with COX-2 inhibitor (1µM) did not cause any changes in results 134 

(Supplementary Figure 3a-i), even with higher concentrations (4 and 8µM; data not shown). 135 

However, pre-treatment with EPA or DHA (without inhibitors), followed by co-treatment with 136 

LOX inhibitor and IL1β prevented the effect of EPA or DHA against cytokine-induced 137 
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reduction in DCX+ and Map2+cells, and increase in CC3+cells (Supplementary Figure 4a, b 138 

and c). Also, pre-treatment with EPA or DHA (without inhibitors), followed by co-treatment 139 

with LOX inhibitor and IL6 prevented the effect of EPA or DHA against cytokine-induced 140 

reduction in DCX+ and Map2+cells, and increase in CC3+cells (Supplementary Figure 4d, e 141 

and f). Similarly, pre-treatment with EPA or DHA (without inhibitors), followed by co-142 

treatment with LOX inhibitor and IFN-α prevented the effect of EPA or DHA against cytokine-143 

induced reduction in DCX+ and Map2+cells, and increase in CC3+cells (Supplementary Figure 144 

4g, h and i). Of note, this preventive effect was confirmed when LOX inhibitor was used both 145 

during pre-treatment with EPA or DHA and in co-treatment with cytokines (IL1β, IL6 or IFN-146 

α) (Supplementary Figure 4a-i). Although, higher concentrations of LOX inhibitor (NDGA; 10 147 

and 30µM) have also been tested, results remained unchanged (data not shown). 148 

 149 

In contrast, pre-treatment with EPA or DHA (without inhibitors), followed by co-150 

treatment with CYP450 inhibitor and IL1β prevented the effect of EPA or DHA against 151 

cytokine-induced reduction in DCX+ and Map2+cells, and increase in CC3+cells 152 

(Supplementary Figure 4j, k and l). Similarly, pre-treatment with EPA or DHA (without 153 

inhibitors), followed by co-treatment with CYP450 inhibitor and IL6 prevented the effect of 154 

EPA or DHA against cytokine-induced reduction in DCX+ and Map2+cells, and increase in 155 

CC3+cells (Supplementary Figure 4m, n and o). Finally, pre-treatment with EPA or DHA 156 

(without inhibitors), followed by co-treatment with CYP450 inhibitor and IFN-α prevented the 157 

effect of EPA or DHA against cytokine-induced reduction in DCX+ and Map2+cells, and 158 

increase in CC3+cells (Supplementary Figure 4p, q and r). Of note, this preventive effect was 159 

confirmed when CYP450 inhibitor was used both during pre-treatment with EPA or DHA and 160 

in co-treatment with cytokines (IL1β, IL6 or IFN-α) (Supplementary Figure 4a-i). 161 

 162 
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Treatment with lower concentrations of LOX or CYP450 hydroxy lipid mediators 163 

prevents cytokines-induced reduction in neurogenesis and increase in apoptosis 164 

We exposed cells to co-treatment with LOX or CYP450 hydroxylase lipids and either 165 

IL1β, IL6 or IFN-α (as above) for 2d (Figure 1d, e). Concentrations of lipid mediators were 166 

selected based on the levels of metabolites previously detected in cell supernatant (Figure 2j).  167 

 168 

Co-treatment of cells with EPA-derived LOX 5-HEPE (1500pg/µl), or CYP450 169 

hydroxylase 18-HEPE (4000pg/µl), or DHA-derived LOX 4-HDHA (1500pg/µl) or CYP450 170 

hydroxylase 20-HDHA (1500pg/µl) and IL1β prevented decrease in DCX+cells caused by 171 

treatment with the cytokine alone (Supplementary Figure 5a). Similar findings were identified 172 

for Map2+cells (Supplementary Figure 5b) and CC3+cells (Supplementary Figure 5c).  173 

 174 

 Co-treatment of cells with 5-HEPE, 18-HEPE, 4-HDHA or 20-HDHA (as above) and 175 

IL6 prevented decrease in DCX+cells caused by treatment with the cytokine alone 176 

(Supplementary Figure 5d). However, similar to EPA and DHA, only 4-, 20-HDHA, but not 177 

5-, 18-HEPE prevented a reduction in Map2+cells caused by the cytokine (Supplementary 178 

Figure 5e), whereas 5-, 18-HEPE, but not 4-, 20-HDHA prevented increase in CC3+cells 179 

caused by treatment with IL6 alone (Supplementary Figure 5f).  180 

 181 

Also, co-treatment of cells with 5-HEPE, 18-HEPE, 4-HDHA or 20-HDHA (as above) 182 

and IFN-α prevented decrease in DCX+cells caused by treatment with the cytokine alone 183 

(Supplementary Figure 5g). Similar findings were identified for Map2+cells (Supplementary 184 

Figure 5h). Whereas, similar to EPA and DHA, 4-, 20-HDHA, but not 5-, 18-HEPE prevented 185 

increase in CC3+cells caused by treatment with IFN-α alone (Supplementary Figure 5i).  186 

 187 
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Treatment with lower concentrations of CYP450 epoxy lipid mediators prevent 188 

cytokines-induced reduction in neurogenesis, but not increase in apoptosis 189 

We exposed cells to co-treatment with CYP450 epoxygenase lipids and either IL1β, 190 

IL6 or IFN-α (as above) for 2d (Figure 1d, e). 191 

 192 

Co-treatment with either EPA-derived 17(18)-EpETE (0.04pg/µl) or DHA-derived 193 

19(20)-EpDPA (0.15pg/µl) and  IL1β prevented reduction in DCX+ cells caused by treatment 194 

with the cytokine alone, as previously seen for EPA and DHA (Supplementary Figure 6a). 195 

Similar findings were observed for Map2+cells (Supplementary Figure 6b). These effects were 196 

further enhanced when in presence of the sHE inhibitor TPPU (1nM) (Supplementary Figure 197 

6a, b). However, in contrast with EPA and DHA, neither of these metabolites prevented 198 

increase in CC3+cells (Supplementary Figure 6c).  199 

 200 

Also, co-treatment with either 17(18)-EpETE or 19(20)-EpDPA (as above) with IL6 201 

prevented reduction in DCX+ cells caused by treatment with the cytokine alone (Supplementary 202 

Figure 6d), however similar to EPA and DHA, only EpDPA but not EpETE prevented a 203 

reduction in Map2+cells caused by the cytokine (Supplementary Figure 6e). These effects were 204 

further enhanced when in presence of the sHE inhibitor TPPU (1nM) (Supplementary Figure 205 

6d, e). Whereas, in contrast with EPA and DHA, neither of these metabolites prevented 206 

increase in CC3+cells (Supplementary Figure 6f).  207 

 208 

Finally, as for EPA and DHA, co-treatment with either 17(18)-EpETE or 19(20)-209 

EpDPA (as above) with IFN-α prevented reduction in DCX+ cells caused by treatment with the 210 

cytokine alone (Supplementary Figure 6g). Similar findings were observed for Map2+cells 211 

(Supplementary Figure 6h). These effects were further enhanced when in presence of the sHE 212 
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inhibitor TPPU (1nM) (Supplementary Figure 6g, h). However, in contrast with EPA and DHA, 213 

neither of these metabolites prevented increase in CC3+cells (Supplementary Figure 6i).  214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 
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Figures Caption 294 

Supplementary Figure 1. Representative immunostaining images of neurogenic and apoptotic 295 
markers in control condition. Cells were treated with media containing EGF, bFGF, 4-OHT for 1 day 296 
during proliferation, followed by 4 days during differentiation with media without growth factors. 297 
Neuroblasts were detected by DCX (green) over the total number of cells DAPI (blue) (a), mature 298 
neurons were detected by Map2 (red) over the total number of cells DAPI (blue) (b), whereas apoptotic 299 
cells were stained by CC3 (red) over the total number of cells DAPI (blue) (c). Scalebar: 10µm. 300 
 301 
Supplementary Figure 2. List of lipid mediators analysed in cell supernatant and plasma, and 302 
example of ion chromatograms. (a) List of lipid mediators analysed in cell supernatant of cells pre-303 
treated with EPA or DHA for 48h during differentiation, followed by treatment with cytokines (IL1β, 304 
IL6 or IFN-α) for 6h, and in plasma samples of depressed patients before and after treatment with either 305 
EPA or DHA. (b-i) Example of reconstructed ion chromatograms with authentic lipid standard (STD) 306 
showing production of selected lipids by cells pre-treated with EPA or DHA for 48h during 307 
differentiation, followed by treatment with IL1β for 6h. Legend: LA, linoleic acid; AA, arachidonic 308 
acid; ALA, alpha-linolenic acid; OxoODE, oxoode; HODE, hydroxyoctadecadienoic acid; Trans 309 
EKODE, epoxy-keto-octadecenoic acid; EpOME, epoxyoctadecenoic acid; DiHOME, 310 
dihydroxyoctadecenoic acid; oxo-ETE, oxo-eicosatetraenoic acid; oxo-EPE, oxo-eicosapentaenoic 311 
acid; HETE, hydroxyeicosatetraenoic acid; EET, epoxyeicosatrienoic acid; HETrE, 312 
hydroxyeicosatrienoic acid; DHET, dihydroxyeicosatrienoic acid; LTB, leukotriene; LXA, lipoxin; PG, 313 
prostaglandin; TXB,   thromboxane; HOTrE, octadecatrienoic acid; HEPE, hydroxyeicosapentaenoic 314 
acid; EpETE, epoxyeicosatetraenoic acid DiHETE, dihydroxyeicosatetraenoic acid; DiHEPE, 315 
dihydroxyicosapentaenoic acid; Rv, resolving;  HDHA, hydroxydocosahexaenoic acid, EpDPA, 316 
epoxydocosapentaenoic acid; DiHDPA, dihydroxydocosapentaenoic acid. 317 
 318 
Supplementary Figure 3. Co-treatment with COX-2 inhibitor and cytokines did not prevent the 319 
effect of EPA and DHA against cytokines-induced reduction in neurogenesis and increase in 320 
apoptosis. (a-i) Co-treatment of COX-2 inhibitor (CAS 416901-58-1) with IL1β, IL6, or IFN-α, but 321 
not with EPA or DHA, did not prevent the effect of EPA and DHA against cytokines-induced reduction 322 
in DCX+cells, Map2+cells, and increase in CC3+cells. One-way ANOVA with Bonferroni’s post hoc 323 
test was performed. Data are shown as mean±SEM; *p<0.05, **p<0.01, ***p<0.001, compared with 324 
vehicle treatment or as indicated.  325 
 326 
Supplementary Figure 4. Co-treatment with LOX or CYP450 inhibitor and cytokines prevents 327 
the effect of EPA and DHA against cytokines-induced reduction in neurogenesis and increase in 328 
apoptosis. (a-i) Co-treatment of LOX inhibitor (NDGA) with IL1β, IL6, or IFN-α, but not with EPA 329 
or DHA prevented the effect of EPA and DHA against cytokines-induced reduction in DCX+cells, 330 
Map2+cells, and increase in CC3+cells. (j-r) Co-treatment of CYP450 inhibitor (SKF525A) with IL1β, 331 
IL6, or IFN-α, but not with EPA or DHA prevented the effect of EPA and DHA against cytokines-332 
induced reduction in DCX+cells, Map2+cells, and increase in CC3+cells. One-way ANOVA with 333 
Bonferroni’s post hoc test was performed. Data are shown as mean±SEM; *p<0.05, **p<0.01, 334 
***p<0.001, compared with vehicle treatment or as indicated.  335 
 336 
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Supplementary Figure 5. Treatment with lower concentrations of LOX or CYP450 hydroxy lipid 337 
mediators prevents cytokines-induced reduction in neurogenesis and increase in apoptosis. (a-i) 338 
Co-treatment of cells with lower concentrations of with 5-HEPE, 18-HEPE, 4-HDHA or 20-HDHA and 339 
either IL1β, IL6 or IFN-α prevented decrease in DCX+ and Map+cells, and the increase in CC3+cells 340 
caused by treatment with cytokines alone. One-way ANOVA with Bonferroni’s post hoc test was 341 
performed. Data are shown as mean±SEM; *p<0.05, **p<0.01, ***p<0.001, compared with vehicle 342 
treatment or as indicated. 343 
 344 
Supplementary Figure 6. Treatment with lower concentrations of CYP450 epoxy lipid mediators 345 
prevent cytokines-induced reduction in neurogenesis, but not increase in apoptosis. (a-i) Co-346 
treatment of cells with lower concentrations of 17(18)-EpETE or 19(20)-EpDPA and IL1β, IL6 or IFN-347 
α prevented decrease in DCX+ and Map+cells, but not the increase in CC3+cells caused by treatment 348 
with cytokines alone, and this effect was enhanced by treatment with the sHE inhibitor TPPU. However, 349 
co-treatment of cells with 17(18)-DiHETE or 19(20)-DiHDPA did not prevent decrease in DCX+ and 350 
Map+cells, but not the increase in CC3+cells caused by treatment with cytokines alone. One-way 351 
ANOVA with Bonferroni’s post hoc test was performed. Data are shown as mean±SEM; *p<0.05, 352 
**p<0.01, ***p<0.001, ****p<0.0001, compared with vehicle treatment or as indicated.  353 
 354 
Supplementary Figure 7. Treatment with LOX or CYP450 hydroxy lipid mediators prevents 355 
cytokines-induced increase in downstream inflammatory and neurogenic pathways. (a-r) Co-356 
treatment with 5-HEPE, 18-HEPE, 4-HDHA, 20-HDHA, 17(18)-EpETE or 19(20)-EpDPA and either 357 
IL1β, IL6 or IFN-α prevented the increase in STAT1 and NF-kB, and the decrease in AQP4 gene 358 
expression caused by treatment with cytokines alone. Moreover, co-treatment with 17(18)-EpETE or 359 
19(20)-EpDPA, IL1β, IL6 or IFN-α, and sHE inhibitor further enhanced the effect of 17(18)-EpETE 360 
and 19(20)-EpDPA. One-way ANOVA with Bonferroni’s post hoc test was performed. Data are shown 361 
as mean±SEM; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, compared with vehicle treatment or 362 
as indicated.  363 
 364 
Supplementary Figure 8. Peripheral production of additional COX, LOX and CYP450 lipid 365 
mediators in the same cohort of depressed patients receiving nutritional intervention with either 366 
EPA or DHA. (a-i) Additional lipid mediators identified in plasma of patients before and after receiving 367 
EPA; (j-r) additional lipid mediators identified in plasma of patients before and after receiving DHA. 368 
Wilcoxon’s t test, with Bonferroni’s post hoc test was performed. Data are shown as mean±SEM. 369 
Statistical analysis showed no significant differences in the expression of these metabolites. Legend: 370 
HDHA, hydroxydocosahexaenoic acid; oxo-ETE, oxo-eicosatetraenoic acid; HETE, 371 
hydroxyeicosatetraenoic acid; OxoODE, oxoode; HODE, hydroxyoctadecadienoic acid; Trans 372 
EKODE, epoxy-keto-octadecenoic acid; HOTrE, octadecatrienoic acid; HETrE, hydroxyeicosatrienoic 373 
acid; EpDPA, epoxydocosapentaenoic acid; DiHDPA, dihydroxydocosapentaenoic acid; EET, 374 
epoxyeicosatrienoic acid; DHET, dihydroxyeicosatrienoic acid; EpOME, epoxyoctadecenoic acid; 375 
DiHOME, dihydroxyoctadecenoic acid; PG, prostaglandin; TXB,   thromboxane; HEPE, 376 
hydroxyeicosapentaenoic acid; EpETE, epoxyeicosatetraenoic acid DiHETE, 377 
dihydroxyeicosatetraenoic acid. Lower limit of detection was reported for 5HETrE, 16(17), 19(20)-378 
EpDPA, 5(6), 8(9), 14(15)-EET, 15-HEPE, 11(12), 14(15), 17(18)-EpETE, 8(9)-DiHETE, 5(6), 8(9), 379 
14(15)-EET. Lower limit of detection was reported for 5HETrE, 16(17), 19(20)-EpDPA, 5(6), 8(9), 380 
14(15)-EET, 15-HEPE, 11(12), 14(15), 17(18)-EpETE, 8(9)-DiHETE, 5(6), 8(9), 14(15)-EET. 381 
 382 
Supplementary Figure 9. Increased levels of LOX and CYP450 lipid mediators in depressed 383 
patients receiving ω-3 PUFAs intervention correlates with less severe depressive symptoms. (a-h) 384 
Correlations between levels of 5-, 8-, 9-, 11-, 12-, 15-, 18-HEPE, 8(9)-, 11(12)-, 14(15)-, 17(18)-385 
EpETE, -DiHETE metabolites, and HAM-D scores. (i-m) Correlations between levels of 4-, 7-, 8-, 10-386 
, 11-, 13-, 14-, 20-HDHA, 10(11)-, 13(14)-, 16(17)-, 19(20)-EpDPA, -DiHDPA metabolites and HAM-387 
D scores. Spearman’s rs test was performed.  388 
 389 


