Cell Chemical Biology, Volume 25

Supplemental Information

PD,..3 ppa Pathway Regulates Human Monocyte

Differentiation and Macrophage Function

Kimberly Pistorius, Patricia R. Souza, Roberta De Matteis, Shani Austin-Williams, Karoline
G. Primdahl, Anders Vik, Francesca Mazzacuva, Romain A. Colas, Raquel M.
Marques, Trond V. Hansen, and Jesmond Dalli



pg/1x107 monocytes

B Vehicle
Bl ALOX157

Non-enzymatic
hydrolysis

o /

COOH

10R/S,17S-diHDPA

16R/S,17S-diHDPA

n-3 DPA

l LOX

17S-HpDPA

l LOX

1 6,17S'ePDn_3 DPA

pg/1x107 monocytes

2.0

1.5

1.0+

0.51
*

0.0-
PD1,30pa

LOX

10S,17S-diHDPA

2.0

pg/1x107” monocytes

sy
WO

pg/1x107 monocytes

Figure S1

COOH

- 4 COOH

0-
PD2n-3 DPA



Figure S2

A ALOX s

COOH

& Vehicie n-3 DPA ——» 17S-HpDPA \chX 10S,17S-diHDPA
[l ALOX15 w O
[0
‘5 8
2
G 6
= *
S 4
x
5 2
_ 16,17S-ePD,, 5 ppa 2
Non-enzymatic 0
hydrolysis EPHX HQ OH
EPHX S
4 _/ 4 COOH
COOH i 0.257
10R/S,17S-diHDPA coon »
Q
<. 0.201
150+ 3
3 * % 0.15-
g 2 £
~ - *
g 1004 ;50.10- S 0.10
£ * - o = 0.05
~ 16R/S,17S-diHDPA IS * 5
o ~ a
< 501 2 0.05- 0.00
Ay X
= - PD2,.
2 g) n-3 DPA
0- 0.00-
B PD1,.30pa
ALOX HO.. OH
[l Vehicle n-3DPA ———» 17S-HpDPA _ ALOX = COOH
10S,17S-diHDPA
W ALOX15B \ >
N
Q
=
3 1.0
c
o]
(S
‘C_) 0.5 *
x
Non-enzymatic g oo
hydrolysis HQ  OH
OH / _‘/ 4 COOH
HO.,,
COOH oo w 057
[0
10R/S,17S-diHDPA % 0.4+
60~ S
38 * 3 S 03 *
§ § 0.6 S 021
e 40- e =
S S * =
S ) € 0.4 S 01
= " 16R/S,17S-diHDPA = a 0
x 207 x o
= < 02 PD2,.3ppa
g g
04 0.0-

PD1 n-3 DPA



500
12000

L6000
0 11000

k11000 7 i 3 53855825
R 85 g8 ZSARKER 20000
o N
| 10000 19000
18000
Foo0o 17000
2000
16000
1500 Fs000 15000
1000 14000
7000
13000

10000

c d2 61 co L
1 (ppm) 5000 9000
4000 s000
7000
L3000 so00
so00

L2000 4000
3000
k1000 2000
1000
re "

Iy =

EE i 585 % 8338 3 ¢ |& ~1000
oo T T T T T T T T T T T T T T T T T T T T
60 50 a5 40 35 30 25 20 15 10 o5 200 19 180 170 160 150 140 130 120 110 100 % 8 70 6 50 40 30 20 10
1 (ppm) 1 (ppm)
Elemental Analysis Report
Analysis Info Acquisition Date ~ 10/20/2016 10:56:29 AM
D Sample Name Analysis Name  D:\Data\maxis2016\12053.d
Method ESI_pos_50_1500.m
Acquisition Parameter
Source Type Esl fon Polarity Positive Set Nebulizer 0.4 Bar
ocus Not active Set Capillary 3500 V Set Dry Heater 200°C
Scan Begin 50 miz Set End Plate Offset ~ -500 V. St Dry Gas 4.0 limin
Scan End 1500 miz Set Gharging Voltage 2000V Set Divert Valve Waste
st Set Corona 0nA Set APC Heater 0°c
Fs5.2
Intens. S, 05-09min %27 53
F5.3 x10%
=3 0 381.2400
- Fs4 |
Fss
Fs.6
[s7 15
Fs8
Fse 2
g
feo &
z 1.0+ |
IBE 6.1 |
t6.2
Fe3
— 3822435
8 =D 6.4 05 ,
Fes
- i
Fe.6 i
! it 383.2064
r6.7 i J\
Les 3805 3810 3815 3820 3825 383.0 3835 miz
Fe.9 Meas. m/z lon Formula miz  err [ppm]
3812400 C23H3NaO3 3812400 04
T T T T T T T T T T T T T T C21H29N6O  381.2387 08
65 64 63 62 61 60 59 58 57 56 55 54 53 52 C20H33N205  381.2384 43
72 (ppm) = S —



Figure S4

Relative Abundance

LI 11T 1T 1
0O 2 4 6 8 10 12 14 16 18 20 22

Time, min
197
{-H
\, OMe
100 HO.,
13061 375
coo
] 375 = M-H
> 357 = M-H - H,0
g 331 =M-H - CO,
= 313 = M-H - CO,- H,0
S 295 = M-H - CO,- 2H,0
y= 112 =155 - CO,
o 177
=
©
(0]
2 295
1 313 357
1112 45 | 197 277 1306 331
0 | I lu ‘m‘ H\‘Mﬂ‘.\\\“LH\{..‘H“\‘M \‘\“HMH“ 1\\1“‘1.‘\ \‘ “m L “M . h\“u\‘\\‘\‘ ‘L‘ —t
100 140 180 220 260 300 340 380
m/z, Da
100 - 375
o\\°/ coo”
> 375 = M-H
= 357 = M-H - H,0
S 331 =M-H - CO,
< 313 = M-H - CO,- H,0
= 295 = M-H - CO,- 2H,0
0 112 =155 - CO,
T | 277
i
N 233 7
306 %
‘ 1 295 331
0“ - 1y Ll H“\H\ !hn ‘1“ Hu‘ | \‘ x‘\‘\m \“\ ‘\‘n‘ ‘ ‘\ . “ ,
100 140 180 220 260 300 340 380

m/z,

Da



WALOX15 Inh+PD1, 00, Figure S5

A ALOX15 Inh + 16S,17S-ePD, 5 ppa

@ 15-LOX Inh

A

100-
5

CD54

100~

CD14
*

100-

CD206 4

Vol

T
o

100~
5

N

T
o
o

RN

Yol

NN

100~

T
(=]
Yo

100~

(10u02 B2IYBA JO %)
uoissaidx3 uisjoid

CD32

CD64

CD163

1 1
o o
o Tp]
1 1
o o
o Tp]
* -é
L L
o o
m Y]
x Aﬂé
1 1
o o
o Te)
*ﬂ %.Ayc
I L
o o
(@] Te)
*A/L”AVAﬂW
1 1
o o
o Y]

(103u02 B2IYBA JO %)
uoissaidx3 uisjoid

<
o
(=)
@
o
[a
x @
S v
@ N
52
+ +
=
yown ¥ H -
O X X X
§999 *x H B
> <<
oEoE . -
| n-v |
3 @ 3
(103U02 BOIYBA 4O %)
C sisojAoolay 3 abeydoioey
= | = I =R e =0 7
ex @l = w3 @

s Ty 2350y s s
em e 82 0 @ G
9|2IYBA yu| GLXOTV vaaEh ad +

yu] GLXOTV



Supplemental Figures

Figure S1: Decreased PD, _;pppin ALOX15 deficient mice. Related to Figure 1 and
Table S1.

Bone marrow monocytes were isolated from WT or ALOX15 deficient mice. These
(2x1068 cells/ml) were then incubated with E. coli (1x108 CFU/mL) for 30 min (37°C;
PBS**). Incubations were quenched with ice-cold methanol and products identified
and quantified using lipid mediator profiling. Results are mean £ SEM. n = 4 mice per
group. * P<0.05.

Figure S2: Knockdown of both ALOX15 and ALOX15B reduces PD,.; ppa
biosynthesis in human monocytes. Related to Figure 1.
Human monocytes were transfected with shRNA to (A) ALOX15, (B) ALOX15B or CT
shRNA (see methods for details). The cells (1x108 cells/mL) were incubated with E. coli
(5x107 CFU/mL) for 45 min (37°C) and PD, _; ppa levels were ascertained using lipid
mediator profiling. Results are mean £+ SEM. n = 5 donors.

Figure S3: Characterizing the synthetic 16S,17S-ePD, ; ppa Related to Figure 3. (A)
"H-NMR  spectrum of methyl (7Z,10Z,12E,14E)-15-((2S,3S)-3-((Z)-pent-2-en-1-
yl)oxiran-2-yl)pentadeca-7,10,12,14-tetraenoate (methyl ePD1,5 ppa)- (B) '*C-NMR
spectrum of methyl (7Z,10Z,12E,14E)-15-((2S,3S)-3-((2)-pent-2-en-1-yl)oxiran-2-
yl)pentadeca-7,10,12,14-tetraenoate (methyl ePD1, 5 ppa)- (C) HSQC spectrum of
methyl (7Z,10Z,12E,14E)-15-((2S,3S)-3-((2)-pent-2-en-1-yl)oxiran-2-yl)pentadeca-
7,10,12,14-tetraenoate (methyl ePD1, 5 ppa). (D) HRMS of methyl (7Z,10Z,12E,14E)-
15-((2S,3S)-3-((2)-pent-2-en-1-yl)oxiran-2-yl)pentadeca-7,10,12,14-tetraenoate (methyl
ePD1, 3 ppa)-

Figure S4: Acid alcohol trapping product profile for synthetic 16S5,17S-ePD,, 3 ppa.
Related to Figure 2.

The epoxide was incubated in acidified methanol and products were profiled using
LC/MS-MS. (A) MRM chromatogram for ion pairs m/z 375>277. (B-C) MS-MS spectra
employed in the identification of (B) 10-methoxy,17S-hydroxy-7Z,11E,13E,15E,192-
docosapentaenoic acid and (C) 16-methoxy,17S-hydroxy-7Z2,10Z,12E,14E,19Z-
docosapentaenoic acid in monocyte incubations.

Figure S5: 16S,17S-ePD,; ppp and PD1,; ppa rectify monocyte differentiation
following ALOX15 inhibition restoring macrophage responses. Related to Figure
7.

Human monocytes were incubated with M-CSF (20ng/mL) and 15-LOX inhibitor
(10uM), ALOX15 inhibitor + 16S, 17S-ePD, 5pps (1nM), ALOX15 inhibitor + PD1,, 3 ppa
(1nM), or vehicle (37°C, 5% CO, in RPMI supplemented with human serum). On day 7
(A) cells were collected and expression of lineage markers was determined using
fluorescently labelled antibodies and flow cytometry. (B-C) cells were incubated with
fluorescently labelled apoptotic cells for 45 min (37°C) and phagocytosis was
evaluated using (B) ImageStream (C) fluorescent plate reader . * P < 0.05 vs ALOX15
inhibitor incubations; # P < 0.05 versus vehicle incubations.



Supplemental Tables

Table S1: ALOX15 inhibitor shifts human monocyte-derived macrophage lipid mediator
profiles Related to Figure 1.

DHA bioactive metabolome Q1 Q3 Vehicle ALOX15 inhibitor
RvD1 375 141 268 + 46 133 + 33*
RvD2 375 141 1276 =+ 428 629 + 425*
RvD3 375 147 193 + 76 104 + 52
RvD4 375 101 1726 + 339 1277 + 427
RvD5 359 199 1041 + 374 656 + 319*
RvD6 359 101 639.4 + 23338 5325 + 187.5*
17R-RvD1 375 141 470 + 18.8 190 =+ 57
17R-RvD3 375 147 125 + 4.2 83 £ 43
PD1 359 153 244 + 6.2 166 + 57*
10S,17S-diHDHA 359 153 309.0 £+ 1143 2208 + 923~
17R-PD1 359 153 18.7 = 107 170 =+ 123
22-OH-PD1 375 153 74 + 38 48 + 31*
MaR1 359 221 642 + 56.6 221 + 105
MaR2 359 191 184.0 + 98.9 1612 + 88.0
7S,14S-diHDHA 359 221 2599 + 87.3 4270 + 143.6
22-OH-MaR1 375 221 196.1 + 79.5 200.1 + 746
4S,14S-diHDHA 359 101 69.7 + 617 205 + 99
14-oxo-MaR1 357 248 163 = 74 95 + 54
n-3 DPA bioactive

metabolome

RvT1 377 239 399 + 212 267 + 123
RvT2 377 197 346 + 216 258 + 16.7
RvT3 377 197 221 + 128 100 + 3.9
RvT4 361 211 36.0 £ 11.2 627 + 34.6
RvD1,.3ppa 377 143 398 £ 16.5 280 + 15.0*
RvD2, 5 ppa 377 143 212 + 85 129 + 3.1
RvD5, 3 ppa 361 199 125.2 + 327 766 + 16.1*
PD1,3ppa 361 183 325 + 91 1.0 £ 1.2*
PD2, 3 ppa 361 263 275 £+ 10.0 134 + 82*
10S, 17S-diHDPA 361 183 339 £+ 76 195 + 36*
A15trans-PD1,, 3 ppa 361 183 61.0 £ 259 522 + 234~
10epi-A15trans-PD 1,3 ppa 361 183 753 = 194 55,0 + 20.8*
MaR1,.3 ppa 361 249 138 £ 7.3 182 = 114
7S, 14S-diHDPA 361 249 779 + 282 476 + 14.2
EPA bioactive metabolome

RVE1 349 195 185 = 119 18.6 = 127
RVE2 333 199 2695 + 1022 246.0 + 1121
RVE3 333 201 93.8 + 33.6 90.7 + 39.9
AA bioactive metabolome

LXA, 351 217 5142 + 3075 4227 + 2395
LXB, 351 221 6029 + 280.3 4924 + 2289*
5S,15S-diHETE 335 235 5259.1 + 1992.8 35856 + 1638.2*
15R-LXA, 351 217 386.2 + 1724 308.7 + 146.9
15R-LXB, 351 221 1848.8 + 855.8 1283.9 + 516.3
LTB, 335 195 1758 = 1704 60.1 + 58.7
5S,12S-diHETE 335 195 11454 + 596.4 1073.1 = 586.4
20-OH-LTB, 351 195 1.9 £ 06 14 + 05
PGD, 351 189 2191.3 + 326.6 12774 + 251.7*
PGE, 351 189 1983.8 + 901.7 1151.9 + 507.9
PGF,, 353 193 466.7 + 196.9 230.1 + 457
TxB, 369 169 63661.3 + 43046.4 10094.8 + 14290.9




Human monocytes were incubated with M-CSF (20ng/ml) and either a ALOX15 inhibitor or vehicle
(37°C, 5% CO,). On day 7 incubations were quenched with ice-cold methanol and lipid mediators
identified using LC/MS-MS based profiling. Results are mean = SEM and expressed in pg/1x107
cells. Q1, M-H (parent ion); and Q3, diagnostic ion in the MS-MS (daughter ion). * p<0.05 using
Mann Whitney test.



Table S2: Altered lipid mediator profiles in monocytes from ALOX15 deficient mice. Related
to Figure 1 and Supplemental Figure 1.

DHA bioactive metabolome Q1 Q3 WT ALOX15"-
RvD1 375 141 1.63 + 0.78 019 + 0.20
RvD2 375 141 200 + 1.37 020 + 0.17
RvD3 375 147 0.17 £+ 0.08 0.01 + 0.02
RvD4 375 101 196 + 1.31 014 + 0.07
RvD5 359 199 23.03 + 11.87 299 + 214
RvD6 359 101 060 + 0.34 0.00 + 0.00
17R-RvD1 375 141 083 + 0.30 0.08 + 0.08*
17R-RvD3 375 147 066 + 0.34 010 £+ 0.06
PD1 359 153 208 + 1.15 0.13 + 0.07
10S,17S-diHDHA 359 153 3128 = 17.71 030 = 0.19
17R-PD1 359 153 1.69 + 1.17 0.02 + 0.01
22-OH-PD1 375 153 016 + 0.1 0.05 = 0.04
MaR1 359 221 1748 + 4.89 057 + 062*
MaR2 359 191 155 + 117 0.07 + 0.07
7S,14S-diHDHA 359 221 852 + 4.03 014 + 0.12*
22-OH-MaR1 375 221 270 + 240 0.32 + 0.32
4S,14S-diHDHA 359 101 322 + 230 015 + 0.14
14-oxo-MaR1 357 248 120 + 0.95 011 £+ 0.10
n-3 DPA bioactive metabolome

RvT1 377 239 1545 + 4.39 140 + 146*
RvT2 377 197 9.08 + 4.20 097 + 043~
RvT3 377 197 293 + 1.67 011 £+ 0.07
RvT4 361 211 34.31 = 19.67 091 + 1.03
RvD1,.3ppa 377 143 248 + 2.06 0.33 + 0.20
RvD2, 3 ppa 377 143 0.97 + 0.52 0.15 £+ 0.09
RvD5, 3 ppa 361 199 367 = 0.13 1.08 + 023~
PD1,.3ppa 361 183 159 + 0.53 0.00 + 0.00*
PD2, 3 ppa 361 263 186 + 0.86 0.05 + 0.03*
10S, 17S-diHDPA 361 183 149 + 045 0.01 + 0.01*
A15trans-PD1, 3 ppa 361 183 193 + 0.99 0.08 + 0.04*
10epi-A15trans-PD 1,3 ppa 361 183 149 + 045 014 + 0.10*
MaR1,.3 ppa 361 249 0.70 + 0.48 0.08 + 0.08
7S, 14S-diHDPA 361 249 885 + 522 057 + 043
EPA bioactive metabolome

RVE1 349 195 236 + 143 028 + 0.24
RVE2 333 199 1.39 + 0.95 025 + 0.15
RVE3 333 201 311 + 1.88 042 + 042
AA bioactive metabolome

LXA, 351 217 166 + 0.69 0.03 + 0.02*
LXB, 351 221 1241 + 413 486 + 3.35
5S,15S-diHETE 335 235 8499 + 58.58 6.92 + 478
15R-LXA, 351 217 2.02 + 0.83 6.03 = 4.01
15R-LXB, 351 221 192 + 112 028 + 0.14
LTB, 335 195 348.45 + 98.93 97.71 + 83.25*
5S,12S-diHETE 335 195 0.00 = 0.00 0.00 = 0.00
20-OH-LTB, 351 195 273 + 181 0.02 + 0.02
PGD, 351 189 1256.77 + 411.18 129.81 + 104.81*
PGE, 351 189 397.88 + 21548 3280 =+ 26.30
PGF,, 353 193 730.81 + 330.29 71.06 = 65.35*
TxB, 369 169 2374.02 + 784.55 13147 £ 11291*




Bone marrow monocytes (2x108 cells/mL) were incubated with E. coli (2x108 cells/mL) for 45
minutes at 37°C. Incubations were quenched with ice-cold methanol and lipid mediators identified
using LC/MS-MS based profiling. Results are mean = SEM and expressed in pg/1x107 cells. Q1,
M-H (parent ion); and Q3, diagnostic ion in the MS-MS (daughter ion). * p<0.05 using Mann
Whitney test.



Table S3: Tissue resident macrophages from ALOX15 mice display and altered
expression of lineage markers that is rescued by PD1, ; ppo administration. Related to
Figure 1 and Figure 7.

Large Peritoneal Macrophages

Lineage Marker WT 12/15-LOX-- 12/15-LOX"+ PD1,, - ppa
TIM 4 114795 + 12854 74871 + 1108.7* 10738.4 + 1767.6
CDo4 5112.7 + 460.6 5299.6 + 4781 5267.6 + 802.9
TGFp 9249 + 112.0 6471 £ 124.2 1106.9 + 162.8 #
MHCII 10338.4 + 7729 9914.0 + 1200.7 94714 + 1791.3
Arg-1 1192.0 £ 254.3 20041 + 2235* 1398.8 + 333.3
IL-10 6214 + 86.9 9111 + 46.0** 7874 + 113.8
CD11b 7844.2 + 856.0 11380.1 + 737.9** 9023.9 + 1028.7 #
Small Peritoneal Macrophages
Lineage Marker WT ALOX15-- ALOX15"-+ PD1, » ppa
TIM-4 17416 + 160.8 1129.3 + 1759* 1680.4 + 313.8
CDo4 7908.3 + 569.2 10092.6 + 698.8* 8196.0 + 984.2
TGFp 1172 £ 76 1815 + 154 * 1401 + 127 #
MHCII 5972.0 + 2504 4923.7 + 3359* 59434 + 767.6
Arg-1 42849 £ 354.0 3356.3 + 2196 * 4160.4 + 5447
IL-10 365.1 + 257 4526 + 414 3579 + 142 #
CD11b 296952.6 = 111533.7 |125432.1 + 30807.4| 490012.7 + 204253.1#
Splenic Macrophages
Lineage Marker WT ALOX15-- ALOX157-+ PD1,, 2 ppa
PTGS2 701.0 £ 222 8947 + 44* 7923 + 1444
iINOS 38228 + 2731 45890 + 184.4 4066.7 + 290.0
CDoe4 75285 + 468.8 9644.3 + 292.0* 8484.7 + 315.6
TGFp 722 + 93 1187 + 7.2* 96.2 + 9.9
MHCII 11416.3 + 461.6 10378.7 + 369.3 10847.0 + 247.2
CD11c 3478 + 6.0 501.0 + 33.6* 405.7 + 18.8
Arg-1 706 £ 7.6 170.0 + 10.6 ** 1293 + 41 #
IL-10 123.0 + 20 1547 + 2.2 136.7 + 1.7#
CD11b 2129.0 + 172.6 4029.7 + 1749* 2476.7 + 923 #

Tissue resident macrophages were collected from WT
mice given either vehicle of 10ng PD1,, 5 ppa daily for 7 days. The expression of lineage markers
was determined using flow cytometry and fluorescently labeled antibodies. Results are mean =
SEM n=7 mice per group for Large and small peritoneal macrophages n= 7 and splenic
macrophages n=4 mice per group. * P < 0.05; ** P <0.01 vs WT vehicle group; # P < 0.05; ** P

<0.01 vs ALOX15 vehicle group.

mice given vehicle (PBS) or ALOX"-




