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ABSTRACT 49 

Age-related macular degeneration (AMD), a progressive chronic disease of the central 50 

retina, is associated with aging and is a leading cause of blindness worldwide. Here, we 51 

demonstrate that leukotriene B4 (LTB4) receptor 1 (BLT1) promotes laser-induced 52 

choroidal neovascularization (CNV) in a mouse model for wet-type AMD. CNV was 53 

significantly less in BLT1-deficient (BLT1-KO) mice compared to BLT1-WT controls. 54 

Expression of several pro-angiogenic and pro-fibrotic factors was lower in BLT1-KO 55 

eyes than in BLT1-WT eyes. LTB4 production in the eyes was substantially increased in 56 

the early phase after laser injury. BLT1 was highly expressed in M2 macrophages in vitro 57 

and in vivo, and ocular BLT1+ M2 macrophages were increased in the aged eyes post-58 

laser injury. Furthermore, M2 macrophages were rapidly attracted by LTB4 and 59 

subsequently produced VEGF-A through BLT1-mediated signaling. Consequently, 60 

intravitreal injection of M2 macrophages augmented CNV formation, which was 61 

attenuated by BLT1 deficiency. Thus, laser-induced injury to the retina triggered LTB4 62 

production and attracted M2 macrophages via BLT1, leading to development of CNV. A 63 

selective BLT1 antagonist (CP105696) and three LTB4 inhibitors (Zileuton, MK-886, and 64 

Bestatin) reduced CNV in a dose-dependent manner. CP105696 also inhibited the 65 

accumulation of BLT1+ M2 macrophages in the laser-injured eyes of aged mice. Together, 66 

these results indicate that the LTB4-BLT1 axis is a novel therapeutic target for CNV of 67 

wet-type AMD. 68 

 69 

Brief summary 70 

Leukotriene B4 attracts M2 macrophages and exacerbates laser-induced choroidal 71 

neovascularization. Leukotriene B4 receptor 1 will be a novel target in the wet-type of 72 
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age-related macular degeneration.  73 
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INTRODUCTION 74 

Age-related macular degeneration (AMD) is a chronic disease of the eye that is a leading 75 

cause of irreversible blindness in people over 50 years-of-age. AMD, which affects nearly 76 

40 million individuals worldwide (1), is caused by deterioration of the retina, including 77 

the macula, which contains neuronal cells, photoreceptors, and retinal pigment epithelium 78 

(RPE) cells. AMD is classified as either wet (also called neovascular or exudative) type 79 

or dry (also called geographic atrophy) type. Wet AMD is characterized by degeneration 80 

of the macula, accompanied by fluid leakage from choroidal neovessels that have invaded 81 

the retina. The lesion is infiltrated by immune cells such as macrophages, DC, microglial 82 

cells, and T cells (e.g., NKT and gdT cells) (2-4). The main treatments for wet AMD are 83 

agents that inhibit VEGF; however, such agents frequently require repeated intravitreal 84 

injection (IVI), which can cause infectious endophathalmitis, intraocular inflammation, 85 

and ocular hemorrhage (5). 86 

Leukotriene B4 (LTB4) receptor 1 (BLT1) is a G protein-coupled receptor (6) for a 87 

chemotactic eicosanoid, LTB4 (7, 8), which is generated from arachidonic acid by 5-88 

lipoxygenase (5-LO), 5-lipoxygenease-activating protein (FLAP), and LTA4 hydrolase 89 

(LTA4H) (9) (Supplemental Figure 1). BLT1 is expressed by various leukocyte subsets, 90 

including granulocytes (neutrophils and eosinophils), monocytes, macrophages, DC, 91 

differentiated T cells (Th1, Th2, Th17, and effector CD8+ T cells), mast cells, and 92 

osteoclasts (10). As shown by previous reports, the LTB4-BLT1 axis regulates 93 

inflammatory and immunological responses such as peritonitis (11), bronchial asthma 94 

(12, 13), delayed-type hypersensitivity (14), arthritis (15), atherosclerosis (16, 17), 95 

multiple sclerosis (18), psoriasis (19), and obesity-associated insulin resistance (20). 96 

Activated macrophages are roughly classified as “classically activated” (M1-type) or 97 
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“alternatively activated” (M2-type) (21). M1 macrophages are induced by pathogen-98 

associated molecular patterns (e.g., LPS) and inflammatory cytokines (e.g., IFN-g) and 99 

defend against invading microbial pathogens such as bacteria, protozoa, and viruses. 100 

Several proteins are used as markers to distinguish M1 and M2 macrophages. Inducible 101 

NOS (iNOS) is a representative M1 marker (22-25), and co-stimulatory molecules (CD80 102 

and CD86) and MHC class II are also useful markers for M1 polarization (26-30). M2 103 

macrophages are regulated by Th2 cytokines (e.g., IL-4 and IL-13), anti-inflammatory 104 

cytokines (e.g., IL-10 and TGF-b), immune complexes, glucocorticoids and other factors 105 

(31) and are involved in diverse chronic inflammatory diseases such as parasite infections 106 

(32), allergies (33), obesity (34, 35), and the pro-angiogenic responses that occur in cancer 107 

(36) and tissue remodeling and repair (37-39). Mannose receptor (MR, CD206), 108 

macrophage galactose N-acetyl-glactosamine specific lectin, (Mgl, CD301), programmed 109 

cell death 1 ligand 2 (PD-L2, CD273), and PD-L1 (CD274) are well-characterized as the 110 

cell surface markers (40-44), and Arginase-1, Fizz1, and Ym1 are known as distinct 111 

markers (45-48) for M2 polarization. Recently, we and others reported that M2 112 

macrophages recruited to the injured retina make a critical contribution to the 113 

pathogenesis of choroidal neovascularization (CNV) in wet AMD (49-53); however, the 114 

molecular mechanisms underlying recruitment of M2 macrophages are poorly 115 

understood. Here, we show that BLT1 is mainly expressed by M2 macrophages, which 116 

are then recruited to laser-induced retinal lesions and produced VEGF-A in a BLT1-117 

dependent manner. We also show that LTB4-BLT1 signaling exacerbates CNV in a mouse 118 

model of wet AMD by increasing expression of pro-angiogenic and pro-fibrotic markers. 119 

Importantly, we confirm that blockade of LTB4-BLT1 signaling strongly inhibits CNV.  120 
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RESULTS 121 

BLT1 deficiency ameliorates progression of CNV in a mouse model of AMD 122 

Recent reports showed that LTB4-BLT1 signaling promotes several chronic diseases 123 

including fibrosis (54), insulin resistance (55), tumorigenesis (56); however, its role in 124 

chronic eye diseases has been poorly understood. To examine the pathological role of 125 

BLT1 in the eye in vivo, we performed retinal laser photocoagulation to induce wet AMD 126 

(57) in BLT1-WT and BLT1-deficient (BLT1-KO) mice (13) of various ages. BLT1-WT 127 

mice showed an age-dependent increase in CNV volume (Figure 1A, upper panels). 128 

Surprisingly, aging did not affect CNV development in BLT1-KO mice, and the volume 129 

of CNV was much smaller in old BLT1-KO mice than in old BLT1-WT mice (Figure 1A, 130 

lower panels). The CNV volume in BLT1-WT mice increased in an age-dependent 131 

manner (average volume in young mice, 3.1 × 105 µm3; middle-aged mice, 5.4 × 105 µm3; 132 

and old mice, 7.2 × 105 µm3); this was not the case in BLT1-KO mice on Day 7 post-133 

injury (young mice, 2.6 × 105 µm3; middle-aged mice, 2.3 × 105 µm3; and old mice, 3.2 134 

× 105 µm3) (Figure 1B). We also observed that the size of the laser-induced lesion in old 135 

BLT1-KO mice was smaller than that in old BLT1-WT mice (Figure 1C, lower panels); 136 

however, the overall retinal structure was the same in both groups (Figure 1C, upper 137 

panels). We also confirmed that BLT1-KO mice had smaller lesion areas than those of 138 

BLT1-WT mice in aged eyes (average area in BLT1-WT mice, 3.0 × 104 µm2; BLT1-KO 139 

mice, 1.3 × 104 µm2) (Figure 1D). In wet AMD, pathological angiogenesis is critically 140 

involved in CNV development and accelerates subretinal fibrosis by increasing various 141 

cytokines and chemokines (2, 58, 59). Consistently, expression of mRNA encoding pro-142 

angiogenic growth factors Vegfa, Pdgfb, and Fgf2 in laser-injured BLT1-KO eyes was 143 

approximately half as much as in BLT1-WT eyes on Day 7 post-laser injury in old mice 144 
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(Figure 2A, upper panels). The amounts of mRNA encoding inflammatory cytokines (Il1b 145 

and Tnf), endothelial cell markers (Tek, also known as Tie2, and Vwf), and the pro-fibrotic 146 

factors Tgfb1, Pdgfb, and Fgf2 (59) were lower in laser-treated BLT1-KO eyes. However, 147 

expression of mRNA encoding the chemokines Ccl3 (Figure 2A, middle and lower 148 

panels) and Ccl2 (data not shown), both of which were reported to play a role in AMD 149 

pathogenesis (60, 61), was not significantly different between the BLT1-KO and BLT-150 

WT groups. We previously cloned a low-affinity LTB4 receptor, BLT2 (62, 63), which is 151 

involved in colitis (64), epidermal wound healing (65), and acute lung injury (66), and 152 

examined the effect of BLT2 deficiency in the same AMD model (Supplemental Figure 153 

2). We found that BLT2 was not involved in AMD because the CNV volume in BLT2-154 

deficient (BLT2-KO) mice was comparable with that in their WT (BLT2-WT) littermates 155 

(BLT2-WT mice, 4.4 × 105 µm3; BLT2-KO mice, 3.4 × 105 µm3) (Supplemental Figure 156 

2B). Next, we performed the simultaneous quantification of 52 eicosanoids in laser-157 

injured mouse eyes using a LC-MS/MS (Figure 2 and Supplemental Figure 3). On Day 1 158 

and Day 3 post-laser injury, the amount of LTB4 (Figure 2B) and 5-159 

hydroxyeicosatetraenoic acid (5-HETE) (Supplemental Figure 3A) in the eyes markedly 160 

increased both in young and old mice. These results are consistent with the previous 161 

studies showing that various leukotrienes including LTB4 were produced from the retinal 162 

glial cells, retinal endothelial cells, and RPE in the pathogenesis of inflammatory eye 163 

diseases at early phase (67, 68). Taken together, these results suggest that LTB4-BLT1 164 

signaling is critical for progression of laser-induced CNV. 165 

 166 

BLT1 is expressed by macrophages and is involved in CNV development 167 

As BLT1 is highly expressed in various subsets of leukocytes, we speculated that BLT1 168 
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expressed in retinal leukocytes is responsible for CNV. Previous studies showed that 169 

retinal leukocytes were reconstituted with donor leukocytes by bone marrow (BM) 170 

transplantation (69-73). To examine whether BLT1-expressing leukocytes play a role in 171 

laser-induced CNV, we implanted BLT1-WT or BLT1-KO BM cells from aging donors 172 

into lethally irradiated WT mice from aging recipients to generate BM chimeric mice and 173 

then examined CNV volume (Figure 3, A and B). We confirmed that more than 90% of 174 

BM cells and peripheral blood leukocytes (PBL) of the CD45.2-positive (CD45.2+) 175 

recipients (C57BL/6J-Ly5.2 mice) were donor-derived CD45.1+ cells from a congenic 176 

strain (C57BL/6-Ly5.1 mice) (Supplemental Figure 4, A and B). These results showed 177 

that the efficiency of BM transplantation is independent of the age of donors or recipients 178 

(Supplemental Figure 4C). The volume of CNV in BLT1-KO chimeras was significantly 179 

smaller than that in BLT1-WT chimeras (BLT1-WT BM into WT, 10.3 × 105 µm3; BLT1-180 

KO BM into WT, 6.8 × 105 µm3) (Figure 3B). We further analyzed the numbers and the 181 

percentages of leukocyte populations in the eyes by FACS analysis (Figure 3, C and D). 182 

CD45+ total leukocytes and CD11b-high (CD11bhi) F4/80-negative (F4/80-) Ly6Ghi 183 

neutrophils peaked at day 1, but CD11bhi F4/80- Ly6Chi inflammatory monocytes and 184 

CD11bhi F4/80hi macrophages peaked at day 3 after laser injury in the eyes of aged WT 185 

mice. Consistent with the previous studies, we found that BLT1 is abundantly expressed 186 

in CD11bhi F4/80- Ly6Ghi neutrophils and CD11bhi F4/80hi macrophages in the laser-187 

injured eyes (data not shown). We further observed that BLT1+ macrophages infiltrated 188 

the periphery of the laser-injured area in the RPE-choroid in aged mice on Day 5 post-189 

laser injury (Figure 3E, upper panels), but not in young mice (Figure 3E, lower panels). 190 

To determine whether BLT1+ macrophages contribute to the development of CNV, we 191 

next depleted macrophages by IVI of clodronate liposomes (Figure 4 and Supplemental 192 
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Figure 5) as previously described (74). IVI of clodronate liposomes significantly reduced 193 

F4/80+ macrophages in the RPE-choroid compared to control liposomes (Supplemental 194 

Figure 5C), but did not affect the number of DAPI+ cells (Supplemental Figure 5D). 195 

Macrophage depletion reduced CNV volume in BLT1-WT mice (control, 13.5 × 105 µm3; 196 

clodronate, 2.6 × 105 µm3) to levels observed in BLT1-KO mice (control, 2.5 × 105 µm3; 197 

clodronate, 1.1 × 105 µm3) (Figure 4B). Taken together, these results suggest that BLT1+ 198 

macrophages exacerbate laser-induced CNV. 199 

 200 

BLT1 is expressed in M2 macrophages in vitro and in vivo 201 

Recent studies have been shown that macrophages are skewed toward pro-angiogenic 202 

phenotype in the injured tissue or the tumor microenvironment (36, 39, 44, 48, 53, 75). 203 

Next, we examined BLT1 expression in M1 and M2 macrophages using BM-derived 204 

macrophages (BMDMs) (Figure 5, A and B and Supplemental Figure 6A), RAW264.7 205 

cells (mouse monocyte/macrophage cell line) (Figure 5C), and THP-1 cells (human 206 

monocytic cell line) (Figure 5D). M2 polarization of BMDMs induced BLT1 mRNA 207 

(Gene Symbol: Ltb4r1) (Figure 5A and Supplemental Figure 6A, M2) and protein (Figure 208 

5B, M2) expression, while M1 polarization or non-polarized M0 BMDMs showed lower 209 

levels of BLT1 expression (Figure 5, A and B and Supplemental Figure 6A, M0 and M1). 210 

Polarization of BMDMs was confirmed by examining the expression levels of mRNA for 211 

M2 specific markers including CD206 (Mrc1), CD301b (Mgl2), PD-L2 (Pdcd1lg2), 212 

Arginase-1 (Arg1), Fizz1 (Retnla), and Ym1 (Chil3) (Supplemental Figure 6, B-G), or an 213 

M1 specific marker, iNOS (Nos2) (Supplemental Figure 6H). Consistent with these 214 

results, M2-polarization induced BLT1 expression in both RAW264.7 and THP-1 cells, 215 

and M1- or M0-polarization did not (Figure 5, C and D, left panels). Expression of PD-216 
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L2 and CD80 proteins also confirmed the proper M2 and M1 polarization, respectively 217 

(Figure 5, C and D, middle and right panels). In addition, we analyzed the number and 218 

percentage of M2 macrophages by FACS analysis (Figure 5, E-H). The absolute number 219 

of CD206+ M2 macrophages peaked at day 3 after laser-injury (Figure 5E), but the 220 

percentage of CD206+ M2 macrophages in CD45+ total leukocytes (Figure 5F) or in 221 

CD11bhi F4/80hi total macrophages (Figure 5G) peaked at day 5 in the eyes of aged WT 222 

mice. The percentage of BLT1+ CD206+ M2 macrophages was significantly higher during 223 

Day 1 to Day 5 after laser injury in aged mice (Figure 5H). We also found that ocular-224 

infiltrating BLT1+ macrophages expressed high levels of several M2 markers (CD206, 225 

CD301, and PD-L2) on Day 5 post-laser injury (Figure 5I). Interestingly, the expression 226 

levels of the M2 markers on BLT1+ macrophages were slightly higher than those on 227 

BLT1- macrophages (Figure 5I, lower panels). To note, we found that BLT1 expression 228 

(Figure 5, J and K) in aged mice were higher than those in young mice in the ocular-229 

infiltrating CD206+ M2 macrophages on Day 3 post-laser injury. These results suggest 230 

that the infiltration of ocular M2 macrophages is accelerated by age-dependent up-231 

regulation of BLT1. 232 

 233 

LTB4-BLT1 axis up-regulates recruitment of M2 macrophages and subsequent 234 

VEGF-A production 235 

Although some molecules and signaling pathway have been implicated in the activation 236 

of M2 macrophages, the cellular and molecular mechanism is not fully elucidated. In 237 

general, BLT1 mediates LTB4-induced calcium mobilization, chemotaxis, and inhibition 238 

of adenyl cyclase through the activation of Gq and Gi proteins (76). To determine whether 239 

M2 macrophages express functional BLT1 in vitro, we performed calcium mobilization 240 
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(Figure 6A) and chemotaxis (Figure 6, B-D and Supplemental movie 1 and 2) assays. 241 

M2-, but not M1- or M0-polarized RAW264.7 cells exhibited increased intracellular 242 

calcium mobilization upon LTB4 stimulation (Figure 6A) and migrated along an 243 

increasing LTB4 concentration gradient (Figure 6B and Supplemental movies 1 and 2). 244 

The M2-RAW264.7 cells significantly responded to LTB4 with a velocity and 245 

directionality of 3.29 unit s-1 and 0.88, respectively (Figure 6, C and D). We next analyzed 246 

the expression levels of VEGF-A mRNA (Figure 7A) and protein (Figure 7B) in M2 247 

BMDMs from BLT1-WT and BLT1-KO mice. Stimulation of LTB4 significantly induced 248 

VEGF-A mRNA and protein expression in M2 BMDMs from BLT1-WT, but not in 249 

BLT1-KO M2 BMDMs. Thus, LTB4-BLT1 signal is important for activation of M2 250 

macrophages. 251 

 252 

M2 macrophages promote BLT1-mediated development of CNV 253 

Recent findings have experimentally confirmed that adoptive transferred M2 254 

macrophages develop CNV by stimulating an abnormal angiogenesis (52, 77-79). To 255 

clarify whether BLT1+ M2 macrophages exacerbate CNV, we adoptively transferred M0, 256 

M1, and M2 macrophages from BLT1-WT or BLT1-KO mice into laser-injured WT mice 257 

(Figure 8). Adoptive transfer of BLT1-WT M2-BMDMs resulted in marked CNV 258 

formation when compared with transfer of BLT1-KO M2-BMDMs (BLT1-WT M2 into 259 

WT, 10.5 × 105 µm3; BLT1-KO M2 into WT, 4.4 × 105 µm3); adoptive transfer of M0- 260 

and M1-BMDMs has little effect on CNV formation (BLT1-WT M0, 2.9 × 105 µm3; 261 

BLT1-KO M0, 2.1 × 105 µm3; BLT1-WT M1, 2.7 × 105 µm3; BLT1-KO M1, 1.6 × 105 262 

µm3) (Figure 8, A and B). Histological analysis revealed that BLT1-WT M2-injected eyes 263 

developed more robust neovascularization in retinal and choroidal tissues than BLT1-KO 264 
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M2-injected eyes (BLT1-WT M2 into WT, 2.8 × 104 µm2; BLT1-KO M2 into WT, 1.0 × 265 

104 µm2) (Figure 8, C and D). Thus, expression of BLT1 is required for M2-induced CNV. 266 

 267 

Pharmacological inhibition of LTB4-BLT1 signaling ameliorates CNV development 268 

Several studies demonstrated that a BLT1 antagonist CP105696 completely blocked [3H]-269 

labeled LTB4 binding (IC50 of 3.7 nM for human neutrophils) (80), calcium mobilization 270 

(0.1-1 µM for human neutrophils) (81), phagocytosis (1 µM for BMDMs) (82), and 271 

chemotaxis (0.1 µM for mouse peritoneal macrophages) (20) by antagonizing BLT1. To 272 

investigate whether blockade of LTB4-BLT1 signaling (Supplemental Figure 1) (9, 83, 273 

84) attenuates CNV, we treated mice by IVI of CP105696, prior to laser-induced injury 274 

(Figure 9, A and C, upper panels). We also tested the effects of three inhibitors of LTB4-275 

producing enzymes: Zileuton, a specific inhibitor of 5-LO; MK-886, a specific inhibitor 276 

of FLAP; and Bestatin, an inhibitor of LTA4H (Figure 9A, lower panels, and Figure 9C, 277 

middle and lower panels). CP105696 caused a dose-dependent reduction in CNV volume 278 

(DMSO, 6.6 × 105 µm3; CP105696, 0.2 pmol: 3.5 × 105 µm3; 2 pmol: 2.0 × 105 µm3; 20 279 

pmol: 1.0 × 105 µm3) (Figure 9B) and in CNV lesion area (DMSO, 3.5 × 104 µm2; 280 

CP105696, 20 pmol: 1.6 × 104 µm2) (Figure 9D). The CNV development was also 281 

inhibited by treatment with Zileuton, MK-886, or Bestatin (CNV volume: Zileuton, 2.8 282 

× 105 µm3; MK-886, 2.8 × 105 µm3; Bestatin, 1.9 × 105 µm3) (CNV lesion area: Zileuton, 283 

1.3 × 104 µm2; MK-886, 1.8 × 104 µm2; Bestatin, 1.4 × 104 µm2) (Figure 9, B and D). 284 

Moreover, we confirmed that CP105696 suppressed the infiltration of CD206+ M2 285 

macrophages and BLT1+ CD206+ M2 macrophages (Figure 9, E and F).  286 

Given that some of these drugs are orally available, the LTB4-BLT1 axis may become a 287 

novel therapeutic target for laser-induced CNV.  288 
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DISCUSSION 289 

Here, we demonstrated that the volume of CNV in BLT1-WT mice, but not in BLT1-KO 290 

mice, increases in an age-dependent manner (Figure 1). A high-affinity LTB4 receptor, 291 

BLT1, which was expressed in ocular-infiltrating macrophages (Figure 3E) was 292 

responsible for CNV (Figure 4 and 8). On the other hands, a low-affinity LTB4 receptor, 293 

BLT2, which is ubiquitously expressed in human and mouse tissues (85) including cornea 294 

and conjunctiva (86) was not involved in laser injury-induced CNV, because there was 295 

no significant difference in CNV volume and histology between BLT2-WT and BLT2-296 

KO mice (Supplemental Figure 2). As we reported recently, M2-type macrophages are 297 

important for the development of CNV after laser injury (53); here, we also demonstrated 298 

that ocular-infiltrating M2 macrophages contribute to CNV development via LTB4-BLT1 299 

signaling pathway. Indeed, laser-induced injury increased the amount of LTB4 in the eyes 300 

(Figure 2B), which then attracted BLT1+ M2 macrophages to the injured mouse retina 301 

(Figure 5, E-K). We also found that BLT1 is only induced during M2 polarization of 302 

mouse and human macrophages by IL-10, IL-4, IL-13, and TGF-b (Figure 5, A-D). 303 

Preliminary experiments with a STAT3 selective inhibitor suggest that, of these, the IL-304 

10/JAK1/STAT3 signaling pathway is likely critical for induction of BLT1 expression 305 

(Supplemental Figure 7). Recent studies show that expression of IL-10 and M2 markers 306 

(e.g., CD163 and Arginase-1), but not M1 markers (e.g., IL-6 and TNF-a), is increased 307 

in senescent macrophages, thereby promoting CNV development (51, 52). Therefore, we 308 

expected that BLT1 expression is also increased in senescent M2 macrophages in the eyes 309 

of older mice. We actually found that the BLT1 expression of M2 macrophages in the 310 

older eyes is higher than that in the younger eyes after induction of laser injury (Figure 5, 311 

J and K). The elevated BLT1 could accelerate LTB4-dependent recruitment of M2 312 
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macrophages to CNV lesions leading to the production of various pro-angiogenic factors, 313 

including VEGF-A through the activation of BLT1 (Figure 7). Such chain of events would 314 

also promote human CNV in wet AMD. 315 

The findings presented herein might contribute to the development of novel anti-AMD 316 

drugs (Figure 9). Although anti-VEGF agents (e.g., Ranibizumab and Bevacizumab) are 317 

clinically and commercially available for wet AMD (87), several clinical trials have 318 

examined new therapeutic agents that targeting components of the VEGF (e.g., VEGF 319 

receptor tyrosine kinases) or other (e.g., PDGF) signaling pathways (88). To date, the 320 

LTB4-BLT1 axis has not been examined in AMD. We speculate that agents that target the 321 

LTB4-BLT1 axis might become useful treatment options for human patients with severe 322 

wet AMD. In fact, we examined the BLT1 expression in the diabetic human donor eyes 323 

(early progressive diabetic retinopathy, age 55, female) compared with non-diabetic 324 

human donor eyes (car accident, age 13, male) (data not shown). We found that BLT1+ 325 

cells infiltrated into the periphery of the macular drusen, a common early sign of AMD, 326 

and choroidal capillaries in the RPE-choroid of diabetic human eyes, but not in non-327 

diabetic human eyes. Recent studies showed that infiltrated macrophages exhibit M2-328 

phenotype, which accelerate neovascularization to promote tissue repair in the injured 329 

retina of retinopathy (38, 79, 89, 90). Hence, the BLT1 may be a promising therapeutic 330 

target for CNV of several diseases including wet AMD. The 5-LO inhibitor Zileuton is 331 

clinically used as an anti-asthmatic drug worldwide (83), and the LTA4H inhibitor 332 

Ubenimex (Bestatin) is a chemotherapy agent in Japan (84), with known safety profiles 333 

in both cases. This allows their potential off label use as therapeutic agents for wet AMD, 334 

thereby ensuring patient safety. In contrast, MK-886 and CP105696 are not used 335 

clinically; thus more effective and safe inhibitors of FLAP, and antagonists of BLT1, are 336 
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required. 337 

 338 

In conclusion, LTB4 is a key mediator that attracts M2 macrophages to the laser-injured 339 

retinas via BLT1, thereby increasing the severity of CNV. Antagonists of BLT1 or 340 

inhibitors of LTB4 biosynthesis may become novel therapeutic agents to inhibit CNV of 341 

wet AMD.  342 
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METHODS 343 

Animals 344 

BLT1-KO and BLT2-KO mice were generated as previously described (13, 64) and then 345 

backcrossed with C57BL/6J mice for more than 12 generations. Aged WT mice 346 

(C57BL/6J: > 20 weeks old) were purchased from Japan SLC (Shizuoka, Japan) or Kyudo 347 

(Saga, Japan). All mice were maintained in a filtered-air laminar-flow enclosure in a 348 

specific pathogen-free facility and given standard laboratory food and water. 349 

 350 

Reagents 351 

The selective BLT1 antagonist, CP105696, was from Pfizer (New York, NY, USA). 352 

Zileuton (a 5-LO inhibitor), MK-886 sodium salt hydrate (a FLAP inhibitor), and Bestatin 353 

hydrochloride (an inhibitor of aminopeptidases, including LTA4H) were obtained from 354 

Sigma-Aldrich (St. Louis, MO, USA). LTB4 was purchased from Cayman Chemical (Ann 355 

Arbor, MI, USA). Unless otherwise noted, all Abs and cytokines were purchased from 356 

BioLegend (San Diego, CA, USA) and Peprotech (Rocky Hill, CT, USA), respectively. 357 

 358 

Laser-induced wet AMD model 359 

Mice were anesthetized by intraperitoneal injection of ketamine (100 mg/kg) and xylazine 360 

(10 mg/kg), and the pupils were dilated by application of 0.2% tropicamide and 1% 361 

phenylephrine hydrochloride (Santen Pharmaceutical Co., Osaka, Japan). Using a 532 nm 362 

laser, a slit-lamp delivery system, and a slide glass as a contact lens, four spots (laser 363 

power, 200 mW; exposure time, 100 ms; hole size, 75 µm) were placed into each eye. 364 

After laser-induced injury and prior to administration of antagonists/inhibitors, the eyes 365 

were subjected to IVI of CP105696 (0.2–20 pmol), Zileuton (20 pmol), MK-886 (20 366 
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pmol), Bestatin (20 pmol), or DMSO (vehicle, 0.1%). The volume of the CNV lesions 367 

was measured in choroidal flat mounts on Day 7 post-injury. The anterior segment and 368 

retina were removed from the eyecup after fixation in 4% paraformaldehyde in PBS. The 369 

remaining RPE-choroid complex was dehydrated in methanol and stained with 7 µg/ml 370 

fluorescein-labeled iB4 (derived from Griffonia Simplicifolia Lectin I) (Vector 371 

Laboratories, Burlingame, CA, USA). After relaxing radial incisions, this complex was 372 

flat mounted using mounting medium (Thermo Fisher Scientific) and coverslips. Z-stack 373 

images were obtained using a confocal microscope (A1R+; Nikon, Tokyo, Japan) and the 374 

CNV volume was analyzed on reconstructed three-dimensional images using NIS-375 

Elements (Nikon). 376 

 377 

Polarization of M1 and M2 macrophages 378 

BM cells in the femur and tibia were collected from BLT1-WT and BLT1-KO mice (> 20 379 

weeks old) and further differentiated in RPMI 1640 (Wako, Osaka, Japan) supplemented 380 

with 10% FCS, 100 U/ml penicillin, and 100 µg/ml streptomycin (P/S) into BMDMs by 381 

treatment with 50 ng/ml M-CSF for 3 days. RAW264.7 (a subclone from clone TIB-71) 382 

(ATCC, Manassas, VA, USA) and THP-1 (clone TIB-202) (ATCC) cell lines were 383 

maintained in RPMI 1640 supplemented with 10% FCS and P/S. BMDMs and 384 

RAW264.7 cells were polarized by exposure to 2 ng/ml mouse IFN-γ and 0.1 µg/ml LPS 385 

(Sigma-Aldrich) (M1) or 20 ng/ml IL-4, IL-10, and IL-13 (from mouse) and 2 ng/ml 386 

human TGF-β1 (R&D Systems, Minneapolis, MN, USA) (M2) during 48 h. THP-1 cells 387 

were stimulated with 150 nM PMA for 24 h and then polarized with 2 ng/ml human IFN-388 

γ and 0.1 µg/ml LPS (M1) or 20 ng/ml IL-4, IL-10, and IL-13 (from human) and 2 ng/ml 389 

human TGF-β1 (M2) during 48 h. M0 macrophages were generated by culture in medium 390 
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without cytokines. All cells were cultured under standard conditions at 37°C and 5% CO2 391 

in a humidified atmosphere. 392 

 393 

H&E staining 394 

Eyes were removed, soaked in 10% buffered formalin solution, embedded in paraffin, 395 

sliced (10 µm thickness) using a microtone, and stained with H&E. Images were acquired 396 

under a light microscope (BZ-9000; Keyence, Osaka, Japan) and quantified the CNV 397 

lesion area using Image J (National Institute of Health, Bethesda, MD). 398 

 399 

Quantitative RT-PCR 400 

Eyecups (the remaining retina, choroid, and RPE from 1–2 eyes) and M0-, M1-, or M2-401 

polarized BMDMs were prepared from BLT1-WT and BLT1-KO mice. For VEGF-A 402 

mRNA expression analysis, M2 BMDMs were stimulated with 500 nM LTB4 or ethanol 403 

(as a vehicle control) for 0.5 h. All samples were treated with TRIzol reagent (Thermo 404 

Fisher Scientific, Waltham, MA, USA) to isolate RNA, according to the manufacturer’s 405 

instructions. cDNA was synthesized from total RNA with reverse transcriptase and an 406 

optimized blend of oligo-dTs and random primers using an QuantiTect Reverse 407 

Transcription kit (Qiagen, Hilden, Germany) or qPCR RT Master Mix (Toyobo, Osaka, 408 

Japan). Target genes were amplified using a real-time PCR System (Roche, Basel, 409 

Switzerland or Thermo Fisher Scientific), DNA polymerase, SYBR Green I Dye (Thermo 410 

Fisher Scientific) and specific primers. Gene expression was normalized to 18S rRNA 411 

(Rn18s) using the ∆∆CT method. The sequences of the primers are as follows: Vegfa: 412 

Forward, 5’-actggaccctggctttactg-3’ and Reverse, 5’-tctgctctccttctgtcgtg-3’; Rn18s: 413 

Forward, 5’-gcaattattccccatgaacg-3’ and Reverse, 5’-gggacttaatcaacgcaagc-3’; Pdgfb: 414 
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Forward, 5’-cggcctgtgactagaagtcc-3’ and Reverse, 5’-gagcttgaggcgtcttgg-3’; Fgf2: 415 

Forward, 5’-cggctctactgcaagaacg-3’ and Reverse, 5’-tgcttggagttgtagtttgacg-3’; Il1b: 416 

Forward, 5’-tgtaatgaaagacggcacacc-3’ and Reverse, 5’-tcttctttgggtattgcttgg-3’; Tnf: 417 

Forward, 5’-tcttctcattcctgcttgtgg-3’ and Reverse, 5’-ggtctgggccatagaactga-3’; Tek: 418 

Forward, 5’-cataggaggaaacctgttcacc-3’ and Reverse, 5’-gcccccacttctgagctt-3’; Vwf: 419 

Forward, 5’-ccaaggagggtctgcaact-3’ and Reverse, 5’-aaaggaagactctggcaagcta-3’; Tgfb1: 420 

Forward, 5’-tggagcaacatgtggaactc-3’ and Reverse, 5’-cagcagccggttaccaag-3’; Ccl3: 421 

Forward, 5’-tgcccttgctgttcttctct-3’ and Reverse, 5’-gtggaatcttccggctgtag-3’; and Ltb4r1: 422 

Forward, 5’-ctcggaggtgtccagcac-3’ and Reverse, 5’-gacaggcaggtgtgtccttc-3’. 423 

 424 

Liquid chromatography-mass spectrometry (LC-MS) analysis 425 

Eyecups isolated from 5–6 eyes were frozen immediately in liquid nitrogen and stored at 426 

-80°C. Samples were homogenized in a tissue disrupter (Automill, Tokken, Chiba, Japan) 427 

and lipids were extracted by incubation in methanol overnight at -20°C followed by 428 

centrifuged at 5,000 × g for 5 min at 4°C. Supernatants were then mixed with 9 volumes 429 

of 0.1% formic acid in water, which included deuterium-labeled internal standards 430 

(Cayman Chemical). Diluted samples were loaded onto a solid-phase extraction cartridge 431 

(Waters, Milford, MA, USA) and washed serially with 0.1% formic acid in water, 15% 432 

methanol and 0.1% formic acid in water, 0.1% formic acid in water, and petroleum ether. 433 

After drying the cartridge, eicosanoids were eluted by centrifugation with 200 µl of 0.1% 434 

formic acid in methanol. For reverse phase-HPLC-MS/MS, a Shimadzu liquid 435 

chromatography system consisting of four LC-20AD pumps, a SIL-20AC autosampler, a 436 

CTO-20AC column oven, a FCV-12AH six-port switching valve, and a TSQ Quantum 437 

Ultra triple quadrupole mass spectrometer equipped with an electrospray ionization (ESI) 438 
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ion source (Thermo Fisher Scientific) were used (91, 92). An aliquot of each sample (50 439 

µL) was injected into the trap column, an Opti-Guard Mini C18, at a total flow rate of 440 

500 µL/min. Three minutes after sample injection, the valve was switched to introduce 441 

the trapped sample to the analytical column, a Capcell Pak C18 MGS3 (Shiseido, Tokyo, 442 

Japan). Separation of lipids was achieved by a linear gradient using water and acetonitrile 443 

containing 0.1% formic acid. The total flow rate was 120 µL/min, the column temperature 444 

was set at 46°C, and the LC column eluent was introduced directly into a TSQ Quantum 445 

Ultra. All compounds were analyzed in a negative ion polarity mode. Eicosanoids were 446 

quantified by multiple reaction monitoring (MRM). The MRM transitions monitored 447 

were m/z 335 → 195 for LTB4, m/z 624 → 272 for LTC4, m/z 495 → 177 for LTD4, m/z 448 

319 → 115 for 5-HETE, m/z 339 → 197 for [2H4]LTB4, m/z 629 → 272 for [2H5]LTC4, 449 

m/z 500 →  177 for [2H5]LTD4, m/z 327 →  116 for [2H8]5-HETE. For accurate 450 

quantification, calibration curves were generated for each target eicosanoid using known 451 

reference standards and the same isotope-labeled internal standard. Automated peak 452 

detection, calibration, and calculation were carried out by the Xcalibur 1.2 software 453 

package (Thermo Fisher Scientific). 454 

 455 

BM transplantation 456 

BM cells were collected from the both femurs and tibiae of donor BLT1-WT and BLT1-457 

KO (> 20 weeks old) and 107 cells were intravenously injected into lethally irradiated (10 458 

Gy X-rays) male WT recipients (> 20 weeks old). At 28 days post-transplantation, mice 459 

were subjected to laser-induced retinal injury, followed by analysis of CNV development. 460 

 461 
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Immunofluorescence staining and analysis 462 

RPE-choroid complexes were prepared from WT mice as described above and blocked 463 

with 5% BSA/0.5% Triton X-100 in PBS for 1 h, followed by staining with 10 µg/ml 464 

anti-BLT1 (clone 7A8; generated in-house) (93) and 5 µg/ml Alexa Fluor 647-labeled 465 

anti-F4/80 (clone BM8) mAbs. After washing with 0.1% Tween in PBS, tissues were 466 

incubated with HRP-labeled anti-mouse IgG (500-fold dilution) (Rockland 467 

Immunochemicals, Limerick, PA, USA), followed by Tyramide-Alexa Fluor 488 (100-468 

fold dilution) (Thermo Fisher Scientific). Nuclei were stained with DAPI (5 µg/ml; 469 

Sigma-Aldrich). Samples were visualized under a confocal microscope (A1R+; Nikon). 470 

 471 

Flow cytometry analysis 472 

BMDMs and RAW264.7 cells were collected in PBS/2 mM EDTA (pH 7.4) containing 473 

2% FCS (FACS buffer). Fc receptors were then blocked with an anti-CD16/32 (5 µg/ml; 474 

2.4G2) Ab (Fc blocker). BMDMs were stained with anti-F4/80-FITC (5 µg/ml; clone 475 

BM8), anti-CD11b-allophycocyanin (APC) (2.5 µg/ml; clone M1/70), and biotin-labeled 476 

anti-mouse BLT1 (5 µg/ml; clone 7A8; generated in-house) Ab (93) or mouse IgG1 (5 477 

µg/ml; Thermo Fisher Scientific/eBioscience, San Diego, CA, USA) (as an isotype 478 

control). RAW264.7 cells were stained with anti-mouse BLT1 (5 µg/ml; clone 7A8), anti-479 

PD-L2 (2.5 µg/ml; clone TY25), anti-CD80 (2.5 µg/ml; clone 16-10A1), or isotype 480 

controls for biotin-labeled anti-mouse Abs. After washing with PBS/EDTA, cells were 481 

stained with R-phycoerythrin (PE)-conjugated Streptavidin (0.5 µg/ml; Thermo Fisher 482 

Scientific/eBioscience). THP-1 cells were collected in FACS buffer, blocked with human 483 

Fc blocker (Miltenyi Biotec, Bergisch Gladbach, Germany) and stained with anti-human 484 

BLT1 (diluted 1:20; clone 203/14F11) (R&D Systems), anti-PD-L2 (5 µg/ml; clone 485 
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24F.10C12), anti-CD80 (10 µg/ml; clone 2D10), or an isotype control for PE-labeled anti-486 

human Abs. Cells were analyzed in a flow cytometer (FACSCalibur or LSRFortessa; 487 

Becton Dickinson, Franklin Lakes, NJ, USA). Eyecups were collected from 4–6 laser-488 

injured eyes as follows: (i) young (8-12 weeks old) or aged (> 20 weeks old) WT mice, 489 

(ii) CP105696- (20 pmol/eye) and DMSO-injected WT mice (> 20 weeks old), and 490 

ocular-infiltrating cells were isolated using Collagenase D (Roche) in RPMI 1640 as 491 

previously described (94). Cells were then incubated with mouse Fc blocker, followed by 492 

staining with anti-CD45-FITC (2.5 µg/ml; clone 30-F11) (Becton Dickinson), anti-Ly6G-493 

PE/Cy7 (2.5 µg/ml; clone 1A8), anti-Ly6C-APC/Cy7 (2.5 µg/ml; clone HK1.4), anti-494 

F4/80-Brilliant Violet 421 (2.5 µg/ml; clone BM8), anti-CD11b-Brilliant Violet 510 (5 495 

µg/ml; clone M1/70), and anti-mouse BLT1-APC (5 µg/ml; clone 7A8; generated in-496 

house) Abs in addition to 2.5 µg/ml anti-PD-L2 (clone TY25), 10 µg/ml anti-CD301 497 

(clone ER-MP23) (Bio-Rad Laboratories), 10 µg/ml anti-CD206 (clone MR5D3) biotin-498 

conjugated Abs or isotype controls. Cells were washed and stained with 0.5 µg/ml 499 

Streptavidin-PE, and analyzed in a flow cytometer (FACSVerse; Becton Dickinson). For 500 

all experiments, dead cells were excluded after staining with 7AAD (Becton Dickinson). 501 

 502 

Liposome-mediated depletion of macrophages 503 

Aged BLT1-WT and BLT1-KO mice (> 20 weeks old) received an IVI of 90 µg 504 

clodronate liposomes (including 16 µg of clodronic acid; injection volume, 2 µl/eye) 505 

(Katayama Chemical Industries, Osaka, Japan) or control liposomes after laser-induced 506 

injury. RPE-choroid complexes were prepared as described above, stained with Alexa 507 

647-labeled anti-F4/80 mAb or rat IgG2a (as an isotype control), and then nuclei were 508 

visualized with DAPI. F4/80+ macrophages and DAPI+ cells per field were counted using 509 
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Image J. 510 

 511 

Adoptive transfer of macrophages 512 

Aged WT mice received M0, M1, and M2 BMDMs (105 cells in PBS/eye; injection 513 

volume, 2 µl/eye) from aged BLT1-WT or BLT1-KO mice (> 20 weeks old) via IVI after 514 

laser-induced injury. 515 

 516 

Calcium mobilization assay 517 

RAW264.7 cells were incubated for 60 min with HBSS-based loading buffer containing 518 

20 mM HEPES (pH 7.4) (Thermo Fisher Scientific), 2.5 mM Probenecid (Sigma-519 

Aldrich), 0.04% Pluronic F-127 (Thermo Fisher Scientific), and 4 µM Fluo 4-AM 520 

(Dojindo laboratories, Kumamoto, Japan). Cells were then washed with HEPES-based 521 

buffer, seeded into 96-well black plates (104 cells/well), and stimulated with 0.5–1000 522 

nM LTB4 or 2 µM Ionomycin. Assay plates were then analyzed using FlexStation 3 523 

(Molecular Devices, Sunnyvale, CA). 524 

 525 

TAXIScan chemotaxis assay 526 

Chemotaxis of RAW264.7 cells toward 100 nM LTB4 or ethanol (as a vehicle control) 527 

was monitored using TAXIScan-FL (Effector Cell Institute Frontier, Tokyo, Japan), as 528 

described previously (95). Phase-contrast sequential images were acquired at 1 min 529 

intervals for 45 mins and stacked using Image J. Chemotactic parameters (velocity and 530 

directionality) were analyzed with the Image J ‘Manual Tracking’ plug-in and the Image 531 

J ‘Chemotaxis and Migration tools’ plug-in. 532 

 533 
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ELISA 534 

For VEGF-A protein expression analysis, culture media were collected in M2 BMDMs 535 

from BLT1-WT or BLT1-KO mice after stimulation with 500 nM LTB4 or ethanol (as a 536 

vehicle control) for 4 h. VEGF-A was measured culture media using the Mouse VEGF 537 

Quantikine ELISA Kit (R&D Systems) according to the manufacturer’s instructions. 538 

 539 

Statistics 540 

Data are expressed as the mean ± SEM of at least three independent mice or eyes. Two 541 

data sets were compared using 2-tailed Student’s t test. Multiple comparisons were 542 

performed using 1-way ANOVA followed by Bonferroni’s, Newman-Keuls, or Dunnett’s 543 

post hoc test, and 2-way ANOVA followed by Bonferroni’s post hoc test. P value of less 544 

than 0.05 was considered statistically significant. All statistical analyses were performed 545 

using Prism version 5.0 (GraphPad Software, La Jolla, CA). 546 

 547 

Study approval 548 

All animal studies and procedures were approved by the Ethics Committees on Animal 549 
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280167, and 290171). All the studies in this manuscript were carried out in accordance 551 

with approved guidelines and regulations.  552 
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Figure 1. BLT1 deficiency attenuates CNV in a mouse model of AMD. 898 
Images of isolectin B4 (iB4) staining (A) and CNV volume (B) in the RPE-choroid 899 
complex from the eyes of BLT1-WT (open circles) and BLT1-KO (filled circles) mice 900 
after laser-induced injury. Green represents a CNV area positive for iB4 staining. Mice 901 
were grouped by age: Young, 8–12 weeks old; Middle-aged, 20–24 weeks old; Old, 40–902 
48 weeks old. n=5–6 mice per group. (C, D) H&E staining of the uninjured and laser-903 
injured retinas from aged BLT1-WT and BLT1-KO mice (> 40 weeks old). Yellow dotted 904 
lines denote the lesion areas. n=4–5 per group. Bar=100 µm (A, C). (B, D) *P < 0.05; 905 
**P < 0.01; ns, not significant (1-way ANOVA with Bonferroni’s post hoc test [B] and 906 
Student’s t test [D]). Results are representative of at least two independent experiments.  907 



44 

Figure 2. BLT1 deficiency reduces expression of pro-angiogenic  and pro-fibrotic 908 
factors in the laser-induced eyes. 909 
(A) Quantitative RT-PCR analysis of mRNA for various pro-angiogenic and pro-fibrotic 910 
factors, cytokines, and chemokines in the eyes from aged BLT1-WT (white bars) and 911 
BLT1-KO (black bars) mice (> 20 weeks old) on Day 7 post-laser injury. n=3–6 per group. 912 
(B) Time-dependent changes in LTB4 content in laser-injured eyes from young (white 913 
bars) and old (black bars) WT mice (Young, 8 weeks old; Old, > 20 weeks old). n=3–7 914 
per group. (A, B) *P < 0.05; **P < 0.01; ns, not significant (Student’s t test [A] and 1-915 
way ANOVA with Bonferroni’s post hoc test [B]). Results are representative of at least 916 
two independent experiments.  917 
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Figure 3. BLT1-expressing macrophages are recruited to the periphery of laser-918 
induced CNV. 919 
Images of iB4 staining (A) and CNV volume (B) in the RPE-choroid of chimeric mice 920 
receiving BM cells from aged BLT1-WT (open circles) or BLT1-KO (filled circles) mice 921 
(> 20 weeks old). n=6–8 mice per group. (C, D) FACS analysis of cells isolated from the 922 
laser-injured eyes of aged WT mice (> 20 weeks old). The populations of the leukocytes 923 
are gated as follows: total leukocytes: CD45+, neutrophils: CD11bhi F4/80- Ly6G+, 924 
inflammatory monocytes: CD11bhi F4/80- Ly6C+, macrophages: CD11bhi F4/80hi. The 925 
numbers (C) and percentages (D) of the leukocyte populations were analyzed on Day 1, 926 
Day 3, and Day 5 post-laser injury. Day 0 refers to a sample taken from uninjured eyes. 927 
n=3–4 per group. (E) Immunofluorescence staining of the laser-injured RPE-choroids 928 
from WT mice (Young, 8 weeks old; Old, > 20 weeks old) with anti-F4/80 (red) and -929 
BLT1 (green) mAbs. Nuclei were visualized with DAPI (blue). LI (white dotted lines) 930 
denotes the location of laser injury. White arrows show F4/80-negative and BLT1-931 
positive cells. White arrowheads show F4/80- and BLT1-double positive cells. Bar=100 932 
µm (A) or 50 µm (E). (B) *P < 0.05 (Student’s t test). (C, D) *P < 0.05; **P < 0.01; ***P 933 
< 0.005 versus Day 0 (1-way ANOVA with Dunnett’s post hoc test). Results are 934 
representative of at least two independent experiments.  935 
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Figure 4. BLT1-expressing macrophages are involved in the pathogenesis of laser-936 
induced CNV. 937 
(A, B) The effect of clodronate liposome-mediated macrophage depletion (indicated as 938 
“Clodronate”, filled circles) on CNV volume in aged BLT1-WT and BLT1-KO mice (> 939 
20 weeks old). “Control” refers to control liposomes (open circles). n=4–7 mice per 940 
group. Bar=100 µm. (B) *P < 0.05; **P < 0.01; ns, not significant (1-way ANOVA with 941 
Newman-Keuls post hoc test). Results are representative of at least two independent 942 
experiments.  943 
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Figure 5. M2-type macrophages express BLT1 and infiltrates into the injured eyes 944 
of aged mice. 945 
BMDMs from aged BLT1-WT (filled circles) and BLT1-KO (open circles) mice (> 20 946 
weeks old) were polarized to M1 and M2 macrophages, and BLT1 expression was 947 
examined by quantitative RT-PCR (A) and FACS analysis (B). M0 denotes a sample of 948 
non-polarized BMDMs. RAW264.7 (C) and THP-1 (D) cells were polarized to M0 (cross 949 
plots), M1 (open squares), and M2 (filled circles) macrophages, and expression of BLT1, 950 
PD-L2 (an M2 marker), and CD80 (an M1 marker) was examined by flow cytometry. The 951 
Y-axis shows the MFI relative to that of an isotype control (mouse IgG1). MFI, mean 952 
fluorescence intensity. n=3 per group. (E, F, G, H) FACS analysis of M2 macrophages 953 
isolated from the laser-injured eyes of aged WT mice (> 20 weeks old) as described in 954 
Figure 3C and D. CD206+ M2 macrophages: CD11bhi F4/80hi CD206+, CD206+ BLT1+ 955 
M2 macrophages: CD11bhi F4/80hi CD206+ BLT1+. n=3–4 per group. (I) FACS analysis 956 
of M2 markers on the ocular-infiltrating BLT1+ and BLT1- macrophages on Day 5 post-957 
laser injury from aged WT mice. CD206, CD301, and PD-L2 are specific surface markers 958 
of M2 macrophages. Cells were stained with anti-CD206, anti-CD301, and anti-PD-L2 959 
mAbs (black outlines) or isotype controls (gray filled histograms). Overlays show the 960 
expression level of M2 markers on BLT1+ (black outlines) and BLT1- (black dotted lines) 961 
macrophages. These macrophages were gated as the CD45+ F4/80hi CD11bhi population. 962 
(J, K) FACS analysis of BLT1 expression on the ocular-infiltrating CD206+ M2 963 
macrophages on Day 3 post-laser injury from young or aged WT mice. n=3 per group. 964 
(A, B, C, D) **P < 0.01; ***P < 0.005; ****P < 0.001 versus 0 h (2-way ANOVA with 965 
Bonferroni’s post hoc test). (E, F, G, H) *P < 0.05; **P < 0.01 versus Day 0 (1-way 966 
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ANOVA with Dunnett’s post hoc test). (K) **P < 0.01 (Student’s t test). Results are 967 
representative of at least two independent experiments (A-I).  968 
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Figure 6. M2 macrophages respond to LTB4. 969 
(A) Calcium mobilization in M0- (cross plots), M1- (open squares), and M2- (filled 970 
circles) RAW264.7 cells after stimulation with the indicated concentrations of LTB4 and 971 
2 µM ionomycin. n=3 per group. (B) Chemotaxis of M2-RAW264.7 cells toward 100 nM 972 
(highest concentration) of LTB4 (n=18) or vehicle (n=15). The velocity (C) and 973 
directionality (D) of M2-RAW264.7 cell migration in the presence of vehicle (n=15) or 974 
100 nM LTB4 (n=93) are shown. (C, D) ***P < 0.005 (Student’s t test). Results are 975 
representative of at least two independent experiments.  976 
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Figure 7. LTB4-BLT1 signaling induces VEGF-A production in M2 macrophages. 977 
BMDMs from aged BLT1-WT (open bars) and BLT1-KO (filled bars) mice (> 20 weeks 978 
old) were polarized to M2 macrophages, and were stimulated with 500 nM LTB4 or 979 
vehicle for 0.5 h (A) or 4 h (B). The expression levels of VEGF-A mRNA (A) and protein 980 
(B) were measured by quantitative RT-PCR and ELISA. n=3 per group. (A, B) *P < 0.05; 981 
**P < 0.01; ***P < 0.005; ns, not significant (1-way ANOVA with Newman-Keuls post 982 
hoc test). Results are representative of at least two independent experiments.  983 
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Figure 8. M2 macrophage-dependent CNV development requires BLT1. 984 
Images of iB4 staining (A) and CNV volume (B) in the RPE-choroid of recipient mice 985 
that received M0-, M2-, and M1-BMDMs from aged BLT1-WT (open circles) or BLT1-986 
KO (filled circles) mice (> 20 weeks old). n=6–8 mice per group. (C, D) H&E staining 987 
of the laser-injured retinas of recipient mice receiving M2-BMDMs from BLT1-WT or 988 
BLT1-KO mice (> 20 weeks old). Yellow dotted lines show the lesion area. n=4 per group. 989 
Bar=100 µm (A, C). (B, D) *P < 0.05; ns, not significant (1-way ANOVA with 990 
Bonferroni’s post hoc test [B] and Student’s t test [D]). Results are representative of at 991 
least two independent experiments.  992 
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Figure 9. The effects of a BLT1 antagonist and LTB4 synthesis inhibitors on 993 
development of CNV. 994 
Images of iB4 staining (A) and CNV volume (B) in the RPE-choroid from aged WT mice 995 
(> 20 weeks old) after administration of 0.2–20 pmol of CP105696 (a BLT1 antagonist; 996 
filled circles) or 20 pmol of Zileuton (a 5-LO inhibitor), MK-886 (a FLAP inhibitor), or 997 
Bestatin (a LTA4H inhibitor) (filled triangles), or vehicle (open circles). n=4–9 mice per 998 
group. (C, D) H&E staining of the retinas after aged WT mice (> 20 weeks old) with 999 
laser-induced injury were treated with CP105696, Zileuton, MK-886, and Bestatin (20 1000 
pmol/eye), or DMSO. Yellow dotted lines show the lesion area. n=3-6 per group. (E, F) 1001 
The number of the ocular-infiltrating CD206+ or CD206+ BLT1+ M2 macrophages was 1002 
analyzed on Day 3 post-laser injury from CP105696- (20 pmol/eye) or DMSO-injected 1003 
WT mice (> 20 weeks old). n=3-4 per group. Bar=100 µm (A, C). (B, D) *P < 0.05; **P 1004 
< 0.01 (1-way ANOVA with Dunnett’s post hoc test [B, D] and Student’s t test [E, F]). 1005 
Results are representative of at least two independent experiments (A-D). 1006 


