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L E T T E R

Allergic eye disease: Blocking LTB4/C5 in vivo suppressed 
disease and Th2 & Th9 cells

To the Editor
Vernal keratoconjunctivitis (VKC) affects children and can impair 

vision if the cornea becomes involved. Immunosuppressives (ste-
roids and cyclosporin A) are required but can have side effects, and 
novel immunotherapeutic approaches are needed.1 The aim of this 
study was to investigate the contributions of LTB4 and complement 
C5 in a model of allergic eye disease (experimental allergy conjuncti-
vitis, EAC).2 Previous studies have demonstrated that nomacopan, a 
bifunctional recombinant biologic derived from blood-feeding ticks, 
has anti-inflammatory properties by capturing LTB4 and preventing 
it from interacting with its two known G protein-coupled cell surface 
receptors (GPCR BLT1 and BLT2). Simultaneously, nomacopan inhib-
ited C5 end terminal complement activation, thereby preventing for-
mation of C5b-9 and C5a.3 These two pathways have evolutionary 
connections as phylogenetic analysis showed that tick saliva started 
as an LTB4 inhibitor, and subsequently acquired the ability to inhibit 
C5. It has been shown in a mouse model of inflammatory arthritis 
that C5a production resulted in the release of LTB4 to promote fur-
ther neutrophil migration to the interstitium.4

EAC is a model of allergic eye disease mainly driven by effector 
Th2 cells and mast cells (MC). During EAC, conjunctival inflammation 
can be detected after 5 days, scored non-invasively2 (Figure S1A–
C), with elevated levels of conjunctival IL-9-expressing CD4+T cells 
and MC detected in tissues and cells expanded from conjunctival 
explants (Figure S1D–J). Significantly increased levels of tryptase+ 
conjunctival MC were observed, co-expressing intracellular IL-9 in 
the sub-epithelial area within the fornix of conjunctival EAC tissues 
(Figure S1G).

In this study, we investigated the effects of topically admin-
istered nomacopan in EAC and observed a significant suppres-
sion of disease in treated mice, and a decrease in IL-9-expressing 
CD4+T cells (Figure  1A–C; Figure S2A). Recent studies have 
demonstrated that IL-9 can be produced by Th9 and Th2 cells.5,6 
To determine which CD4+T cell subset was producing IL-9, tran-
scription factor expression was investigated. IL-9-producing Th2 
cells express GATA3, but not PU-1, whereas IL-9-producing Th9 
cells express PU.1, but not GATA3. Within the infiltrating CD4+T 
cells in EAC, Th9 cells (IL-9+PU.1+) and IL-9-expressing Th2 cells 
(GATA3+IL-4+IL-9+) cells were increased in OVA-challenged mice 
compared with controls (Figure S1H–J).

During early stages of EAC (Days 1–6), no effect by nomacopan 
was observed due to low inflammatory scores overall. However, at 
days 7 and 10, a significant decrease in IL-9+CD4+ T cells (Figure 1C–
F) following nomacopan treatment was observed. The levels of Th2 
(IL-4+ PU.1− GATA3+) cells and IL-9-expressing Th2 cells were also 
significantly reduced (Figure S2B–D). Interestingly, although there 
was an overall reduction in IL-9 expression levels, there were signif-
icant changes in Th9 (IL-9+PU.1+IL-4−) levels only at the higher con-
centration of nomacopan (Figure 1D).

This in vivo model shares many features with VKC in man since 
there is a predominant CD4+T cell infiltration of the conjunctival tis-
sues and evidence of fibrosis.2 Hence, we used VKC tissue specimens 
and tear fluids to compare with EAC tissues. Tears collected from 
VKC patients during active disease showed a significantly higher 
level of IL-9 (clinically uncontrolled) as compared with inactive VKC 
(controlled; Figure 2A). VKC conjunctival tissue sections were exam-
ined for expression of CD4, IL-9, IL-9 receptor (IL-9R), and tryptase 
(Figure 2B–E). IL-9-expressing CD4+T cells and MC were both signifi-
cantly up-regulated in all active VKC specimens (n = 7) as compared 
with controls. We observed CD4+T cells co-localized with IL-9 in the 
sub-epithelial and stromal areas of VKC sections (Figure 2B) and IL-
9R expression (Figure 2C). Infiltrating MC (Tryptase+) and other cell 
types also expressed IL-9R (Figure 2D) within stromal areas, with the 
frequency of IL-9R-expressing MC significantly higher than IL-9R-
expressing CD4+T cells (Figure 2E).

To further investigate whether the receptors for those ligands 
targeted by nomacopan were expressed during EAC, conjunctival 
tissue expression and localization of C5aR and BLT1 (LTB4 recep-
tors) were investigated (Figure S2E) as well as in VKC and healthy 
tissue controls (Figure 2F,G). Relative expression of BLT1 and C5aR 
was analysed by counting positively stained cells in at least 5 non-
overlapping areas (ImageJ). Interestingly, increases in infiltrating 
immune cells within the stromal areas correlated with increased ex-
pression of BLT1 (means ± SD; 34.98 ± 15) and C5aR (56.67 ± 12) 
in EAC, and comparable levels were also observed in VKC: BLT1 
(40.48 ± 10); C5aR (44.90 ± 20). Very few cells co-expressed both 
receptors while only rarely were any BLT1+ or C5aR1+ cells detected 
in healthy mouse and human tissues, suggesting that these receptors 
are exclusively expressed during disease, potentially by infiltrating 
CD4+T cells and MC.
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F I G U R E  1  Topical nomacopan attenuated conjunctivitis in EAC and decreased IL-9 in CD4+T cells. (A, B) Clinical scores of eyes were 
compared with saline-treated controls. (C−F) Conjunctival explant cells stained for T-cell markers. Flow cytometry plots represent 
staining for: (C) IL-9, (D) IL-9 and PU.1 (Th9 cells) and a summary graph of percentages for IL-9+PU.1+ (Th9) or IL-9+PU.1− (Th2) cells. (E, F) 
Representative plots were gated for Th2 cells (IL-4+GATA3+PU.1−) in treatment groups and a summary graph. Four independent experiments, 
ANOVA and unpaired t-tests; mean ± SD (n = 6–8 mice per group). *p < .05, **p < .01. Nom = nomacopan, CsA = Cyclosporine A
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F I G U R E  2  (A) IL-9 levels in tear fluids, demonstrating an increase in clinically uncontrolled (i.e. active) VKC as compared with those with 
clinically controlled disease; (B) Histology/immunofluorescence staining of VKC conjunctival sections for CD4 and IL-9; (C) CD4 and IL-9R; 
(D) Tryptase and IL-9R. (E) Scatterplots based on immunoreactivity and intensity for IL-9R, tryptase or IL-9R and CD4 as percentages of the 
immunostained areas. Representative summary graph of one of 7 biopsies. Values were added from 3 fields. (F, G) Representative staining 
for C5aR1, BLT1, CD4 on healthy, 1 of 3 (F) and VKC 1 of 7 (G) conjunctival tissues. Mean ± SD, ANOVA, **p < .01,**p < .001. E = epithelial 
layer; S = stroma: G = gland (Lacrimal)
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We conclude that IL-9 was up-regulated during VKC and EAC. 
Nomacopan significantly suppressed EAC severity, accompanied 
by a decrease in IL-9-producing Th2 cells, Th2 cells and to a lesser 
extent, Th9 cells, suggesting a key pro-inflammatory role for IL-9-
secreting CD4+T cells in allergic eye disease.

Our findings support nomacopan as a potential treatment for al-
lergic eye disease due to its ability to down-regulate LTB4/C5 path-
ways in EAC.
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