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To the Editor

Omalizumab, a humanized anti-IgE antibody, is the only currently approved antibody for treating IgE-
mediated diseases and acts by interfering with IgE binding to the IgE receptors FceRI and CD23
(FceRID)(1).

Shade et al. demonstrated that IgE sialylation is essential for its allergic pathogenicity(2). The
introduction of a glycan structure on IgE at the binding site for omalizumab prevents the binding of
omalizumab to IgE(3). We have demonstrated that natural anti-IgE antibodies in mice and humans
recognize glycan structures on IgE(4,5). However, it is not known whether the removal of glycan
structures also affects the activity of omalizumab.

To study this, we deglycosylated human IgE antibodies obtained from three different sources, two from
hybridomas (SUS11 and ab65866) and IgE isolated from human serum. As a single oligomannose-type
glycan is essential for binding to the FceRI(6), we used Endoglycosidase F1 to remove the
oligomannose at the Ce3 domain resulting in a substantial reduction in binding to deglycosylated IgE
compared to glycosylated IgE (Figure 1A and Figures S1A, B).

Removing oligomannose from IgE not only reduced the binding ability of omalizumab to IgE but also
decreased the binding constants of omalizumab to IgE as determined in Biolayer Interferometry (BLI)
measurements (Figure 1B and Figures S1C-G).

Given that CD23, unlike FceRI, binds IgE independent of its glycosylation, we examined whether the
removal of oligomannose may affect the inhibition of IgE binding to CD23 by omalizumab on CD23
expressing B cell line. Significantly better inhibition was observed with glycosylated IgE (Figure 1D
and Figures S1H, I). However, there was a different extent of inhibition depending on the IgE source.
Interestingly, when we mutated (N394 to Q394) the recombinant IgE, omalizumab could no longer bind
this mutant IgE (Figures 1E, F), confirming that the loss of binding of omalizumab to deglycosylated
IgE is due to the absence of N394 glycosylation. Likewise, no binding of omalizumab to mutated IgE
could be detected in BLI (Figures 1G, H) and in CD23-expressing cells (Figure 11).

Since glycosylation of IgE seems to play a significant role in omalizumab’s activity, we next
investigated the role of various IgE glycans in the activity of omalizumab in more detail. First, we
examined whether the removal of sialic acid affects IgE binding since healthy individuals and peanut-
allergic individuals show different sialic acid patterns(2) Our data showed that removing the sialic acid
from complex and hybrid N-glycans did not significantly affect omalizumab binding to IgE, which
corroborates the oligomannose specificity of omalizumab binding (Figure S2A). However, our glycan
arrays showed that omalizumab could not recognize glycan structures independently of the IgE protein
backbone (Figures S2B, C), suggesting a conformational change of IgE in the absence of site-specific
glycosylation may be responsible for the reduced activity of omalizumab.

Our data may explain why not all allergic patients respond equally well to omalizumab treatment.

Indeed, omalizumab responders had significantly higher expression levels in clusters of genes
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responsible for regulating mannose metabolism than non-responders(7). Using mutated recombinant
IgE we were able to show that natural anti-glycan IgG antibodies comparable to omalizumab are also
present in the serum of allergic and healthy individuals. (Figures 2A, B). We also observed a significant
positive correlation (r > 0.7) between the binding of anti-mannose lectin and omalizumab to IgE,
whereas no correlation could be detected using a control anti-human IgE antibody, Le27 (Figures 2C,
D). These data show that the signal to oligomannose positively correlates with the binding of
omalizumab. Differences in oligomannose content on IgE could therefore be a reason for non-
responders as well as a marker for the success of omalizumab therapy. However, further studies with

more donors and different allergies must confirm our results.

Keywords: Omalizumab, glycans, IgE regulation, allergy, hypersensitivity,

Conflict of interest

M. F. Bachmann is a board member of Saiba AG. All other authors declare no conflict of interest.

Funding information

This project was supported by funding from the following grants: SNF grant 310030 179165 to MV;
SNF grant 310030 185114 to MB; The laboratory of SVG is supported by grants from the Swiss
National Science Foundation (SNSF) [310030 184757; 310030E 205559], and the Swiss Cancer

League/Swiss Cancer Research [KFS-4958-02-2020].

5B SUOWILIOD BAIIea.D 3|l |dde ay) Aq peusenob are sejoite YO ‘8sn Jo 3Nl 4oy A%iqiTauluQ /8|1 UO (SUO1IPUOD-PpUe-SWISW0D" AB 1M Alelq |jeu 1 Juo//:Ssdny) SUoIPUOD pue swd 1 8yl 8es *[£20z/70/6T] uo Aigiauluo AB|IM ‘uleg 1e1seAIuN AQ 8v/ST |B/TTTT OT/I0p/W0D A8 | 1M Aselq 1 jpuluo//:sdny wouy pepeojumoq el ‘S66686ET



References

1.

Gasser P, Tarchevskaya SS, Guntern P, Brigger D, Ruppli R, Zbdren N et al. The
mechanistic and functional profile of the therapeutic anti-IgE antibody ligelizumab
differs from omalizumab. Nat Commun 2020;11:165.

Shade KTC, Conroy ME, Washburn N, Kitaoka M, Huynh DJ, Laprise E et al. Sialylation
of immunoglobulin E is a determinant of allergic pathogenicity. Nature 2020;582:265—
270.

Pennington LF, Tarchevskaya S, Brigger D, Sathiyamoorthy K, Graham MT, Nadeau KC
et al. Structural basis of omalizumab therapy and omalizumab-mediated IgE
exchange. Nat Commun 2016;7. doi:10.1038/NCOMMS11610

Engeroff P, Plattner K, Storni F, Thoms F, Frias Boligan K, Muerner L et al. Glycan-
specific 1gG anti-IgE autoantibodies are protective against allergic anaphylaxis in a
murine model. J Allergy Clin Imnmunol 2021;147:1430-1441.

Plattner K, Gharailoo Z, Zinkhan S, Engeroff P, Bachmann MF, Vogel M. IgE glycans
promote anti-IgE IgG autoantibodies that facilitate IgE serum clearance via Fc
Receptors. Front Immunol 2022;13. doi:10.3389/FIMMU.2022.1069100

Shade KTC, Platzer B, Washburn N, Mani V, Bartsch YC, Conroy M et al. A single glycan
on IgE is indispensable for initiation of anaphylaxis. J Exp Med 2015;212:457-467.
Upchurch K, Wiest M, Cardenas J, Skinner J, Nattami D, Lanier B et al. Whole blood
transcriptional variations between responders and non-responders in asthma
patients receiving omalizumab. Clin Exp Allergy 2020;50:1017-1034.

85U8017 SUOWLIOD BAIRe.D 3|0edi|dde ay) Aq peusench afe sajoife YO ‘@SN JO Sa|NnJ o) Areig17 8UIUO A3|IM UO (SUOIIIPUOD-PUE-SWBW0D AB | IM ARelq 1 jou|Uo//:SdNy) SUONIPUOD Pue SWB 1 Y1 8eS *[£202/70/6T] U0 ARiqiauliuo AB|IM ‘uieg 1ee1seAIN AQ 87/GTIR/TTTT OT/I0p/L0 A8 Im Areuq 1jpul Juoy//:sdny woJy pepeo|umoq ‘ef ‘G66686ET



Figure 1
A B 16
T Isolated human IgE
34 £, 1.4+
i -©- hulgE o
*kkk E 1.2
- hulgE(F1) =
24 =
(=] -
gﬁ g 0.8
o 006
1 204]
*kkk -E -
=
6 0.2
0 0.0+ - ; - ; - )
T T T 0 100 200 300 400 500 600
10 1 0.1 0.01 0.001 . .
i Time from association [s]
C Omalizumab (ug/ml) D
164
Eqal Isolated human IgE(F1)
o 150 4
® 1.2
510‘ " ns 3 hulgE
3 & 004 I1 B huigE(FL)
£ 0.8+ =
< =
206 g
Zo4] 5 50
2 R
I
m 027 100 nM -25 nM rl
0.0~ 0- T T ﬁl ﬁ|
0 100 200 300 400 500 600 0nM 0.44nM 1.32nM 4nM 12nM
Time from association [s] Concentration of Omalizumab
E F aq
kkkk  kkkk  kkkk 497 Rec' |gE
ko -# mut.Rec.
) IgE(N384Q)
(=]
2
a
[¢]
1 -
0 B L
10 1 0.1 0.01 0.001
Omalizumab (ug/ml
G H (ng/ml)
16 1.6
21.4« E.H- Mutated IgE
o el
© 1.2 1
g g 12
1.0+ & 1.0
] ©
£038- ]
5 g 0.8
L2064 0064
(o)}
£044 E’ 044
© o
£ c
m 0.2+ mo02
100 nM - 6.25 nM
0.0 +—* - - - - : ) 0.04— : - - - - ‘
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time from association [s] Time from association [s]
|
150
[ Rec.gE
1004 Hl mutigE

% of Anti-IgE-PE

i
o ﬂ 1l 1

0nM 0.44nM 1.32nM 4nM 12nM
Concentration of Omalizumab

85U8017 SUOWLIOD BAIRe.D 3|0edi|dde ay) Aq peusench afe sajoife YO ‘@SN JO Sa|NnJ o) Areig17 8UIUO A3|IM UO (SUOIIIPUOD-PUE-SWBW0D AB | IM ARelq 1 jou|Uo//:SdNy) SUONIPUOD Pue SWB 1 Y1 8eS *[£202/70/6T] U0 ARiqiauliuo AB|IM ‘uieg 1ee1seAIN AQ 87/GTIR/TTTT OT/I0p/L0 A8 Im Areuq 1jpul Juoy//:sdny woJy pepeo|umoq ‘ef ‘G66686ET



Figure 1. Reduced binding of omalizumab to enzymatically deglycosylated human IgE and recombinant
mutated IgE.

A) The results of ELISA OD450 of omalizumab binding to glycosylated or deglycosylated human IgE
antibodies are shown. Binding of omalizumab to isolated IgE from human serum compared to human
IgE treated with Endoglycosidase F1 (n = 4 per group). Binding kinetics of glycosylated B) and
deglycosylated C) human IgE to omalizumab in BLI assays. In all assays, both association and
dissociation were performed in 300s. D) Comparison of binding of glycosylated versus deglycosylated
IgE to CD23. IgE antibodies and omalizumab at different concentrations were complexed before they
were added to the B cells. Shown are isolated human IgE treated with Endoglycosidase F1 (n= 3 per
group). E) shows the introduction of mutation in the Ce3 region. F) shows the ELISA OD450 values of
omalizumab binding to WT recombinant IgE or mutated IgE (n = 6 per group). G) show the response
of omalizumab to recombinant, and H) shows the response of omalizumab to mutated IgE in BLI. D)
Shown is the ability of IgE (WT or mutated), previously complexed with omalizumab, to bind to B cells
(n =3 per group). 1) Comparison of binding of glycosylated versus Endo F1 treated isolated human IgE
to CD23 (n= 3 per group). IgE antibodies and omalizumab at different concentrations were complexed
before they were added to the B cells. Statistical analysis for A, D, F, and | were performed using
ordinary Two-way ANOVA with Siddk’s multiple comparison test (a = 0.05): ns = not significant,
p<0.05 (*), p<0.01 (*¥*), p<0.001 (***), and p<0.0001 (****)
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Figure 2
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Figure 2. Assessment of glycan binding by human serum and Omalizumab.

The results of ELISA OD450 of human sera from healthy A) or atopic B) individuals binding to
recombinant or mutated human IgE antibodies are shown. C) and D) shows the scatter plot of the
OD450 value (n > 21). Shown is the correlation of atopic individuals to anti-mannose lectin and
omalizumab. C) or anti-mannose lectin and Le27 D). The color of the dots represents the amount of
total IgE: green >100 kU/ml, orange 20-100kU/ml, red <20kU/ml. B and D were analyzed using
ordinary Two-way ANOVA with Sidak’s multiple comparison test (a = 0.05). C and D were analyzed

using the Pearson correlation coefficients (two-tailed) with a confidence interval of 95%.
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