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CD40-targeted peptide proposed for type 1 diabetes therapy lacks
relevant binding affinity to its cognate receptor
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To the Editor: The CD40-CD40 ligand (CD40L, also known
as CD154) pathway has been identified as a potential target for
pharmaceutical intervention in type 1 diabetes [1, 2]. The
CD40-targeted peptide approach published by Wagner and
colleagues in Diabetologia in 2014 [3] captured our attention
because their data indicated that the peptide used in their re-
search induced potent diabetes prevention and possible diabe-
tes reversal in the gold-standard NOD mouse model of type 1
diabetes. Moreover, in contrast to other anti-CD40L antibod-
ies, it was suggested that the peptide format used in the paper
by Wagner’s group [3] would not cause anti-CD40L immune
complexes to trigger Fcγ type 2 receptor A (FcγRIIa) signal-
ling through an Fc moiety, thus avoiding platelet activation
and the subsequent thrombotic complications associated with
these antibodies [4].

The in vivo data obtained byWagner’s group [3] imply that
the CD40L-derived 15-mer peptide would bind to CD40 with
high enough affinity to block endogenous CD40L binding or
to induce any other sort of uncharacterised tolerogenic signal-
ling downstream of CD40.

To assess 15-mer peptide binding to CD40, we first pro-
duced the mouse 15-mer peptide and a scrambled 15-mer

version, confirmed solubility by visual inspection and verified
identity by mass spectroscopy (MS; Fig. 1a) and purity via
C18 reversed phase HPLC (data not shown) (see ESM
Methods for further details). We proceeded to characterise
the peptide’s binding association and dissociation kinetics to
mouse CD40 via biolayer interferometry using an Octet Red
instrument (Fremont, CA, USA) (Fig. 1b). The commercial
control mouse CD40L protein (R&D Systems; Minneapolis,
MN, USA) demonstrated strong affinity for mouse CD40,
estimated in the low nmol/l range, with fast on-rate and slow
off-rate binding kinetics. In contrast, very fast on and fast off
kinetics were observed for both the 15-mer peptide and the
scrambled version of the peptide, possibly indicating non-
specific binding. To evaluate binding using an alternative
method, surface plasmon resonance (SPR) was employed to
quantitatively determine the affinity of 15-mer binding to
mouse CD40-Fc (see ESM Methods). The commercial
CD40L protein bound to CD40 with a binding affinity (KD)
of 0.4 nmol/l (Fig. 1c), but no binding was seen using up to
3 μmol/l of the 15-mer (Fig. 1d) or scrambled peptides (data
not shown).

Next, we performed structural analysis by aligning the pep-
tide with the published CD40-CD40L crystal structure in
silico in order to evaluate binding location and theoretical
interaction quality (see ESM Methods) [5]. This analysis
was performed under the assumption that synthesised, free
and flexible 15-mer peptide will retain the same conformation
as native CD40L when interacting with CD40. It was deter-
mined that peptide interaction with CD40 is mediated by res-
idues K143, G144, Y145 and Y146 (hydrophilic contacts),
and also E142 and K143 (charge interactions) [5]. George
Jeffrey categorised H bonds with donor-acceptor distances
of 3.2–4.0 Å as weak and electrostatic; the 15-mer peptide
CD40 interaction region was predicted to have H bonds that
fell within these donor-accepted distances (see Fig. 1e), [6].
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We conclude that, according to the analysis based on the crys-
tal structure of CD40/CD40L, the 15-mer peptide’s interface
with CD40 is very limited and primarily relies on main
chain interactions. In selecting a CD40-binding peptide
from the CD40L sequence, solely based on the published
complex structure, other regions of CD40L display better
properties than this 15-mer in terms of binding interface.
However, the 15-mer peptide would be flexible in solution
and most probably could adopt a totally different confor-
mation compared with its conformation in the complex
structure.

Taken together, our data do not support the hypothesis that
the 15-mer CD40-targeted peptide published by Wagner and
co-authors [3] is capable of establishing any relevant binding
interaction with CD40. The authors claimed to have been able
to pull down native CD40 protein from a complex immune
cell lysate using beads coated with 15-mer peptide. In addi-
tion, a fluorescently labelled 15-mer peptide was reported to
stain immune cells in flow cytometry analysis. Based on the
data presented here, we propose that binding may have oc-
curred due to a random endogenous protein in an off-target,
non-CD40 specific fashion. As for the NOD mouse model
data, we noted that the efficacy of this peptide in preventing

hyperglycaemia was obtained using a once weekly i.v. dosing
regimen, beginning at 5 weeks of age. With an expected half-
life in the order of minutes [7] and virtually no affinity for
CD40, we consider the probability of meaningfully affecting
the CD40–CD40L pathway with the 15-mer peptide to be
extremely low. It is, of course, possible that an uncharacterised
off-target mechanism is affected by the 15-mer peptide that
could result in the efficacy profile observed, such as that in the
early prevention setting in the NOD model. The data from the
recent-onset diabetes model published by Wagner’s group
[3], on the other hand, suggest reversal in n = 5 mice vs no
reversal in n = 4 mice, which alone remains an inconclusive
observation.

In conclusion, our dataset casts doubt on the findings pub-
lished by Wagner’s group [3] and question the rationale for
progression of the 15-mer peptide used in their studies to-
wards use in clinical studies. Wagner and colleagues conclud-
ed that their alternative therapeutic peptide approach opens
new avenues of exploration in targeting receptor–ligand inter-
actions [3]. Based on our data, we conclude that, when isolat-
ing small peptides from their native context within the recep-
tor binding region, it is rather uncertain that any relevant bind-
ing affinity will be preserved or therapeutic utility achieved.
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Fig. 1 Experimental and in silico assessment of the properties of 15-mer
peptide binding to CD40. (a) Liquid chromatography–mass spectrometry
(LC–MS) verification of the 15-mer peptide batch used in binding exper-
iments. Observed Mass (Da) was 1816.9798. (b) Octet Red assay data on
15-mer and scrambled 15-mer peptides vs commercial CD40L (R&D
Systems). (c) Analysis of the binding of CD40L to mouse CD40-Fc by
SPR. CD40-Fc was captured on a chip surface immobilised with goat
anti-human Fc antibody. Then, CD40L was injected over that surface at
different concentrations for 300 s followed by a dissociation step, which

involved buffer flowing over the chip for 600 s. The calculated binding
affinity (KD, defined by the ratio of binding rate constants kd/ka) was
determined as 0.4 nmol/l. (d) Analysis of the binding of the CD40-
targeted 15-mer peptide to mouse CD40-Fc by SPR. As in (c), the
CD40-targeted 15-mer peptide was injected at different concentrations
over the same chip that captured CD40-Fc. No binding was observed
up to 3 μmol/l (3000 nmol/l). (e) Modelled interaction region of relevant
interaction residues between the 15-mer peptide (magenta) and CD40
(green). The interacting residues from the peptide are shown in bold
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