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Abstract

The use of monoclonal antibodies targeting the CD154 molecule remains one of the most effective
means of promoting graft tolerance in animal models, but thromboembolic complications during
early clinical trials have precluded their use in humans. Furthermore, the role of Fc-mediated
deletion of CD154-expressing cells in the observed efficacy of these reagents remains
controversial. Therefore, determining the requirements for anti-CD154-induced tolerance will
instruct the development of safer but equally efficacious treatments. To investigate the
mechanisms of action of anti-CD154 therapy, two alternative means of targeting the CD40-
CD154 pathway were used: a non-agonistic anti-CD40 antibody, and an Fc-silent anti-CD154
domain antibody. We compared these therapies to an Fc-intact anti-CD154 antibody in both a
fully allogeneic model and a surrogate minor antigen model in which the fate of alloreactive cells
could be tracked. Results indicated that anti-CD40 mAbs as well as Fc-silent anti-CD154 domain
antibodies were equivalent to Fc-intact anti-CD154 mADbs in their ability to inhibit alloreactive T
cell expansion, attenuate cytokine production of antigen-specific T cells, and promote the
conversion of Foxp3™ iTreg. Importantly, iTreg conversion observed with Fc-silent anti-CD154
domain antibodies was preserved in the presence of CTLA4-1g, suggesting this therapy is a
promising candidate for translation to clinical use.
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INTRODUCTION

Blockade of CD40-CD154 interactions during T cell priming has shown to be a highly
effective means of inducing long-term survival of allografts and transplantation tolerance in
both murine and non-human primate models (1, 2). However, the clinical potential of this
therapy has yet to be realized due to the thromboembolic complications observed during
clinical trials of an anti-CD154 monoclonal antibody (3). Thus, determination of the
requirements needed to achieve this salutary effect would guide development of novel
therapeutics targeting this pathway with improved safety profiles and potential for
translation for clinical use.

The mechanisms by which anti-CD154 antibodies induce profound immunomodulation of
donor-reactive T cell responses in animal models, resulting in long-term graft survival and
in some cases tolerance, is still controversial. A previous report suggested that the
tolerogenic effects of anti-CD154 antibodies were Fc- and complement-dependent (4).
However, Daley and colleagues demonstrated that an aglycosylated form of anti-CD154,
which exhibits reduced ability to bind Fc receptors and activate complement, was able to
prolong graft survival as effectively as the glycosylated form (5). In addition, antibodies that
target the CD40 molecule have also been shown to be efficacious in preventing
alloreactivity in both mouse and non-human primates (6, 7). Therefore, our study aimed to
directly compare the effects of an Fc-intact anti-CD154 antibody to both a non-agonistic
anti-CD40 antibody as well as a clinically translatable Fc-silent anti-CD154 domain
antibody (dAb). This novel reagent was generated by fusing a human anti-mouse CD154 Vk
domain antibody to a mutated mouse 1gG1 Fc (D265A), to abrogate FcyR interactions (8-
10).

Accumulating evidence suggests that the presence of CD4* CD25* regulatory T cells (Treg)
may be critical for the induction of graft tolerance (11, 12). Previous work by our group has
shown that perturbation of the CD40-CD154 pathway with an Fc-intact anti-CD154 mAb
antibody led to the generation of antigen-specific induced Treg (iTreg) (13). However,
whether this conversion requires the deletion of alloreactive effector T cells or simply
blockade of the CD40-CD154 interaction remained unknown. Furthermore, previous studies
demonstrated that CTLA4-1g and Fc-intact anti-CD154 synergize to promote graft survival
(2, 14), despite the known negative effect of CTLA4-1g on Treg (15, 16). Therefore, we
sought to determine if iTreg generation was preserved when CTLA4-1g was given in
combination with a potentially clinically translatable anti-CD154 dAb.

To address these issues, we employed both a fully allogeneic model of skin transplantation
as well as a transgenic system of minor antigen disparity in which the non-self antigen
ovalbumin (OVA) is constitutively expressed on donor-derived cells. We demonstrate that,
relative to an Fc-intact anti-CD154 antibody, both anti-CD40 as well as Fc-silent anti-
CD154 dAbs were able to comparably prolong graft survival, attenuate alloreactive cytokine
production and promote robust iTreg conversion. Importantly, the iTreg conversion
observed following anti-CD154 dAb treatment was preserved in the presence of CTLA4-1g
treatment, highlighting the potential synergy of these therapies. Taken together, these results
suggest that blockade of the CD40-CD154 pathway, rather than Fc-mediated deletion of
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alloreactive cells, mechanistically underlies the attenuation of donor-reactive CD8* T cell
responses, induction of Foxp3* iTreg, and prolongation in graft survival observed following
CD154 antagonism. These studies provide proof-of-concept that development of Fc silent
anti-CD154 domain antibodies may be translatable for use in clinical transplantation.

MATERIALS AND METHODS

Mice
B6-Ly5.2/Cr (H2-KP, CD45.1), C57BL/6 (H2-KP, CD45.2), and BALB/c (H-2K%) mice
were obtained from NCI (Frederick, MD). OT-I and OT-II transgenic mice, purchased from
Taconic Farms (Germantown, NY), were bred to Thy1.1* background at Emory University.
mOVA mice (17) were a gift from Dr. Marc Jenkins (University of Minnesota, Minneapolis,
MN) and were maintained in accordance with Emory University IACUC guidelines
(Atlanta, GA). All animals were housed in pathogen-free animal facilities at Emory
University.

Donor Specific Transfusion and Adoptive Transfers

For DST administration, 10’ BALB/c bone marrow cells or mOVA splenocytes were given
prior to transplantation. For adoptive transfers, spleen and mesenteric LNs of OT-I and OT-
I1 mice were processed and 1.5x108 of each CD45.2* or Thy1.1* OT-I and OT-11 were
injected intravenously.

Skin Transplantation and Antibody Treatment

Full thickness tail, ear, or trunk skins were transplanted onto dorsal thorax of recipient mice
and secured with adhesive bandages. Where indicated, mice were treated with 250 ug
CTLAA4-1g (Bristol Myers Squibb), 250 pg hamster monoclonal anti-mouse CD154 (MR-1,
BioExpress, West Lebanon, NJ), rat anti-mouse CD40 (6) (7E1-G2b, Bristol Myers Squibb)
or human anti-mouse CD154 Vk domain antibody fused to a mutated mouse 1gG1 Fc
(D265A) to abrogate FcyR interactions (Figure S1) (8-10) (Bristol Myers Squibb),
intraperitoneally on days 0, 2, 4, and 6 post-transplantation.

Surface Stains and Flow Cytometry

Spleens or draining axillary and brachial LN were stained for CD4, CD8, Thy1.1, and CD44
(Biolegend). Samples were analyzed using an LSRII FACS machine (BD Biosciences). Data
was analyzed using FlowJo software (Treestar, San Carlos, CA).

Intracellular Cytokine Staining

Where indicated, responder splenocytes were stimulated with BALB/c splenocytes or 10nM
OVA57_264 (Genscript, Inc.) in the presence of 10 pg/mL Brefeldin A for 4-5 hours.
Intracellular staining kit was used to detect TNF, IFN-y (Biolegend), and 1L-2 (BD
Biosciences) according to manufacturer’s instructions.
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Treg Staining
Splenocytes and draining lymph nodes were processed and stained with antibodies to CD4,

CD8, Thyl.1 and CD25 (Biolegend). Intracellular staining with anti-Foxp3 was performed
using intranuclear staining kit (eBiosciences), according to manufacturer’s instructions.

Statistical Analysis

Survival data were plotted on Kaplan-Meier curves and log-rank tests were performed. For
analysis of T cell accumulation, one-way ANOVA tests were performed, followed by Tukey
post-test. Analyses were done using GraphPad Prism software (GraphPad Software Inc).

RESULTS

Anti-CD154 domain antibodies are functionally equivalent to Fc-intact anti-CD154 mAbs

We sought to investigate the requirements for CD40-CD154 immunotherapy-mediated
survival by comparing the effects of an anti-CD40 mAb (7E1-G2b) vs. an Fc-modified anti-
CD154 dAb that is unable to mediate any effector function (Figure S1) (10) vs. the
traditional Fc-intact anti-CD154 mAb. We applied these therapies in a stringent BALB/c B6
model of murine skin transplantation. Control animals treated with CTLA4-Ig alone rapidly
rejected their grafts with an MST of 15.5 d. In contrast, the addition of each reagent
targeting the CD40-CD154 pathway significantly prolonged graft survival, with anti-
CD154, anti-CD40 and anti-CD154 dAb extending MST to 33, 37 and 31 days, respectively
(Fig 1A, B). Therefore, blockade of CD40-CD154 interactions with novel anti-CD154 dAbs
for only the first 6 days post-transplantation is sufficient to prolong graft survival to a
similar extent as Fc-intact anti-CD154 treatment.

Activation and cytokine production of alloreactive T cells are diminished in the presence
of anti-CD154 dAbs

We next sought to obtain a more granular assessment of the impact of each therapeutic
strategy on the alloreactive CD4" and CD8* T cell response following transplantation. B6
mice received BALB/c skin grafts and were treated with anti-CD154, anti-CD40 or Fc-silent
anti-CD154 dAbs. At day 14 post-transplant splenocytes were harvested and analyzed for
expression of activation markers. Untreated mice developed a robust allogeneic response, as
evidenced by the higher proportion of CD44-expressing CD4* and CD8* T cells (26.3+0.8%
and 34.7+£2.2%), whereas mice treated with anti-CD154, anti-CD40 and Fc-silent anti-
CD154 dAbs all showed significant reductions in these populations (Figure 2A, B). A large
percentage of CD8* T cells from untreated animals were able to make both interferon-
gamma (IFN-y) and tumor necrosis factor (TNF) following ex vivo restimulation with
BALBI/c cells, whereas the cytokine production in animals treated with anti-CD154, anti-
CDA40 or Fc-silent anti-CD154 dAbs was significantly blunted (Figure 2C, D).

Anti-CD154 dAbs inhibit donor-reactive T cell expansion in response to a minor antigen

Using this fully allogeneic model, we were unable to determine if alloreactive cells were no
longer present in these animals, or if they were present but simply unable to produce
cytokines. In order to more fully dissect the mechanism by which these therapies act, we
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employed a system in which naive OVA-specific congenically labeled CD45.2* OT-I and
Thy1.1* OT-11 T cells were transferred to naive mice that then received OV A-expressing
skin grafts (Figure 3A). This model allows us to track the effect of CD40-CD154 blockade
on the fate of antigen-specific cells following a skin graft (13, 18). We chose to focus on the
expansion of donor-reactive CD8" T cells, as CD8* cells have been shown to be the primary
mediators of costimulation blockade-resistant rejection (19). As expected, untreated mice
showed robust expansion of CD45.2* CD8* antigen-specific T cells in both the draining
lymph nodes and spleen at day 11 post-transplant. DST treatment alone only moderately
attenuated this expansion. However, perturbation of the CD40 pathway resulted in a
significant reduction in both the percentage and absolute numbers of donor-reactive CD8* T
cells in anti-CD154, anti-CD40, and Fc-silent anti-CD154 dAb-treated animals, and all
treatments inhibited donor-reactive CD8* T cell expansion to equivalent levels. Similar
findings were also observed in the donor-reactive effector CD4* Foxp3~ T cell compartment
in these animals (Figure 3B, C). These antigen-specific cells express a high level of CD44,
indicating that they have undergone activation following encounter with antigen.
Longitudinal studies have shown that the majority of these cells eventually undergo
apoptosis (13), and that those remaining are subject to peripheral tolerance mechanisms
including anergy and regulation (20). These results indicate that blocking CD40-CD154
interactions, rather than selective depletion of activated donor-reactive CD154* T cells, is
sufficient to prevent antigen-specific T cell expansion following transplantation.

Anti-CD154 dAbs reduce numbers of functional graft-specific CD8" T cells and prevent
differentiation into multi-cytokine producers

In order to determine whether donor-reactive CD8" T cell functionality was similarly
impacted by the three modalities of CD40 pathway antagonism, we examined donor-reactive
CD8* T cell compartments from treated animals following ex vivo stimulation with cognate
antigen. Results showed that greater than 50% of donor-reactive CD8* T cells in untreated
animals produced IFN-y following restimulation, and more than 30% produced both TNF
and IFN-y (Figure 4A, B). DST treatment alone resulted in a modest reduction in the ability
of donor-reactive CD8* T cells to produce cytokines, resulting in fewer double-cytokine
producing cells. However, DST treatment combined with any of the three modalities of
CDA40 pathway antagonism further blunted this response. Each of the three modalities of
CD40 pathway antagonism resulted in a decrease in the frequency of donor-reactive CD8*
IFN-y* T cells, and also to a decrease in donor-reactive CD8* multifunctional IFN-y* TNF*
T cells (Figure 4C), which have been shown to be highly potent mediators of graft rejection
(21). Thus, in addition to reducing overall expansion of alloreactive cells, an Fc-silent anti-
CD154 dAb functionally impairs the remaining cells, further diminishing their potential to
mediate graft injury.

Administration of Fc-silent anti-CD154 dAbs results in antigen-specific iTreg generation

Previous results from our group and others have shown that treatment with DST and anti-
CD154 leads to the peripheral conversion of donor-reactive CD4* T cells into Foxp3* iTreg,
which may be important for the establishment of stable graft tolerance (11, 13). Therefore,
we interrogated the ability of alternative CD40-CD154 blocking therapies to mediate this
effect. We determined the frequency of Thy1.1* CD4* donor-reactive cells that converted
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from naive CD4* cells into CD4* CD25" Foxp3* Treg. Untreated animals showed a low
frequency of donor-reactive Thyl.1* CD4" Foxp3* iTreg in the draining lymph nodes by
day 11, and DST treatment alone had no effect on the number of Thyl.1* CD4* Foxp3*
iTreg. As we have shown previously, treatment with Fc-intact anti-CD154 resulted in a
significant peripheral conversion of donor-reactive Thy1.1* CD4* T cell precursors into
Foxp3*CD25" iTreg. Notably, similar frequencies of Thy1.1* CD4" Foxp3* iTreg were
observed in animals treated with anti-CD40 antibodies and Fc-silent anti-CD154 dAbs
(Figure 5A, B). In addition, the ratio of Treg cells to effectors has been shown to be an
important parameter in determining the overall suppressive capacity of Treg populations
(22). Treatment with all three CD40 pathway antagonists increased the Treg:effector cell
ratios for both CD4" and CD8* cells (Figure 5D). Taken together, these results indicate that
alternative CD40-CD154 blockade in the presence of antigen can result in donor-reactive
Foxp3™* iTreg conversion and establishment of dominant regulatory mechanisms, which may
be critical for the establishment of transplant tolerance.

Anti-CD154 dAbs results in iTreg generation even in the presence of CTLA4-Ig

Given the potential for clinical translation of Fc-silent anti-CD154 therapy and long-
standing interest in combination therapy with CD28 costimulation blockade, we sought to
determine the effect of CD28 blockade on CD154 antagonism-induced iTreg generation.
This question was especially pertinent due to the known negative impact of CTLA4-Ig
costimulation blockade on the frequency of Treg (15, 16). We found that the frequencies of
endogenous CD4* CD25* Foxp3™ nTreg were decreased when CTLA4-1g was administered
either alone or in combination with anti-CD154 dAbs (Figure 6A, B). Importantly, however,
while CTLA4-Ig treatment alone showed no effect on iTreg conversion, anti-CD154 dAb-
induced donor-reactive Thy1.1* Foxp3* iTreg conversion was preserved in the presence of
CTLA4-Ig (Figure 6A, B). This preserved induction of antigen-specific Foxp3* iTreg in the
presence of CTLA4-Ig was similar to that observed when animals were treated with Fc-
intact CD154 in the presence of CTLA4-Ig (data not shown).

We further investigated the relative expression levels of the transcription factor Helios
within donor-reactive Thy1.1* Foxp3* iTreg generated following CD154 antagonism with
anti-CD154 dAb. Early reports suggested that Helios was a marker of thymic-derived
natural Treg (nTreg) (23), but subsequent studies have provided evidence to the contrary
(24). Here, we observed high levels of Helios expression on both endogenous nTreg (Figure
6C, left panel) and donor-reactive Thyl.1* Foxp3* iTreg compartments (Figure 6C, right
panels), supporting recent work suggesting that Helios is a marker of recent antigen
encounter rather than a marker of nTregs (25). Helios expression was not affected by the
addition of CTLA-4-1g in the presence of anti-CD154 dAbs (Figure 6C).

DISCUSSION

In this study, we demonstrated that blockade of CD40-CD154 interactions, as opposed to
FcR-dependent deletion of activated CD154-expressing alloreactive effectors, is sufficient to
prevent the expansion of alloreactive CD8" T cells and promote the conversion of antigen-
specific iTreg. This study therefore provides proof-of-concept that an Fc-silent anti-CD154
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domain antibody may provide a clinically translatable treatment with comparable efficacy to
an Fc-intact therapy. In addition, the results presented here are consistent with previous data
showing that aglycosylated anti-CD154 antibodies recapitulated the effects of Fc-intact anti-
CD154 reagents. However, generation of these reagents required a complicated “sewing
PCR” technique, and large scale production of these reagents for clinical use may prove
challenging. (5).

While our data suggest that it is blockade of CD40-CD154 interactions that is responsible
for the attenuation of alloreactive T cell responses, the precise cellular interactions most
critically impacted by CD40-CD154 blockade remain to be elucidated. While the most
likely interaction inhibited by anti-CD154 antibody treatment is that between CD154
expressed on activated CD4* T cells and CD40 expressed on dendritic cells or other APC,
emerging data suggests that CD40-CD154 interactions between other cell types may be
affected as well. Bhadra and colleagues have shown that CD40 expression on CD8* T cells
is potentially important in preventing their exhaustion (26). In addition, work from our
group has indicated that CD40 expression on CD8* T cells can prevent iTreg induction (Liu
and Ford, manuscript in preparation). A recent report also revealed that CD154 can be
expressed on dendritic cells and is important for CD8* T cell responses to certain viral
infections (27). However, it is unknown if these interactions are relevant during alloreactive
responses, and further studies will help clarify the individual cellular and molecular
interactions inhibited by this antibody therapy.

Our data also revealed an Fc-independent ability of CD154 antagonism to result in the
conversion of antigen-specific CD4* T cells into Foxp3* iTreg. The phenomenon of
antigen-specific iTreg generation following CD154 antagonism has been noted in previous
studies (13, 28), but the mechanisms underlying this effect remain to be fully elucidated.
Our results demonstrate for the first time that Fc-independent blockade of the CD40-CD154
pathway is sufficient to generate high frequencies of antigen-specific CD4* iTreg in the
context of an alloreactive response. Further research is needed to compare the relative
suppressive and migratory capacities of Foxp3* Treg generated under these conditions.

Because we observed that one of the major effects of CD154 antagonism is to induce a
population of Foxp3™* iTreg, we investigated the effect of CD28 blockade using CTLA4-1g
on these cells. We found that CD28 blockade had no effect on the induction of antigen-
specific iTreg, which was somewhat surprising given the well-appreciated role of CD28 in
the generation and maintenance of Foxp3* nTreg, and the fact that CTLA4-1g administration
profoundly diminishes nTreg populations (15, 16). These data are potentially clinically
important in light of the recent FDA approval of belatacept, a second-generation CTLA4-Ig
fusion protein (29). While this drug provides a significant benefit over standard calcineurin-
inhibitor based regimens due to its reduced cardiovascular and nephrotoxicity profile,
patients treated with belatacept experienced higher rates of acute rejection (30). As such,
there may be an opportunity to reduce the frequency of early rejection events in belatacept-
treated patients by coupling it with other low toxicity T cell-directed immunotherapies.
Indeed, numerous published reports over the last two decades have demonstrated in both
mouse and non-human primate trials that anti-CD154 antibodies can synergize with CTLA4-
Ig in attenuating alloreactivity and promoting graft survival (2, 14), Our data demonstrating
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antigen-specific CD4* Foxp3* iTreg generation in animals treated with both Fc-silent anti-
CD154 dAbs and CTLA4-Ig provide further evidence that combinatorial use of these
costimulation blockers may be beneficial in attenuating the alloreactive T cell response, and
highlight the potential for these therapies to be used together to prolong graft survival
following clinical transplantation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

Treg regulatory T cell

nTreg natural Treg

iTreg induced Treg

Fc crystallizable fragment

FcyR Fc receptor gamma

CTLA4-Ig cytotoxic lymphocyte antigen 4

[ FN-y interferon-gamma

TNF tumor necrosis factor

MST median survival time

OVA ovalbumin

dLN draining lymph node
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Figure 1. Anti-CD154 domain antibodies ar e functionally equivalent to Fc-intact anti-CD154
mAbs

(A) On day 0, B6 mice were transplanted with BALB/c skin grafts and were treated with 107
BALB/c DST and/or 250 ug of CTLA4-lg, MR-1, 7E1-G2b or CD154 dAbs where
indicated. (B) Mice treated with CTLAA4-1g alone rejected skin grafts with an MST of 15.5
d. Addition of MR-1 prolonged MST to 33 days, whereas addition of 7E1-G2b or CD154
dAbs led to an MST of 37 and 31 days, respectively. Data are cumulative of three
independent experiments with a total of fourteen to fifteen mice per group. *** = p < 0.001
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compared to CTLA4-Ig alone. Comparisons between MR-1, 7E1-G2b and CD154 dAbs
were not statistically significant.

Am J Transplant. Author manuscript; available in PMC 2015 January 08.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pinelli et al.

Page 13

A B « il
N 104 28 kk
/ | ”W( h, —
a o\
Naive 1 ! \ ) Ji ‘\j \\ %
g A | -
_ \ 3
= u o
A 286 42.4 5
[ 5
| \\ I r‘\ 3
Untreated / W | =
J S\
\ x
e S e
A 17.0 24.9
A KA
|
MR-1 | \ J\
J “\./A\ A \"J “‘
\ Y \
_— Mg\ 501 -
f\ 145 217 .
/ "
i /’r ™ | o ex
JoN » 404 h—
7E1-G2b | /1 s 3
| A P | | e
/ [ N \ ©
\ o \ a
L \ o
fl 181 229 ) E:
| \ 2
CD154 dAbs | | \ 7™ ‘}\ 2
54 dAbs / ! Faav >
// w\\ o \\
CD44
Untreated MR-1 7E1-G2b CD154 dAbs
0.983 0.837 0.664 0.536

1.07

ANL ——

0.305/197.6°

D *k
*o
121 . 2.0x10%1 —
104 *k g *k
% o
a 8 1.5.10%
O [
2 ¥ 8
[} (&)
8 o
g 69 § 1.0%10%
> B
>
Z 4 a
w iy 05
< z 5.0x10%
2 *
0- 0.0
> N 0 o > N )
G & &5
< & & < & &
o o
S S

Figure 2. Activation and cytokine production of alloreactive T cells are diminished in the
presence of anti-CD154 dAbs
(A) Representative histograms of CD44 expression on splenic CD4* and CD8* T cells

isolated from grafted mice at day 14. (B) Frequencies of CD44Mi cells among CD4* and
CDS8™ T cell populations. Treatment with MR-1, 7E1-G2b or CD154 dAbs results in the
reduction of CD44 expression on both CD4* and CD8" cells. (C) Representative flow plots
of intracellular cytokine staining of recipient splenocytes, gated on CD8* T cells. 106
recipient splenocytes were incubated with 2x108 BALB/c stimulator splenocytes for 5 hours
and then fixed and permeabilized before being stained for FACS analysis. (D) Frequencies
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and absolute numbers of cytokine-producing CD8* T cells. Treatment with MR-1, 7E1-G2b
or CD154 dAbs results in the reduction of percentage of multicytokine producing CD8* T
cells. Data are cumulative of two separate experiments with a total of 8 to 10 mice per
group. ** p <0.01, *** p < 0.001.
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Figpre 3. Anti-CD154 dAbsinhibit donor-reactive T cell expansion in responseto a minor
antigen

(A) gI]\/Iice were adoptively transferred with 1.5x10° of each CD45.2* CD8* OT-I and
Thyl1.1* CD4* OT-II T cells 2 days before transplantation. On day 0, mice were
transplanted with mOVA SG and were treated with 10’ mOVA DST and/or 250 ug of
MR-1, 7E1-G2b or CD154 dAbs where indicated. Mice were sacrificed at day 11. (B-D)
Representative flow plots of CD8* T cells (B) and the frequencies and absolute numbers of
antigen-specific CD8* and effector CD4* T cells (C) in the draining lymph nodes at day 11.
DST treatment alone moderately diminished the frequency of antigen-specific CD8* T cells,
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but the addition of MR-1, 7E1-G2b or the CD154 dAbs resulted in a 