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FUSION PROTEINS AND ANTIBODIES TARGETING HUMAN RED BLOOD CELL
ANTIGENS

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED IN ELECTRONIC
FORM
Applicant hereby incorporates by reference the Sequence Listing material filed in

electronic form herewith. This file is labeled "17-8117PCT_Seq_Listing ST25.txt".

STATEMENT OF GOVERNMENT INTEREST
This invention was made with government support under NIH SROIHL121134-03,
NIH 5P0O1HL40387, and NIH 5T32HL007775-23 awarded by the National Institutes of

Health. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Drug delivery by red blood cells (RBCs) was envisioned many decades ago|1-3] and
the field has recently seen substantial growth [4-6], spurred by advances in drug loading
within cells [7, 8] and coupling to the cell surface[9, 10], new technologies for genetic
manipulation[11], and clinical successes in cellular therapeutics overall[12]. Furthermore,
recent reports that carriage of drugs by RBCs can modulate immunogenicity, even inducing
tolerance, expand the potential applications of RBC delivery[13-15]. Delivery by carrier
RBCs enhances the pharmacokinetics and, in some cases, the pharmacodynamics of the
loaded agents. RBC-encapsulated agents, including dexamethasone and L-asparaginase, have
entered clinical trials.

Surface-coupling may offer some advantages with respect to clinical translatability,
manufacturing, and bio-compatibility[16]. Animal studies demonstrated highly desirable
features of surface-coupled anti-thrombotic and anti-inflammatory agents[10, 17-20]. For
example, coupling of thrombomodulin (TM) to murine RBCs improves its efficacy in
thrombotic[20], inflammatory, and ischemia-reperfusion injuries|[21].

Previous reports have generally used fusion proteins, antibodies, and peptides to
couple therapeutics to the surface of murine and porcine, but not human, RBCs. Fusion to
murine RBCs is typically accomplished by derivatives of Ter119, an antibody to an epitope
associated with glycophorin A (GPA)|22], or with ERY 1 peptide, whose putative target is
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also GPAJ[13]. While no overt adverse effects on RBCs have been noted when using these
ligands, the effects of their binding to murine RBCs have not been characterized
extensively[23].

The translational aspects of RBC delivery are challenging, as the considerable
polymorphism of RBC antigenic determinants among species hinders any generalization of
the effects of extracellular ligands to human RBCs. While we expect that surface-coupling is
comparatively less-damaging than encapsulation methods (for example, hypotonic opening of
membrane pores), careful and rigorous examination of affinity-coupling of bio-therapeutics
to the surface of human red blood cells, assessment of their perturbation of red cell
physiology, and subsequent demonstration of efficacy in humanized models, have not been
reported.

It is known that RBC ligands, even monovalent, specifically targeted to GPA and
Band 3, have the potential to cause undesirable alterations of RBC, including changes in
deformability| 24-28], exposure of phosphatidylserine (PS)[29], and generation of reactive
oxygen species (ROS)[30] . These effects have been shown to vary even among epitopes
within the same target protein. It is critical to examine these effects to identify the optimal
RBC target for each therapeutic ligand, which should be erythroid specific, present in
sufficient copy number for its therapeutic intent, be widely distributed among human
populations, be non-immunogenic, and for most applications, not compromise RBC
biocompatibility. Importantly, expression of three blood group systems is largely confined to
erythropoiesis, GPA (MNS system), Band 3 (Diego system), and Rhesus family members
(RhCE and RhD, Rh system)[34].

Therefore, antibodies and fusion proteins useful for targeting RBCs for drug delivery

in subjects are needed.

SUMMARY OF THE INVENTION

The compositions and methods described herein relate to antibodies, fragments,
fusion proteins and conjugates which specifically bind red blood cells, specifically via anti-
RHCE or anti-Band 3. In one aspect, an antibody or fragment thereof comprising at least a
VH or VL sequence as shown in Table 2 or Table 5 is provided, wherein said antibody or

fragment thereof specifically binds an erythrocyte. In one embodiment, the antibody or
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fragment comprises a VH and a VL sequence as shown in Table 2 or Table 5. In one
embodiment, the antibody is an scFv.

In another aspect, compositions are provided in which any pharmacological,
therapeutic, prophylactic, imaging or diagnostic agent which is coupled to, bound, fused,
associated with or conjugated to an anti-RHCE or anti-Band 3 antibody described herein. In
one embodiment, the cargo is a liposome.

In another aspect, a method for delivering an agent using red blood cells is provided.
The method includes administering any of the compositions described herein to a subject in
need thereof. In another embodiment, a method of prolonging circulation of an agent in the
body is provided. The method includes administering any of the compositions described
herein to a subject in need thereof. In another aspect, a method for preventing or reducing
coagulation is provided. The method includes administering any of the compositions
described herein to a subject in need thereof. In yet another aspect, a method of treating or
preventing thrombosis, tissue ischemia, acute myocardial infarction (AMI), non-segmented
elevated AMI, deep vein thrombosis, ischemic stroke, hyperoxic injury, transient ischemic
attack (TTA), cerebrovascular disease, disseminated intravascular coagulation (DIC),
pulmonary embolism, ischemic peripheral vascular disease, inflammation, pulmonary edema,
sepsis, malaria, SDC, PNH, hemolytic anemia, acute lung injury (ALI), acute respiratory
distress syndrome (ARDS), a bleeding disorder such as hemophilia, or aseptic systemic
inflammation is provided. The method includes administering any of the compositions
described herein to a subject in need thereof.

Other aspects and advantages of the invention will be readily apparent from the

following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A - FIG. 1G provide characterization of aRh17 and aWrb ligands and their
binding to human RBCs. Representative size exclusion HPLC analysis of (FIG. 1A) hTM-
scFv fusions and (FIG. 1B) scFvs alone directed to Band3/GPA (aWrb, solid blue lines) and
RhCE (aRh17, dashed red lines) demonstrates high purity of recombinant proteins and
elution times consistent with theoretical molecular weights. Direct binding assays with

radiolabeled proteins demonstrates high affinity and Bmax (Table 7) consistent with reported
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copy number of the surface targets for both the (FIG. 1C) hTM-scFv fusions and the (FIG.
1D) scFv antibodies. No significant non-specific binding to control murine RBCs was seen.
Representative data of 3 independent experiments are shown. Ligand dissociation studies
demonstrated slow dissociation kinetics (>50% bound at 3 hours) for both the (FIG. 1E) TM-
scFv fusions and (FIG. 1F) scFv antibodies. (FIG. 1G) Binding assay by hemagglutination
techniques demonstrated that when anti-hTM IgG antibody (100 nM) was added to RBC pre-
bound with the indicated concentration of hTM-scFv fusions, agglutination was observed
when ~1000 copies of hTM would be expected on the surface. Representative data of 3
independent experiments are shown. No agglutination was seen with RBCs treated with
either scFv or hTM-scFv alone or with mouse, rat, or pig RBCs treated with scFv or hTM-
scFv followed by anti-hTM.

FIG. 2A - FIG. 2F show that aRh17 and aWrb antibodies demonstrate differential
effects on RBC resistance to osmotic and mechanical stress. Osmotic stress was induced by
incubation in buffered (10 mM sodium phosphate) saline at a range of osmolalities (0-308
mOsm). Mechanical stress was induced by rotation in the presence of glass beads at 1% Hct.
Antibodies were added at 10 nM and 100 nM to 5% Hct RBC suspension, which produces a
ratio of approximately 104 and 105 ligands per RBC and is below saturation for both target
antigens. (FIG. 2A) RBCs treated with 500 nM aWrb scFv (blue) showed a left shift in the
osmotic lysis curve compared to naive (black) or aRh17 scFv treated RBCs (red). (FIG. 2B)
RBCs treated with aWrb but not aRh17 showed a significant change in the concentration
required for 50% hemolysis (128 vs 120 mOsm, n=3, *p<0.05 one-way ANOV A with Holm-
Sidak correction for multiple comparisons) (FIG. 2C) aWrb scFv treated RBCs (blue) show a
dose-dependent decrease in hemolysis in response to osmotic stress at 128 mOsm (ECS50 for
naive RBCs) and (FIG. 2D) a dose-dependent increase in hemolysis in response to
mechanical stress. aRh17 scFv treated RBCs (red) do not demonstrate any significant change
in response to (FIG. 2E) osmotic stress or (FIG. 2F) mechanical stress. In all experiments
means = SD are shown, n = 3 for each condition. (*p<0.05 compared to naive, one-way
ANOV A with Holm-Sidak correction for multiple comparisons).

FIG. 3A — FIG. 3D show that aRh17 and aWrb hTM-scFv fusion proteins
demonstrate similar patterns of changes in RBC resistance to osmotic and mechanical stress

as the parent scFv. Fusion proteins were added at 10 nM and 100 nM to 5% Hct RBC
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suspension, which produces a ratio of approximately 104 and 105 fusion proteins per RBC
and is below saturation for both target antigens. (FIG. 3A) aWrb hTM-scFv shows a dose-
dependent decrease in hemolysis in response to osmotic stress and (FIG. 3B) a dose-
dependent increase in hemolysis in response to mechanical stress. aRh17 hTM-scFv does not
demonstrate any significant change in response to (FIG. 3C) osmotic stress or (FIG. 3D)
mechanical stress. In all experiments means + SD are shown, n = 3 for each condition.
(*p<0.05 compared to naive, one-way ANOV A with Holm-Sidak correction for multiple
comparisons)

FIG. 4A - FIG. 4D show that aWrb scFv and hTM-scFv increase RBC rigidity, while
aRh17 scFv and hTM-scFv show no changes compared to naive RBC. Ektacytometry was
performed on 5% Hct RBC suspensions incubated with scFv or hTM-scFv at the indicated
concentrations. Elongation index (as calculated automatically by the instrument) was read as
a function of shear stress and non-linear regression was used to calculate the shear stress
required for half-maximal deformation and the maximum elongation index. Representative
curves of at least 3 independent experiments with different donors. (FIG. 4A) hTM-scFv
fusions and (FIG. 4C) scFv antibodies targeted to Band3/GPA (aWrb blue dotted lines)
demonstrated a rightward shift in the ektacytometry curves compared to naive (solid line)
while aRh17 fusions and scFv (red dashed lines) showed no change from naive (scFvs and
fusion proteins added at 1000 nM) (FIG. 4B and FIG. 4D) The shift in deformability was
quantified as the SS1/2, which showed dose-dependent increases in response to Band3/GPA
targeted ligands and not RhCE ligands. In (FIG. 4B) and (FIG. 4D), mean = SD is shown,
n=3-5 per condition. (*p<0.05 compared to naive, one-way ANOV A with Holm-Sidak
correction for multiple comparisons)

FIG. 5A - FIG. 5F show that IgG antibodies against Band3 and GPA rigidify RBCs,
while IgGs against RhCE and RhD do not. Representative ektacytometric curves (at least 3
separate donors studied per antibody) of RBCs treated with antibodies targeting (FIG. 5A)
RhD or RhCE, (FIG. 5B) Band 3 or Wrb, or (FIG. 5C) GPA. A 5% suspension of RhD+
human RBCs in PBS was treated with 100 nM of the indicated antibody clones (~100,000
IgG/RBC). After incubation for 1 hour at 37°C, the red cell suspensions were read on an
ektacytometer in 5.5% PVP. Legends indicate antibody clones. (FIG. 5D) Ektacytometric
dose-response of anti-RhCE versus anti-Wrb IgG antibodies. Selected antibody clones
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against RhCE (BRIC69, red) and Wrb (BRIC14, blue) were added at 100 nM to varying
hematocrit RBC suspensions (2.5,5,10, and 20%, 6 donors tested) to result in ligand ratios of
25,000-100,000 IgG/RBC. aWrb demonstrated a significant increase in SS1/2 at all ligand
loading ratios, while no significant difference was seen for aRhCE antibodies. Mean + SD is
shown, n=3-6 for each condition. (FIG. 5E) Flow cytometry on aRhCE (BRIC69, red) and
aWrb (BRIC14, blue) IgG treated RBCs stained with AlexaFluor488 labeled anti-mouse
secondary antibodies shows no significant difference in bound IgGs (based on median
fluorescence) at the indicated loading ratios. (FIG. 5F) Representative histogram
demonstrating similar antibody loading for RBCs treated with aRhCE (BRIC69, red) and
aWrb (BRIC14, blue) antibodies.

FIG. 6A — FIG. 6D provide characterization of the activity of RBCs bound by hTM-
scFv fusions and their therapeutic efficacy in a microfluidic model of inflammatory
thrombosis (FIG. 6A) APC generation by RBCs loaded with hTM-scFv demonstrates a dose-
and copy-number dependent response in APC generation as measured by chromogenic assay.
hTM-aBand3 (circles) showed about 2-fold higher APC generation per RBC compared to
hTM-aRhCE (triangles), although copy numbers are expected to 5- to 10-fold higher. Soluble
hTM (shTM) treated RBCs are shown as a non-binding control (open squares) (FIG. 6B)
Comparison of APC generative capacity of sTM versus hTM-scFv fusions (added at 50 nM)
in a high hematocrit (20%) RBC suspension. Mean + SD is shown, n=3 for each condition.
(*p<0.05 vs sTM, one-way ANOV A with Holm-Sidak correction for multiple comparisons)
A slight reduction in activity was seen for hTM-aBand3 but not hTM-aRhCE. (FIG. 6C)
Fibrin generation on TNF-alpha activated, endothelialized microfluidic channels perfused
with human whole blood preincubated with either PBS control (open squares), shTM control
(crosses), hTM-Wrb (blue circles), or hTM-aRh17 (red triangles). Both fusion proteins (and
shTM positive control) significantly reduced fibrin generation. (*p<0.05 vs untreated, one-
way ANOV A with Holm-Sidak correction for multiple comparisons) as compared to the
control channel. An increase in fibrin generation was noted toward the end of the observation
period for the hTM-aWrb treated channels. (FIG. 6D) hTM-aRh17 treatment (red triangles)
more effectively reduced platelet and leukocyte adhesion (quantified with calcein AM
fluorescence) than hTM-aWrb (blue circles) versus untreated control (open squares). hTM-

Rh17 treatment was similar to shTM positive control (crosses). For (FIG. 6C) and (FIG. 6D)
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mean £+ SEM for 2 independent channels is shown. (FIG. 6E) Representative composite
images of whole blood (fibrin in red, platelets and leukocytes in green, brightfield image in
gray) flowing through endothelialized channels at the end of the observation period (=20
min). Fibrin is decreased in both fusion treated channels. An increase in platelet adhesion
with associated fibrin (yellow, arrowhead) is seen in the hTM-aWrb treated channels
compared to hTM-aRh17. Videos of the full time-course are not provided.

FIG. 7A — FIG. 7D show that binding of fluorescent fusion proteins to RBCs
measured by flow cytometry. Representative binding curves for fluorescently labeled (FIG.
7A) hTM-aRh17 and (FIG. 7B) hTM-aWrb fusions demonstrate similar binding parameters
as radiolabeled fusions (representative of at least 3 repeated studies). Histograms for
mouse(red), pig(blue), rat(black) and human(green) RBCs bound by fluorescently labeled
fusion proteins demonstrate that both (FIG. 7C) hTM-Rh17 and (FIG. 7D) hTM-Wrb bind to
human and not mouse, rat, or pig RBCs.

FIG. 8A — FIG. 8E shows that binding of scFvs to RBCs is maintained after exposure
to low (5 dyne/cm2) and high (200 dyne/cm2) shear stress flow. A fraction of washed,
isolated human RBCs was treated with saturating concentrations of anti-Wrb or anti-Rh17
scFv labeled with Alexa Flour 647 or Alexa Flour 488, respectively. The labeled RBCs were
then added to fresh donor human whole blood (collected in citrate) at 0.5% of the total RBC
population. The resulting blood was flowed through the Bioflux microfluidic device at either
5 dyne/cm2 or 200 dyne/c2 and the (FIG. 8A) inlet and (FIG. 8B and FIG. 8C) outlet blood
was analyzed by flow cytometry. The results demonstrate that (FIG. 8D) the labeled RBCs
maintained the same fluorescence intensity as the inlet populations and (FIG. 8E) were
present in equal proportion to the unlabeled RBCs.

FIG. 9A - FIG. 9C show that dissociation and exchange of scFv from pre-treated
RBCs onto naive RBCs under constant mixing at 37°C. A fraction of washed, isolated human
RBCs was treated with saturating concentrations of anti-Wrb or anti-Rh17 scFv labeled with
Alexa Flour 647 or Alexa Flour 488, respectively. The labeled RBCs were then added to
fresh donor human whole blood (collected in citrate) at 0.5-1% of the total RBC population.
This mixture was then incubated at 37°C under constant mixing by inversion. We observed

(FIG. 9A) a gradual decrease in fluorescence intensity in the targeted RBCs, with >65% of
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fluorescence signal retained on the targeted RBCs at two hours. We quantified both the (FIG.
9B) dissociation of the scFvs and their (FIG. 9C) gradual rebinding to the naive population.

FIG. 10 shows Wright-Giemsa stained blood smears of hTM-scFv treated RBCs.
Whole blood was treated with 1 uM hTM-scFv and incubated for 1 hour prior to preparation
of smears. At a normal hematocrit, this ratio is ~105 fusions/RBC. Slides were dried and
stained with a commercial Wright-Giemsa stain (Sigma Aldrich) per package insert.

FIG. 11 provides maximum elongation index (EImax) of human RBCs treated with
hTM-aWrb and hTM-aRh17 fusion proteins. Donor RBCs at 5% Hct were treated with the
indicated concentration of fusion protein and measured in the ektacytometer. Elmax
calculated using non-linear regression. Mean + SD is shown (n=3-5 for each condition).
(*p<0.05 vs naive RBC, one-way ANOV A with Holm-Sidak correction for multiple
comparisons)

FIG. 12 shows size-exclusion HPLC of IgG and Fab antibodies against GPA.
Antibodies prepared from hybridoma clone YTH89.1 which targets human glycophorin A.
Full IgG was prepared from hybridoma supernatant using standard techniques and purified
using protein G. Fab was prepared by enzymatic digestion of IgG with papain solution
(Immucor) followed by treatment with protein A-sepharose (Thermo Fisher Scientific) for
removal of Fc fragments and preparative size-exclusion HPLC for removal of residual papain
enzyme. Representative HPLC from two independent antibody production runs.

FIG. 13 shows RBCs bound by ligands to human GPA also demonstrate slight
increases in rigidity and changes in mechanical and osmotic resistance. (FIG. 13A)
Representative ektacytometric curves of at least 3 studies of human RBCs treated with anti-
GPA Fab and IgG, derived from antibody clone YTH89.1 demonstrate a rightward shift after
antibody treatment (FIG. 13B) At high ligand loading, anti-GP A Fab induced a significant
increase in SS1/2 while anti-GP A IgG (100 nM) more potently induced rigidification. Mean
+ SD is shown, n=3 for each condition. (*p<0.05, one-way ANOV A with Holm-Sidak
correction for multiple comparions) (FIG. 13C) Anti-GPA Fab induced increased hemolysis
in response to hypo-osmolar stress and (FIG. 13D) slightly increased hemolysis in response
to mechanical stress. Mean £+ SD, n=3 is shown, representative of 2 independent experiments.
(*p<0.05 vs naive RBCs, one-way ANOV A with Holm-Sidak correction for multiple

comparisons)
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FIG. 14A - FIG. 14D show Ter119 ligands induce changes in murine RBCs similar to
human RBCs treated with Wrb ligands. Ter119-TM fusion proteins induce changes to (FIG.
14A) osmotic resistance and (FIG. 14B) mechanical resistance similar to aWrb fusions in
human RBCs. Mean + SD is sown, n=3 for each condition. (*p<0.05 vs naive RBCs, one-way
ANOV A with Holm-Sidak correction for multiple comparisons) (FIG. 14C) Representative
ektacytometric curves of at least 3 independent experiments showing that Ter119-TM
(1000induced a slight rightward shift in ektacytometric curves, indicating increased RBC
rigidity. The parent Ter119 IgG induced marked ektacytometric changes. (FIG. 14D) SS1/2
derived from ektacytometric curves demonstrates a significant, dose-dependent increase in
SS1/2 with Ter119-TM treatment of murine RBCs. Mean + SD is shown, n= 5-8 for each
condition. (*p<0.05 vs naive RBCs, one-way ANOV A with Holm-Sidak correction for
multiple comparisons).

FIG. 15A - FIG. 15B show human RBC ligands do not induce significant ROS
generation or PS exposure. (FIG. 15A) No significant ROS generation was observed for cells
treated with aWrb, aRh17, or aGPA ligands. Human RBCs were preincubated with 5 uM
dihydrorhodamine 123 (Thermo Fisher Scientific) at 1% hematocrit for 30 min at 37C,
washed, then treated with either t-butyl hydrogenperoxide (10 uM) as a positive control or
100 nM of the indicated ligands for 1 hr at 37C. ROS generation was measured as median
FL1 fluorescence and the mean + SD are shown (n=4). (FIG. 15B) No significant PS
exposure was observed for cells treated with aWrb, aRh17, or aGP A ligands. Human RBCs
were treated with 200 nM of the indicated ligands at 5% hematocrit (~2x105 ligands/RBC).
Ter119-mTM was used as a non-binding negative control, and 2 mM t-butyl
hydrogenperoxide was used as a positive control. Cells were treated at 37°C for 1 hour,
washed, and resuspended in annexin V-Alexa Fluor 488 in annexin assay buffer (Thermo
Fisher Scientific) per manufacturer protocol. Mean = SD, n=3 is shown for each condition.
(*p<0.05 vs non-binding control, one-way ANOV A with Holm-Sidak correction for multiple
comparisons)

FIG. 16 shows APC generation by fusion proteins (h'TM-scFv). APC generation by
fusion proteins in soluble phase (green) is similar to shTM alone (red). shTM or hTM-

aBand3 (20 nM) were assayed by chromogenic methods. No significant APC generation was
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seen in the presence of excess anti-TM blocking antibody (Phx-01, blue) or without TM
added (purple). Mean + SD is shown (n=3). (*p<0.05 vs no TM, one-way ANOVA)

FIG. 17 shows aWrb scFvs rigidify human RBCs in whole blood at 200 nM. Whole
blood treated with 200 nM aWrb scFv shows significant rigidification (increased SS1/2)
while treatment with 200 nM aRh17 scFv shows no change compared to naive whole blood.
Blood was treated at 37C for 1 hour prior to ektacytometry in 5.5% PVP solution. These
ratios produce approximately 25,000 ligands per RBC. Mean+SD is shown, n=5-6, three
donors tested. (*p<0.05 vs naive RBC, one-way ANOV A with Holm-Sidak correction for
multiple comparisons).

FIG. 18 is a schematic of the hTM-aRHCE vector which includes a human
thrombomodulin domain (hTM), and Rh17 VH and VL chains.

FIG. 19A - FIG. 19C demonstrate that RBC-targeted liposomes are maintained in
circulation significantly longer than conventional ‘stealth’ liposomes. (FIG. 19A) Whole
animal biodistribution of Ter119-liposomes (100-200 scFv:liposome) loaded onto RBCs in
vivo by direct injection into the blood stream (blue) or unconjugated PEGylated liposomes
(red). For in vivo loading liposomes were injected at a ratio of approximately 50 liposomes
per RBC. (FIG. 19B) Blood PK curves demonstrate that the large majority of both in vivo

loaded Terl19-liposomes (blue) are maintained in circulation at 3 hours and gradually drop

o

off over 24 hours. Compared to traditional “stealth” liposomes (red), there is approximately
2-fold increase in area under the curve (p<0.05) (FIG. 19C) Ter-119 liposomes are found
mostly (>80%) in the RBC pellet of collected blood and gradually clear this compartment
while free liposomes are largely in the plasma fraction.

FIG. 20A - FIG. 20B demonstrate circulation of ex vivo liposome loaded RBCs is
dependent on the number of loaded nanocarriers. (FIG. 20A) Schema for ex vivo loading of
RBCs with liposomes, 15 min of incubation typically resulted in >65% of liposomes bound
(FIG. 20B) 30 min biodistribution of 51-Cr labeled RBCs loaded with either 200 or 20,000
liposomes per RBC demonstrates that while high loading leads to rapid clearance, low
loading maintains near normal circulation of RBCs. For liposomes loaded ex vivo at a 200:1
ratio, PK data (up to 3 hours) were nearly identical to in vivo loading approaches.

FIG. 21 A - FIG. 21B demonstrate effects of liposome binding on RBC agglutination
and RBC membrane deformability. (FIG. 21 A) High ratios of liposome loading on RBCs

10
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leads to agglutination in vitro, while lesser ratios (<200:RBC) do not induce macroscopically
detectable agglutination, as measured in a round-bottom well agglutination assay. Human
RBCs shown as negative control. (FIG. 21B) Ektacytometry demonstrates that RBCs
maintain normal membrane deformability at ratios up to 200 liposomes per RBC, above
which dose-dependent rigidification of the membrane was observed

FIG. 22 demonstrates that Ter119IgG-liposomes are less stably retained on circulating
RBCs and produce greater RBC rigidification than Terl19scFv-liposomes. (left panel) Mice
were injected with radiolabeled liposomes conjugates with similar numbers (100-200/lipo) of
either Ter119 IgG or Ter119 scFv. A higher percentage of Terl19-scFv liposomes remained
in the RBC pellet, while Ter119-IgG was more rapidly cleared. (Middle and right panels)
Ter119-IgG liposomes produced a higher degree of RBC membrane rigidification, as
measured by ektacytometry (curves in middle panel, quantification in right panel, *p<0.05)

FIG. 23 shows that rigidification of RBC membranes by loaded liposomes is target
dependent. Ektacytometry on human RBCs loaded with liposomes targeted to Wright(b)
antigen (red) or RHCE (blue), compared to human RBCs mixed with untargeted liposomes
(green). Liposomes loaded onto Wright(b) demonstrate significant rigidification while RHCE
targeted liposomes preserve normal RBC deformability. Liposomes were targeted with IgGs
to human RHCE (BRIC69) or Wright(b) (BRIC14).

FIG. 24A - FIG. 24B show that whole blood treated with aWrb scFv shows increased
platelet adhesion in response to flow over TNF-a activated endothelium compared to blood
treated with aRh17. (FIG. 24A) Representative image of endothelialized channels subjected
to flow with either (top) aWrb scFv treated whole blood or (bottom) aRh17 scFv treated
whole blood. Blood was collected in citrate with corn trypsin inhibitor, incubated with scFv
(500 nM) for 15 minutes, recalcified, and flowed over channels for 15 min after which
images were captured across the channels. Prior to flow, platelets and leukocytes were
stained by addition of calcein AM dye. (FIG. 24B) Quantification of the experiments in panel
A (mean fluorescence intensity ) demonstrate a significant increase in calcein AM signal in
the aWrb scFv treated blood but not aRh17 scFv (n =4, *p<0.05, one-way ANOVA).

FIG. 25 is a Western blot that demonstrates that anti-Rh17 recognizes a linear epitope
in human RhCE. A Western blot was performed to assess the binding of KP3-17 (anti-Rh17)

to proteins extracted from mouse and human erythrocyte ghosts. Because proteins were
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denatured in reducing SDS-PAGE buffer prior to gel electrophoresis, the presence of binding
is due to interaction with linear, and not conformational, epitopes. This is in contrast to anti-
RhCE mAbs described by other groups, which recognize conformational epitopes.

FIG. 26 is a bar graph which demonstrates that KP3-17 (anti-Rh17) recognizes an
epitope present in the 6th extracellular loop of human RhCE. Flow cytometry was used to
assess the binding of anti-Rh17 to human erythrocytes in the presence and absence of linear
peptides corresponding to the amino acid sequence 6th extracellular loop of human RhD
(negative control) and human RhCE. A decrease in binding signal only in the presence of the
RhCE-derived peptide demonstrates that the 6th extracellular loop of RhCE is involved in the
binding of Rh17 to human erythrocytes. (* denotes p<0.05 by 1-way ANOV A with Tukey’s
post-hoc test).

FIG. 27 is a 3D model of human RHCE (looking top down onto a membrane), with

6™ extracellular loop boxed.

DETAILED DESCRIPTION OF THE INVENTION

Carriage of drugs by red blood cells (RBCs) enhances pharmacokinetics and
pharmacodynamics, modulates immune responses, and is approaching clinical translation.
The effects of attaching therapeutics to human RBCs have not been well defined and optimal
RBC surface determinants have not been identified. As described herein, non-human-primate
single chain antibodies (scFv) directed to human RBCs were engineered and fused with
human thrombomodulin (hTM) as a representative therapeutic cargo (h(TM-scFv). Binding
these fusions to RBC determinants Band3 (Wrb) and RHCE (Rh17) endowed RBC with hTM
activity, but differed in their effect on RBC physiology and specific activity. scFv and hTM-
scFv targeted to Band3 increased membrane rigidity, sensitized RBCs to hemolysis induced
by mechanical stress, and decreased hypo-osmotic hemolysis. Similar trends were seen for
monovalent ligands bound to glycophorin A (GPA) on human and murine RBCs. In contrast,
binding of scFv and hTM-scFv to RHCE did not alter RBC deformability or sensitivity to
mechanical and osmotic stress at similar copy numbers per RBC. Although RBC-bound
hTM-scFv fusions all generated APC in the presence of thrombin, RHCE-bound TM
demonstrated superior specific activity. Both fusion proteins were efficacious in

endothelialized microfluidic models of inflammatory thrombosis in human whole blood
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wherein they significantly decreased fibrin deposition in response to TNF-alpha activation,
but RHCE-bound hTM-scFv more effectively reduced platelet and leukocyte adhesion.

As used herein, the term "subject" means a mammalian animal, including a human, a
veterinary or farm animal, a domestic animal or pet, and animals normally used for clinical
research. In one embodiment, the subject of these methods and compositions is a human. Still
other suitable subjects include, without limitation, murine, rat, canine, feline, porcine, bovine,
ovine, non-human primate and others. As used herein, the term "subject" is used
interchangeably with "patient".

The term “immunoglobulin™ or “antibody” is used herein to include antibodies,
including functional fragments thereof. As used herein, the term antibody includes scFvs. As
used herein, the term antibody also includes FABs, single domain antibodies, heavy chain
antibodies (camelids), DARTSs, F(ab’)2, BITEs, and immunoadhesins. These antibody
fragments or artificial constructs may include a single chain antibody, a Fab fragment, a
univalent antibody, a bivalent of multivalent antibody, or an immunoadhesin. An scFvis a
fusion protein of the variable regions of the heavy (VH) and light chains (VL) of
immunoglobulins, connected with a short linker peptide of ten to about 25 amino acids. The
antibody may also be a monoclonal antibody, a “humanized™ antibody, a multivalent
antibody, or another suitable construct. An “immunoglobulin molecule™ is a protein
containing the immunologically-active portions of an immunoglobulin heavy chain and
immunoglobulin light chain covalently coupled together and capable of specifically
combining with an antigen. Immunoglobulin molecules are of any type (e.g., IgG, IgE, IgM,
IgD, IgA and IgY), class (e.g., IgGl, 1gG2, 1gG3, IgG4, IgA1 and IgA2) or subclass. The
terms “antibody” and “immunoglobulin” may be used interchangeably herein. An
“immunoglobulin heavy chain™ is a polypeptide that contains at least a portion of the antigen
binding domain of an immunoglobulin and at least a portion of a variable region of an
immunoglobulin heavy chain. Thus, the immunoglobulin derived heavy chain has significant
regions of amino acid sequence homology with a member of the immunoglobulin gene
superfamily. For example, the heavy chain in a Fab fragment is an immunoglobulin-derived
heavy chain. An “immunoglobulin light chain™ is a polypeptide that contains at least a
portion of the antigen binding domain of an immunoglobulin and at least a portion of the

variable region. Thus, the immunoglobulin-derived light chain has significant regions of
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amino acid homology with a member of the immunoglobulin gene superfamily. An
“immunoadhesin” is a chimeric, antibody-like molecule that combines the functional domain
of a binding protein, usually a receptor, ligand, cell-adhesion molecule, or 1-2
immunoglobulin variable domains with immunoglobulin constant domains, usually including
the hinge or GS linker and Fc regions. A “fragment antigen-binding” (Fab) fragment” is a
region on an antibody that binds to antigens. It is composed of one constant and one variable
domain of each of the heavy and the light chain. With respect to immunoglobulins or
antibodies as described herein, each fragment of an immunoglobulin coding sequence may be
derived from one or more sources, or synthesized. Suitable fragments may include the coding
region for one or more of, e.g., a heavy chain, a light chain, and/or fragments thereof such as
the constant or variable region of a heavy chain (CH1, CH2 and/or CH3) and/or or the
constant or variable region of a light chain. Alternatively, variable regions of a heavy chain or
light chain may be utilized. Where appropriate, these sequences may be modified from the
"native" sequences from which they are derived, as described herein.

Antibodies may exist in a variety of forms including, for example, polyclonal
antibodies, monoclonal antibodies, camelid heavy chain only (VaH) antibodies, intracellular
antibodies (“intrabodies”), recombinant antibodies, multispecific antibody, antibody
fragments, such as, Fv, Fab, F(ab)2, F(ab)s, Fab’, Fab’-SH, F(ab’)2, single chain variable
fragment antibodies (scFv), tandem/bis-scFv, Fc, pFc’, scFvFc (or scFv-Fc), disulfide Fv
(dsfv), bispecific antibodies (bc-scFv) such as BiTE antibodies; humanized camelid
antibodies, resurfaced antibodies, humanized antibodies, shark antibodies, fully human
antibodies, single-domain antibody (sdAb, also known as NANOBODY ®), chimeric
antibodies, chimeric antibodies comprising at least one human constant region, and the like.
"Antibody fragment" refers to at least a portion of the variable region of the immunoglobulin
that binds to its target, e.g., the RHCE protein. In one embodiment, the antibody referred to
herein is an scFv.

The term “heterologous™ when used with reference to a protein or a nucleic acid
indicates that the protein or the nucleic acid comprises two or more sequences or subsequences
which are not found in the same relationship to each other in nature. For instance, the nucleic
acid is typically recombinantly produced, having two or more sequences from unrelated genes

arranged to make a new functional nucleic acid. For example, in one embodiment, the nucleic
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acid has a promoter from one gene arranged to direct the expression of a coding sequence from
a different gene. Thus, with reference to the coding sequence, the promoter is heterologous.
With regard to the antibodies described herein, in one embodiment the constant regions of the
heavy and/or light chain are from a different source (e.g., different clone) than the variable
regions of the heavy and/or light chain. Thus, with reference to each other, said constant and
variable regions are heterologous, or said heavy and light chains are heterologous. The different
sources may be from the same species or different species.

As used herein, a “vector” or “plasmid” refers to a nucleic acid molecule which
comprises an immunoglobulin coding sequence (e.g., an immunoglobulin VH or VL or
another fragment of an immunoglobulin construct, or combinations thereof), promoter, and
may include other regulatory sequences therefor, which plasmid or vector may be delivered
to a host cell, wherein said coding sequence is expressed recombinantly.

In one embodiment, the “linker” refers to any moiety used to attach or associate the
antibody to the cargo. Thus, in one embodiment, the linker is a covalent bond. In another
embodiment, the linker is a non-covalent bond. In another embodiment the linker is
composed of at least one to about 25 atoms. Thus, in various embodiments, the linker is
formed of at least 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24
or 25 atoms. In still another embodiment, the linker is at least one to about 60 nucleic acids.
Thus in various embodiments, the linker is formed of a sequence of at least 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34,35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,
59, up to 60 nucleic acids. In yet another embodiment, the linker refers to at least one to
about 30 amino acids. Thus in various embodiments, the linker is formed of a sequence of at
least2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, up to about 30 amino acids. In still other embodiments, the linker can be a larger
compound or two or more compounds that associate covalently or non-covalently. In still
other embodiment, the linker can be a combination of the linkers defined herein. The linkers
used in the constructs of the compositions and methods are in one embodiment cleavable.

The linkers used in the constructs of the compositions and methods are in one embodiment
non-cleavable. Without limitation, in one embodiment, the linker is a disulfide bond. In the

examples below, the exemplified linker comprises a complex of biotin bound to the construct
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oligonucleotide sequence by a disulfide bond, with streptavidin fused to the ligand. In another
embodiment, the biotin is bound to the ligand and the streptavidin is fused to the construct

oligonucleotide sequence.

Antibodies

As described herein, antibodies and antibody fragments which specifically bind
erythrocytes are provided. Antibodies and single chain antibody fragments (scFv) against
epitopes on Band 3 protein (W1®) and RHCE protein (Rh17/Hro) on human erythrocytes are
described herein. These antibodies and fragments were generated using phage display
libraries prepared from immunized cynamolgous macaques (Macaca fascicularis). Both
antigens are present on RBCs from nearly 100% of the human population and are considered

relatively erythroid specific[31, 32].

RHCE

The Rh blood group system is the second most clinically significant of the blood
groups, second only to ABO. It is also the most polymorphic of the blood groups, with
variations due to deletions, gene conversions, and missense mutations. The Rh blood group
includes this gene which encodes both the RhC and RhE antigens on a single polypeptide
(RHCE) and a second gene which encodes the RhD protein. The classification of Rh-positive
and Rh-negative individuals is determined by the presence or absence of the highly
immunogenic RhD protein on the surface of erythrocytes. A mutation in this gene results in
amorph-type Rh-null disease. Alternative splicing of this gene results in multiple transcript
variants encoding several different isoforms.

As used herein, “RHCE" refers to the above-described polypeptide, including all
isoforms thereof (UniProtKB- P18577). The “canonical” sequence can be found under
Uniprot Identifier: P18577-1, also called isoform 1 or RHI, and is shown below and as SEQ
ID NO: 366.
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Provided herein are antibodies which bind to one or more antigens on the RHCE
polypeptide. Specifically, the antibodies are reactive against Rh17 (Hro). RH17 is an antigen
present on all red blood cells having the common Rh phenotypes, except D-- and Rh null
RBCs. Because RBC lacking the rh17 antigen are extremely rare, antibodies against th17
specifically bind to virtually all erythrocytes. Anti-rh17 antibodies are believed to bind to
extracellular loops present in RHCE but not RHD. As is shown herein, the antibody termed
KP3-17 (anti-Rh17) recognizes a linear epitope on human, but not mouse RBC (FIG. 25). A
model showing the 6! extracellular loop can be seen in FIG. 27. It is believed the anti-rh17
antibodies described herein bind to all or a portion comprising at least 5 consecutive amino
acids of SEQ ID NO: 361. In one embodiment, the epitope is HTVWN (SEQ ID NO: 365).
In one embodiment, at least 100,000 copies of the epitope to which the subject antibody
binds, are present on the erythrocyte.

In another embodiment, an antibody is provided which competes for the binding site
of the anti-th17 antibody.

In one embodiment, the antibodies described herein comprise one or more anti-rh17
antibody CDR sequence. Suitable CDR sequences are shown below in Table 1. In one
embodiment, the CDRs from a single clone are used to produce an antibody or antibody
fragment, e.g., CDR1, CDR2 and CDR3 from KP3-11, KP3-14 or KP3-17. In another
embodiment, the CDRs from one or more clone are used to produce an antibody. As a non-
limiting illustrative example, CDR1 from clone KP3-11 and CDR2 and 3 from clone KP3-14
are used in conjunction to produce an antibody. In another embodiment, the VH CDRs from
one clone are use with the VL CDRs from another clone. In another embodiment, the CDRs
described herein are utilized with heterologous antibody sequences to produce a chimeric

antibody. In one embodiment, the antibody comprises 1 CDR sequence selected from SEQ
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ID Nos 1-18. In another embodiment, the antibody comprises two CDR sequences selected
from SEQ ID Nos 1-18. In another embodiment, the antibody comprises three CDR
sequences selected from SEQ ID Nos 1-18. In another embodiment, the antibody comprises
four CDR sequences selected from SEQ ID Nos 1-18. In another embodiment, the antibody
comprises five CDR sequences selected from SEQ ID Nos 1-18. In another embodiment, the
antibody comprises six CDR sequences selected from SEQ ID Nos 1-18.

In one embodiment, the antibodies described herein comprise one or more anti-rh17
antibody light (VL) or heavy (VH) variable chain sequence. Suitable VH and VL sequences
are shown below in Table 2. In one embodiment, the VH and VL from a single clone are used
to produce an antibody or antibody fragment, e.g., VH and VL from KP3-11, KP3-14 or
KP3-17. In another embodiment, the VH from one clone is used in conjunction with a VL
from another clone. In one embodiment, only a VH sequence is used. In another embodiment,
only a VL sequence is used. In another embodiment, the variable chain sequences described
herein are utilized with heterologous antibody sequences to produce a chimeric antibody. In
one embodiment, the antibody comprises a VH sequence selected from SEQ ID NO: 19, 21,
and 23. In another embodiment, the antibody comprises a VL sequence selected from SEQ ID
NO: 20, 22 and 24. In one embodiment, the antibody comprises SEQ DI Nos: 19 and 20. In
one embodiment, the antibody comprises SEQ ID Nos: 21 and 22. In another embodiment,
the antibody comprises SEQ ID Nos: 23 and 24.

Also provided are nucleic acid sequence encoding the antibodies described herein.
Such sequences include those shown in Table 3, SEQ ID Nos: 25-30. Also contemplated are
nucleic acid sequences encoding the described antibodies. Such sequences include those
which share at least about 60% identity with any of the sequence of SEQ ID Nos: 25-30. In
another embodiment, the coding sequences share at least about 65% identity with any of the
sequence of SEQ ID Nos: 25-30. In another embodiment, the coding sequences share at least
about 70% identity with any of the sequence of SEQ ID Nos: 25-30. In another embodiment,
the coding sequences share at least about 75% identity with any of the sequence of SEQ ID
Nos: 25-30. In another embodiment, the coding sequences share at least about 80% identity
with any of the sequence of SEQ ID Nos: 25-30. In another embodiment, the coding
sequences share at least about 85% identity with any of the sequence of SEQ ID Nos: 25-30.

In another embodiment, the coding sequences share at least about 90% identity with any of
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the sequence of SEQ ID Nos: 25-30. In another embodiment, the coding sequences share at
least about 95% identity with any of the sequence of SEQ ID Nos: 25-30.

It is also contemplated that one or more of the antibody sequences useful herein
encompasses variants of the antibody sequences described herein where modifications and/or
substitutions have been made. In one embodiment, the antibody comprises one or more
sequences sharing at least 80% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 85% identity
with any of SEQ ID NOS: 1-24. In another embodiment, the antibody comprises one or more
sequences sharing at least 90% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 91% identity
with any of SEQ ID NOS: 1-24. In another embodiment, the antibody comprises one or more
sequences sharing at least 92% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 93% identity
with any of SEQ ID NOS: 1-24. In another embodiment, the antibody comprises one or more
sequences sharing at least 94% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 95% identity
with any of SEQ ID NOS: 1-24. In another embodiment, the antibody comprises one or more
sequences sharing at least 96% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 97% identity
with any of SEQ ID NOS: 1-24. In another embodiment, the antibody comprises one or more
sequences sharing at least 98% identity with any of SEQ ID NOS: 1-24. In another
embodiment, the antibody comprises one or more sequences sharing at least 99% identity
with any of SEQ ID NOS: 1-24.

In one embodiment, the antibody described herein does not significantly adversely
alter the membrane deformability of the erythrocyte to which it is bound. As used herein, the
term “does not significantly adversely alter the membrane deformability” means less than a
10% change in membrane rigidity as compared to a naive erythrocyte. Membrane
deformability can be measured by the person of skill in the art using known techniques and
those described herein, e.g., in Example 4. For example, ektacytometry can be used to test
whether alterations in membrane deformability are observed. In this technique, a decrease in

the maximal elongation index (Elmax) or an increase in the shear stress to reach half-
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maximal deformation (SS1/2) reflects an increase in RBC rigidity. See, e.g., Bessis M.,
Mohandas N., and Feo C., “Automated ektacytometry: A new method of measuring red cell
deformability and red cell indices,” Blood Cells 6(3), 315-327 (1979) and Chien S.,
“Principles and techniques for assessing erythrocyte deformability,” in Red Cell Rheology,
edited by Bessis M., Shohet S., and Mohandas N. (Springer; Berlin Heidelberg, 1978), pp.
71-99, which are incorporated herein by reference.

In another embodiment, the antibody described herein does not significantly alter the
resistance to stress of the erythrocyte to which it is bound. As used herein, the term “does not
significantly alter resistance to stress” means less than a 10% change to physical, chemical,
mechanical and/or other stresses, or combinations of thereof. In one embodiment, the term
does not significantly alter resistance to stress” means less than a 10% change in osmotic
hemolysis or hemolysis induced by mechanical stress as compared to a naive erythrocyte.
Stress to the erythrocyte can be measured by the person of skill in the art using known
techniques and those described herein, e.g., in Example 4. For example, osmotic stress can be
measured using an osmotic fragility test. See, Godal et al, The normal range of osmotic
fragility of red blood cells, Scand J Haematol. 1980 Aug;25(2):107-12, which is incorporated
herein by reference. Mechanical stress can be measured using, e.g., the mechanical stress
assay (Pan D, Vargas-Morales O, Zemn B, et al. The Effect of Polymeric Nanoparticles on
Biocompatibility of Carrier Red Blood Cells. PLoS One. 2016;11(3):e0152074, which is
incorporated herein by reference) does not directly represent a pathophysiologic scenario, it is

intended to reflect overall integrity of the RBC membrane architecture.

Band 3

Band 3, the human RBC anion exchange protein (AE1), is the most abundant integral
membrane protein found in erythrocytes and a well-characterized transporter and is encoded
by the SLC4al gene. There are two blood group antigens, the low-incidence Wr(a) and the
high-incidence Wr(b), that are considered to be antithetical and are produced as allelic forms
of the same structural gene defined in the Band 3 protein. The Wr(b) antigen requires
glycophorin A for surface presentation. See, Huang et al, Blood, Vol 87, No 9 (May I), 1996:
pp 3942-3947, which is incorporated herein by reference.
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As used herein, “Band 3 refers to the above-described polypeptide, including all

isoforms thereof (UniProtKB- P02730). The “canonical” sequence can be found under
Uniprot Identifier: P02730-1, also called isoform 1 or eAE1, and is shown below and in SEQ
ID NO: 367. The molecular basis of the Wr(a) /Wr(b) blood group antigens is a single
variation in position 658; Lys-658 corresponds to Wr(a) and Glu-658 to Wr(b).
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Provided herein are antibodies which bind to one or more antigens on the Band 3
polypeptide. Specifically, the antibodies are reactive against Wr(b) (“Wrb” also called DI4).
See, Pool J., The Diego blood group system- an update, Immunohematology, 15(4), 1999,
which is incorporated herein by reference.

In one embodiment, the antibodies described herein comprise one or more anti-Wrb
antibody CDR sequence. Suitable CDR sequences are shown below in Table 4. In one
embodiment, the CDRs from a single clone are used to produce an antibody or antibody
fragment, e.g., CDR1, CDR2 and CDR3 from KP2-01, KP2-02 or KP2-04, KP2-06, KP2-07,
KP2-08, KP2-09, KP2-11, KP2-13, KP2-14, KP2-15, KP2-17, KP2-18, KP2-19, KP2-20,
KP2-22, KP2-23, KP2-24, KP3-01, KP3-02, KP3-03, KP3-05, KP3-06, KP3-07, KP3-08,
KP3-09, KP3-12, KP3-13, KP3-15, KP3-16, KP3-18, KP3-19, or KP3-20. In another
embodiment, the CDRs from one or more clone are used to produce an antibody. As a non-
limiting illustrative example, CDR1 from clone KP2-01 and CDR2 and 3 from clone KP2-02
are used in conjunction to produce an antibody. In another embodiment, the VH CRDs from
one clone are use with the VL CDRs from another clone. In another embodiment, the CDRs
described herein are utilized with heterologous antibody sequences to produce a chimeric
antibody. In one embodiment, the antibody comprises 1 CDR sequence selected from SEQ
ID Nos 31-228. In another embodiment, the antibody comprises two CDR sequences selected
from SEQ ID Nos 31-228. In another embodiment, the antibody comprises three CDR
sequences selected from SEQ ID Nos 31-228. In another embodiment, the antibody
comprises four CDR sequences selected from SEQ ID Nos 31-228. In another embodiment,
the antibody comprises five CDR sequences selected from SEQ ID Nos 31-228. In another
embodiment, the antibody comprises six CDR sequences selected from SEQ ID Nos 31-228.

In one embodiment, the antibodies described herein comprise one or more anti-Wrb
antibody light (VL) or heavy (VH) variable chain sequence. Suitable VH and VL sequences
are shown below in Table 5. In one embodiment, the VH and VL from a single clone are used
to produce an antibody or antibody fragment, e.g., VH and VL from from KP2-01, KP2-02 or
KP2-04, KP2-06, KP2-07, KP2-08, KP2-09, KP2-11, KP2-13, KP2-14, KP2-15, KP2-17,
KP2-18, KP2-19, KP2-20, KP2-22, KP2-23, KP2-24, KP3-01, KP3-02, KP3-03, KP3-05,
KP3-06, KP3-07, KP3-08, KP3-09, KP3-12, KP3-13, KP3-15, KP3-16, KP3-18, KP3-19, or

KP3-20. In another embodiment, the VH from one clone is used in conjunction with a VL
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from another clone. In one embodiment, only a VH sequence is used. In another embodiment,
only a VL sequence is used. In another embodiment, the variable chain sequences described
herein are utilized with heterologous antibody sequences to produce a chimeric antibody. In
one embodiment, the antibody comprises a VH sequence selected from SEQ ID NO: 229-
261. In another embodiment, the antibody comprises a VL sequence selected from SEQ 1D
NO: 262-294. In one embodiment, the antibody comprises SEQ ID Nos. 229 and 262. In
another embodiment, the antibody comprises SEQ ID Nos: 230 and 263. In another
embodiment, the antibody comprises SEQ ID Nos: 231 and 264. In another embodiment, the
antibody comprises SEQ ID Nos: 232 and 265. In another embodiment, the antibody
comprises SEQ ID Nos: 233 and 266. In another embodiment, the antibody comprises SEQ
ID Nos: 234 and 267. In another embodiment, the antibody comprises SEQ ID Nos: 235 and
268. In another embodiment, the antibody comprises SEQ ID Nos: 236 and 269. In another
embodiment, the antibody comprises SEQ ID Nos: 237 and 270. In another embodiment, the
antibody comprises SEQ ID Nos: 238 and 271. In another embodiment, the antibody
comprises SEQ ID Nos: 239 and 272. In another embodiment, the antibody comprises SEQ
ID Nos: 240 and 273. In another embodiment, the antibody comprises SEQ ID Nos: 241 and
274. In another embodiment, the antibody comprises SEQ ID Nos: 242 and 275. In another
embodiment, the antibody comprises SEQ ID Nos: 243 and 276. In another embodiment, the
antibody comprises SEQ ID Nos: 244 and 277. In another embodiment, the antibody
comprises SEQ ID Nos: 245 and 278. In another embodiment, the antibody comprises SEQ
ID Nos: 246 and 279. In another embodiment, the antibody comprises SEQ ID Nos: 247 and
280. In another embodiment, the antibody comprises SEQ ID Nos: 248 and 281. In another
embodiment, the antibody comprises SEQ ID Nos: 249 and 282. In another embodiment, the
antibody comprises SEQ ID Nos: 250 and 283. In another embodiment, the antibody
comprises SEQ ID Nos: 251 and 284. In another embodiment, the antibody comprises SEQ
ID Nos: 252 and 285. In another embodiment, the antibody comprises SEQ ID Nos: 253 and
286. In another embodiment, the antibody comprises SEQ ID Nos: 254 and 287. In another
embodiment, the antibody comprises SEQ ID Nos: 255 and 288. In another embodiment, the
antibody comprises SEQ ID Nos: 256 and 289. In another embodiment, the antibody
comprises SEQ ID Nos: 257 and 290. In another embodiment, the antibody comprises SEQ
ID Nos: 258 and 291. In another embodiment, the antibody comprises SEQ ID Nos: 259 and
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292, In another embodiment, the antibody comprises SEQ ID Nos: 260 and 293. In another
embodiment, the antibody comprises SEQ ID Nos: 261 and 294,

Also provided are nucleic acid sequence encoding the antibodies described herein.
Such sequences include those shown in Table 6, SEQ ID Nos: 295-360. Also contemplated
are nucleic acid sequences encoding the described antibodies. Such sequences include those
which share at least about 60% identity with any of the sequence of SEQ ID Nos: 295-360. In
another embodiment, the coding sequences share at least about 65% identity with any of the
sequence of SEQ ID Nos: 295-360. In another embodiment, the coding sequences share at
least about 70% identity with any of the sequence of SEQ ID Nos: 295-360. In another
embodiment, the coding sequences share at least about 75% identity with any of the sequence
of SEQ ID Nos: 295-360. In another embodiment, the coding sequences share at least about
80% identity with any of the sequence of SEQ ID Nos: 295-360. In another embodiment, the
coding sequences share at least about 85% identity with any of the sequence of SEQ ID Nos:
295-360. In another embodiment, the coding sequences share at least about 90% identity with
any of the sequence of SEQ ID Nos: 295-360. In another embodiment, the coding sequences
share at least about 95% identity with any of the sequence of SEQ ID Nos: 295-360.

It is also contemplated that one or more of the antibody sequences useful herein
encompasses variants of the antibody sequences described herein where modifications and/or
substitutions have been made. In one embodiment, the antibody comprises one or more
sequences sharing at least 80% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 85% identity
with any of SEQ ID NOS: 229-294. In another embodiment, the antibody comprises one or
more sequences sharing at least 90% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 91% identity
with any of SEQ ID NOS: 229-294. In another embodiment, the antibody comprises one or
more sequences sharing at least 92% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 93% identity
with any of SEQ ID NOS: 229-294. In another embodiment, the antibody comprises one or
more sequences sharing at least 94% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 95% identity

with any of SEQ ID NOS: 229-294. In another embodiment, the antibody comprises one or
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more sequences sharing at least 96% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 97% identity
with any of SEQ ID NOS: 229-294. In another embodiment, the antibody comprises one or
more sequences sharing at least 98% identity with any of SEQ ID NOS: 229-294. In another
embodiment, the antibody comprises one or more sequences sharing at least 99% identity
with any of SEQ ID NOS: 229-294.

The antibody sequences herein were produced by immunizing a non-human primate
with human erythrocytes. Thus, it may be desirable to make certain changes to the described
sequences to make the antibodies more effective in human subjects. For example, in one
embodiment, changes are made to one or more of the described sequences to make the
antibody more human like. See, Gao SH, Huang K, Tu H, Adler AS. Monoclonal antibody
humanness score and its applications. BMC Biotechnol. 2013;13:55, which is incorporated
herein by reference.

Such modifications and/or substitutions can be made at the nucleic acid or amino acid
level. In one embodiment, the coding sequence of one or more immunoglobulin chain or
region is codon optimized.

Once the target and immunoglobulin are selected, the coding sequences for the
selected immunoglobulin (e.g., heavy and/or light chain(s)) may be obtained and/or
synthesized. Methods for sequencing a protein, peptide, or polypeptide (e.g., as an
immunoglobulin) are known to those of skill in the art. Once the sequence of a protein is
known, there are web-based and commercially available computer programs, as well as
service-based companies which back translate the amino acids sequences to nucleic acid
coding sequences. See, e.g., backtranseq by EMBOSS, http://www.ebi.ac.uk/Tools/st/ ; Gene
Infinity (http://www.geneinfinity.org/sms/sms_backtranslation html); ExPasy
(http://www.expasy.org/tools/). In one embodiment, the RNA and/or cDNA coding
sequences are designed for optimal expression in human cells.

Codon-optimized coding regions can be designed by various methods. This
optimization may be performed using methods which are available on-line (e.g., GeneArt),
published methods, or a company which provides codon optimizing services, e.g., DNA2.0
(Menlo Park, CA). One codon optimizing method is described, e.g., in US International
Patent Publication No. WO 2015/012924, which is incorporated by reference herein in its
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entirety. See also, e.g., US Patent Publication No. 2014/0032186 and US Patent Publication
No. 2006/0136184. Suitably, the entire length of the open reading frame (ORF) for the
product is modified. However, in some embodiments, only a fragment of the ORF may be
altered (e.g., heavy constant, light constant, heavy variable, light variable chains). By using
one of these methods, one can apply the frequencies to any given polypeptide sequence, and
produce a nucleic acid fragment of a codon-optimized coding region which encodes the
polypeptide.

A number of options are available for performing the actual changes to the codons or
for synthesizing the codon-optimized coding regions designed as described herein. Such
modifications or synthesis can be performed using standard and routine molecular biological
manipulations well known to those of ordinary skill in the art. In one approach, a series of
complementary oligonucleotide pairs of 80-90 nucleotides each in length and spanning the
length of the desired sequence are synthesized by standard methods. These oligonucleotide
pairs are synthesized such that upon annealing, they form double stranded fragments of 80-90
base pairs, containing cohesive ends, e.g., each oligonucleotide in the pair is synthesized to
extend 3,4, 5, 6,7, 8,9, 10, or more bases beyond the region that is complementary to the
other oligonucleotide in the pair. The single-stranded ends of each pair of oligonucleotides
are designed to anneal with the single-stranded end of another pair of oligonucleotides. The
oligonucleotide pairs are allowed to anneal, and approximately five to six of these double-
stranded fragments are then allowed to anneal together via the cohesive single stranded ends,
and then they ligated together and cloned into a standard bacterial cloning vector, for
example, a TOPO® vector available from Invitrogen Corporation, Carlsbad, Calif. The
construct is then sequenced by standard methods. Several of these constructs consisting of 5
to 6 fragments of 80 to 90 base pair fragments ligated together, i.e., fragments of about 500
base pairs, are prepared, such that the entire desired sequence is represented in a series of
plasmid constructs. The inserts of these plasmids are then cut with appropriate restriction
enzymes and ligated together to form the final construct. The final construct is then cloned
into a standard bacterial cloning vector, and sequenced. Additional methods would be
immediately apparent to the skilled artisan. In addition, gene synthesis is readily available

commercially.
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In one embodiment, such variants include sequences in which amino acid
substitutions have been made to the known anti-RHCE or anti-Band3 variable chain
sequences or heterologous backbone sequences described herein. Substitutions may also be
written as (amino acid identified by single letter code)-position #- (amino acid identified by
single letter code) whereby the first amino acid is the substituted amino acid and the second
amino acid is the substituting amino acid at the specified position. The terms "substitution"
and "substitution of an amino acid" and "amino acid substitution" as used herein refer to a
replacement of an amino acid in an amino acid sequence with another one, wherein the latter
is different from the replaced amino acid. Methods for replacing an amino acid are well
known to the person skilled in the art and include, but are not limited to, mutations of the
nucleotide sequence encoding the amino acid sequence. Methods of making amino acid
substitutions in IgG are described, e.g., for WO 2013/046704, which is incorporated by
reference for its discussion of amino acid modification techniques.

The term "amino acid substitution" and its synonyms described above are intended to
encompass modification of an amino acid sequence by replacement of an amino acid with
another, substituting amino acid. The substitution may be a conservative or non-conservative
substitution. The term conservative, in referring to two amino acids, is intended to mean that
the amino acids share a common property recognized by one of skill in the art. The term non-
conservative, in referring to two amino acids, is intended to mean that the amino acids which
have differences in at least one property recognized by one of skill in the art. For example,
such properties may include amino acids having hydrophobic nonacidic side chains, amino
acids having hydrophobic side chains (which may be further differentiated as acidic or
nonacidic), amino acids having aliphatic hydrophobic side chains, amino acids having
aromatic hydrophobic side chains, amino acids with polar neutral side chains, amino acids
with electrically charged side chains, amino acids with electrically charged acidic side chains,
and amino acids with electrically charged basic side chains. Both naturally occurring and
non-naturally occurring amino acids are known in the art and may be used as substituting
amino acids in embodiments. Thus, a conservative amino acid substitution may involve
changing a first amino acid having a hydrophobic side chain with a different amino acid
having a hydrophobic side chain; whereas a non-conservative amino acid substitution may

involve changing a first amino acid with an acidic hydrophobic side chain with a different
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amino acid having a different side chain, e.g., a basic hydrophobic side chain or a hydrophilic
side chain. Still other conservative or non-conservative changes change be determined by one
of skill in the art.

In still other embodiments, the substitution at a given position will be to an amino
acid, or one of a group of amino acids, that will be apparent to one of skill in the art in order
to accomplish an objective identified herein.

The terms "identical" or percent "identity," in the context of two or more nucleic acids
or polypeptide sequences, refer to two or more sequences or subsequences that are the same
or have a specified percentage of amino acid residues or nucleotides that are the same (i.e.,
about 70% identity, preferably 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or higher identity over a specified region (e.g., any one of the modified
ORFs provided herein when compared and aligned for maximum correspondence over a
comparison window or designated region) as measured using a BLAST or BLAST 2.0
sequence comparison algorithms with default parameters described below, or by manual
alignment and visual inspection (see, e.g., NCBI web site or the like). As another example,
polynucleotide sequences can be compared using Fasta, a program in GCG Version 6.1. Fasta
provides alignments and percent sequence identity of the regions of the best overlap between
the query and search sequences. For instance, percent sequence identity between nucleic acid
sequences can be determined using Fasta with its default parameters (a word size of 6 and the
NOPAM factor for the scoring matrix) as provided in GCG Version 6.1, herein incorporated
by reference. Generally, these programs are used at default settings, although one skilled in
the art can alter these settings as needed. Alternatively, one of skill in the art can utilize
another algorithm or computer program that provides at least the level of identity or
alignment as that provided by the referenced algorithms and programs. This definition also
refers to, or can be applied to, the compliment of a sequence. The definition also includes
sequences that have deletions and/or additions, as well as those that have substitutions. As
described below, the preferred algorithms can account for gaps and the like. Preferably,
identity exists over a region that is at least about 25, 50, 75, 100, 150, 200 amino acids or
nucleotides in length, and oftentimes over a region that is 225, 250, 300, 350, 400, 450, 500
amino acids or nucleotides in length or over the full-length of an amino acid or nucleic acid

sequences.
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Typically, when an alignment is prepared based upon an amino acid sequence, the
alignment contains insertions and deletions which are so identified with respect to a reference
AAYV sequence and the numbering of the amino acid residues is based upon a reference scale
provided for the alignment. However, any given AAV sequence may have fewer amino acid
residues than the reference scale. In the present invention, when discussing the parental
sequence, the term “the same position” or the “corresponding position” refers to the amino
acid located at the same residue number in each of the sequences, with respect to the
reference scale for the aligned sequences. However, when taken out of the alignment, each of
the proteins may have these amino acids located at different residue numbers. Alignments are
performed using any of a variety of publicly or commercially available Multiple Sequence
Alignment Programs. Sequence alignment programs are available for amino acid sequences,
e.g., the “Clustal X, “MAP”, “PIMA”, “MSA”, “BLOCKMAKER”, “MEME”, and “Match-
Box™ programs. Generally, any of these programs are used at default settings, although one of
skill in the art can alter these settings as needed. Alternatively, one of skill in the art can
utilize another algorithm or computer program which provides at least the level of identity or
alignment as that provided by the referenced algorithms and programs. See, e.g., J. D.
Thomson et al, Nucl. Acids. Res., “A comprehensive comparison of multiple sequence

alignments”, 27(13):2682-2690 (1999).

Cargoes

For several decades, researchers have used erythrocytes for drug delivery of a wide
variety of therapeutics to improve their pharmacokinetics, biodistribution, controlled release
and pharmacodynamics. Provided herein are compositions in which both therapeutic and non-
therapeutic cargoes are coupled to the surface of the red blood cell using the antibodies
described herein.

As used herein, the term “cargo” or “agent” refers to any pharmacological,
therapeutic, prophylactic, imaging or diagnostic agent which is coupled to, bound, fused,
associated with or conjugated to an anti-RHCE or anti-Band 3 antibody described herein. In
one embodiment, the term cargo or agent refers to more than one cargo or agent described
herein, e.g., liposomes loaded with other drugs. Drugs whose delivery may be improved by

coupling to RBCs include antigens and cytokines to stimulate the immune response,
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antibodies for vascular targeting of RBC-loaded cargoes, antibodies and other ligands to
capture circulating pathological mediators such toxins and pathogens themselves, therapeutic
enzymes and other biomolecules whose targets are localized within the bloodstream, and
complement inhibitors to protect RBCs against pathological hemolysis. See, Villa et al,
Delivery of drugs bound to erythrocytes: new avenues for an old intravascular carrier,
Therapeutic Delivery, 6(7), 2015, which is incorporated herein by reference.

In one embodiment, the cargo is a liposome. Liposomes are small artificial vesicles of
spherical shape that can be created from cholesterol and natural non-toxic phospholipids. See,
Akbarzakeh et al, Nanoscale Res Lett. 2013; 8(1): 102, which is incorporated herein by
reference. Liposomes consist of an aqueous core surrounded by a lipid bilayer, much like a
membrane, separating the inner aqueous core from the bulk outside. Liposomes have been
used to improve the therapeutic index of new or established drugs by modifying drug
absorption, reducing metabolism, prolonging biological half-life or reducing toxicity. Drug
distribution is then controlled primarily by properties of the carrier and no longer by physico-
chemical characteristics of the drug substance only.

Lipids forming liposomes may be natural or synthetic, and liposome constituents are
not exclusive of lipids, new generation liposomes can also be formed from polymers
(sometimes referred to as polymersomes). Whether composed of natural or synthetic lipids or
polymers, liposomes are biocompatible and biodegradable which make them suitable for
biomedical research. The unique feature of liposomes is their ability to compartmentalize and
solubilize both hydrophilic and hydrophobic materials by nature. Hydrophobic drugs place
themselves inside the bilayer of the liposome and hydrophilic drugs are entrapped within the
aqueous core or at the bilayer interface. Liposomal formulations enhance the therapeutic
efficiency of drugs in preclinical models and in humans compared to conventional
formulations due to the alteration of biodistribution. Liposome binding drugs, into or onto
their membranes, are expected to be transported without rapid degradation and minimum side
effects to the recipient because generally liposomes are composed of biodegradable,
biologically inert and non-immunogenic lipids. Moreover, they produce no pyrogenic or
antigenic reactions and possess limited toxicity. Consequently, all these properties as well as
the ease of surface modification to bear the targetable properties make liposomes attractive

candidates for use as drug-delivery. Additional cargoes may be loaded into the liposomes and
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coupled to the described antibodies. Such additional cargoes are selected from any useful
agent, including those described herein.

In one embodiment, the cargo may be any anti-thrombotic agent (molecule), anti-
inflammatory agent, or pro-drug thereof for which targeting to a red blood cell is desired for
purposes of systemic delivery, or alternatively, for delivery to the site of a pathological
condition including conditions characterized by the production or presence of an enzyme that
can cleave the anti-thrombotic agent, anti-inflammatory agent, or the pro-drug, from the
fusion protein.

As used herein, the term "pro-drug" or "prodrug" encompasses any polypeptide
encoding an anti-thrombotic or anti-inflammatory agent and a cleavage site for activation of
the agent. The pro-drug is inactive (or significantly less active) upon administration, and is
metabolized in vivo into an active form. In further embodiments, the pro-drug is a pro-drug of
an anti-thrombotic or anti-inflammatory agent.

In one embodiment, the anti-thrombotic agent is one that is capable of producing its
therapeutic effect when attached to the RBC, i.e., an active anti-thrombotic agent. In another
embodiment, the anti-thrombotic agent is a pro-drug which contains a native or synthetic
cleavage site and which produces an active anti-thrombotic effect only upon cleavage from
its pro-drug state.

Among such anti-thrombotic agents include without limitation, plasminogen
activators. In still a further embodiment, the plasminogen activator is tPA, urokinase,
tenectase, retavase, streptokinase, staphylokinase, or a plasminogen activator from venoms
and saliva of bats, insects, and other animals. In another embodiment, the plasminogen
activator is anistreplase, pro-urokinase (pUK), or a hybrid plasminogen activator (e.g., as
described in US Pat. No. 4,916,071). In one embodiment, the cargo is thrombomodulin, as
shown in the examples herein.

In a further embodiment the anti-thrombotic agent is the low molecular weight single
chain urokinase-like plasminogen activator described in the examples below (also termed
uPA (as the exemplary plasminogen activator), lUK, ImwUK, and Imw scuPA within the
examples). Also included are mutants or variants thereof, which retain plasminogen activator
activity, such as variants which have been chemically modified or in which one or more

amino acids have been added, deleted or substituted or in which one or more functional
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domains have been added, deleted or altered such as by combining the active site of one
plasminogen activator or fibrin binding domain of another plasminogen activator or fibrin
binding molecule. In a further embodiment, the anti-thrombotic agent contains a moiety
presented by a protease domain of a plasminogen activator. Naturally-occurring pro-drugs of
these agents may be employed. Synthetically designed prodrugs based on these agents may
also be employed. Prodrugs containing modified cleavage sites may also be employed.

In one embodiment, the cargo is a therapeutic protein or pro-drug of an anti-
inflammatory agent. In one embodiment, the anti-inflammatory agent is an antibody against a
cytokine or other pro-inflammatory mediator. In a further embodiment, the anti-inflammatory
agent may comprise a moiety presented by thrombomodulin or a domain thereof. Among
other anti-inflammatory agents for use in the fusion proteins described herein are, without
limitation, somatostatin, adiponectin, cortistatin, corticotrophin releasing factor, sauvagine,
nocifensins, as well as the anti-inflammatory cytokines, IL-1 receptor antagonist (IL-1ra), IL-
4, IL-6, IL-10, and IL-13 and the soluble receptors STNFRI, sSTNFRp55, sTNFRII,
STNFRp75, sIL-1RII, mIL-1RII, and IL-18BP, among others. Anti-inflammatory proteins
may be native or mutated proteins. Similarly, native, mutated or synthetic anti-inflammatory
peptides, including without limitation, peptides described in US Patent Nos. 5480869;
7816449 and 5229367, among other known peptides may also form part of the fusion
proteins described herein. One of skill in the art may select or design an appropriate anti-
inflammatory agent or prodrug depending on the pathological condition being treated.

In still another embodiment, the therapeutic molecule is a molecule which binds a
pro-inflammatory mediator. In one embodiment, the pro-inflammatory mediator is the
HMGBI cytokine. In one embodiment, signaling by HMGBI1 is disrupted by binding of the
lectin-like domain of thrombomodulin (abbreviated herewith as TM). In other embodiments,
the pro-inflammatory cytokine is IL-1-a, IL-1-p, IL-6, TNF-o, TGF-p, LIF, IFN-y, OSM,
CNTF, GM-CSF, IL-8, IL-11, IL-12, IL-17, and IL-18.

In one embodiment, a fusion protein may contain a therapeutically-active site, domain
or moiety of any of the anti-thrombotic agents, anti-inflammatory agents, or pro-drugs listed
herein or known to the art to be suitable for direct targeted administration to the site of a

thrombus. Other useful pro-drugs known to one of skill in the art may be used herein.
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In still other embodiments, mutations in protein sequence of the anti-thrombotic agent
or anti-inflammatory agent, therapeutically-active site, domain, or moiety thereof allows its
conversion into a pro-drug activated and/or released locally at a desired pathological site
(e.g.. pathological nascent intravascular thrombi) using specific activity of pathological
factors that exist only in these pathological sites, such as protease thrombin. Such mutations
in the amino acid sequences or nucleotide sequences encoding the therapeutic protein can be
employed to insert a desired cleavage, enzymatic or activation site into the therapeutic
molecule, or into or adjacent the linker between the antibody and the cargo. Alternatively,
such mutations can change a native cleavage site to another desired cleavage site, or to insert
a cleavage site where none naturally existed into or adjacent to a cargo.

In one embodiment, the therapeutic pro-drug molecule is activated or the mature drug
molecule released from the fusion protein by an enzyme, which level is locally elevated
under pathological conditions. In a further embodiment, the enzyme is a protease. In still
further embodiments, the protease is a leukocyte protease (e.g., cathepsin), an activated
protease in the coagulation cascade (e.g., activated Factor Xa), or an activated protease in the
complement cascade. In other embodiments, the protease's activity is elevated locally in
tissue. In still other embodiments, the protease is a metalloproteinase, elastase, or
collagenase.

In still other embodiments of fusion proteins containing therapeutic pro-drug
molecules, the enzyme is a pathological mediator. In further embodiments, the pathological
mediator is involved in coagulation or fibrinolysis. In another embodiment, the pathological
mediator is thrombin or plasmin. In a further embodiment, the pathological mediator is
thrombin. Thus, for example, in one embodiment, the therapeutic pro-drug molecule is the
thrombin activatable low molecular weight single chain urokinase-like plasmin activator,
described in the examples below. In another embodiment, the therapeutic pro-drug molecule
is thrombin-activatable thrombomodulin, or thrombin-activatable tPA (or its mouse analog,
mRNK-T).

Other cargoes useful include blood factors including those involved in blood clotting.
Such blood factors include factor VIII and factor IX. Further cargoes include small molecule
drugs. Other cargoes useful herein include anti-malarial drugs, such as chloroquine, quinine

sulfate, hydroxychloroquine, mefloquine, atovaquone and proguanil. Other useful cargoes

33



10

15

20

25

30

WO 2019/113224 PCT/US2018/064089

include anti-hemolytic agents. In one embodiment, such drugs are loaded into liposomes,
polymeric particles, lipid nanoparticles, natural or artificial biomolecules or assemblies. See,
e.g., Giri et al, Anticancer Agents Med Chem. 2016;16(7):816-31; WO 2017/023358; Jo et al,
Colloids Surf B Biointerfaces. 2014 Nov 1;123:345-63. doi: 10.1016/j.colsurfb.2014.09.029.
Epub 2014 Sep 22, each of which is incorporated herein by reference.

Fusion Proteins and Conjugates

The cargoes and antibodies described herein are coupled in one of various appropriate
methods. Such methods include fusion proteins, chemical conjugation, chemical crosslinking,
use of a linker, click chemistry and the like. Such methods are known in the art. As used
herein, terms such as and including “coupled to”, “bound”, “fused, “associated with” or
“conjugated to” are used interchangeably. Where one embodiment is provided utilizing the
antibody and cargo as e.g., a fusion protein, another embodiment is contemplated in which
the antibody and cargo are coupled via another method, e.g., using click chemistry or the like.

In one embodiment, the antibody and the cargo are expressed as a fusion protein.
Fusion proteins are created through the joining of two or more genes that originally coded for
separate proteins. In one embodiment, the fusion protein comprises an scFv and a
heterologous expression product. Such expression products include certain of the cargoes
described herein. In one embodiment, the fusion proteins contain a targeting single chain
antigen-binding domain (scFv) that binds to a determinant expressed on the surface of a red
blood cell, e.g., RHCE (th17) or Band3 (Wrb). Use of an scFv (monovalent) avoids cross-
linking of binding sites or determinants, thereby avoiding potentially harmful cell membrane
modification and cell aggregation.

ScFvs may be generated conventionally, e.g., by the method of Spitzer, et al. (Mol.
Immunol. 2003, 40:911-919), or by the methods described herein. Total RNA of a hybridoma
cell line is isolated (e.g., by RNeasy, Qiagen, Velencia, CA), followed by reverse
transcription, e.g., using the SMARTTM technology (Clontech, Palo Alto, CA) employing
known primers (e.g., those of Dubel, et al. (J. Immunol. Methods 1994, 175:89-95)). The
resulting heavy (VH) and light (VL) chain variable cDNA fragments are then subcloned into
a suitable plasmid, e.g., pCR®2.1-TOPO® (Invitrogen, Carlsbad, CA). The materials utilized

are not a limitation of these embodiments. The VH and VL chains generated are combined
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with a suitable linker, resulting in the desired scFv (see, e.g., Example 1). In one
embodiment, the scFV comprises anti-RHCD sequences. In one embodiment, the scFv
comprises SEQ ID Nos. 19 and 20. In another embodiment, the scFv comprises SEQ ID Nos:
21 and 22. In another embodiment, the scFv comprises SEQ ID Nos: 23 and 24. In one
embodiment, the scFV comprises anti-Band3 sequences. In one embodiment, the scFv
comprises SEQ ID Nos. 229 and 262. In another embodiment, the scFv comprises SEQ ID
Nos: 230 and 263. In another embodiment, the scFv comprises SEQ ID Nos: 231 and 264. In
another embodiment, the scFv comprises SEQ ID Nos: 232 and 265. In another embodiment,
the scFv comprises SEQ ID Nos: 233 and 266. In another embodiment, the scFv comprises
SEQ ID Nos: 234 and 267. In another embodiment, the scFv comprises SEQ ID Nos: 235 and
268. In another embodiment, the scFv comprises SEQ ID Nos: 236 and 269. In another
embodiment, the scFv comprises SEQ ID Nos: 237 and 270. In another embodiment, the
scFv comprises SEQ ID Nos: 238 and 271. In another embodiment, the scFv comprises SEQ
ID Nos: 239 and 272. In another embodiment, the scFv comprises SEQ ID Nos: 240 and 273.
In another embodiment, the scFv comprises SEQ ID Nos: 241 and 274. In another
embodiment, the scFv comprises SEQ ID Nos: 242 and 275. In another embodiment, the
scFv comprises SEQ ID Nos: 243 and 276. In another embodiment, the scFv comprises SEQ
ID Nos: 244 and 277. In another embodiment, the scFv comprises SEQ ID Nos: 245 and 278.
In another embodiment, the scFv comprises SEQ ID Nos: 246 and 279. In another
embodiment, the scFv comprises SEQ ID Nos: 247 and 280. In another embodiment, the
scFv comprises SEQ ID Nos: 248 and 281. In another embodiment, the scFv comprises SEQ
ID Nos: 248 and 281. In another embodiment, the scFv comprises SEQ ID Nos: 249 and 282.
In another embodiment, the scFv comprises SEQ ID Nos: 250 and 283. In another
embodiment, the scFv comprises SEQ ID Nos: 251 and 284. In another embodiment, the
scFv comprises SEQ ID Nos: 252 and 285. In another embodiment, the scFv comprises SEQ
ID Nos: 253 and 286. In another embodiment, the scFv comprises SEQ ID Nos: 254 and 287.
In another embodiment, the scFv comprises SEQ ID Nos: 255 and 288. In another
embodiment, the scFv comprises SEQ ID Nos: 256 and 289. In another embodiment, the
scFv comprises SEQ ID Nos: 257 and 290. In another embodiment, the scFv comprises SEQ
ID Nos: 258 and 291. In another embodiment, the scFv comprises SEQ ID Nos: 259 and 292.
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In another embodiment, the scFv comprises SEQ ID Nos: 260 and 293. In another
embodiment, the scFv comprises SEQ ID Nos: 261 and 294.

In one aspect, nucleic acid sequences are provided which encode the scFv. In one
embodiment, the coding sequences include one of the sequences of Table 3 or Table 6. A
cartoon of an exemplary RHCE scFv- human thrombomodulin fusion protein plasmid is
provided in FIG. 18.

In another embodiment, the antibodies are chemically conjugated to their cargoes
using molecular cross-linkers, spacers, and bridges. By cross-linkers, spacer and bridges are
meant any moiety used to attach or associate the antibody to the cargo. In one embodiment,
the cross-linker is a covalent bond. In another embodiment, the linker is a non-covalent bond.
In still other embodiments, the linker can be a larger compound or two or more compounds
that associate covalently or non-covalently. In still other embodiment, the linker can be a
combination of the linkers, e.g., chemical compounds, nucleotides, amino acids, proteins, etc.
In one embodiment, the cross-linker is biotin-streptavidin. In this embodiment,
interconnecting molecule(s) such as streptavidin can be coupled to RBC either directly via
chemical modification, or via biotin derivatives conjugated to the functional groups on RBC,
inserted into RBC phospholipids or coupled to other appropriate RBC components such as
sugars, with or without additional spacers between the active group anchoring biotin
derivative to RBC. In turn, cargo molecules are coupled to streptavidin either via chemical
conjugation or via using biotin derivatives as described above. In one embodiment a spacer is
positioned between biotin and a reactive group, such as succinimide ester group. Various
methods of bioconjugation are known in the art. See, e.g., Kalia and Raines, Curr Org Chem.
2010 Jan; 14(2): 138-147, which is incorporated herein by reference.

In one embodiment, a fusion protein as described herein is prepared by linking
(fusing) the above-described scFv to a described cargo, (e.g., a above-described anti-
thrombotic agent, anti-inflammatory agent, or pro-drug molecule). Moreover, genetic
engineering allows the design and synthesis of targeted pro-drugs which can be cleaved by
pathophysiologically relevant enzymes that are generated at the size of disease that cannot be
attained using chemical conjugation.

Linkers may also be utilized to join variable heavy and variable light chain fragments.

A linker as used herein refers to a chain of as short as about 1 amino acid to as long as about
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100 amino acids, or longer. In a further embodiment, the linkeris 3, 4,5, 6,7, 8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, or 20 amino acids in length. In one embodiment, the linker is
13 amino acids in length.

Further, a cleavage sequence, such as the thrombin-sensitive cleavage sequence or
other enzyme cleavage sequence, can be inserted in the linker to provide for release of the
drug when the RBC to which it is targeted encounters the appropriate cleaving enzyme at the
site of the pathological condition, e.g., upon active thrombosis. This cleavage sequence may
be located within a linker or at a terminus thereof. In one embodiment, a thrombin cleavage
site -Met-Tyr-Pro-Arg-Gly-Asn- may be inserted in, or appended to, the linker between the
scFv and the therapeutic molecule or pro-drug. In another embodiment, the thrombin
cleavage site is Pro-Arg. In still a further embodiment, lack of the native Phe-Lys plasmin
cleavage site prevents single chain (sc) uPA activation (into fully active two-chain
plasminogen activator (tcuPA)) via plasmin.

In another embodiment, antibody-derived scFv with a thrombin releasing site can be
cloned by an upstream primer, which anneals to the carboxy terminus and introduces the
sequence including a short peptide linker with the thrombin cleavage site. In still another
embodiment, the cleavage site is internal to the pro-drug itself.

In one embodiment, the antibody and cargo are conjugated using click chemistry. In
one embodiment, the conjugation is done using copper-independent click chemistry. Briefly,
the antibody (e.g., scFV) is chemically modified to site-specifically incorporate a strained
alkyne for “click’ coupling. The cargo (e.g., liposome) is functionalized with a
complementary group, such as DBCO and azide. Other examples of click chemistry
reactions, include, without limitation: cycloaddition reactions, such as the 1,3-dipolar family,
and hetero Diels-Alder reactions; nucleophilic ring-opening reactions (e.g., epoxides,
aziridines, cyclic sulfates, and so forth); carbonyl chemistry, such as the formation of oxime
ethers, hydrazones, and aromatic heterocycles; in addition to carbon-carbon multiple bonds,
such as epoxidation and dihydroxylation and azide-phosphine coupling (Staudinger ligation).
See, Nwe and Brechbiel, Cancer Biother Radiopharm. 2009 Jun; 24(3): 289-302, which is

incorporated herein by reference.
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Methods of Preparation

The sequences, antibodies, fragments, fusion proteins and conjugates described
herein may be produced by any suitable means, including recombinant production, chemical
synthesis, or other synthetic means. Suitable production techniques are well known to those
of skill in the art. See, e.g., Sambrook et al, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Press (Cold Spring Harbor, NY). Alternatively, peptides can also be
synthesized by the well-known solid phase peptide synthesis methods (Merrifield, J. Am.
Chem. Soc., 85:2149 (1962); Stewart and Young, Solid Phase Peptide Synthesis (Freeman,
San Francisco, 1969) pp. 27-62). Polymerase chain reaction (PCR) and related techniques are
described in Derbyshire, et al. (Immunochemistry 1: A practical approach. M. Tumer, A.
Johnston eds., Oxford University Press 1997, e.g., at pp. 239-273). Plasmids useful herein
have been described in Derbyshire, et al. (cited above), as well as Gottstein, et al.
(Biotechniques 30: 190-200, 2001). Cloning techniques are also described in these and other
suitable production methods are within the knowledge of those of skill in the art and are not a
limitation of the compositions and methods described herein. Generation of recombinant
proteins provides flexibility in design, rapid production, large-scale production and uniform
composition.

In one aspect, a construct is provided which encodes the fusion proteins or antibodies
described herein. Such a construct is, in on aspect, delivered to a subject in need thereof via
an appropriate viral vector or the like. Suitable viral vectors include, without limitation,
retrovirus, adenovirus, adeno-associated virus (AAV), herpes simplex virus, lentivirus, and
chimeric viral vectors. These vectors may be designed and employed by the person of skill in
the art using the sequences and teachings herein.

As an example, reference is made to the use of an AAV as a viral vector for gene
therapy. However, similar vectors can be constructed using other types of viral vectors.
Typically, an expression cassette for an AAV vector comprises an AAV 5’ inverted terminal
repeat (ITR), the immunoglobulin/antibody coding sequences and any regulatory sequences,
and an AAV 3° ITR. However, other configurations of these elements may be suitable. In one
embodiment, the expression cassette encodes a fusion protein, e.g., the scFv coding
sequences in combination with the coding sequence for a cargo. Such a construct is shown in

FIG. 18.
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The expression cassette may contain at least one internal ribosome binding site, i.e.,
an IRES, located between the coding regions of the heavy and light chains, or located
between the coding regions of the scFv and the cargo (e.g., thrombomodulin as in FIG. 18).
Alternatively, the heavy and light chain or scFv and the cargo coding sequences may be
separated by a furin-2a self-cleaving peptide linker (see, e.g., Radcliffe and Mitrophanous,
Gene Therapy (2004), 11, 1673-1674, which is incorporated herein by reference). The use of
AAY for delivering antibody sequences is known. See, e.g., WO 2017/106326, which is
incorporated by reference herein.

In one embodiment, the antibody genes described herein are engineered into a genetic
element (e.g., a plasmid) useful for generating viral vectors which transfer the
immunoglobulin construct sequences carried thereon. The selected vector may be delivered to
a packaging cell by any suitable method, including transfection, electroporation, liposome
delivery, membrane fusion techniques, high velocity DNA-coated pellets, viral infection and
protoplast fusion. Stable packaging cells can also be made. The methods used to make such
constructs are known to those with skill in nucleic acid manipulation and include genetic
engineering, recombinant engineering, and synthetic techniques. See, e.g., Molecular
Cloning: A Laboratory Manual, ed. Green and Sambrook, Cold Spring Harbor Press, Cold
Spring Harbor, NY (2012).

Pharmaceutical Compositions and Methods of treatment

Pharmaceutical compositions containing antibodies, fragments, fusion proteins and/or
conjugates described herein and a pharmaceutically acceptable carrier or vehicle as described
herein are useful for the treatment of a variety of diseases and disorders, depending upon the
selection and identity of the cargo. In one embodiment, a composition comprises a
pharmaceutically acceptable vehicle for intravenous administration. In another embodiment,
a composition comprises a pharmaceutically acceptable vehicle for administration via other
vascular routes, including but not limited to, intra-arterial and intra-ventricular
administration, as well as routes providing slower delivery of drugs to the bloodstream such
as intramuscular administration to an animal in need thereof. As used herein, the terms
"subject" and "patient" include any mammal. In a further embodiment, the terms "subject"

and "patient" refer to a human.
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Pharmaceutically acceptable vehicles/carriers include any of those conventionally
used in the art, e.g., saline, phosphate buffered saline (PBS), or other liquid sterile vehicles
accepted for intravenous injections in clinical practice. Pharmaceutical compositions may
also include buffers, pH adjusting agents, and other additives conventionally used in
medicine. Other exemplary carriers include sterile saline, lactose, sucrose, maltose, and
water. Optionally, the compositions of the invention may contain excipient, diluent and/or
adjuvant, other conventional pharmaceutical ingredients, such as preservatives, or chemical
stabilizers. In one embodiment, compositions described herein are administered systemically
as a bolus intravenous injection of a single therapeutic dose of the fusion protein. In a further
embodiment, the dose is 0.1-5.0 mg/kg. In another embodiment, the dose is 0.01-0.5 mg/kg.

In one embodiment, methods of treatment are provided comprising delivering
antibodies, fragments, fusion proteins and/or conjugates described herein, or a
pharmaceutical composition described herein, to a mammalian subject, particularly a human.
In other embodiments, methods of treatment are provided comprising delivering antibodies,
fragments, fusion proteins and/or conjugates described herein, or a pharmaceutical
composition described herein, to a blood vessel. In one embodiment, antibodies, fragments,
fusion proteins and/or conjugates described herein are administered via a systemic
intravascular route, e.g., a vascular catheter. In some embodiments, rapid targeting of an
organ or system may be accomplished by delivery via coronary artery (e.g., for prophylaxis
of acute myocardial infarction (AMI)) or the cerebral artery (e.g., for prophylaxis of stroke
and other cerebrovascular thrombotic events). Further, the antibodies, fragments, fusion
proteins and/or conjugates described herein may be administered prophylactically, i.e., in
patients predisposed to thrombosis. In a further embodiment, the antibodies, fragments,
fusion proteins and/or conjugates described herein may be administered to an organ donor,
utilized with an isolated organ transplant (e.g., via perfusion), or used with vascular stents.

Thus, in one embodiment, methods of treating or preventing a cardiovascular
disorder, such as thrombosis, tissue ischemia, AMI, ischemic stroke, pulmonary embolism,
sepsis, acute lung injury (ALI) or other type of vascular inflammation, or ischemic peripheral
vascular disease, involves administering antibodies, fragments, fusion proteins and/or
conjugates described herein, or a pharmaceutical composition as described herein, to a blood

vessel in a mammal in need thereof. In such disorders, the anti-thrombotic or anti-
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inflammatory agent and its dosage in delivery (i.e., the amount fused to an individual RBC
may be selected and adjusted by an attending physician with regard to the nature of the
disorder, the physical condition of the patient, and other such factors). The selection of the
cleavage site, where included, may also be selected to match the disorder, e.g., a thrombin
cleavage site suitable for most cardiovascular disorders. Loading red blood cells (RBC) in
vivo with anti-thrombotic agents (ATAs) constitutes a new approach to thromboprophylaxis
that holds promise for improving the management of patients at high risk of thrombosis for a
defined period of time in whom anticoagulation poses an unacceptable risk. Delivery of
plasminogen activators (PAs) and thrombomodulin (TM) via RBCs markedly prolongs
intravascular lifespan and restricts vascular and tissue damage.

In one embodiment, the compositions described herein are effective in the treatment
or prevention of cerebrovascular thrombi. In a further embodiment, the compositions
described herein are effective in the treatment or prevention of cerebrovascular disease, such
as transient ischemic attack and stroke. In yet another embodiment, the antibodies, fragments,
fusion proteins and/or conjugates described herein, or a pharmaceutical composition as
described herein are effective in prolonging the circulation of a cargo in a subject in need
thereof.

Similarly, in another embodiment, methods of treating or preventing disseminated
intravascular coagulation (DIC), sepsis, acute lung injury (ALI/ARDS), aseptic systemic
inflammation, and other inflammatory conditions are provided by administering the
appropriately designed fusion proteins and/or conjugate described herein, according to the
teachings of this specification.

Also provided is the use of antibodies, fragments, fusion proteins and/or conjugates
described herein or a pharmaceutical composition as described herein as a medicament. The
use of antibodies, fragments, fusion proteins and/or conjugates described herein or a
pharmaceutical composition as described herein is provided to treat any of the above
conditions.

Provided herein is a method of treating or preventing thrombosis, tissue ischemia,
acute myocardial infarction (AMI), non-segmented elevated AMI, deep vein thrombosis,
ischemic stroke, hyperoxic injury, transient ischemic attack (TIA), cerebrovascular disease,

disseminated intravascular coagulation (DIC), pulmonary embolism, ischemic peripheral
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vascular disease, inflammation, pulmonary edema, sepsis, acute lung injury (ALI), acute
respiratory distress syndrome (ARDS), aseptic systemic inflammation, malaria, SCD,
hemolytic anemia, or a bleeding disorder such as hemophilia. The method includes
administering an antibody-cargo conjugate composition as described herein to a subject in
need thereof.

The dosages, administrations and regimens may be determined by the attending
physician given the teachings of this specification. In one embodiment, the composition is
administered in a single dosage. In another embodiment, the composition is administered as a
split dosage. Split administration may imply a time gap of administration from intervals of
minutes, hours, days, weeks or months. In another embodiment, a second administration of a
composition as described herein is performed at a later time point. Such time point may be
weeks, months or years following the first administration. In one embodiment, the second
administrationis 1,2, 3,4, 5, 6, 7, 8, 9, 10 years or more after the first administration.

In still other embodiments, the compositions described herein may be delivered in a
single composition or multiple compositions. Optionally, two or more different antibody
conjugates, fusion proteins, or AAV may be delivered, or multiple viruses [see, e.g., WO
2011/126808 and WO 2013/049493]. In another embodiment, multiple viruses may contain
different replication-defective viruses (e.g., AAV and adenovirus or lentivirus).

The compositions described herein have been shown to have little effect on RBC cell
physiology. Previously used constructs, directed to Terl 19, have been shown to induce
rigidity in RBC. While targeting Wr? might be expected to induce rigidity[28], ligands to
RHCE determinants were not previously characterized on human RBCs with respect to
effects on cell physiology. These antibodies were then fused to the extracellular domain of
human thrombomodulin (hTM-scFv) to produce an exemplary multi-faceted
thromboprophylactic agent[20]. The binding of the scFv and hTM-scFv was characterized
and examination of how both affected several clinically relevant aspects of human RBC
physiology including osmotic resistance, mechanical strength, deformability under flow, and
exposure of phosphatidylserine was performed. The efficacy of these human RBC-coupled
TMs was compared using a whole-blood, microfluidic model of inflammatory

microthrombosis recently described [33], as shown in the examples below.
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In one aspect, a method of loading red blood cells is provided. In one embodiment,
the red blood cells are loaded ex vivo. In said method, red blood cells are collected from a
subject. The RBCs are isolated and contacted with an antibody-cargo construct of the
invention. The loaded RBCs are then infused into a subject. In one embodiment, the subject is
the same subject from which the RBCs were harvested. In another embodiment, the subject or
a different subject from which the RBCs were harvested.

As described above, the term “about” when used to modify a numerical value means a
variation of £10%, unless otherwise specified. As used throughout this specification and the
claims, the terms “comprise” and “contain” and its variants including, “comprises”,
“comprising”, “contains” and “containing”, among other variants, is inclusive of other
components, elements, integers, steps and the like. The term “consists of” or “consisting of”
are exclusive of other components, elements, integers, steps and the like.

The following examples are illustrative only and are not a limitation on the invention
described herein. It is demonstrated herein, that a human antibody was murinized and
administered to a mouse to effectively lower cholesterol levels in a model of familial

hypercholesterolemia.

Example 1 - Materials and methods

Cell lines

Human umbilical vein endothelial cells (HUVECs) were purchased and maintained in
complete EGM (Lonza, Walkersville, MD). Stably transfected Drosophila S2 cells were
maintained in Schneider’s complete medium (Thermo Fisher Scientific, Philadelphia, PA)
with 25 pg/mL blasticidin (Thermo Fisher Scientific, Carlsbad, CA) and transitioned to
serum free Insect-Xpress (Lonza, Walkersville, MD) supplemented with Glutamax and
0.8mM CuSO04 (Sigma Aldrich, St. Louis, MO) for recombinant protein expression.
Chemically competent One Shot Top10 E. coli were used for subcloning as well as for
production of scFvs using the pBAD/gIII periplasmic production system (Thermo Fisher
Scientific, Carlsbad, CA).

Reagents

Human a-thrombin, human protein C, corn trypsin inhibitor (CTI), and blood

collection tubes containing citrate and CTI were all purchased from Haematologic

43



10

15

20

25

30

WO 2019/113224 PCT/US2018/064089

Technologies (Essex Junction, VT). Recombinant human TNF-¢ was purchased from
Corning (Corning, NY). Anti-human CD141 (thrombomodulin) antibody (clone Phx-01) was
purchased from BioLegend (San Diego, CA). Calcein AM and flourescent labeling reagents
AlexaFlour 647-NHS Ester and AlexaFlour 488-TFP Ester were purchased from Thermo
Fisher Scientific (Carlsbad, CA). Anti-human fibrin (clone 59D8) was purified from
hybridoma supernatant using protein G and fluorescently labeled with AlexaFluor 568-NHS
Ester (Thermo Fisher Scientific). Monoclonal antibodies BRIC256 (anti-GPA), BRAD2
(anti-RHD), BRAD3 (anti-RHD), FOG-1 (anti-RHD), BRIC14 (anti-Band3/Wrb),
BIRMAS84b (anti-Band3/Wrb), and BRIC200 (anti-Band3) were purchased from the
International Blood Group Reference Laboratory (Bristol, England, UK). Antibody BRIC69
(anti-RHCE) was purchased from Thermo Fisher Scientific (Carlsbad, CA).

Red blood cells

Human whole blood was obtained from healthy volunteer donors. All studies
involving human subjects were approved by the Institutional Review Board of the University
of Pennsylvania. Written informed consent was obtained and phlebotomy was performed via
the antecubital veins using a 21-gauge butterfly needle. Specimens were drawn into 3.2%
sodium citrate vacuum tubes (BD, Franklin Lakes, NJ). To obtain red blood cells, whole
blood was spun at 1000xg for 10 min and the plasma and buffy coat were discarded. A
portion of the packed red cells was then suspended in phosphate buffered saline (PBS) with
2% normal human AB serum (Sigma Aldrich, St. Louis, MO) at the indicated hematocrit for
each subsequent assay. To measure osmotic resistance and mechanical resistance, human
RBCs were isolated from the retained segments of non-expired O positive, leukoreduced,
irradiated RBCs from our hospital blood bank and prepared similarly. Similar results were
seen using either fresh RBCs or donor units.

Derivation and production of antibodies and fusion proteins

An IgG Fab/phage display library was prepared from the peripheral blood
lymphocytes of a hyperimmunized macaque using homologous human V-region
oligonucleotides (Siegel DL, R. M., Lee H, Blancher A., Production of large repertories of
macaque mAbs to human RBCs using phage display. Transfusion, 1999. 39(S10): p. 928,
which is incorporated herein by reference). Fab/phage specific for human RBCs were isolated

by panning on intact human RBCs. Monoclonal Fab/phage were grown to produce antibodies
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for immunoassays and their corresponding DNA was extracted for sequencing. To identify
target epitopes, antibodies were screened against RBCs of known serologic phenotypes,
including rare cells lacking highly conserved antigens, using standard immunohematologic
techniques (Roback, J.D., Technical Manual. 2014: American Association of Blood Banks
(AABB), which is incorporated herein by reference.)

After identification of the target epitopes, clones reactive against Wrb and Rh17
present at the highest titers were chosen to produce scFv derivatives of the encoded
antibodies. Sequences of the antibody clones examined herein are available in the supporting
information. For each VH and VL region, restriction enzyme sites were introduced for
cloning into expression vectors and fusion to the extracellular domain of human TM (Glu22-
Ser515). VH and VL were also ligated into a pBAD/gIII expression system (Thermo Fisher
Scientific, Carlsbad, CA) to produce scFv alone in E. coli. Sequences were modified by
custom synthesis of double-stranded gene fragments (gBlock, IDT, Coralville, TA).

Recombinant protein expression and purification

pMT/hTM-aBand3, pMT/hTM-aRh17, and pMT/shTM were each co-transfected with
pCoBLAST in Drosophila S2 cells and selected with blasticidin to generate stable cell lines.
Expression and purification were performed as described previously (Ding, B.S., et al.,
Anchoring fusion thrombomodulin to the endothelial lumen protects against injury-induced
lung thrombosis and inflammation. Am J Respir Crit Care Med, 2009. 180(3): p. 247-56,
which is incorporated herein by reference), using a copper-induced promoter for secreted
expression. Proteins harvested from culture supernatants were purified using an anti-FLAG
(M2, Sigma, St Louis, MO) affinity resin. Purified proteins were assessed by SDS-PAGE and
HPLC (Waters) using a size-exclusion column (Yarra, Phenomenex, Torrance, CA). HPLC
was used to removed dimers from purified products when present. scFvs were produced using
a pBAD/glII vector production system (Thermo Fisher Scientific, Carlsbad, CA) for
periplasmic secretion. Cultures of transformed E. Coli were induced with 0.02% arabinose
and grown for at least 6 hours at room temperature. The periplasmic fraction was isolated by
osmotic shock and the resulting shock fluid was purified on an L5 anti-FLAG column

(Biolegend, San Diego, CA).
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Binding assays

Recombinant proteins were radiolabeled with Na!?I (Perkin Elmer, Exton, PA) using
pre-formulated iodination reagent (Pierce lodination Reagent, Thermo Fisher Scientific,
Carlsbad, CA) per the manufacturer’s protocol. Radiochemical purity was verified by instant
thin layer chromatography on silica and was typically >95%. Radiolabeled proteins were
added to human RBCs at 0.02% hematocrit in PBS with 2% human AB serum. Binding was
allowed to reach equilibrium over 4 hours at 37 degrees C. After binding, cell suspensions
were rapidly washed at least four times with cold PBS. The resulting cell pellet was counted
using a Perkin Elmer Wizard2 gamma counting system. Dissociation of the fusion proteins
was assessed using RBCs saturated with radiolabeled proteins, washing unbound ligands, and
placing in dilute suspensions prior to measurement of bound ligand at specified time points.
Similar binding experiments were performed with fluorescently-labeled recombinant proteins
and cells were analyzed by flow cytometry (Accuri C6, BD Biosciences, San Jose, CA).
Fluorescently labeled proteins were produced by reaction with amine-reactive derivatives of
fluorescent dyes AlexaFlour488 and AlexaFlour647 (typically 10- to 20-fold excess at pH 8)
and purified using 10,000 MWCO centrifugal filter devices (EMD Milipore, Billerica, MA).

Activated protein C assay

Generation of activated protein C by TM proteins or TMs coupled to RBCs was
measured as described previously (Carnemolla, R., et al., Quantitative analysis of
thrombomodulin-mediated conversion of protein C to APC: translation from in vitro to in
vivo. J Immunol Methods, 2012. 384(1-2): p. 21-4). In brief, a given concentration of
recombinant protein (1-20 nM) or fusion-loaded RBCs was suspended with 300 nM human
protein C and 1 nM human alpha thrombin for 1 hour at 37 degrees C. A portion of the
reaction supernatant was then added to an excess of hirudin and 500 uM S-2366 chromogenic
substrate. The absorbance was read kinetically at 405 nm with the slope of the linear portion
of the resulting curve reflecting APC concentration.

Microfluidic assay

Microfluidic experiments were performed on a Bioflux 1000 (Fluxion Biosciences,
San Francisco, CA) multi-well microfluidic system. Microchannels were endothelialized with
HUVEC:s as described previously (Colin F. Greineder, .H.J., Carlos H. Villa, Douglas B.
Cines, Mortimer Poncz, and Vladimir R. Muzykantov, Microfluidic Modeling of Human
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Disseminated Intravascular Coagulation Reveals Efficacy and Mechanism of Targeted
Thrombomodulin. Submitted, 2017) which typically resulted in complete coverage of the
micro-channels. Channels were treated with TNF-alpha (10 ng/mL) under flow (at shear
stress of 5 dyne/cm2) for 6 hours to flow condition and induce activation prior to exposure to
whole blood. Whole blood was obtained from healthy volunteer donors and collected into
citrate collection tubes containing corn trypsin inhibitor (CTI, Essex Junction, CT). The
indicated concentrations of recombinant proteins were added to the whole blood for hour at
prior to perfusion through the microchannels. Flourescently labeled anti-fibrin antibodies and
calcein AM were also added to blood 15 minutes before microfluidic assay to image fibrin
deposition and leukocyte and platelet adhesion, respectively. Blood was flowed through the
channels under conditions mimicking post capillary venules (5 dyne/cm2) for 20 minutes
while images were continuously acquired. Controls and experimental conditions were
compared on simultaneously run channels using a motorized stage for real-time acquisition.
Images were analyzed using ImagelJ for quantification of mean fluorescence intensity.

Osmotic and mechanical resistance assays

Osmotic and mechanical resistance was measured as previously described (Pan, D, et
al., The Effect of Polymeric Nanoparticles on Biocompatibility of Carrier Red Blood Cells.
PLoS One, 2016. 11(3): p. e0152074). In brief, human RBCs obtained from retained
segments of donor RBCs were suspended in PBS at 5% hematocrit prior to incubation with
various concentrations of antibodies or fusion proteins. The RBCs were then washed and
exposed to osmotic or mechanical stress. Osmotic stress was induced by incubation in 64 mM
NaCl solution, conditions that give approximately 50% hemolysis of normal RBCs. The
suspensions were then centrifuged at 13,400 g and the resulting supernatants were assayed for
hemoglobin content by measuring absorbance at 540 nm. Hemolysis of equivalent
concentrations of RBCs in water was taken as 100% hemolysis. To measure mechanical
stress, RBCs were similarly treated with antibodies and fusion proteins, resuspended at 1%
hematocrit, and rotated in the presence of 8x4mm glass beads (Coming Pyrex, Coming, NY)
for 1 hour at 37 C. The RBC suspension supernatants were then similarly analyzed

spectrophotometrically for hemolysis.
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Ekacytometry

Ektacytometry was performed using a RheoScan AnD system (Rheo Meditech, Seoul,
Republic of Korea). In a typical experiment, 50 uL of 5% RBC or 5 uL of whole blood was
suspended in 700 pL of a 5.5% (w/v) solution of 360 kDa poly-vinylpyrrolidine (Sigma
Aldrich, St. Louis, MO) in PBS. A 500 uL sample within each microfluidic chamber was
then analyzed per the manufacturer’s protocol. The elongation indices at the corresponding
shear stresses were then input into statistical software (Prism, GraphPad, San Diego, CA) and
the data were fit using non-linear regression and a Streekstra-Bronkhost model (Baskurt,
0.K. and H.J. Meiselman, Data reduction methods for ektacytometry in clinical
hemorheology. Clin Hemorheol Microcirc, 2013. 54(1): p. 99-107) to derive the maximal

elongation indices (EImax) and shear stress at half-maximal deformation (SS1/2).

Example 2: Synthesis of targeting ligands

Using antibody phage display, we identified non-human-primate Fab antibody
fragments to antigenic determinants on human RBCs. By panning phage libraries on human
RBCs, we produced a Fab/phage preparation with >107 RBC-specific clones capable of
agglutinating human RBCs. By performing binding assays against rare RBC types lacking
highly conserved antigens and epitopes, we identified the target antigens of >30 of these
clones. At least 34 clones bound the Wright b (Wrb) epitope formed by a Band 3/GPA
interaction, present on the RBCs of essentially 100% of the human population. The Wrb
epitope, determined by the protein sequence of Band 3, is a site of association between Band
3 with GPA, and GPA expression is simultaneously required for its presence on the
membrane (Huang CH, Reid ME, Xie SS, Blumenfeld OO. Human red blood cell Wright
antigens: a genetic and evolutionary perspective on glycophorin A-band 3 interaction. Blood.
1996;87(9):3942-3947). At least 3 other clones bound to a highly-conserved epitope
Rh17(Hr0) on human RhCE protein, also present on essentially 100% of the human
population. Both these targets are specific for erythroid lineage (Rojewski MT,
Schrezenmeier H, Flegel WA. Tissue distribution of blood group membrane proteins beyond
red cells: evidence from cDNA libraries. Transfus Apher Sci. 2006;35(1):71-82; Huang CH,
Reid ME, Xie SS, Blumenfeld OO. Human red blood cell Wright antigens: a genetic and
evolutionary perspective on glycophorin A-band 3 interaction. Blood. 1996;87(9):3942-3947;
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and Chou ST, Westhoff CM. The Rh and RhAG blood group systems. Immunohematology.
2010;26(4):178-186). We assessed the extent of humanness of the variable chains using T20
scores44; scores of 79.8 for VH and 93.5 for VL framework regions were calculated for the
anti-Rh17(aRh17), and 86.0 for VH and 85.4 for VL framework regions were calculated for
anti-Wrb (aWrb). These scores are comparable with ‘humanized’ antibodies (Gao SH, Huang
K, TuH, Adler AS. Monoclonal antibody humanness score and its applications. BMC
Biotechnol. 2013;13:55) and therefore are encouraging with respect to potential lack of

immunogenicity of derivatives of these ligands.

Example 3: Binding of ligands and cargoes to RBCs

The sequences of the variable fragment genes (amino acid sequences shown in Tables
2 and 5, nucleic acid sequences shown in Tables 3 and 6) were cloned into plasmids to
produce single chain variants (scFv) of the parent Fab, as well as fusions of the scFv
antibodies with human thrombomodulin (h'TM-scFv). These scFvs and hTM-scFvs were
produced with high purity as characterized by SDS gel electrophoresis and size-exclusion
HPLC, with peaks consistent with the expected molecular weights (FIG. 1A and FIG. 1B).
We then performed direct binding assays with radio-labeled and fluorescently-labeled scFv
antibody fragments and fusion proteins (see Example 1). The aRh17 and aWrb scFvs and
their corresponding TM fusions demonstrated similar binding affinities (KD 21-53 nM, FIG.
1C and FIG. 1D, and Table 7), as did both radio-iodinated and fluorescently-labeled proteins
(FIG. 7A — FIG. 7D). The scFvs and fusion proteins bound to conserved epitopes on human,
but not mouse, rat, or pig RBCs (FIG. 7A — FIG. 7D), and binding parameters (Kd, Bmax)
were consistent between multiple donors. Binding saturated at the expected level of target
expression (Bmax of 100,000 to 160,000 copies/RBC for aRh17 and 750,000 to 900,000
copies/RBC for aWrb) (Lomas-Francis C, Olsson ML. The blood group antigen factsbook:
Elsevier/Academic Press; 2012). The dissociation rates were similar for both scFvs alone and
their corresponding fusions, with >50% of the ligands remaining bound after 4 hours at 37
degrees (FIG. 1E and FIG. 1F, Table 7). We also examined effects of shear stress on scFv
binding and the potential for ligand exchange onto unbound RBCs in whole blood under
constant mixing (FIG. 8A — FIG. 8E and FIG. 9A - FIG. 9C). These experiments
demonstrated that short periods of low (5 dyne/cm?) and high (200 dyne/cm?) shear in whole
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blood did not alter scFv binding and that similar dissociation kinetics were seen in the
presence of whole blood containing mostly unbound RBCs (with gradual exchange onto the
unbound RBC population). Hemagglutination by an anti-TM secondary antibody was seen
when hTM-scFv fusions were added at concentrations estimated to generate ~1000 copies of
5 TM per RBC based on the calculated affinities (FIG. 1G). The fusion proteins alone did not

induce aggregation or agglutination of RBCs in the absence of secondary anti-TM.
Morphology of fusion protein loaded RBCs was confirmed on Wright-Giemsa stained
peripheral blood smears and no morphologic abnormalities in the RBCs were noted (FIG.
10).

10 Table 7. Anti-Band3 and anti-RHCE antibody clones from phage library. scFv
produced as H:2N-VH-(GGGGS)3-VL-FLAGx3-COOH.

o .| VH gene | Vkgene

Clone#t |Specificity! family family VH seguence Vi sequence
EVQLLESGPGLLKPSETLSITCAVSGAPISNYW (AAELTQSPSSLSASVGDRVTITCOASQGISS
KP3-17 Rh17 a 1 WSWIRQSPGKGLEWIGEIDGSIYTTYYNPSLKSIWLAWYQQKPGKAPKLLIYKASSLQSGVPS
RVAISKDTSKNRLSLKITSVIAADTAVYYCARE G RFSGSGSGTOFTLTISSLOSEDFATYYCQQY

QNPLVPTYGSTGFGLDFWGHGLAYTYSS SSSPRTFGQGTKVEIK
EVOLLESGPGLVKPSETLSLTCTVSGSSLASAYG | AAELTLTQSPATLSLSPGETATLSCRASQTY
k223 | W a 3 |WNWIROPPGKGLEWIGSIGGSRDNTNYNPSLIGRNLAWYQORPGQAPNLLVHSAYFRATG
KRRVTISKDTSKNQFSLKLKSYTAADTAVYYCA {PDRFSGSGSGTDFTLTISSLEPEDAGVYHC
QRGAYGYSYFDYWGQGVLVAVSS QQYNDLLPLTFGGGTKVEIK
15 Table 8. Binding parameters for radiolabeled anti-RBC ligands. A slight decrease in

affinity and increase in koff are seen for fusions in comparison to scFv alone.

Protein Ky {95% Cl), nM Bmax {95% C1}, copies/RBL x10% Kot {95% €1}, 5%

aRh17 scfv (anti-RhCE) 41.4 (34.3, 50.2) 99 (93,108) 201105 (1.6, 2.8)
aWr? sefv {anti-Band3/GPA} 21.3{17.0, 26.5} 746 (704,730} 2.9x107%{2.0, 3.8}
hTM-aRh17 {anti-RhCE} 45.6 {34.8, 56.5} 184 {173,195} 4,7x10%(3.2, 6.5}
RTM-aWr® {anti-Band3/GPA) | 52.6 {40.1, 65.1) 904 (848,961) 4.8x10%{2.9, 7.0}

Example 4: Effect of ligands and cargoes on RBC function
20 Having characterized the binding of the antibody fragments and fusion proteins to

human RBCs, we then investigated how the binding of these ligands may affect several

50



10

15

20

25

30

WO 2019/113224 PCT/US2018/064089

parameters of RBC integrity including osmotic fragility, mechanical resistance, membrane
deformability, exposure of phosphatidylserine, and generation of reactive oxygen species.
These experiments were conducted at 5% hematocrit and with ligand:RBC ratios calculated
to yield 10,000 and 100,000 copies/RBC for both ligands based on their affinity and the
known concentration of RBC targets. These copy numbers are below saturation for both Wrb
and Rh17.

We found that the two scFvs (and their corresponding thrombomodulin fusions) had
significantly different effects on target RBCs. Targeting of Wrb, but not Rh17, by the
antibody fragments induced a left-shift in osmotic fragility curves (EC50 122 vs 128 mOsm,
p<0.05) with a pattern suggesting a whole population change rather than just a subset (FIG.
2A and FIG. 2B). We tested the dose-dependence of the observed changes in osmotic
resistance using the EC50 of naive RBCs (128 mOsm) (FIG. 2C and FIG. 2E) and again
found that aRh17 did not produce changes in osmotic hemolysis at this osmolarity, while
aWrb again decreased hemolysis. The changes in osmotic resistance were paralleled by an
increase in hemolysis following mechanical stress for aWrb (FIG. 2D), but similarly, no
change was seen after treatment with aRh17 (FIG. 2F). While the mechanical stress assay
(Pan D, Vargas-Morales O, Zern B, et al. The Effect of Polymeric Nanoparticles on
Biocompatibility of Carrier Red Blood Cells. PLoS One. 2016;11(3):e0152074) does not
directly represent a pathophysiologic scenario, it is intended to reflect overall integrity of the
RBC membrane architecture. Nearly identical effects were observed after treatment with the
scFvs alone or with their corresponding TM fusions (FIG. 3A and FIG. 3B).

We then used ektacytometry to test whether effects on osmotic and mechanical
fragility were mirrored by alterations in membrane deformability. In this technique, a
decrease in the maximal elongation index (EImax) or an increase in the shear stress to reach
half-maximal deformation (SS1/2) reflects an increase in RBC rigidity. As we expected,
when ligands were bound to Wrb, there was a dose-dependent increase in RBC rigidity (FIG.
4), reflected in both increased SS1/2 (FIG. 4B and FIG. 4D) or decreased EImax (FIG. 11).
This rigidifying effect was identical for TM-scFv fusions and scFvs alone, again
demonstrating that the ligand, and not the TM cargo, induced these changes. Consistent with

the mechanical and osmotic stress assays, binding of fusions or scFvs to RhCE did not
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change ektacytometric curves or indices (FIG. 4) and the behavior of aRh17 treated RBCs
was consistently identical to naive donor RBCs.

The target-dependent effect of these ligands on membrane deformability raised the
question of how targeting other RBC epitopes (particularly on GPA, given its ubiquity as an
erythroid specific target) might affect RBC physiology. To probe this question, we produced
anti-GPA antibodies and Fab fragments from a commercially available hybridoma,
YTHS89.146 (FIG. 12). After incubating human RBCs with the anti-GPA I1gG antibodies or
their monovalent Fabs, we observed similar rigidifying effects to those seen with aWrb
ligands. Monovalent Fab induced a slight dose-dependent change in ektacytometric indices,
while the parent antibody induced more marked changes in red cell rigidity (FIG. 13A - FIG.
13D). The Fab also induced a slight increase in hemolysis under mechanical stress, while also
inducing a slight increase in hemolysis under hypo-osmolar conditions. Because prior studies
loading drugs onto murine RBCs have largely relied on Ter119 or other GPA-associated
ligands as the targeting agent, we also examined the effects of a scFv-TM fusion of this
antibody on mouse RBCs (Zaitsev S, Kowalska MA, Neyman M, et al. Targeting
recombinant thrombomodulin fusion protein to red blood cells provides multifaceted
thromboprophylaxis. Blood. 2012;119(20):4779-4785). As with targeting of human Wrb or
glycophorin A, Ter119-TM fusions decreased deformability of murine RBCs (increased
SS1/2, decreased EImax) as a monovalent fusion protein (Ter119-mTM), and markedly so as
the parent IgG antibody (FIG. 14A — FIG. 14D). As with the human ligands, these changes in
deformability were accompanied by changes in susceptibility to osmotic and mechanical
stress.

To address the generalizability of the observed deformability effects of the Band 3,
GPA, and RhCE ligands, we also compared the ektacytometric effects of a range of full-
length 1gG antibodies covering different epitopes on these membrane targets. For this
purpose, we used BRIC69 (anti-RHCE, mouse IgG1), BRAD2 (anti-D, human [gG1),
BRAD3 (anti-D, human 1gG3), FOG1 (anti-D, human IgG1), BIRMA84b (anti-Wrb, mouse
1gG3), BRIC14 (anti-Wrb, mouse IgG2a), YTH89.1 (anti-GPA, rat IgG2b), BRIC256 (anti-
GPA, mouse IgG1), and BRIC200 (anti-Band3, mouse IgG1). In agreement with prior

26-28.31

studies , we found that all IgGs tested against epitopes on GPA and Band3 induced

decreases in deformability, while antibodies to RhCE and RhD (on serologically confirmed
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RHD positive RBC donors) showed minimal change from naive RBCs (FIG. 5A — FIG. 5C).
Although all 1gGs were added at a ratio of approximately 104 mAbs per RBC (10 nM mAb in
a 5% RBC suspension), the differences in affinities of these clones would likely result in
different numbers of bound copies and, therefore, the relative degrees of rigidification as a
function of bound copy numbers remained uncertain. To address this, we selected
representative anti-RhCE (BRIC69) and anti-Wrb (BRIC14) IgG antibodies and performed
additional dose-titration experiments to show that when the anti-RhCE antibodies were added
at ratios below saturation and which resulted in similar total numbers of bound IgG as anti-
Wrb antibodies (FIG. 5D — FIG. 5F), no change in SS1/2 was seen for anti-RhCE while anti-
Wrb showed significant, dose-dependent rigidification.

Additional characterization of the effects of the scFvs and fusions on RBCs included
assays of PS surface exposure, as measured by annexin V binding, and ROS generation.
Binding of both scFvs and hTM-scFv fusions did not lead to detectable increase in PS
exposure (FIG. 15A). None of the scFv ligands examined demonstrated detectable induction

of ROS generation by a dihydrorhodamine-based assay (FIG. 15B).

Example 5: Therapeutic effectiveness of RBC cargoes

Having examined the effects on aWrb and aRh17 scFvs and their respective TM
fusion proteins on human RBC physiology, we next compared the enzymatic activity and
therapeutic efficacy of these fusions. In solution, fusion proteins demonstrated APC
generative capacity identical to soluble TM in the presence of human protein C and thrombin
(FIG. 16). Fusion proteins were then pre-bound to human RBCs at saturating concentrations
and their capacity to generate APC was measured as a function of RBC concentration. The
fusions generated a RBC-dose dependent increase in APC generation by carrier RBCs (FIG.
6A). Using a standard curve generated with soluble TM, the Wrb-coupled RBC-TM
generated roughly 100,000 soluble TM “equivalents’ per loaded RBC at saturation while the
RhCE-coupled RBC-TM generated 50,000. Therefore, although Wrb-coupled TM would be
predicted to carry 5- to 10-fold more copies of the fusion per RBC at saturation, the APC
generating capacity was only 2-fold higher. We then reversed these conditions such that
RBCs and target epitopes were at excess (50 nM fusion in 20% Hct, approximately 10,000
copies/RBC), which would drive fusions to be essentially completely RBC-bound. At these
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high concentrations of RBCs, comparable to the circulatory environment, APC generation
was similar for both fusion proteins and comparable to that seen for soluble TM, although a
slight reduction was seen for hTM-aBand3/GPA and not hTM-aRhCE (FIG. 6B). These
results confirm that the fusions maintain their enzymatic activity when coupled to RBCs, and
suggest that RhCE-coupled TM may better conserve specific activity.

We then tested the therapeutic activity of hTM/scFv fusions bound to human RBC in
a microfluidic model of microvascular inflammatory thrombosis that permits assessment of
human-targeted therapeutics in whole blood in a system simulating human vessels®’. In this
model, fully endothelialized micro-channels are activated with an inflammatory mediator
(e.g. TNF-a), inducing leukocyte and platelet adhesion and widespread fibrin generation
when the channels are exposed to flowing human whole blood. We hypothesized that if the
fusions maintain their activity in whole blood, they would significantly reduce fibrin and
platelet deposition in response to inflamed endothelium. To do so, we added 200 nM of each
fusion protein (and soluble TM as a control) to whole blood (a ratio of approximately 25,000
copies of TM per RBC at normal RBC counts). Both fusions significantly reduced fibrin
deposition (measured by red fluorescence) in response to TNF-a activation (FIG. 6C).
Channels exposed to Wrb-targeted fusions, as compared to RhCE-targeted, showed a slight
increase in mostly platelet-associated fibrin deposition at the end of the perfusion period (20
minutes), but both remained significantly reduced compared to untreated controls and similar
to soluble TM (data not shown). Additional analysis of fluorescence from calcein AM
labeling (leukocytes and platelets) demonstrated that RhCE targeted hTM-scFv was more
effective than the Wrb targeted fusion at reducing platelet and leukocyte adhesion (FIG. 6D),
with efficacy of hTM-aRhCE again similar to soluble TM. Hypothesizing that the increase in
calcein signal and late fibrin generation in hTM-aWrb compared to hTM-aRhCE was a result
of rigidifying effects of the aWrb, we performed additional experiments in this model using
the aWrb and aRHCE scFvs alone (not fused to TM), and demonstrated that after 15 minutes
of flow, activated channels exposed to aWrb treated blood showed greater platelet and
leukocyte accumulation compared to that treated with aRh17 (FIG. 6E), suggesting the
difference in efficacy of hTM-aRHCE and hTM-aWrb is due to aWrb promotion of leukocyte
and platelet adhesion rather than a loss of efficacy of the appended TM. We also confirmed
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that RBC rigidification was seen at this ratio of scFv to RBC in whole blood (FIG. 15A —
FIG. 15B).

Example 6:

As a critical step in the translation of RBC-targeted therapeutic fusion proteins to
clinical practice, we designed human RBC-specific fusion proteins based on scFvs derived
from non-human-primate antibody phage-display libraries. Using this technique, we
generated antibodies against highly conserved, erythroid-specific epitopes on Band3/GPA
(Wrb) and RhCE (Rh17) proteins. Both epitopes are on multi-pass transmembrane proteins
and exist predominantly within discrete multiprotein complexes. While Wrb is more widely
distributed between Band3/ankrin complexes, junctional complexes, and free forms, Rh17 (as
part of RhCE) exists largely within Band/ankrin complexes*’. Wrb has been localized to a
juxtamembrane site of interaction between GPA and Band3, but the precise epitope for Rh17,
which is defined serologically, is unknown. Both antibody fragments and their respective TM
fusions showed affinities sufficient to drive rapid, complete binding in whole blood, where
concentrations of their targets are >1 M. While only a slight increase in off-rate was noted
for TM fusion proteins, interaction with TM binding partners (thrombin, PF4, protein C) may
promote dissociation in whole blood under flow, which was not directly assessed this in the
present study. The primate origin of these ligands is expected to confer less immunogenicity
than non-engineered murine monoclonal antibodies or foreign peptides, but further data
would be required to support this.

Targeting of Band3/GPA (Wrb) led to changes in RBC membrane deformability,
mechanical resistance, and osmotic resistance, while RhCE-targeted fusions and antibody
fragments did not perturb any of the physiologic parameters assessed in this study. Membrane
effects were shared, to varying extents, by other GPA and Band 3 ligands against human and
murine RBCs, including Ter119, particularly for bivalent IgG ligands. In contrast, antibodies
against RhD and RhCE failed to demonstrate significant rigidification of human RBCs.
Antibodies against GPA and RhD also produce markedly different effects on different subsets
of phagocytic cells*?, and while the authors hypothesized that copy number was critical, the
current findings suggest that altered deformability may have also been contributory. The

precise function of RhCE has been difficult to define*® and a large diversity of
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polymorphisms have been described*. Individuals expressing RhD but not RhCE (rare D--
phenotype) show modest alteration of membranes without overt RBC or clinical
phenotypes*’. While homologous proteins participate in ammonia/ammonium transport and
acid/base balance, RhCE and RhD do not *%!. Band 3 and GPA are highly expressed
membrane proteins important for structural membrane complexes and ion exchange, and
carriage of sialoglycoproteins, respectively. In this context, the apparent “unresponsiveness”
of RBCs bound by RhD/RhCE-targeted ligands is consistent with a lack of recognized
function in mature RBCs.

As a representative therapeutic, we coupled TM to both scFvs. TM shows promise in
the treatment of sepsis>? and RBC-coupled TM has demonstrated superiority to soluble TM in
mouse models?*?!. Coupling TM to either epitope resulted in efficacious RBC drug carriers
as measured by enzymatic activity and in a humanized microfluidic model of inflammatory
thrombosis. However, RhCE-coupled TM showed higher specific activity in vitro and
improved efficacy in our microfluidic model. The reasons for the difference in enzymatic
activity may reflect spatial localization, as the Wrb epitope is immediately adjacent to the
RBC membrane which may limit substrate accessibility, while the precise Rh17 epitope
localization is unknown. The difference in efficacy in our humanized microfluidic model was
unexpected, but because cellular rigidity has significant effects on margination of red cells,
white cells, and platelets within the vascular lumen, and decreased RBC deformability can
drive increased platelet adhesion™3*, we speculate that the difference in efficacy reflects the
observed difference in membrane effects. Our observation of higher platelet adhesion after
treatment with Wrb-targeted scFv is consistent with this phenomenon. The potential for drug
or antibody loading of RBCs to affect their intravascular distribution and margination of
cellular components, and how this distribution affects their therapeutic efficacy, warrants
further investigation.

RBCs can respond to their environment in diverse ways including dynamic changes in
linkage of membrane protein complexes™, phosphorylation of membrane and cytoskeletal

2962 and oxidative stress responses®’. In

components>®°, calcium influx®*-¢!, PS exposure
targeting RBCs for delivery of therapeutics, the present findings suggest that dose and target
dependent changes in membrane physiology, and ultimately, circulatory behavior should be

carefully considered 242*%% As increases in RBC rigidity can result in an override of the
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CD47/SIRPA interaction®*, these factors may also play a role in RBC interactions with host
defenses and immune response. This is especially important because RBC drug carriers are
drawing increased attention for their apparent ability to modulate immune responses and even
induce immune tolerance!*1>. However, while ligands to murine RBCs have been explored
(e.g. Ter119, ERY1) in this approach, application to human RBCs has not been well-
developed.

Based on the current findings, RhCE (on Rh17) may be a particularly attractive target
for surface-loading of RBCs given its erythroid specificity, high copy number, apparent lack
of adverse impact on RBC physiology, and presence on the RBCs of essentially 100% of the
human population. The therapeutic efficacy of hTM targeted to human RBCs on either
epitope was comparable to soluble TM, and was optimal when coupled to RhCE. The ligands
described in the present study offer a new set of biochemical tools for optimizing the delivery

of therapeutics by human RBCs.

Example 7: Red blood cell targeting of liposomes provides markedly enhanced circulation

Liposomes and other nanoparciles are limited by rapid reticuloendothelial system
uptake and poor circulation. Red blood cells are natural long-circulating (~120 days in
humans) carriers. Targeting liposomes to red blood cells may offer the ability to prolong their
circulation. Red blood cell targeting must be carefully controlled with respect to target
epitopes, binding affinities and loading ratios to maximize biocompatibility.

RBC-targetable liposomes were synthesized to include site-specifically modified
RBC-targeting antibody fragments (scFv). Copper-independent click chemistry coupling
allowed for precise control of ligand loading. Targeting via scFv and IgG was compared.
Radiolabeled liposomes were loaded onto mouse RBCs bod in vivo by direct intravenous
injection and ex vivo onto isolated RBCs before transfusion. Biocompatibility was assessed
by agglutination assays and ektacytometry to determine membrane disruptive effects.

RBC-targeted liposomes are maintained in circulation significantly longer than
conventional ‘stealth’ liposomes. Whole animal biodistribution of Ter119-liposomes (100-
200 scFv:liposome) loaded onto RBCs in vivo by direct injection into the blood stream (blue)

or unconjugated PEGylated liposomes (red) (FIG. 19A). For in vivo loading liposomes were
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injected at a ratio of approximately 50 liposomes per RBC. Blood PK curves demonstrate that
the large majority of both in vivo loaded Ter119-liposomes (blue) are maintained in
circulation at 3 hours and gradually drop off over 24 hours (FIG. 19B). Compared to
traditional “stealth” liposomes (red), there is approximately a 2-fold increase in area under
the curve (p<0.05). Ter-119 liposomes are found mostly (>>80%) in the RBC pellet of
collected blood and gradually clear this compartment while free liposomes are largely in the
plasma fraction (FIG. 19C).

These data demonstrate that RBC-targeted liposomes markedly prolonged the
circulation of liposomes compared to traditional “stealth” technology (FIG. 19A — FIG. 19C).
Circulation of ex vivo liposome loaded RBCs is dependent on the number of loaded
nanocarriers. (FIG. 20A and FIG. 20B). RBC-bound liposomes circulate predominantly on
the RBC surface over the initial 12 hours after which they are gradually cleared. Mechanisms
of clearance remain uncertain. High loading induces RBC agglutination (FIG. 21 A and FIG.
21B). Circulation is dependent on low loading ratios. scFv-liposomes provide superior
circulation (FIG. 22) and better preserve normal RBC membrane physiology compared to
IgG-liposomes (FIG. 23). Normal membrane deformability is both loading-ratio and target
dependent.

Example 8: Rh17 recognizes a linear epitope in human RhCE.

A Western blot was performed to assess the binding of Rh17 to proteins extracted
from mouse and human erythrocyte ghosts (FIG. 25). Because proteins were denatured in
reducing SDS-PAGE buffer prior to gel electrophoresis, the presence of binding is due to
interaction with linear, and not conformational, epitopes. This is in contrast to anti-RhCE
mADbs described by other groups, which recognize conformational epitopes.

Rh17 recognizes an epitope present in the 6th extracellular loop of human RhCE.
Flow cytometry was used to assess the binding of Rh17 to human erythrocytes in the
presence and absence of linear peptides corresponding to the amino acid sequence 6th
extracellular loop of human RhD (negative control) and human RhCE (FIG. 26). A decrease
in binding signal only in the presence of the RhCE-derived peptide demonstrates that the 6th
extracellular loop of RhCE is involved in the binding of Rh17 to human erythrocytes.

58



WO 2019/113224 PCT/US2018/064089

References

10.

11.

12.

TIhler GM, Glew RH, Schnure FW. Enzyme loading of erythrocytes. Proc Natl Acad
SciUS A 1973;70(9):2663-2666.

Ihler G, Lantzy A, Purpura J, Glew RH. Enzymatic degradation of uric acid by
uricase-loaded human erythrocytes. J Clin Invest. 1975;56(3):595-602.

Wakamiya RT, Lightfoot EN, Updike SJ. Asparaginase entrapped in red blood cells:
action and survival. Science (New York, NY. 1976;193(4254).

Bourgeaux V, Lanao JM, Bax BE, Godfrin Y. Drug-loaded erythrocytes: on the road
toward marketing approval. Drug Des Devel Ther. 2016;10:665-676.

Villa CH, Cines DB, Siegel DL, Muzykantov V. Erythrocytes as Carriers for Drug
Delivery in Blood Transfusion and Beyond. Transfus Med Rev. 2017;31(1):26-35.
Magnani M. Erythrocytes as carriers for drugs: the transition from the laboratory to
the clinic is approaching. Expert Opin Biol Ther. 2012;12(2):137-138.

Leuzzi V, Micheli R, D'Agnano D, et al. Positive effect of erythrocyte-delivered
dexamethasone in ataxia-telangiectasia. Neurol Neuroimmunol Neuroinflamm.
2015;2(3):e98.

Hunault-Berger M, Leguay T, Huguet F, et al. A Phase 2 study of L-asparaginase
encapsulated in erythrocytes in elderly patients with Philadelphia chromosome
negative acute lymphoblastic leukemia: The GRASPALL/GRAALL-SA2-2008 study.
Am J Hematol. 2015;90(9):811-818.

Kontos S, Hubbell JA. Improving protein pharmacokinetics by engineering
erythrocyte affinity. Mol Pharm. 2010,7(6):2141-2147.

Zaitsev S, Spitzer D, Murciano JC, et al. Sustained thromboprophylaxis mediated by
an RBC-targeted pro-urokinase zymogen activated at the site of clot formation.
Blood. 2010;115(25):5241-5248.

Shi J, Kundrat L, Pishesha N, et al. Engineered red blood cells as carriers for systemic
delivery of a wide array of functional probes. Proc Natl Acad Sci U S A.
2014;111(28):10131-10136.

Fesnak AD, June CH, Levine BL. Engineered T cells: the promise and challenges of
cancer immunotherapy. Nat Rev Cancer. 2016;16(9):566-581.

59



WO 2019/113224 PCT/US2018/064089

13. Kontos S, Kourtis IC, Dane KY, Hubbell JA. Engineering antigens for in situ
erythrocyte binding induces T-cell deletion. Proc Natl Acad Sci U S A.
2013;110(1):E60-68.

14. Grimm AJ, Kontos S, Diaceri G, Quaglia-Thermes X, Hubbell JA. Memory of
tolerance and induction of regulatory T cells by erythrocyte-targeted antigens. Sci
Rep. 2015;5:15907.

15. Lorentz KM, Kontos S, Diaceri G, Henry H, Hubbell JA. Engineered binding to
erythrocytes induces immunological tolerance to E. coli asparaginase. Sci Adv.
2015;1(6):e1500112.

16. Villa CH, Pan DC, Zaitsev S, Cines DB, Siegel DL, Muzykantov VR. Delivery of
drugs bound to erythrocytes: new avenues for an old intravascular carrier. Ther Deliv.
2015:6(7):795-826.

17. Murciano JC, Medinilla S, Eslin D, Atochina E, Cines DB, Muzykantov VR.
Prophylactic fibrinolysis through selective dissolution of nascent clots by tPA-
carrying erythrocytes. Nat Biotechnol. 2003;21(8):891-896.

18. Ganguly K, Krasik T, Medinilla S, et al. Blood clearance and activity of erythrocyte-
coupled fibrinolytics. J Pharmacol Exp Ther. 2005;312(3):1106-1113.

19. Gersh KC, Zaitsev S, Cines DB, Muzykantov V, Weisel JW. Flow-dependent channel
formation in clots by an erythrocyte-bound fibrinolytic agent. Blood.
2011;117(18):4964-4967.

20. Zaitsev S, Kowalska MA, Neyman M, et al. Targeting recombinant thrombomodulin
fusion protein to red blood cells provides multifaceted thromboprophylaxis. Blood.
2012;119(20):4779-4785.

21. Carmemolla R, Villa CH, Greineder CF, et al. Targeting thrombomodulin to
circulating red blood cells augments its protective effects in models of endotoxemia
and ischemia-reperfusion injury. FASEB J. 2017;31(2):761-770.

22. Kina T, Tkuta K, Takayama E, et al. The monoclonal antibody TER-119 recognizes a
molecule associated with glycophorin A and specifically marks the late stages of

murine erythroid lineage. Br J Haematol. 2000;109(2):280-287.

60



WO 2019/113224 PCT/US2018/064089

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Sahoo K, Koralege RS, Flynn N, et al. Nanoparticle Attachment to Erythrocyte Via
the Glycophorin A Targeted ERY 1 Ligand Enhances Binding without Impacting
Cellular Function. Pharm Res. 2016;33(5):1191-1203.

Knowles DW, Chasis JA, Evans EA, Mohandas N. Cooperative action between band
3 and glycophorin A in human erythrocytes: immobilization of band 3 induced by
antibodies to glycophorin A. Biophys J. 1994;66(5):1726-1732.

Pasvol G, Chasis JA, Mohandas N, Anstee DJ, Tanner MJ, Merry AH. Inhibition of
malarial parasite invasion by monoclonal antibodies against glycophorin A correlates
with reduction in red cell membrane deformability. Blood. 1989;74(5):1836-1843.
Chasis JA, Reid ME, Jensen RH, Mohandas N. Signal transduction by glycophorin A:
role of extracellular and cytoplasmic domains in a modulatable process. J Cell Biol.
1988;107(4):1351-1357.

Chasis JA, Mohandas N, Shohet SB. Erythrocyte membrane rigidity induced by
glycophorin A-ligand interaction. Evidence for a ligand-induced association between
glycophorin A and skeletal proteins. J Clin Invest. 1985;75(6):1919-1926.
Paulitschke M, Nash GB, Anstee DJ, Tanner MJ, Gratzer WB. Perturbation of red
blood cell membrane rigidity by extracellular ligands. Blood. 1995;86(1):342-348.
Head DJ, Lee ZE, Swallah MM, Avent ND. Ligation of CD47 mediates
phosphatidylserine expression on erythrocytes and a concomitant loss of viability in
vitro. Br J Haematol. 2005;130(5):788-790.

Khoory J, Estanislau J, Elkhal A, et al. Ligation of Glycophorin A Generates Reactive
Oxygen Species Leading to Decreased Red Blood Cell Function. PLoS One.
2016;11(1):e0141206.

Ballas SK, Mohandas N, Clark MR, Shohet SB. Rheological properties of antibody-
coated red cells. Transfusion. 1984;24(2):124-129.

Lizcano A, Secundino I, Dohrmann S, et al. Erythrocyte sialoglycoproteins engage
Siglec-9 on neutrophils to suppress activation. Blood. 2017;129(23):3100-3110.
Schofield AE, Reardon DM, Tanner MJ. Defective anion transport activity of the
abnormal band 3 in hereditary ovalocytic red blood cells. Nature.

1992:355(6363):836-838.

61



WO 2019/113224 PCT/US2018/064089

34, Rojewski MT, Schrezenmeier H, Flegel WA. Tissue distribution of blood group
membrane proteins beyond red cells: evidence from cDNA libraries. Transfus Apher
Sci. 2006:35(1):71-82.

35. Blancher A, Roubinet F, Reid ME, Socha WW, Bailly P, Benard P. Characterization
of a macaque anti-Rh17-like monoclonal antibody. Vox Sang. 1998;75(1):58-62.

36. Bruce LJ, Ring SM, Anstee DJ, Reid ME, Wilkinson S, Tanner MJ. Changes in the
blood group Wright antigens are associated with a mutation at amino acid 658 in
human erythrocyte band 3: a site of interaction between band 3 and glycophorin A
under certain conditions. Blood. 1995;85(2):541-547.

37. Greineder CF, Johnston IH, Villa CH, et al. ICAM-1-targeted thrombomodulin
mitigates tissue-factor driven inflammatory thrombosis in a human endothelialized
microfluidic model. Blood Advances. 2017;1(18):1452-1465.

38. Siegel DL RM, Lee H, Blancher A. Scientific Section. Transfusion. 1999;39(S810):1S-
1238.

39. Roback JD. Technical Manual: American Association of Blood Banks (AABB); 2014,

40. Pan D, Vargas-Morales O, Zem B, et al. The Effect of Polymeric Nanoparticles on
Biocompatibility of Carrier Red Blood Cells. PLoS One. 2016;11(3):e0152074.

41.  Baskurt OK, Meiselman HJ. Data reduction methods for ektacytometry in clinical
hemorheology. Clin Hemorheol Microcirc. 2013;54(1):99-107.

42. Huang CH, Reid ME, Xie SS, Blumenfeld OO. Human red blood cell Wright
antigens: a genetic and evolutionary perspective on glycophorin A-band 3 interaction.
Blood. 1996;87(9):3942-3947.

43, Chou ST, Westhoff CM. The Rh and RhAG blood group systems.
Immunohematology. 2010;26(4):178-186.

44. Gao SH, Huang K, Tu H, Adler AS. Monoclonal antibody humanness score and its
applications. BMC Biotechnol. 2013;13:55.

45. Lomas-Francis C, Olsson ML. The blood group antigen factsbook: Elsevier/Academic
Press; 2012.

46. Jokiranta TS, Meri S. Biotinylation of monoclonal antibodies prevents their ability to

activate the classical pathway of complement. J Immunol. 1993;151(4):2124-2131.

62



WO 2019/113224 PCT/US2018/064089

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Burton NM, Bruce LJ. Modelling the structure of the red cell membrane. Biochem
Cell Biol. 2011;89(2):200-215.

Westhoff CM. Deciphering the function of the Rh family of proteins. Transfusion.
2005:45(2 Suppl): 117S-1218.

Flatt JF, Musa RH, Ayob Y, et al. Study of the D-- phenotype reveals erythrocyte
membrane alterations in the absence of RHCE. British Journal of Haematology.
2012;158(2):262-273.

Ripoche P, Bertrand O, Gane P, Birkenmeier C, Colin Y, Cartron JP. Human Rhesus-
associated glycoprotein mediates facilitated transport of NH(3) into red blood cells.
Proc Natl Acad Sci U S A. 2004;101(49):17222-17227.

Gruswitz F, Chaudhary S, Ho JD, et al. Function of human Rh based on structure of
RhCG at 2.1 A. Proc Natl Acad Sci U S A. 2010;107(21):9638-9643.

Levi M. Recombinant soluble thrombomodulin: coagulation takes another chance to
reduce sepsis mortality. J Thromb Haemost. 2015;13(4):505-507.

Fay ME, Myers DR, Kumar A, et al. Cellular softening mediates leukocyte
demargination and trafficking, thereby increasing clinical blood counts. Proc Natl
Acad Sci U S A 2016;113(8):1987-1992.

Watts T, Barigou M, Nash GB. Comparative rheology of the adhesion of platelets and
leukocytes from flowing blood: why are platelets so small? Am J Physiol Heart Circ
Physiol. 2013;304(11):H1483-1494.

Chu H, McKenna MM, Krump NA, et al. Reversible binding of hemoglobin to band 3
constitutes the molecular switch that mediates O2 regulation of erythrocyte properties.
Blood. 2016;128(23):2708-2716.

Kalfa TA, Pushkaran S, Mohandas N, et al. Rac GTPases regulate the morphology
and deformability of the erythrocyte cytoskeleton. Blood. 2006;108(12):3637-3645.
Wautier MP, El Nemer W, Gane P, et al. Increased adhesion to endothelial cells of
erythrocytes from patients with polycythemia vera is mediated by laminin alpha5
chain and LwBCAM. Blood. 2007;110(3):894-901.

Glodek AM, Mirchev R, Golan DE, et al. Ligation of complement receptor 1
increases erythrocyte membrane deformability. Blood. 2010;116(26):6063-6071.

63



WO 2019/113224 PCT/US2018/064089

59.

60.

61.

62.

63.

64.

Ferru E, Giger K, Pantaleo A, et al. Regulation of membrane-cytoskeletal interactions
by tyrosine phosphorylation of erythrocyte band 3. Blood. 2011;117(22):5998-6006.
Brody JP, Han Y, Austin RH, Bitensky M. Deformation and flow of red blood cells in
a synthetic lattice: evidence for an active cytoskeleton. Biophys J. 1995;68(6):2224-
2232,

Shields M, La Celle P, Waugh RE, Scholz M, Peters R, Passow H. Effects of
intracellular Ca2+ and proteolytic digestion of the membrane skeleton on the
mechanical properties of the red blood cell membrane. Biochim Biophys Acta.
1987;905(1):181-194.

Nguyen DB, Wagner-Britz L, Maia S, et al. Regulation of phosphatidylserine
exposure in red blood cells. Cellular physiology and biochemistry : international
journal of experimental cellular physiology, biochemistry, and pharmacology.
2011;28(5):847-856.

Head DJ, Lee ZE, Poole J, Avent ND. Expression of phosphatidylserine (PS) on wild-
type and Gerbich variant erythrocytes following glycophorin-C (GPC) ligation. Br J
Haematol. 2005;129(1):130-137.

Sosale NG, Rouhiparkouhi T, Bradshaw AM, Dimova R, Lipowsky R, Discher DE.
Cell rigidity and shape override CD47's "self"-signaling in phagocytosis by
hyperactivating myosin-II. Blood. 2015;125(3):542-552.

All publications cited in this specification are incorporated herein by reference in their

entireties as is US Provisional Patent Application No. 62/594,909, filed December 5, 2017.

Similarly, the SEQ ID NOs which are referenced herein and which appear in the appended

Sequence Listing are incorporated by reference. While the invention has been described with

reference to particular embodiments, it will be appreciated that modifications can be made

without departing from the spirit of the invention. Such modifications are intended to fall

within the scope of the appended claims.

64



PCT/US2018/064089

ST 14"

Ll

1¥dSSSADD | L1 SYX [ 9) MSSIOD 407949.LSOALIATINDOIHY 1LAISOdl | €1 MANSIaVYO -€dX
6 8

142

LJddNMHAZO | L1 SYO [ 0) NSAICD Sd1989S.1Y1.1ldVY1dd0oo3dvY 1SALSOdl | L MANSISYO -€dX
€ [4

b

11dLOASHO | § SYVY | ¥ ANNANZ Sd19898.1Y1.Ldv1daoo3adv 1SALSOdl | | MANSISYO -€dX

€4an ‘'ON | <¢ddd ‘ON 14d3 | 'ON €4ad | 'ON ¢d4ad | ‘'ON T4ad | ’uo|D

ais ais ais ais ais

A HA

WO 2019/113224

$YAD Apoquue FOHY-NUV (] 9[qeL

65




PCT/US2018/064089

WO 2019/113224

144
MNFANLODDH LHdSSSADDIAALYIAISOISSIL SSALAVIOHOMIATDIDLSOALIATINDDIHUVIAA
114019SDSDSIYSIADSOTISSYIAITIIdYNDINDO AVLAVVLIASLDIISTUNASLANSIVALUSHTISANAALLAISDAITDIMS m
AMYIMSSIDOSVOILILAYADASYSISSASOLIAVY | €T | TOADISOUIMSMMANSIAVYOSAYILISTLISINTIDIDSITIONT -SdM
[44
AATNLDIDILIdNYHATOIAAAYSAIJOTOSILT LS SSALAAIDYDOMSATOSOSLY1LdVIdAODIYVIAANY
319VDSYSIUSAIDSOTUSYDAITINAYNDINDOAM LAVVLIASLTHISTONISVANSILAYONISANAHLSALSDAITDIMI vl
VINSAIQOSYHISILAYADASYSIVSISOLWOIIVY | TC | 19UDdSOUIMSMMANSISYOSADILISTLISANDTDdDSITIONT -SdM
0¢
AIFANLDDDLTdLDASHOIAALYAQILOTSSILTLS SSASAANTDYOMSATOSOSLY1LdVIdADDIYVYIAAAY
A19S9SOSIYSIADSOILSYVAINIIAVIDINDOAM LAVVLIASLTHISTONISVANSILAYONISANAHLSALSDAITDIMI n
HIANNANISYHILILAYADTISYSISSdSOLWD1AVY | 6T | 19OMDdSOUIMSMMANSISYDISADILISTLISANATOIDSITIONT -SdM
ais A | IS HA | 3UoD

souanbas urdl01d ureyd d[qeLeA JYSI| pue AABIY Apoquue HOHY-BUY :Z 2IqeL

66



PCT/US2018/064089

WO 2019/113224

VOOVvV
VI1VOVOD159VVIOVOOOHVYODIDDI1113VIIIDIII3IVIOO1VL
19VIVIOVILIOIDVIIVIIOVVIOLIOIVOVVYDIDIOVID1II9VID

VO1VIIVI1010VILLIVOVIVOOD1D1VOD1DVIODIOVILIOOV
V31VI321999919VVVIO1113VID21VID1291VI31VOII3I3109V
V132209VVVOHOOVIIVVVOVIOVILVIOOLIVOVIIIVIOVVIWY

J21252121523151
92153139595V5329959913311vHO119955953119953190VII3D
11322V132939V1IL1I221VOOVIVOOOHVOVOVOIOIOLIVIIVID
152329593VIV55I2532932VO1D10130VO1I399VHIDI319119V
J1VVOVVYIIL1HIDIVOVVYVYVILLIVIIVILIOVOI1D99VVYIID2I1D
JD2VVOV1OVIIIVIOVLIVLIIOVIOVIOOIVOIOIVOVODHOD1IVOD
195V5513VHOOVVYOHOHVIIIILOVIIDII1IVODLIOVOOIHD 1DV

l
l
9 | L190VVOVOI1OVVYIOOOVIDLIIVILVIIVILOVOVIVOVOODIID |§ | LIVVIOVILVII1D351955101319519935130VI13321951200VOV M
¢ | 21V25121V132321221VI21219VI3IVOLIVOVIILOOVDHIIDOID | ¢ | DDIL1239VVOIDD1IVOOVIILODOVIIOVIILIDIIOVIOLIOOVD [y
E]
u
a a o
i [l 1
S A S HA | D

$9ouanbas Surpod ureyd d[qeLeA JYSI| puk AABY Apoquue OHY-BUY € 2[qe],

67



PCT/US2018/064089

WO 2019/113224

VOOV
VVILV1VOO1IVVVIIVOODIIII399I1IIIVILIVIIIVVIOILIVD
1199VOVVILIO1DVIIVIVIOVIOIDLIVOVVYOLIIIVVYIOLIID9ID
VI1VIIVI1010VILIVVOVIVOHDO1DDVOHDIOVIIOIOVILIODD
13133211VOOD19VVVIOLIVOVIILVIDIDOIVIIIVOIII109V
V132229VVVHOOVIIVVVOVIVVILVIODDIOIOVILIVVIOVIVL
11VOVOOVILIOVVIDHDIIDLIDID1IVIIVILIOVOVIVOVOOVIOL
J1VvI51015113239121V321219VI2I3VOLVOVII1LIDVDIIDDID

J2123213195320Vv2192
153132959v5223995910311VH91299593119993190VII9LL
J22V132929V11IDJ1IVOOVIVOOOHVOVOVOIOIOLIVIIVIOID
J2552VIVOHHIHIIDIIVHLO1I133VO1IID9VOIIDI1D119VIL
VVOVVYIIL19290VOVVYVYVILLIVIOVILIOVOI1D99VYILI3I3D1223
JVVIVLIDVIIIVIOVIVLIIOVIOVIODD1IVOI1IVOVOHODL1VODLD
VO510VHOOVVOHHOVIIII1OVIIDII1VODIDOVOO1IDDIDVIL
VYVI5VI1VI2132919513121951959539133VI312323191332VOVD
9211335VV5H5H9D1IVOHOVIIIOOVILIOVDHILI91I9VID1IHOVD

X0, —<

68



PCT/US2018/064089

WO 2019/113224

VOIVVVILVVYVHO1DOVVIIVOHDOVVYIIODIL19IVOHDI1DI2D
VI9VISOVIVIOVIOVVILOLDVIIVIIOVVIOLLIIVOVVO1D19VID
1329VIOVILVIIVILI1OVILLIVOVIVOHD1D1VOD1DVIODIOV
J1199VVI1VII321959919VVVIOLLIDVIIIVIDOVVIVIDIVOL
J21255VV122309VVVOOOHVIIVYVOVIOVILVIDDIIDOVLIIOOL
JOVIOVLLIVIODOVILIOVIIOVVYIIOLIDVILIVIOVILOVOVIVOVY
95V15101VvIS121911331131VI21219VI3I0VI109VHIID9I3D

VJ1521219233V)
1523295212VvO51VII9959D1D111IVODIIVODILIVOODIVOILLD
O1V1VIVI3I3919V1D1320VVOVIIDDOVOVOVOIOIOLIVIIVLD
152309593VIV5O5I932932VO1912133VOI1IVVVDO1223191395
JOVVOVVIILOIVIVOHOVVYVYILLIVIOODI1IOVOILIOVOVVILIII1D
JDOVVOVIOVIOOVIOVIVIVIVIOVIODDIVOILIVOVOHOOOLIVODL
OVOS12VOHHOVVOOOVIIIILOVILIOILIVODLIOVOD1IHDIOVID
VV195VI1vI2332919513131913929133VI313232191233VOVD
931V335VVO1I2912VHOVYIII9599HI195VHI1I39109VID1HOVD

X0~~~

69



PCT/US2018/064089

WO 2019/113224

8 S T 6 Ad L D 81
0T LAJASSSOO | LT | SVA | #1| SSDISO | 01 | TAYADAOMAGV | 9L | NSUSOOI | €v | ADSSISND | -zdM
L v I 8 d v D L1
07| IMJASSSOH | LI | SVA| 1| SSOISO | O | HTIAIADAODDAIV | SL | NDUSODI | Th | ADSSISAD | -zd)
9 AL | ¢ 0 N| L A L a Sl
0T | TdTIANAOOD | LI | HVS | ¥1 | ¥DALO | 01 | AIAVSOADVIIV | ¥L | IOYUSAAI| 1¥ | ADDSISOHD | -zdA
S T 6 S| 9 A L D vl
07| LIdTIANAOO | LI | SVS| €1 | SOASA| Ol | AIASNDAVOIIV | €L | NA@ISODI | 0oF | AVSSTISSD | -zdd
t I 8 N| ¢ A L a €l
07| LIdTIANAOO | LI | AVL| €1 | IOISO| Ol | QIAVSOADVIIV | L | IOYUSAAI| 6€| ADDSISOHD | -zdA
3 0 L d| ¢ A L D 11
07| LTddAANAOO | LI | SVO | €1 | SOTISO | Ol | AIASADAVOIOV | IL | NA@ISODI | 8¢ | AVSSTISSD | -zdd
z 6 9 qd| ¢ A L D 60
07| LIdTIANAOO | 91| SVO | €1 | SOASO | Ol | AIXIINADSAQIV | 0L | NDISODI | LE£| ADSSISAD | -zd)
I 8 S 4 Sa L D 80
07| LIdTIANAOO | 91 | AVS| €1 | SIODISO | 01 | WAMSOADODAIV | 69 | NA@ISODI | 9¢| ADSSISAD | -zd)
0 L v N| 1 L D LO
07| LIdTIANAOO | 91| AVS| €1 | SOASO | Ol | AAIAIASADSAIV | 89 | ILOYUSODI| S€| ADSSISAD | -zdA
6 9 3 S| 0 A L D 90
61 | LTdIIANAOO | 91| SIS| €I | SOASO | Ol | AIASADAVOIOV | L9 | NAISODI | #€| AVSSTISSD | -zd)
8 S 4 H S A D )
61 | LIdTIANAOO | 91 | AVS | €1 | SOASO | 66| AIASNOALVIIA | 99 | NA@ISODI | €€ | AVSSTSAD | -zd)
L t I T L ax 20
61 | LIdTIANAOO | 91| SAS| €I | HSOISO | 86| IASVOADOWIV | 9 | LMIASAAL | T€| DHOSISOHD | -zdA
9 ¢ 0 Ad L D 10
61 | LIdTIANAOO | 91 | AVS | €1 | SSOISO | L6 | TASADMAIVIIV | #9 | NDUSODI | 1€ | TOSSISAD | -zdA
a a | d a a a

IS €edaD | 1IS| 94ad| 18 had | IS caad | IS dajn | IS ;A | duo[)

TA HA

YA Apoquue ¢ ANV E-IUY 7 d[qeL

70



PCT/US2018/064089

WO 2019/113224

t I 8 N| s A IN D ST
T¢| LIdTIANAOO | 61| HVS | SI | ¥DALO | TI | AIASADAVOIUOV | 26| @INDODI| 65| AVSSTISSD | -¢d)
3 0 L N| t T L ax €l
¢ | LTdAIANAOO | 61| SVS| ST | SOASO | TI | AIASVOADOWIV | 16| IOUSAAI| 85| DHOSISOHD | -¢dA
z 6 9 N| ¢ L D 71
T¢| LIdTIANAOO | 81| AVS | ST | IOISO| TI | AAIAIASADSAIV | 06| IOYUSODI| LS| AVSSISND | -¢d)
I 8 S T H A v 60
72| LIdTIANAOO | 81| AVS | SI | SIOISO | TI | ATAMNIADHILA | 68 | NAISODI | 95| ADSSTISTS | -€dA
0 L v | 1 A L D 80
T¢| LIdTAANAOO | 81| SVD | ST | DOTISO | TI | AIASADAVOIOV | 88 | NAISODI | $S| AVSSTISSD | -¢d)
6 9 3 0 A L D LO
17| LTdTIANAQO | 81 | NVS | SI | NSDISO | ZI | AIASADAVOIOV | L8 | NAISOOI | #S| AVSSTISSD | -€d)
8 S T S| 6 A L 90
17| LIdTTIANAQO | 81| AVS| ST | SOASO | 1T | AIXINDADOTIV | 98| dSDSOSI| €S| SVSSISODD | -€d
L v I S| 8 A L D SO
17| LIdTIANAOH | 81| AVS| ST | SOASO | 1T | AIASADAVOIOV | S8 | NAISOHOI | TS| AVSSTISSD | -€d)
9 3 0 Al L A L D €0
17| LIdTIANAQO | 81 | AVO | ST | SOASO | 11| AIASADAVOIOV | 8 | NAISOOI | 1S | AVSSTISSD | -€d
S 4 6 N| 9 A L 20
17| LIdTIANAQO | 81| AVS| #I| SODASO | 11| QIAIINAODSAEV | €8 | NOUSOOI | 0S| DADSSISA | -€d)
t I 8 N| S 1d L D 10
17| LMJIINIOO | 81| SVA| ¥I| SODASO| 11| AAIADADMAEV | 78 | NOUSODI | 6v | AASSISAD | -€d)
3 0 L N| + A IN D v
17| LIdTIANAQO | 81| AVS | #I1 | IDASO | 11| AAMIISADSAAV | 18| DISODI| 8¥ | ADSSISAD | -zdM
z 6 9 N| ¢ A L D €T
17| LIdTIANAOQO | L1 | AVS | #1 | IDALO | 11| AIASADAVOIOV | 08 | NAISODI | L¥ | AVSSTISSD | -zdd
I 8 S N| ¢ Ad L D 44
17| LIdTIANAQO | L1 | AVS| #1| IDISO| 1T | TASADMAIVIEV | 6L | NOUSODI | 9 | ADSSISAD | -zdA
0 L t N| 1 A L a 0T
17| LIdTIANAOO | L1 | SOS| #1| SOASO | 11| AIAVSODAOVIEV | 8L | IDUSAAI| Sv | ADOSISDD | -zd
6 AL| 9 3 d| 0 S L a 61
0T | TdTIANAOOD | L1 | SVA | ¥1| SSASO | 11| AIASNODADATIAV | LL| IOUSOAI| ¥ | ADONISODD | -zd)

71



PCT/US2018/064089

WO 2019/113224

8 S T N| 6 d L v 0T
T¢| LIdTIANAOO | 61| AVS| 91| SOASO | TI | AIASNODAVOIIV | 96 | NA@ISODI | €9 | ADSSISAD | -¢d)
L t I N| 8 T L ax 61
T¢| LIdTIANAOO | 61 | NVS | 91| SOASO | TI | AIALVOADANIV | S6 | IOYUSAAI| 79| DHOSISOHOH | -¢dA
9 3 0 Al L S A D 81
T¢| LIdTIANAOO | 61| HVS | 91| SOASO | TI | AIASNOALVIIA | ¥6 | NA@ISODI | 19 | AVSSTSAD | -¢d)
S 4 6 d| 9 A L D 91
T¢| LIdTIANAOO | 61| SVO | ST | SOTSO | TI | AIASADAVOIOV | €6 | NA@ISODI | 09| AVSSTISSD | -¢d)

72



PCT/US2018/064089

WO 2019/113224

9 €
9 NIIAALOODOHLIdTTIANADOIHAA ¢ SSALATADDOMIAIAYISADSAHYO
ONAQ3dTTISSILTLAALYSOSOSIHAdIDLYHIAVSHATINGYOO JAAVLAYVYSASHISTSIONYS LAISILAESHISANANLLOHSOOISOIM L0
C | DIDDAMMYINSOASDSYHOSTLYLIDSISTLYISOLNATIYY | € F1OHOJADHIMHMOADSSISAOSAVILTISTLISAINATOLOSTTIONT -¢dX
S [4
9 HIIANLOOD411d44ANADDD ¢ SSAVYATADDOMACIASADAYOHOVD
HAADSAQIdITISLILTL4ALHSOSOSIdAdIO LVHAASISHATIAGY AANVYLAYYLASHINTISIONMS LANSILALEHNTSANANLNAHSOOISOIM 90
C | DOMODAMMYISSOASOSYHOSTLY.LIDDSISILYISOLITVY | € F1ONOdJOHIMNMOAVYSSTSSOSALILTISTLISAINATOLOSTTIONS -¢dX
1% T
9 HIANLOOODHALTdTIANADDOOHA ¢ SSALADADDOMSAJASNOALYHHEAD
ADAAI4ITSSILTLAALESOSOSIHAdIDLYHIAVSHATINGYO ANV LAYV LIASSTIISIHNLS LAOASILASEATSANANANCES OOISOIM ¥0
C | ODIDDAMYTHSOASOSYHOSTLYLIDdSISTLYISOLTILITYY | € F1OMOJSOHIMNMOAVSSTSADSAVYOLISTLISINATOLOSTTTOAT -¢dX
€ 0
9 HIIANLOOD4LTdTTANADOD € SSALATADDOMIAIASYOADOHHY
HAADAQIJITISSILTLdALESOSOHSdAdIDLVHASASHAT NG OAAAYLAYVIASHINISIONNMS LAISILAEHNATSANANLIMESAAIADIM 4]
C | YOOINODAMY THSOISDSYHOSTLYLIDdS1ST1LYdSOLIIVY | € F1OMHSSOHIMSMAADODSTISOOSAVILTISTLISAINATOLOSTTIONT -¢dX
[4 6
9 MIIAANLOOOH1LTdTIANADOD Z SSALATNAODOMAQTASADMALVHAHY
HAADAQIJITISSILTLdALESOSOSIHAdIOVYHIAVYSHATING OAAAY LAYV LINSSTHTISIONNS LAYSILAYSHASANANLNOHSOOIADI 10
W YOOdHODAMYISSOISOSYHOSTLY.LIOdST1STLYdSOL1aVY W MITONOdLOHIMSMOTOSSISAOSAYILISTLISANATOIOSITIONT -¢dX
d d
1 1
S NS HA | 3Uo]3

saouanbas ujoid ureyd a[qeLea JyY3I| pue AABIY ApOqUIUR € puBg-NUY G J[qeL

73



PCT/US2018/064089

WO 2019/113224

M HIIANLOOD4LTdTTANADOD M SSALATADDOMAQLIAYSOADYHHY
HAIOVYA3d31SSILTL4A19SO0SOS4dAdID LVHIHYSHATIAGY OAAAY LAYV LISHTINISIONYSLAISILAGAETISANAN LLOYSAAIADIM gl
C | DODIDDAMYINYOALDSYHOSTLYYIDISASTLYLSOLITIVY | € JF1OMOJSOHIMSMAADOSISOOSAVILTISTLISAINATOLOSTITIONT -¢dX
T 8
/ HIIANLOOD4LTdTTANADOD ¢ SSALAIADDOMAAIASNOIYOHHEYD
HAADAQIJITISSALTLITLESOSOSIHAdIDLYVHISYSHATT™E JAAVLAYVIASLIATISIHNAS LAONSILALSHTISANANLNQHESOOIdOIM 142
C | YOOIMOHAMYISSOASISYHOSTLY.LIDDSISILYISOLITVY | € FTAHNOJYOHIMNMOAYSSTISSOSAYILISTLISINATOIOSITIONT -¢dX
0 L
/ HAINLOODALIdTIANADDD ¢ SSALATADDOMAQLIAYSOADYHHY
HAASAQIJOISNILTLAALYSOSOSIUNIDLVIAAAYLHATIMG OAAAY LAYV LISHINTSIONASLAISIVAUNETISANANLLOYSAAIADIM €l
C | JOOIMOHAMY INLDISOSYHOSTILY.LIDDYISILYdSOLIIVY | € JF1OMOJSOHIMSMAADOSISOOSAVILTISTLISAINATOLOSTTIONT -¢dX
6 9
9 HIANLOODHLTdddANADOIOHA ¢ SSAVYATADDOMACIASADAYOHOVD
ADAAI4TTSSILTLAALESOSOSIHAIOLYHLISVYOAITTHALO AANVYLAYYLASHINTISIONMS LANSILALEHNTSANANLNAHSOOISOIM b
C | ODDODAMYTHSOISOSYHOSTLYLIDdSISTLYSSOLILITYY | € F1ONOddOHIMNMOAVYSSTSSOSALILTISTLISANATOIOLTOTONT -¢dX
8 S
9 HIANLOOOHLTdTTANADOOH € SSALANTADDOMAQLIAYLINADSAHY
ANDAAIATTSSILNLIALESOSOSIHAdIDLVHSSYOAINTAdY OAAAY LAYV LIASHTIMISIONMSLALSILAYSHISANANLNOYSOOIADT 60
C | DOMDDAMY THISOASOSYHOSTLYHIODSISILYSOLIIYY | € | STIONOIJOUIMHMOADSSISADSAYOLISTLISIUATOIOSITIONS -¢dX
L 1%
9 HIIANLOOD4LTdTTANADOD € SSAVYATADDOMSANAYSOADOAHY
AANODAQIJITSSILTLAALESOSOSAHAVIOLYHIAYSHAT TG OAAAVY LAVYIASHTIISIHNAS LOASTLALSHTISANANLNALSOOISOI 80
C | YOOINODAMYISLOISOSYHOSTLYYIOLSISILYSOLIAYY | € | MITONOIIOHIMNMOADSSISADSAYOLISTLISINATOLIOSITIONS -¢dX

74



PCT/US2018/064089

WO 2019/113224

8 AIALODD41TdTIANADD | S SSAVATADDOMAUIASADAYD
L | DHAADVYAITISSILTLIALDSOSOSIHAdIDIVHIAYSHATINGY | ¥ | HOVIAAAVLAYYLASHTIHISIONAS LANSILAHUNTSANANLNAHSDOOIS ez
T | DOdHODAMYINYOALDSYHISTLY1IDASTISTLVASOLTILIAVY | T | DIMITONDddDHIMNMDAYSSTISSOSALDLTSTLISANATDDSITIONT -ZdM
L 1%
/ HIIANLOODHALTdTIANADOOHA v SSALATNAODOMAQTASADMALVHAHY
AOAQIJOTISNILTLIALHSOSOSIHAdIO LYHAAYSHATINGSD OAAAYLAVYVIASSTHTISIONNS LAMSILALASHISANANLNOHSOOIADI 44
C | OIMOHAMYINLOISOSYHOSTLYLIDDYISTILYISOLILITVYY | € | MITONOLOUIMSMOADSSISADSAYILISTLISINATOIOSITIONS -¢dX
9 €
/ HIANLOOOHLTdTTANADOOH v SSALATADDOMAQLIAYSOADYHHY
ANDAAIATTSSIITLAALESOSOSIHAdIO LYAASOSHAT ALY OAAAY LAYV LISHTINISIONYSLAISILAGAETISANAN LLOYSAAIADIM 14
C | DOIMDDAMYINSOASOSYHOSTLY.LIDDSISILYISOLITVY | € JF1OMOJSOHIMSMAADOSISOOSAVILTISTLISAINATOLOSTTIONT -¢dX
S [4
/ HIANLOOODHALTdTIANADDOOHA v SSALATADDOMSAIASNOADAENYD
ADAAI4TTSSILTLAALDSOSOSIHAdIOLALYSSYAAITTHLVYO AANVYLAYYLISSTHISIONASLAISI LAANETISANANLLOHSOAIMOIM 6l
C | ODIDDAMY THSSASDSYHOSTLYHIDGSISTLYISOLTILITYY | € OT1OHOdSOHIMLMAADONISOOSAVOLISTLISINATOLOSTTTONT -¢dX
1% T
/ MAIHMLOdOH14dISSSDO b SSALATNAODOMAQTALADADMAY
OAALYVYAIVIISNILTLAALOSOSOSIHSAADSISOSYAMITING VYOAANVLAYYLIASHTIHTISIONNS LAISILAYSHISANANLINSHSOOIAD 8l
C | SOAdHDOAMHISSDISOSYOOLILANINTLASHIAVISOLITVYY | € | NTTONOIJOHIMNMOADSSISNOSALOLTISTLISIUATOIOSITIONS -¢dX
€ 0
/ HIFANLODOA IMJISSSOH b SSALATYODOMITTAYIOADOAHY
OAALYYAIVIISNILTLIALOADSOSIASADSISOSVYAMIT MG OAAAYLAYYLIASLINTISIONUSLANSILAESHISANANYNOHSOOIADI Ll
¢ | SOAdMDOAMHISSOISOSYOOLILANINTLASHAVASOLIIVYY | € | MITONDIOHIMLMOADSSISADSAYOLISTLISINATOLIOSITIONS -¢dX

75



PCT/US2018/064089

WO 2019/113224

% T
2 MIFAALODDILTTIONADOOH | ¢ SSALAVADOOMAGIAENDADDEY
ANOAQIIISSILTLAALYSOSDSIHAdIDLYHIAYSHATINAY YOAAAYLAYY LINSH IS TONMS LAAS TLAYSHISANANLASDSOSIVO 90
| OOdIODAMYISSOASOSYHOSTLYLIDISISTLYASOLTAVY | T | IMITINDJVOLIMSMSYSSISODSAADLASTLISAUATOIDSTTIONT | -€dM
€ 0
g MIIAALODDILTITIANADHOH | ¢ SSAVATADODMATLASADAYOHOYD
ANOAQIIISSILTLAALYSOSDSIHAdIDLYHIAYSHATINAY AAAYLAYY LASH TN ISTONMS LAMSI LAYENTSANANLNAESODISOIM 50
| DOOdNODAMYISSOASOSYHOSTLY.LIDISISTLYASOLTaVY | T |  T1OMOdJONIMNMOAYSSTISSOSALOLTISTLISINATOLDSTTIONT | -€dM
z 6
g MIFANLOODALTITIONADOO | SSAVATADODMATLASADAYOHOYD
HAIDAQIdITISSILTLHALYSOSDLIHAdIDYYHIAYOHATIIAY AAAYLAYY LASH TN ISTONMS LOMSI LAYENTSANANLNAESODISOIM €0
| DOdIODAMYTIASOASOSYHOSTLY.LIOISISTLYASOLTaVY | T |  T1OMOddONIMNMOAYSSTISSOSALOLTISTLISINATOLDSTTIONT | -€dM
T MIAANLD994LTdTIANAD | 8 SSALATADDOMATIAYLNAD
8 | DOHAADAAQIAITSSILTLIALYSDSOSIHAdIDLVHAAVSHATING | ¥ | SQUVIAAAVYLAYYLIASHINTSIONNSLALSILAYSHTSINANLNDYSOOIA 20
| VOOdNDDAMYINSOASDSYHISTLY.LIIDGSISTIVASOLIAVY | T | 91SIT19ONOddDHIMHMOADSSISAOSAVILISTLISAUATOIOSITIONT | -gay
0 L
g MIFAYLODOILMALNLODD | SSALATADOOMAAHIAYADADMAY
AALYYAQIVIISNILTLIALOSO LOSIHSIADSISOSYAMITINS YOAXAVYLAYYLAS LI ISSONYSLAUSILAYSHISANANLNOHSODIAD 10
C | OVIIODAMHINSOASOSYOOILTIALINISASHAVASOLTIVY | T | MTTIONDddOEIMSMOAASSISIDSAAOLTISTLITINATOIDSTTIONT | -€dM
6 9
, MQINLOOOILTITIANADOOH | SSALATADOOMAAAMNHESADSAHY
AOAQIJOTISNILTLIALESDSOSIHAID LYHAAYSHATIMAA DAAIDLAVYLASH TN ISITONNS LAOSILAYSHISANANLNOUSODIADI vz
| OOdMOHAMYINLOASOSYHOSTLYLIOAVISTLYASOLTAVY | T | MIT1OMOISOLIMOMOADSSISADSALOLTISTLISANATOIOSTTIONT | -2

76



PCT/US2018/064089

WO 2019/113224

M HIIANLOOD4LTdTTANADOD M SSAVYATADDOMACIASADAYOHOVD
HAIOVYA3d31SSILTL4A19SO0SOS4dAdID LVHIHYSHATIAGY AANVYLAYYLASHINTISIONMS LANSI LAHEIHNTSANANLINAANO OISOIM gl

C | DODIDDAMYINYOALDSYHOSTLYYIDISASTLYLSOLITIVY | € FIONOIJOHIMNMOAVYSSTSSOSALILTISTLISAINATOLOSTTIONS -€dX

6 9

3 HIIANLOODH11d4JANADDOOH c SSALATADDOMIAIASYOADOHHY
ANDAAIATTSSILNLIALESOSOSIHAdID LVHASYSHATIAGY OAAAYLAVYVIASHINTISIONAMS LAISILATEANTSANANLLOYESAAIADIM €l

C | DOIMDDAMYINSOASOSYHOSTLY.LIDDSISILYISOLITVY | € F1OMHISOHIMSMAADODSTISOOSAVILTISTLISHANTOLOSTTTOAT -€dX

8 S

3 HAINLOODALIdTIANADDD c SSALNTADHEOMIAIALISADSAAY
HAASACQIJOTISNILTLAALESOSOSIUNID LVAAAYSHATING OdAAVYLAVYSASHTHTISIONMSLATSILOYUSHISANANLLOHSOOISOI cl

C | JOOIMOHAMYINLDISOSYHOSTLY.LIDDYISILYSOLIIVY | € | MITONOJADUIMHMOAYSSISNOSAYILISTLISINATOIOSITIOAS -€dX

L 1%

3 HIIANLOOD4LTdTTANADOD c LSALATIADOOMHATAMNEADHILA
HAADSAQI4ITISSILTLAALHSOSOSIHTdIALYHAAVYSHATING OAAAY LAYV LIASHTHISIONAS LAONSILAEYSHISANANANCHSOOISOI 60

c YOOIMODAMYISLOISOSYHOSTLYLIDSISTIVLSOLIAVY | € | MITDIDJIOHIMSMYLIOSSTISTISSAVOLISTLISINATOLOSITIONT -€dX

9 €

g HIANLOOOH LTdTdANADOOHA G SSAVYATADDOMACIASADAYOHOVD
ADAQIdITOVILTLATLHSOSOSIHAdIOLVHLSYOAITTHAVYO AANVYLAYYLASHINTISIONMS LANSILALEHNTSANANLNAHSOOISOIM 80

C | ODDDAMYTHODTISOSYHOSTLYLIDGSISTLYISOLILITYY | € F1ONOdJOHIMNMOAVYSSTISSOSALILTISTLISAINATOLOSTTIONS -€dX

S [4

g HIIANLOOOH1L1dTdANADOOH G SSALATNODOMAQIASADAYOHOYO
ANONQIdITISSILTLIALASOSOIHHAdIDLYEINYSHATINGYO AANVYLAYYLASHINTISIONMS LANSILALEHNTSANANLNAHSOOISOIM L0

C | OdMODAMYINSOISOSYHOSTLYLIDDSISTLYISOLNATIYY | € FIONOdJOHIMNMOAVYSSTSSOSALILTISTLISANATOLOSTITIONS -€dX

77



PCT/US2018/064089

WO 2019/113224

M HIANLOOOHLTdTTANADOOH M SSALAIADDOMIAIASNOAVOHY
ANDAAIATTSSILNLIALESOSOSIHAdID LVHAAYSHATIAGY VYOAANYLAVY LNS LTATISJONMS LANSILAYSHISANANLINQHSOOIAD 14

C | DOINDOAMYANSOASOSYHOSTLY.LIDDSISILYSOLITVY | € | IMITONODLOYIMNMYIDSSISADSAYILISTLISINATOIOSITIOAS -€dX

€ 0

6 HIANLOOODH LTdTTANADDIHAA 9 SSALATNADDOMIAIALYOADNAN
ONAQ3dITSSILTLAALHSOSOSIHASIOLYHINYSHATINGVYOO YOAAAVYLAVYLASHTINTSIAHNMS LAISI LAENATSANANLLOESAAIADI 6l

C | DIDDAMYINSOASDSYHOSTLYLIDSISTLYISOLNATIVY | € | ATTOMUISOYIMAMAADDSTISODSAYILISTLISINATOLIOSITIONT -€dX

[4 6

6 HIANLOOODHALTdTIANADDOOHA G SSALADADDOMSAJASNOALYHHEAD
AOAQIdTTISSILTLIALYSOSOSIHAdID LYHIHYSHATINGYO ANV LAYV LIASSTIISIHNLS LAOASILASEATSANANANCES OOISOIM 8l

C | OdYODAMYIASOASOSYHOSTLYLIDGSISTLYISOLILITYY | € | FIONOISOUIMNMOAYSSTISADSAVOLISTLISINATOIOMITIOAT -€dX

T 8

6 HIIANLOODL4LTdTdANADDD G SSAVYATADDOMACIASADAYOHOVD
HAADSAQI4ITISSILTLdALHSOSOS4dAdIDLVEHLISYOAITTAdY AANVYLAYYLASHINTISIONMS LANSILALEHNTSANANLNAHSOOISOIM 9l

C| DOINODAMYTHSOTISOSYHOSTLYLIDDSISILYISOLIaYY | € FIONOdJOHIMNMOAVYSSTSSOSALILTISTLISANATOLOSTITIONS -€dX

78



PCT/US2018/064089

WO 2019/113224

6
[4
€ vYO1030101900VO19910019VOOOVO009D
YOOVVYVOLlVYO OOLV1LIOVOL11IOVIOOVOOO1OD0VLIOODODIDOVOOVYOVYOD
YOOL1O9VVYOOVOOOVYOOO9DIL1I1IOVOLOOD0L1LOVLIIOVOOVYL O1911VIIVIO1900990VOVOOOOI0D00VOLOLD1OVYOL
V1OVOOVOLOLOVOLYLLIIOVOOLLIOIVOVYVYOLOOVYVYOOLOOOVIO O0VVOLO0010119VOOVYVYOVYVOOLOIVIOVOVLYVYOLLIVOD
V11VOOVOLlOLlOVOLLOVOVOVOOVLOLOODOOVIOO1LO0DL199 YO190900VVYOVYIOL00010000VVOVLOVYVYOOVOOVOOLLD
/ | YOVOVYOOOLVOOOLOVIOOOOVOLLOOLVYLIOLOVLIVOOLODL001D OlOVLIVOLVIOLlVIVIOOOLIVOOLIOVOOLOOOOOVVYVYOVYVYO
6 OVYVO030.1099VOO9OOL00VYVYOVYIOVYOOVYLIOD100OVLILIOVOOOV 10019VO009001LVOOL0OVOOLOVOLYIOOO1IOO0OVOLOL
099OL1VIOVOVYILOVIOOOOVIOL00101000VO0OVIOVYVYOOOO 01099VOO10101910909100VO1000190.1L000VOVOVOLL
C | VOOLLLID1L10191000V009VI0L0LOVIDOVILIDYDII9D9ID 0090VVOLODL0VOOVOILOOVOLOVOILODLOOVIOLOOVO | 20-CdM
YO1030101900V019910010VOOOVI0999010V
VOOOVYVOLOVYO | ¢ [ LOVOLLOLVLOOLLYLLIOOOOLLYLIOD0000900VYOVOOOLO
OL199VYVOOVOOOVOOIOOOILLIDVIL0D001L109L10VOOVYVYLVL 1OV11V101900990VOVOO0900900VOLYLID10019109
SVOOVOLOLOVOLYLLIOVODLID1YOVYDLOIDYDDLO0DVIOY |© | OVD100010119VI0VYOVYIOLDOVOVODOYYILLLYIOVYD
11vO0VOLlO1lOVOLLIOVOVIOVOOVYLOLOODIOOVIOOIOVILLOOVY | ¢ | LOVOOLOVOVYVILLOOL0000VYOVLOVYOOVYOVYVIOOOOY.L
g | OVOVIOOlVOOO109000990VOLIOVIVOOLOVIVOOL1OO10010 OV1OO19901VIOVLIVOOLIVOOLOVOODLDDDOOVYOOOVYID
6 OVYVOO31099VI00091L00VOVOVOOVIOVLIOOLO0DOVLIOO100V O0VOVYIO09D001VOOLOOVOOL009DL1L1901OVOOVILYIOD
099OL1VIOVOVYILOVIOOOOVIOL00101000VO0OVIOVYVYOOOO 10VO199101019109390100VIL000191000VOVODIOL1D
C | YOOLOLDLLIDLDLO00VOIDVOILOLOVIOIVILIOVDIIDDID 09VYVYO199.L0VYOOVO00009010VOIL0DL00VIOLOOVO | 10-ZdM
d d
I I
S A S HA |uoD

$ouanbas SuIpod ureyd d[qeLIeA WYSI| pue AABIY Apoquiue ¢ pueg-nuy 9 d[qe,

79



PCT/US2018/064089

WO 2019/113224

[¢))]

YOOVVYVOLlVOVYO
O199VYVOOVOOOVOOIOOILLIOVILIOD00L110110VOOVYLVL
YYOVYVOLOLOVOLYLLIOVOOLIOIVOVYOLODOVOODLO0OVOOVO
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOOOLlVOOOLOVODDOOVOLOODLIVYIVIOVIVIOLODO10010V
YYO001099VI900100VVVYOVOOVIOOVLIOOLO0OVLIOO1LOOVO
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO
VYOO0130.191110191000VO009OVII.L019VILOVOLOOVOO0D009D

(a0 0 0]

YO10301019009019910019VOOOVIOVOD
OOLOVLIOVOLLLIVIOOLIVIIOOOVYLLIOOLOODOVOVOOOD
1910V11V1O19109090VOVOOIOI0000VOLOLOLOVYOLD
OVYVOLO0010L119VIO0VVYOVYVYOOLOIVYOVOOVYVOLLIVOOY
O1OVOOOOVOVYVOLOD0L0001VYVYLIVLIOVVOOVOVVYLYOOOY
1OVIOOL19901V1IOLO9D11VOOLIOVOOLODDOODDVYYOOOVO
00009VO09I0LVOOLOVYOOLOOOLYLIIODIOVIOVILOD
0100119910101910V09O100VI3L000191000VOVOO0LlL
009OVVYOLO9.0VOOVOI00901019VD01001.00VIO1I00VO

90-¢dX

[¢))]

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIOOILLIOVILODO01L1L0OLLIOVOIVYLIVIOVIOOY
O1O10VOlVLIIIOVOOLLIOIVOVYVYOLOOOVOOLOOOVIOOVYLLIVYOOY
O1010VOLLOVOVYIVOOVYLO1ODDO0OVOOOLIOVOLLOOVIVOVYID
O1V099L0VI099OVIOLLOVLIOOO1OVIVIOLD0100109VVYO0D
1099OVIOVYOOLODVYVYOVOOVOOVIOOLO0OVLIOVOOOVIOOOLLD
1OVOVOLOVO0DDOVIOOLO0101000VIO00OVOVYVYOOOOVOOLOL
O1110191930V009VI0L01OVODIVILOVOVIOLOOVOOOOD0D

(20]

VYOL110101990VI199VO01OVODOVI00009D
100.10VOLLIOVIOOVOVYVY.LODOVLOOVOIODOIVOVOLOLD
11V11VIS1900990VIOVOOID00900VOLIOLOL1IOVOLOD
OVOL000101L10VI0VVYOOVOOLOOVOVOVYYVYVYILLLYOOVO
1OVOOOOVOVYVYOLO00LD000VVYIOVLOVYYOLOLVYVYLIVOOOYL
OV19919901V.10199911VOD19VOD109990VVOOOI0D
0019VOVOOO1lYOOLOVVOOLIOOLIVLIIOO1IOVOOVYILOOD
1OV119910131910909100VO10001901000VOVOOILYO
0OVYVYO199.10VOOVO00090010VOIL00.L00VIOLOOVO

¥0-2dX

80



PCT/US2018/064089

WO 2019/113224

o

YOOVVYVOLlVOVYO
OL1O0VVYOOVOOOVOOIOOILLIOVILO0D0001L09L10VOOVVYLVL
OVOOVOLOLOVLIIVIIIOVOOL1IO1IVOVYVYOLO0OVOOLO0OVIOVL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVIOOLYOOOLOVIDOOOVIOLLOVIVODLIOVLIVIDLOD0100109
OVOD0L009DVIOVOOLOOVVYVYOVOVYYIOVLOOLD0OVLILO0100VO
OOLLVYIOVOVOLOVOOOOOVYIOLD0101L000VO00OVIOOVOOOO
¥YO010.191110191000VO009OVOI.L019VIOIVYILOOVOID900D

(20]

10105010190093019910019VO0OVI099001
0010VOOLVYIVLIVYOOOOL1DO0VLIOOD19D1IVYOVOVOOOLOD
10VLI1VIOI910990VYIVOO0D00000VOLD1010009109
OVOL1000101L10VIOOVVYOVYVYOOLYOVIVOVYYVYYILLLODOVD
1OVOOLOVYVYVYYIOLO0DL0000VVOVLOVYOOVYIVYVYLIVOOOVL
OV19909901VI0109911VOD1IOVODL10DD00OVVYOOOVID
0009VO00001VOOLOVVYOOL00D1VLIIOOLIOVOOVYILYOD
1OV119910101910909100V0L1000191000VOVOOIL1D
09OVYVYO199.L0VOOVO009099010VOI.L09.L00VIO.LO0OVO

80-CdM

o

VYOOLVYVYOLYOVOOLOOV
YOOVOOOVOOIOOILLIOVILODO01L1L0OLLIOVOIVYLIVIOVIOOY
O1O10VOlVLIIIOVOOLLIOIVOVYVYOLOOOVOOLOOOVIOOVYLLIVYOOY
O1010VOLLOVOVYIVOOVYLO1ODDO0OVOOOLIOVOLLOOVIVOVYID
O1V09910VO009DOVIOLLIVIVOOLOVIVIOLD0100109VYVYODD
1099VO990L00VVYVYOVYIOVOOIVIOOLO0OVLIOVVYLIOVOODL1D
1OVOVOLOVO0O9OOVIOL00.1L01000VI0OVOVYVYOOOOVYIODLOL
OL110191930VO0OVI0L01OVODIVOLYOLOO10OVOO00D09D

(20]

YO1030101900VO19910010VOOOVI1O99
OL0L10VOLLIOVIIOOOLLIOVIVIVOOOOVIOVOVOVYOIOL
OL10111V1S19009090VIOVOOID309I0LO1OVILOOVOLD
1OVOL100010119VIO0VYVYOVYVYOOLOOVYOVOVYVYOVOLLIVOOY

O1OVOOL1OVOVYIOL00010001VYVYIVYLOVYOOVYOOV.LOOOOV
1OVIOOL1O901V1IOLVYODLIVOOLIOVOOLODODDOVOOOVO
00199V009001VOOL0VIOOLI9O0LVIOOD0OVIOVILYD
010VO19910101910009100V3L000191000VOVOO0LL
000VVYOL1OD10VOOO000991L019VO0100100VOOLIODVD

L0-¢dM

81



PCT/US2018/064089

WO 2019/113224

o

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIDOIL1L10VOLOOI030.L0001L10VOIVVYLV.IOVIOOY
O1O10VOlVLIIIOVOOLLIOIVOVYVYOLOOOVOOLOOOVIOOVYLLIVYOOY
O1010VOLLOVOVYIVOOVYLO1ODDO0OVOOOLIOVOLLOOVIVOVYID
01V099L10VI09D9OVOIOVIOILYIOOLOD1VIOLVYOLOO01L099VO0D
1009VO099OL00VVYVYOVYIOVYYOOVYLOD1000OVLIIOOVOOVOOOL1D
1OVOVOLOVO0O9OOVIOL00.1L01000VI0OVOVYVYOOOOVYIODLOL
O.1110191900V00OVI0.0.19VOD0OVIOLOVIOVOLOOVOO0O0D0D

(a0 0 0]

YO10301019009019910010VOOOVIOVOOOD
1OVIOVOLLLIVIOOLIVIIOOOVYLLOOLOOOOVOVOOOO1D
1OV11V1O1900990VOVOOIDI0900VOLOLO1OVVYOLOD
YVYOL100010.119VOOVVYOVYVOOLOOVOVOOVYVVYOLLIVOOVO
1OVOOOOVOVYVOLO0010001LVYLIVLIOVYVYOOVOVYYLVYOOOVL

OV19919901VI019991L1VOD1OVOD1L09900OVVYOOOVIO
0000VO00001VOOLOVYOOLODD1VYLIIDD1OVOOVOLODD
100119910101910V00100VI0L000191000VOVODOL1D

09OVVYO199.L0VOOVO0099.L0090.00VIOO.L00OVIOO.LO0VO

b1-CdX

o

YOOVVVYOlVYOVvOD
1O9OVVYOIVYOOOVOOOODO0L1L10VOLIDID0L1L0O1L1IOVOOVYLVYLO
YOOVOLOLOVOLYLLIOVOOLIOIVOVYYOLOOOVOOL00OVOOVL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOOO1VO9OL0VI0DDOVIOOVIOLVYOOLIODIVLIO1VO100109
OVOD0010909VIOO0OL00VVYYOVYIOVIOOVLIOODLO0OVLIOOVOOVD
OOL1LO1OVOVOLOVIIOOOVIODLO01L01000VOOOVOVVYVYOOOD
VYOOL1OLO1L1L10191000VI09OVI0LO1OVIVIVILOOVYOIDDOI0O

(20]

YO103.101900VO19910010VOOOVO00099
1OV1OVOLLl1OVIVOVVOVOVYOVYLIVOOIOLLYOVOVYOOOLD
1OVL1VIO1900990VIVOOID00000VOLO10100VOLIO
YVYOLO0010L19OVOOVVOVYVYOOLOOVYIVOVYOVYYOLLLYIOOVD

1OVOO1OVOVYILO001L0000VVYIOVYLOVYIOVYOVY.LOOOOVL
OV.1OO19901VIVLIOOOL109D1OVODL00D90VVOOOVID
0000VO00001VOOL0VOOOL1099D1VYLIIOD1IOVIOVYILYID
1OV119910101910909100V0L1000191000VOVOOIL1D
099OVYOL9910VOOVOI0000010VODL0D100VOD100VO

60-2dX

82



PCT/US2018/064089

WO 2019/113224

o

YOOVVVYOlVYOVvOD
1O9OVVYOIVYOOOVOOOODO0L1L10VOLIDID0L1L0O1L1IOVOOVYLVYLO
YOOVOLOLOVOLYLLIOVOOLIOIVOVYYOLOOOVOOL00OVOOVL
1900VOL0L0VIOLLIOVOVOVYOOVLOLOOD0DVYIOOLOVOLLOOVD
YOVI00O1VOOOL0VIO00DOVILLOO1IVYODIOVIVIDLO0100109
OVOO0L099VI0091L000VVOVOIVOOIVLIOOLO0OV.LLODL0OVO
OOL1O1LOVOVOLOVOODDOVIOLO01L010D0VIOOVIVVYYOOOD
¥YO010.191110191000VO009OVOI.L019VIOIVYILOOVOID900D

(a0 0 0]

YO1030.101900VO19900019VOOOVIO0009D
OLOVLIOVOLLLIOVLIOOLOVYLIOOOL100099909VVYOVOIO
1910111V1919009900VOVOOI9I0900VOLOLOL10VOLD
YYVYOL000L10110VOOVVYOVYVOOLOIVOVOVYVVYILLLIYOOY
01999019VOOVILO0001L0000VVOV.LLYVYIOVOVYYLVOLOD
1OVIOO1O901VI1I1IO99LIVODLIOVOODL0DDIOVVYOOOVO
01099VI19001VOOLOVYOOLOOOLVYILIO0D1OVIOVILOD
O100119910191910909100V01000191000VOVOOOLL
009OVVYOLO9.0VOOVOI00901019VD01001.00VIO1I00VO

¥1-¢dX

o

YOOVYVVYOLlVYD
YOV1VOVYOOVOOOVOODODOIDL110VOLOL0011091L10VOIVYVYO
Y1VVYOOVOLOLlOVOLYLLIOOOOL1O1VOVYOLO0OVIOLO0OVIY
V11lVOOVOLlOLOVOLLOVOVYOVOOVYLOLODDO0OVOOOLOVILLOD
YOVVYVOOO1lVYOOOLOVOIOOOVILOLVYIVOOLOVLIVOOLDD1001D
OVYVOO3L1009VI990O100VVVYOVYOIVOLVYLIOOL00OVLILOVVYLIOY
099OL1VIOVOVYILOVIOOOOVIOL00101000VO0OVIOVYVYOOOO
YOO1090901110191000VO0OVI01019VOOIVILOOVOOI00D09D

(20]

YO1030.101900VO19910019VOOOVIO0009D
OLOVLIOVOLLIOVLIOOOODVYLIOOIVLODO000OVOIVYOVOOD
1910V11V101900090VIOVOOID30900VOLO101VOVOL
O0VVOLO0011119OVOOVYOOVOILOIVIOVOVLYVYOLLIVOD
90199909VVOOVILO001D000VVOVLOVYYIOVYIOVOOOD
OVLIOVIVOLVYIOLVYLIVIIOODI1VOOLIOVOOLODOODVYVYOOOY
000019VI09001LVOOLLIOVOOLIVOLYIIOOD1IDDDOVIOLYL
01099VOO10101910909100V0L000191000VOVOVYILL
000VVYOLODL0VOOVOOIOOVOLOVOILOD10OVOD1IOOVO

€1-¢dX

83



PCT/US2018/064089

WO 2019/113224

o

YOOVY
YOLVYYVYOOLOOVYOOVOOOVYYIDOOILIOOVOOLOODDLLIOVLD
Y19OVOVOLlVYOLOLlOVLILIVIOOVOIOLOOLYOVYYOLOOVVYOOLO0OV
1VVOLVLOVOL1O00VIOLLLYOVOVOOOLVYLIVOOLOVOOOLOVOLLD
OVYVOL10000109099VOLLIVOD1OVOD0L10O111OVVYOLVYOL00L
OVYVVYOOLOL1OVOLYOOOIVYYOVOOVYIOOVYLOOLOVOVLLOOVIOY
19911VOOVOVIOLOVIOOOVIIOLIOVILYOOVIOLOVYVOVYOOVYY
91010VO.19101990.11009V03.L019VIOVIVILOOVOO0900D

(a0 0 0]

00100101900V0199100090999V0000991
O11VVOOL00VIVOVYOVOVOOIVLYOOOOOLYOVOVYOOOLD
1OV1LVIO1900990VIVOOID00000VOLO10100VOLIO
YVYOLO0010L19VOOVVOVYVOOLOIVIOVOVYVVYOLLIYOOVO
1OVOOLOVOVYVYOLO001L0000VVYIOVLOVYYOOOIVYVYVYOOOOYL
OV.1OO190901VIVLIOOOLIVYOOIOVOODL0DD9OVVOOOVID
0000VO00001VOOL00VOOL099D1VYLIIOD1IOVIOVILYID
1OV119910101910909100V0L1000191000VOVOOIL1D
09OVYVYO199.L0VOOVO009099010VOI.L09.L00VIO.LO0OVO

L1-¢dX

o

YOOVVVYOlVYOVvOD
1O9VYVOIVOOOVOOOOOILLIOVOLOOODLL0ODL10VOOVYLVYLY
YOOVOLOLOVOLYLLIVYOOL0OOVOVYVYOLOOOVOOL00OVOOVL
1VOOVOLOLOVIOLLOVOVIVOOOLO1D990OVIOOD1OVIL1IOOVO
YOOI001VOOOL0VIOODOVILLIVIOVOOLOVIVOOLOO100109D
YYO001099V09990.1L009VVOVIOVYOIVYLIOD100OVLILOVYVYOVD

OOL1O1LIVOVIOLOVOOODOVOOLODL01000VI0OVIOVYOOOD
YOO10191910191000VO009OVOIL019VIOIVILOOVOIDD000O

(20]

YO1030.101900VO19910019VOOOVIO0009D
OLOVLIOVOLLIOVLIOOOODVYLIOOIVLODO000OVOIVYOVOOD
1910V11V101900090VIOVOOID30900VOLO101VOVOL
09VVYO10001011OVOOVVYOOVIOLOOVOVOVYLYVYOLLLIVOD
YOL19990VYVYVYOOVOLOD01O000VVOVLOVYIOVYIOVOOOD
OVOOVLIVOLVYLIOLVYLIVIIOOL1VOOLOVOOLOVOOOVYVYOOOY
000019VI09001LVOOLLIOVOOLIVOLYIIOOD1IDDDOVIOLYL
01099VOO10101910909100V01L000191000VOVOVYILL
000VVYOLODLO0VOOVOIODDO101OVOO1001L00OVIOOLIODOVOD

Gl-¢dX

84



PCT/US2018/064089

WO 2019/113224

o

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIOOILLIOVILODO01L1L0OLLIOVOIVYLIVIOVIOOY
O1O10VOLVLIIIOVOOLLIO1IVOVYVYOLOOOVOODLO0OVIOVYOLYOOY
O1010VOLLOVOVYIOVOOOLO19D900OVIOODLIOVOLLIOOVIVOYID
O1lV19910VOLl999VOOVIOLVOOLVYOLVYLO1VOLO01099VI00
10OVVYIOOOLODVYVVYOVIOOVIOVLIOOLOOOVLIOOVOOVYIOVYILD
1OVOVOLOVO0DDOVIOOLO0.L01000VI0OVOVYVYOOOOVOOLOL
O.1110191900V00OVI0.0.19VOD0OVIOLOVIOVOLOOVOO0O0D0D

<t

YO100191900VIOL991L0019VOOOVI00900
910010VOLL10VIOOVIOVYLOOOVLIOODOLOVOIVYVYVYOIOL
OLOVLLVYLID1D00990VIVOOID00000VOLOLD100VOLD
OOVOLO0010119VIOVVYOOVIOOLOOVIOVOVIVVYILLIVOOY
O19OVOOLYVOOVYOLI001LO000VVYIOVLOVYIOOVYOOVOOOOD
M ARLAIS IR ARIA S 10IR AN L0 191R9) 20 19ARS 191919191 A 4919 19) 4
000019VO009301LVOOLO0VOOLOVOLYLIOOLIOOOVYOLYL
01099VOO10101910909100V01L000191000VOVOVYILL
009OVVYOLO9.0VOOVOI00901019VD01001.00VIO1I00VO

61-CdX

o

YOOVVY
O1lV1VOOL1OVVYYIOVOOOOI00099ODLL1IOVOLLIVOODLLIOVIOVL
OVOVOOVILOLOVLIVIOOVOOOL0O1VYOVYVYOLOOVVOOD1000VL
YYOLVYLOVOLOOOVOLLIVOVOVOOOLO1VOOLOVOOODIOVILLIOD
YYO1000019909VIOL01VO01OVOOIL10D1VIOVYVYOLVYOLDD1D
OVYVVYOOLO0L1OVOLYOOOIVYVYOVOOVYIIVYLOOLOVOVLLOOVIOY
19911VOOVOVIOLOVIOOOVIIOLIOVILYOOVIOLOVYVOVYOOVYY
V1010VO19101990111009VO0.1019VILOVIOLOOVOI09909

<

YO103.101900VO19910010VOOOVO00099
1OV1O0VOL100VLIVOVYOVLLOOOVLIOOODOOLIVYOVOVOOOLO
1OVLIIVIOIO10990VYIVOOOD00010VO1IO1I01OOVOLOY
YVYOLO0010L19VOOVVOVYVYOOLOOVIVOVLYVYOLLIVOOVD
1OVOOLOVOVYVYOLOO0O0L0000VVYIOVLOVYOOVYLYVY.IOVVYOVYL
OVYVOOLOOO1LVIVIOOOLIYOL1OVOODL10DO0DOVYVOOOVIO
0009VO00001VOOLOVVYOOL00D1VLIIOOLIOVOOVYILYOD
1OVV19910101910VOD100VOL000191000VOVOOILLD
099OVOL99D10VOOVOO000OVILOVOILOOL0OVIOLOOVD

81-CdM

85



PCT/US2018/064089

WO 2019/113224

—

YOOVYVVYOLVYOVOO199
YYOOVYVYOOVOOOO0D0L110VOLOOD01L10OL1IOVOOVVYLYLIOVOO
YOLlO10VOLlV11190991101VOVYOLO0OVIOLO0OVIVYYLLVYOD
YOL1O.10VOLLOVOVYIOVYOOVYLILOOOOOVOOOLOVIOLLIOOVOVOVYD
001VOO9D10VO099900101VIVIOLOVLIVOO1LOO0100100VVYID
01019VOO9OL00VYVYYOOVYILY.LOOLO0OVLLIOVYVLIOVOOOLLY
1OVOVOLOVO0OOOVLIOLO0DL01000VIOOVOVYYOOOOVYIILOD
O.1110191900V00OVI0.0.19VOD0OVIOLOVIOVOLOOVOO0O0D0D

<t o™

YO1030101900V019910010VOOOVI0999010V
1OVOL101VIOOLIVLIIOOOD1OVIOO03090OVVYOVOIOLD
1OV11V1O1900990VIOVOOID0000IVOLOL0109OVOL0D
YVYOLO0010L19VOOVVOVYVOOLOIVIOVOVYVVYOLLIYOOVO
1OVOOLOVOVYYILO00L0000VVYIVYLOVYIOOVYIOVYVOOOOOVL
OV1OO19901VIOVLIVOOLIVOOLOVOODLDDDOOVYOOOVYID
O0VOVO09D001VOOLODVOOL00D1IVLIIOOLIOVOOVIOLVYOD
10VO199101019109390100VIL000191000VOVODIOL1D
09OVYVYO199.L0VOOVO009099010VOI.L09.L00VIO.LO0OVO

2¢-¢d

—

YOOVVYVOLlVOVYO
OL199VYVOOVOOOVOOIOOOILLIDVIL0D001L109L10VOOVYVYLVL
OVOOVOLOLOVOLVYLLIIOVOOLLIOLIVOVYVYOLOOOVOOLO0OVIOOY

11¥VO1VOLOLOVOLLOVOVYOVYOOVYLILOOOOOVOOOLOVILLIOOVO
YOVI001V099L0VI099OVOLO001L19010VIVOOLO0100109D
YYO001099VI900100VVVYOVOOVIOOVLIOOLO0OVLIOVYIOOVO
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO
VYOO1OL191110191000VO009OVIOL01OVIOIVILOOVOIDDODI0O

<

YO1030.101900VO19910019VOOOVIO0009D
OLOVLIOVOLLIOVLIOOOODVYLIOOIVLODO000OVOIVYOVOOD
1910V11V101900090VIOVOOID30900VOLO101VOVOL
09VVYO10001011OVOOVVYOOVIOLOOVOVOVYLYVYOLLLIVOD
YOL19990VYVYVYOOVOLOD01O000VVOVLOVYIOVYIOVOOOD
OVOOVLIVOLVYLIOLVYLIVIIOOL1VOOLOVOOLOVOOOVYVYOOOY
000019VI09001LVOOLLIOVOOLIVOLYIIOOD1IDDDOVIOLYL
01099VOO10101910909100V0L000191000VOVOVYILL
000VVYOLODL0VOOVOOIOOVOLOVOILOD10OVOD1IOOVO

0¢-¢dM

86



PCT/US2018/064089

WO 2019/113224

—

YOOVYVVYOLlVOvO
Y1VOVYVOOVOOOVOOIOOOLLIOVOLOO00L10OLI0VOOVYVYLVYL
OVOOVOLOLOVOLVYLLIIO0OOL1O1VOVYOLO0OVYIOLO0OVIVYL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOOOLVOOOLOVI0DOOVILOLVIVIOLOVIVOOLDIO100109
YYO001000VOO09O1L00VVYVYOVIOVOLYLIOOL00OVLILIOVYLOVYO
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO
v00139091110.19.1000V000OVI30.10.19VYI00IVIOL00OVOOI09909D

< wn

YO103.101900VO19910010VOOOVO00099
1OV1IOVOLIOOOL1IO009000LLVLIID9DOVIVOVYOIODI0D
OLOVLLIVLIIVIOOOOVIOVOOIDIIOI0VOLOLOLOVYOLOY
YVYOL1LO0010L19VOLVYVOVYVOOLOIVYIOVOVYYOVOLLLYOOVD
1OVOOLOVOVYYILO0D0.L0000VVOVLOVYIOVIVYVYLIOOVOVL
OV.1OO1091111VI09911VOO1IOVOOLOOODOVVOOOVIO
0019V0O090001VOO1009099010901V.LIIODIOVIOOVILVYID
1OV119910101910VO9L00VOL000191000VOVOOILLD
09VYVYO.199.L0VOOVI009099010VOI.1L09.L00VIO.LO0VO

¥Z-¢dX

—

VOOVVVI1VD
VO5159VVIOVOOOVHHIOOHILLIDVILIIDII1IDD1IDVOIVVLY
1VVIOVI1O1DVILIVLILIIOVOD13D1VOVVYOIIDOVOIIIIDVIOV

11VIDVI1312VI11OVOVIVOHOHD1D199939VIOD1OVILIDOVI
V9553221VI9510VIIDHOVILIDVIVIODLIOVIVIILD3123100VY
3221255VI2555123095VOHVIOVIIVIODIIIOVLIIOVVYVOVIDD
1I913VOVI19VII999VIH1I3131330VIIOVIVYVYVOOOOVIDL
J191113191323VI39VII1319VIDIVI1IVIVILIDOVHIIHDID

<

V21321215233952195913019V
955VIVOHOOOILIOVIOVOLLLIVIDOLIIVIIODOIVIIDODIHDDD
VOVI5HIO1D10VIIVID1D3399IVIVODHIDIIDIOVOLD1D1L
OVVH1IOVVO1II201D011DVIIVVOVVIILOIVIVOOVVYVILL

1VI3VI195VSHI9OVOVVYILII2I10331VVIVIOVVIIVIOVVLVY
955V15VIOH19H9I1VIZIHDD11VOD1IDVHO1ID9HDDVVD
95V322325VI05221VH91OVVHO1IHHD1VIIID1IDOVIOVI
12221931195513131913VI39132VvI1333191323vVOVHOIL
1329VVO15910VOOVIIIDDI13195VOI13D129VID1DHVH

€¢-¢dX

87



PCT/US2018/064089

WO 2019/113224

—

V92
VVVILVOVHO1IDOVVIIVOHOOVHOIHOI111DVIID9I301139113
VOOVVIVIOVIOVILIOIOVILVLIIIOVOD1191VOVVYO1329VOHOL
J05VIOVLIVIOVILD1DVILIOVOVIVOOVII1IDHDIOHVIOD IOV

J1199VIVOVIII1VIDD1IVIIDOOVILIDOVIVIOLIOVIVIOLIOIL
J2125VVI321055VI3599133VVVOVIOVIIVIDOIDIDVLIDOVY
J9VI951I919VOHVILIOHVIIOHHVIOIID121320VIIDVIVVYVYOD
95VII212191113191333VI25VII21019VI10VI109VO3I39939

<

V3132101920V3195913219VHD
OVI2595513VIOVOLIIDVIVOVVIVIVVIVLIVODIILIVD
VOVOIDO1910VIIVID1IDI399IVIVOHDHIHIIDIIVOIO1IDL
95VSO125VVO1I22010119VIIVVOVVYIILOIVIVOVIVVYILL
1VI3V3I19VOI1OVOHVVILIII1I3I320VVIVIOVVYIIOVIVVYLD
959V1OVIOH19H9I21VIVIIODO11D9319VHH13999DVVD
95VI232325V3052331VO910VIODI13991VIIODDIOVIOVD
1VvI310VI19913131913939133VI1332191233VOVOOIL
132595v515513vHOVIII999319VOI13951395VID1IHOVD

20-€dX

—

vOOoOv
YOLlVYYVYOO1990VOOVOOOVVYOOOOIL1O0VOOLOOD0LL1IOVLY
V10VOVOOVOLOLOVLILVIVOVOOOLOOLYOVYYOLOOVYOOLO1OV
1VYVOLVLIOVOLOOOVIOLLLIYOVOVOOOLOLVOODIOVOOODLIOVOLLD
OVYVOL1000019999VOLOLVYID1OVIOD0L1L0O1VIOVYOLYOLOOL
OVYVVYOOL1OLOVOLOOOOIVVYOVOOVOOVIOOLOVOVLLIOVYLOY
19911909VOVOLOVIOOOVYIODLO0VOLODOVILOVIVOVYOOVY
O1019VO19101990111009V30L019VO1OVILOOVOO00D0D

<

YO1030.101900VO19910019VOOOVIO0009D
OL10110VOLL1OVIOOVIVLIIOOOVIOOOOOLIVYOVOVYOOIOL
OLOVLOVLOLD00D9D0VIVOOIODIO000IVOLOLO01L00VOLD

OVYVOLO001L0L19VILVYVOVYOOLLOVOVOVYOVYVYOLLLVYOOY
01OVOOL1OVOVYIOLO0030L0000VVLVLIOVYOOVYOVYVY.LOOL1OD
1OV19919901VIVIOOD1I1IVOLIOVOO 109900V VYOOOVD
00009VO09001VOOL0OVOOLOOOLVYLILIVOIOVIOVLILIVOD
10111991010191¥VO09L00VILO00191000VOVOOL11D
0OVYVYO199.10VOOVO00090010VOIL00.L00VIOLOOVO

10-€dM

88



PCT/US2018/064089

WO 2019/113224

6
1%
€ YO10301019009019910010VOOOVIOVOOOD
YOOVVYVOLlVOVYO 1OVIOVOLLLIVIOOLIVIIOOOVYLLOOLOOOOVOVOOOO1D
OL199VYVOOVOOOVOOIOOOILLIDVIL0D001L109L10VOOVYVYLVL 1OV11V1O1900990VOVOOIDI0900VOLOLO1OVVYOLOD
OVOOVOLOLOVOLYLLIIOVOOL1IOLIVOVYOLO0OVOOLODOVOOVL YVYOL100010.119VOOVVYOVYVOOLOOVOVOOVYVVYOLLIVOOVO
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO 1OVOOOOVOVYVOLO0010001LVYLIVLIOVYVYOOVOVYYLVYOOOVL
/| VOVOOOLVOOOLOVODOOOVOLLOVLIVODLOVLIVOOLOO1L0010D OV19919901VI019991L1VOD1OVOD1L09900OVVYOOOVIO
1 YYO001099VI900100VVVYOVOOVIOOVLIOOLO0OVLIOO1LOOVO 0000VO00001VOOLOVYOOLODD1VYLIIDD1OVOOVOLODD
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO 100119910101910V00100VI0L000191000VOVODOL1D
€ | VOOLOLDLLIDLD1000VO0DVOILOLOVIOIVILIOVDIIDDID 09VYVYO199.L0VOOVO00009010VOIL0DL0OVIOLOOVO | §G0-€dM
8
1%
€ | 00L10190099019910019VDODVIOVOOODLOVLIOVOLLLLIVL
YOOVVYVOLlVOVYO O011V11990V110019990VOVIOIOLOLOVLIIVIOLD1DO
OL199VYVOOVOOOVOOIOOOILLIDVIL0D001L109L10VOOVYVYLVL OOVYIVODOO00000VOLO1L01OVYOLIOOVYOLOOOLOLIOV
OVOOVOLOLOVOLVYLLIIVYOOL1IO1IVOVYVYOLO0OVOOLO0OVIOVL O0VVOVVYOOLOOVOVOOVVYYIOLLIYOOVOLOVOOOOVYOVYVYOL
1VOOVOLOL0VOLLOVOVIVOOOLO1L9DD00VIOOLIVILLIOOVD 000.10001VVLVLIOVYVYOOVYOVVYLIVOOOVIOVLIOO1OD01VID
g | YOVOOILlVYOO9D10900009VILLOVIVIOLOO1IVYOO1D3100109 199911VOO1OVOOL000DOVVYOOOVOI3D0OVIDD001Y
1 YYO001099VI990L00VVYVYOVYOOVYOOV.LOO1L00OVLIOVIOOVD OOLOVVOOLOOO1VYILIO0O1OVIOVOLI00100L199101019
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO 1OVOO100VOL1000191L000VOVOOILLODOVYOLOOLOVO
€] VOOLOLOLLIDID1000VO09VOILOLOVIOIVILIOVOIIDDID OVO0099L019VOI1L0D1L0DVIOLOOVOOLOOVIOOLOOVD | €0-€dM

89



PCT/US2018/064089

WO 2019/113224

—

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIOOILLIOVILOD00L100110VOIVYLYLIOVOOY
O1O10VOlVLIIIOVOOLLIOIVOVYVYOLOOOVOOLOOOVIOOVYLLIVYOOY
O1010VOLLOVOVIOVOOVYLIOLOOOOOVIOOLLVYOLLIOOVIOVOVYID
O1V099OL0VI09DOOVIOLYOVYVYOOLOVLIVIOLDO100109VVYOOD
1099VO990L00VVYVYOVYIOVOOVIOODLO0OV.LIOVYOOVYIOOOLLY
1OVOVOLOVO0OOOVIOLO0L1L1000VIOOVOVYYOOOOVYIOILOL
O.1110191900V00OVI0.L0.LOVOVIOVOLYOLOO100VOO09909D

oM N

YO1030101900V019910010VOOOVIOVOOOD
1OVIOVOLLLIVIOOLIVIIOOOVYLLOOLOOOOVOVOOOO1D
1OV11V1O1900990VOVOOIDI0900VOLOLO1OVVYOLOD
YVYOL100010.119VOOVVYOVYVOOLOOVOVOOVYVVYOLLIVOOVO
1OVOOOOVOVYVOLO0010001LVYLIVLIOVYVYOOVOVYYLVYOOOVL

OV19919901VI019991L1VOD1OVOD1L09900OVVYOOOVIO
0000VO00001VOOLOVYOOLODD1VYLIIDD1OVOOVOLODD
100119910101910V00100VI0L000191000VOVODOL1D

09OVYVYO199.L0VOOVO009099010VOI.L09.L00VIO.LO0OVO

L0-€dX

—

YOOVVVYOlVYOVvOD
1O9OVVYOIVYOOOVOOOODO0L1L10VOLIDID0L1L0O1L1IOVOOVYLVYLO
YOOVOLOLOVOLYLLIOVOOLIOIVOVYYOLOOOVOOL00OVOOVL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOOOLlVOOOL0VI0DOOVOLLOVIVOOLIOVIVIOLDO10010V
YYO001099VI900100VVVYOVOOVIOOVLIOOLO0OVLIOO1LOOVO
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO
VYOO1OL191110191000VO009OVIOL01OVIOIVILOOVOIDDODI0O

LN

YO1030.101900V019909019VOOOVI09D
OOOL1IVIOVOLLI1OVIVOVIVVYIOOOVLILIOOODOOVOOVOVYVYO
OL9O10VLLIVIVIOODOOIVIOVOOIOD0D0OVOLYVOLOOVD
119VVYO1000L0109VOIVYVOVYVYOOLOOVOVOVYLOVOLOLDOD
OVOLlOVOOLOVOVYVYOLOD0L0000VVYIOLOOVYYOOVYOOOLlOVL
OO1OVIO910101VIO00099DLIVOOLIOVOOLOVOVOVYOOO
Y000099VI0900.1VOO100VOOL00L109D10VIOVILYVYO
109091991010191¥909100VO1O1019.1000VOVODIOL1D
099OVYOL9910VOOVOI0000010VODL0D100VOD100VO

90-CdM

90



PCT/US2018/064089

WO 2019/113224

o

YOOVVYVOLlVYOV
OOL1O0OVVYOIVOOOVOOODOIDL1L10VIOLOOIODL10D110VOOVYLY
1OVOOVOLOLOVOLVYLLIOVOOL1IOLIVOVYOLO0OVOOLO0OVOO
V11VOOVOLOLOVOLLOVOVIOVOOVYLOLYOOOOVIOOLOVOLLOOY
OVOVOOO.1LVYOVOLOVOOOOOVOVLIOVIVOO1IOVIVIO1D010010
OVYVOO0L099VIO00OL00VVYVYOVOOVYIOVYLOOLO0OVLLOO1O0V
099OL1VIOVOVYI1OVIDO0OVLIOLD0101000VOOOVIOVYVYOOOO
vYOO10.1911101910901VO00OVOILO1OVIOIVILOOVOIDDO0IO

oM N

YOVOO101900VOLlO91L0019VOOOVI0090
OL0VOOVOLLOLVIOOLOVVYLO00VIOOO1VOLLYOOVOLOL
OLOVLIVLIO1LOD0DODO3VYIOVOOOD00000VOLO101190910

OOVOLO00010119VOOVYOVYYIOLOOVOVOVYVYVYOOLLIVIOY
O1OVOOLOVOVYVYOLO001L0000VVYLVYLLIVYVOLOOVYIVYOLOO
1OV19919901V1O0LOO091L1VOOLIOVOOLOVOOOVYOVOOVYO
00009VO09I20LVOOL00OVOOLO0DL1119919VIOVOLOD
01913019V10101910909100V01090.191000VOVOO0LlL
000VVOLOD.L0VOOVII0000.L010VODL0D100VID1O0VO

60-€dX

o

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIOOILLIOVILOD00L100110VOIVYLYLIOVOOY
O1O10VOLVLIIIOVOOLLIOLIVOVYVYO1LO0OVOOL0099000L1VOJV
O1010VOLLIOVOVOVOOVLOLODODDOVIOOLOVILLIOOVYIVOVYID
01V099L10VI09D9OVOIOVIOILYIOOLOD1VIOLVYOLOO01L099VO0D
1099VIO990L00VVYVYOVYOOVYOOVIOODLO0OVLIOOVOOO0O9OL1D
1OVOVOLOVO0O9OOVIOL00.1L01000VI0OVOVYVYOOOOVYIODLOL
O1110191930V009VI0L01OVODIVILOVOVIOLOOVOOOOD0D

LN

YO10301019009019910010VOOOVIOVOOOD
1OVIOVOLLLIVIOOLIVIIOOOVYLLOOLOOOOVOVOOOO1D
1OV11V1O1900990VOVOOIDI0900VOLOLO1OVVYOLOD
YVYOL100010.119VOOVVYOVYVOOLOOVOVOOVYVVYOLLIVOOVO
1OVOOOOVOVYVOLO0010001LVYLIVLIOVYVYOOVOVYYLVYOOOVL

OV19919901VI019991L1VOD1OVOD1L09900OVVYOOOVIO
0000VO00001VOOLOVYOOLODD1VYLIIDD1OVOOVOLODD
100119910101910V00100VI0L000191000VOVODOL1D

0OVYVYO199.10VOOVO00090010VOIL00.L00VIOLOOVO

80-CdM

91



PCT/US2018/064089

WO 2019/113224

o

YOOVVYVOLlVOVYO
O199VYVOOVOOOVOOIOOILLIOVILIOD00L110110VOOVYLVL
OVOOVOLOLOVOLYLLIOVOOLLIOLIVYOVYOLOOOVOOLO0OVLIOVL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOOO1VO99L0VI0DOOVOLOO01VOOLOVIVOOLOO0100109D
YYO001099VI900100VVVYOVOOVIOOVLIOOLO0OVLIOVYIOOVO
OOL1O1OVOVILOVOIOOOVYIODLOO01L31L000VOIOOVIOVYVYVYOOOO
VYOO10.191110191000VI009OVI0L01OVIOVIVILOOVOIDD0IO

oM N

YO100.101900V019910010VOOOVIO000909L
V1L1O0VOL110V109OVO0O1090V.LI0DD0DOVOOVOVOOOLD
11V11V191900990VIOVOOIOD00000VOLO101OVVYOLOD
YVYOLO0010L19VOOVVOVYVYOOLOOVIVOVLYVYOLLIVOOVD
1OVOOOOVOVYVYOLO001O000VVOVLOVYOOVYOOVOOO1OD
1OVIVOLV1IOLlVIVIOOO1L1VOOLOVOOLODOOOVVYVYOVYVYOO
0019V009001VOOL00VOOLOVOLYLIIOD1OD00OVOLO1D
1099VOO10101910909100VOL000191000VOVOVIOLLD
099OVYOL19910VOOVOI00900019VO0L09100VOD100VO

€1-€dX

o

YOOVYVVYOLlVYD
YOV1VOVYOOVOOOVOODODOIDL110VOLOL0011091L10VOIVYVYO
V1OVOVVYOLOLlOVOLYLLIOOOO1L1O1VOVYVYOLO0OVIOLO0OVIY
V11lVOOVOLlOLOVOLLOVOVYOVOOVYLOLODDO0OVOOOLOVILLOD
YOVVYVOOO1lVOOOLOVOIOOOVILOLYIVOOLOVIVOO1O010010
OVYVOO3L1009VI990O100VVVYOVYOIVOLVYLIOOL00OVLILOVVYLIOY
099OL1VIOVOVYILOVIOOOOVIOL00101000VO0OVIOVYVYOOOO
YOO1090901110191000VO0OVI01019VOOIVILOOVOOI00D09D

LN

YO1030.101900VOL1OD10119VOOO0D010099
1O0L10VOLLIOVLIIOOOLLIOVIVIVOOOOVIOVOVOVYOOOLO
10111V191930990VOVOO09009001019VI1IOOVOL0D
OVO1000101L1OVOOVYOVYVYOOLOOVOVOVYYOVIOLLLIYOOVO
OOVOOLOVOVYILOODLO00LVYVOV.LOVYIOVOOVLOOOOVY
1OVIOOL1O901VY1IOLVYODL1IVOOLIOVOOLOODDOODVYYOOOVO
00199V009001VOOL0VIOOL0D01VIODD0OVOOVILYD
O1OVVL1O910101910009100V3L000191000VOVOO0LlL
000VVYOLODLO0VOOVOIODDO101OVOO1001L00OVIOOLIODOVOD

Zl-€dX

92



PCT/US2018/064089

WO 2019/113224

o

YOOVVVYOlVYOVvOD
1O9VYVOOVOOOVYOOODOILIODVILOOOI0LL0011IOVOOVYLVYLO
YOOVOLOLOVOLYLLIOVOOLIOIVOVYYOLOOOVOOL00OVOOVL
1VOOVOLOL0VOLLOVOVIVOOVLOLODODDOVIOOD1OVILLIOOVO
YOVOO01VO99OL0VI0D9OVOIOVIOILVYOOLOO1IVLIO1IVOLDD10D
OVOD0L009VIOO0OLO0VVYYOVYIOOVYIOOVLIOOLD0OVLIOOVOOY
099.11019VOVILOVOODDOVIODLI0LO0L3D0VIOOVIVVYYOOOD
¥YO010.191110191000VO009OVOI.L019VIOIVYILOOVOID900D

oM N

Y0103010190090199100109VOOOVIOVOOO
OLOVLIOVOLLLIVIOOLIVIIOOOVLIOO1O99OVOVYOOIOL
OLOVLLVYLD1900990VIVOOOOD00000VOLOLOLOVYOLD
OVYVOLO0010L119VIO0VVYOVYVYOOLOIVYOVOOVYVOLLIVOOY
O1OVOOOOVOVYVOLOD0L0001VYVYLIVLIOVVOOVOVVYLYOOOY
1OVIOOL19901V1IOLO9D11VOOLIOVOOLODDOODDVYYOOOVO
00009VO09I0LVOOLOVYOOLOOOLYLIIODIOVIOVILOD
0100119910101910V09O100VI3L000191000VOVOO0LlL
009OVVYOLO9.0VOOVOI00901019VD01001.00VIO1I00VO

91-€dX

o

YOOVVYVOLlVOVYO
OL199VYVOOVOOOVOOIOOOILLIDVIL0D001L109L10VOOVYVYLVL
YVYOOVOLOLOVOLVYLLIVVYOOLOOLYOVYVYOLODOVOOLO0OVOOYL
1VOOVOLOLOVIOLLOVOVIVOOOLO1D990OVIOOD1OVIL1IOOVO
YOOI001VOOOL0VIOODOVILLIVIOVOOLOVIVOOLOO100109D
YYO001099V09990.1L009VVOVIOVYOIVYLIOD100OVLILOVYVYOVD
OOL1O1LIVOVIOLOVOOODOVOOLODL01000VI0OVIOVYOOOD
YOO10191910191000VO009OVOIL019VIOIVILOOVOIDD000O

LN

Y0103010190090199100109VOOOVIOVOOO
OLOVLIOVOLLLIVIOOLIVIIOOOVLIOO1O99OVOVYOOIOL
OLOVLLVYLD1900990VIVOOOOD00000VOLOLOLOVYOLD
OVYVOLO0010L119VIO0VVYOVYVYOOLOIVYOVOOVYVOLLIVOOY

O1OVOOOOVOVYVOLOD0L0001VYVYLIVLIOVVOOVOVVYLYOOOY
IR AARSONRIIS IR ARSIRIISINR L ONRSL O ONRSIVIIISA A 4919191 4]
00009VO09I0LVOOLOVYOOLOOOLYLIIODIOVIOVILOD
0100119910101910V09O100VI3L000191000VOVOO0LlL
000VVYOLODLO0VOOVOIODDO101OVOO1001L00OVIOOLIODOVOD

Gl-€dX

93



PCT/US2018/064089

WO 2019/113224

o

YOOVYVYVYOLYOVOOLO0V
YOOVOOOVOOIOOILLIOVILODO01L1L0OLLIOVOIVYLIVIOVIOOY
O1O10VOLVLIIIOVOOLLIO1IVOVYVYOLOOOVOODLO0OVIOVYOLYOOY
OL10.10VOLLOVOVYOVOOVYLILOOOOOVOOO1OVILIOOVOVYOVYOL
O1V099OL0VI099OVOLLIVYVYYIOOLOVIVOOL1OD01D0100VVYI00
10909VIO90O1L00VVYVYOVYIOOVOOVYLIOOD100OVLILIOVYIOVYIOOLLO
1OVOVOLOVO0O9OOVIOL00.1L01000VI0OVOVYVYOOOOVYIODLOL
O.1110191900VO09VI0.L019VOD0VOLYOLO0100VO009909

oM N

YO100101900VOL19910019VOOOVI0D
OOO1VLILIOVOLI1IVIOOVOOO1OD0V.LO9001OVOOVYOVYOD
O19OL0VLLIVIOLD3D9OOVIOVOOOD00D00VOLOLD1OVYO
1O0VYVOLO00101L10VOOVVYOVVYOOLOOVIOVOVYLYVYOLLIVOD
YOLlOVOOLVYVOVYVYOLO0019000VVOV.LOVYOOVIOOVYOOOLO
OLlOVLIVOLVIOLVIVIIOODIIVIVIOVOOLO0DDOVYVYVYOVYD
00019VO09001LVOOLOVIOOLOVOLYIIOOD1OD19VOL01D
1099VOO10101990909100VIOL000.191000VOVOVOLD
000VVYOLODL0VOOVIOIIOOVILOVOILOD10OVOD1IOOVO

61-€dX

o

YOOVYVVYOLVYOVOO199
YYOOVOOOVOOIOOD0L1L1IOVIOLO000LLOVLIIOVOOVVYLIVIOVOOY
O1O10VOlVLIIIOVOOLLIOIVOVYVYOLOOOVOOLOOOVIOOVYLLIVYOOY
O1010VOLLOVOVYIVOOVYLO1ODDO0OVOOOLIOVOLLOOVIVOVYID
O1V099L0VI099OVIOLLIVIOVOOLOVLIVIOLD0100109VVYOOD
1099OVO990L00VVYVYOVYIOVOOVIOODLO0OVLIOVIOOVOOOLLD
1OVOVOLOVO0O9OOVIOL00.1L01000VI0OVOVYVYOOOOVYIODLOL
O1110191930V009VI0L01OVODIVILOVOVIOLOOVOOOOD0D

LN

VYOL110101990VI199VO01OVODOVI00009D
100.10VOLLIOVIOOVOVYVY.LODOVLOOVOIODOIVOVOLOLD
11V11VIS1900990VIOVOOID00900VOLIOLOL1IOVOLOD
OVOL000101L10VI0VVYOOVOOLOOVOVOVYYVYVYILLLYOOVO
1OVOOOOVOVYVYOLO00LD000VVYIOVLOVYYOLOLVYVYLIVOOOYL
OV19919901V.10199911VOD19VOD109990VVOOOI0D
0019VOVOOO1lYOOLOVVOOLIOOLIVLIIOO1IOVOOVYILOOD
1OV119910131910909100VO10001901000VOVOOILYO
0OVYVYOLO9D10VOOVOO0000919VOO100109VIOOLIODVOD

81-CdMX

94



PCT/US2018/064089

WO 2019/113224

{0°L'6'7) 501Xy {196'2¥8) 06 {159’10V} 925 {vdo/cpueg-ue} pame-wiy

{59 Tl 0TXLY {56T°€LT) ¥RT {595 '8'yE) 959 {30oyg-nue} LTuye-Wiy

{8'€'0°7) s 0IX6'T {064 v0L) 9¥L (592021} €12 {vdo/epueg-ie) A4S oime

{'T'9'T) s 0TX0°T {S0T'E6) 66 {zos 1TvE) V1Y {30yy-nue) Agos LTyye

15 ‘4D %58) ¥4 01X 2gY/s:1d0d (1D %56) ¥ewg A {1 %56) O U830
L2IqeL

YOOVVVOlVOVvOD
1OOVVYIOOVOOOVOOOOOOL110VOLODD0110DLIOVOOVVYLVYLD
YOOVOLOLOVOLVYLLIOVOOL1IO1IVOOVOLO0OVOOLO0DVIOVL
1VYOOVOLOLOVOLLOVOVIVOOVLOLODDDOVOOOIOVILLIOOVO
YOVOOOLVYOOOLOVIODOOVIOVLOVLIYIOLOVIVOOLDI3100109
YYO001090V0990100VVYVOVYIOVOOIVLIOOLO0OVLIOLYVIOVD
OOL1O1OVOVILOVOIDOOVIDLO0131000VOIOVIOVYVYVOOOO
YOO13191110191000VI0DVI0LO1OVIOVIVILOOVOIIDDI0O

oM O

YOL103101900VIO199003019VOOOVIOI3009D
OL0L10VOLI1I10VIOJ1LOVVY1IODOVLIO0999D0DVYVYOVOIO
1O10V11IVIO1VYOODOOOVOVYOODOIOI0DDOVOLVYLIOLIOVOLD
OVVLLOO0D010119VOOVVYOVVYIOLOOVOVOVVYVYVYOLLIVOOY
O1OVOOL1OVOVYILO0301L0000VVIOVLOVVYOIVYIOVYVYLYOLOO
1OV1O919901VIVIOOOLIVOOLIOVOOLOVOOOVYYOOOVD
000VOVO09001VOOLOVVYOOLO0O1LLI1IOD1OVIOVIOLYD
010V1199101919109009100Vv31L000191000VOVOO0LL
000OVVOLOOL10VOOVIOIIDOLIOLOVOOLODOLOOVIOLOOVO | 0¢-€dA

95



WO 2019/113224 PCT/US2018/064089

WHAT IS CLAIMED IS:

1. An antibody or fragment thereof comprising at least one CDR selected from those of
SEQ ID NO: 1 to SEQ ID NO: 18 or SEQ ID NO: 31 to SEQ ID NO: 228, wherein said
antibody or fragment thereof specifically binds an erythrocyte.

2. An antibody or fragment thereof comprising at least a VH or VL sequence selected
from those of SEQ ID NO: 19 to SEQ ID NO: 24 or SEQ ID NO: 229 to SEQ ID NO: 294,
wherein said antibody or fragment thereof specifically binds an erythrocyte.

3. An antibody or fragment thereof comprising a VH and VL sequence selected from
those of SEQ ID NO: 19 to SEQ ID NO: 24 or SEQ ID NO: 229 to SEQ ID NO: 294,
wherein said antibody or fragment thereof specifically binds an erythrocyte.

4. An antibody or fragment thereof which specifically binds an epitope on an erythrocyte
without causing significant adverse alteration of membrane deformability.

5. The antibody or fragment of claim 4, wherein said specific binding does not
significantly alter resistance of said erythrocyte to physical, chemical, mechanical stress, or
combinations thereof.

6. The antibody or fragment of claim 4 or 5, wherein at least 100,000 copies of the
epitope are present on the erythrocyte.

7. The antibody of any of claims 4 to 6, comprising at least one CDR selected from
those of SEQ ID NO: 1 to SEQ ID NO: 18.

8. The antibody of any of claims 4 to 7, comprising at least a VH or VL sequence
selected from those of SEQ ID NO: 19 to SEQ ID NO: 24,

9. The antibody of any of claims 4 to 8, wherein the antibody comprises a variable heavy
chain sequence of SEQ ID NO: 23 and a variable light chain sequence of SEQ ID NO: 24,

10. The antibody of any of claims 4 to 9, wherein the epitope is present in the 6t
extracellular loop of human RhCE.

11. The antibody of claim 10, wherein the epitope comprises at least 5 consecutive amino
acids of SEQ ID NO: 361.

12. An antibody which competes for the binding site of the antibody of any of claims 4 to
11.

13. The antibody of any preceding claim, which is an scFv.
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14. The antibody of any preceding claim, wherein the antibody comprises a variable
heavy chain sequence of SEQ ID NO: 23 and a variable light chain sequence of SEQ ID NO:
24,

15. A plasmid comprising nucleic acid sequences encoding the antibody of any of claims
1 to 14.

16. The plasmid according to claim 15, wherein the antibody is encoded by any of the
nucleic acid sequences of Table 3 or Table 6, or a sequence sharing at least 70% identity
therewith.

17. A fusion protein comprising an anti-RHCE antibody according to any preceding claim
fused to a pharmacological, therapeutic, prophylactic, imaging or diagnostic agent.

18. A fusion protein comprising an anti-Band 3 antibody according to any of claims 1 to 3
or 13 which binds to the Wrb epitope fused to a pharmacological, therapeutic, prophylactic,
imaging or diagnostic agent.

19. A fusion protein comprising the antibody of any preceding claim fused to a
pharmacological, therapeutic, prophylactic, imaging or diagnostic agent.

20. The fusion protein according to claim 19, wherein the therapeutic or prophylactic
agent is an anticoagulant, anti-malarial, anti-hemolytic or fibrinolytic.

21. A plasmid comprising nucleic acid sequence encoding the fusion protein of any of
claims 17 to 20.

22. A pharmaceutical composition comprising the antibody or fusion protein according to
any one of the preceding claims and a pharmaceutically acceptable carrier, excipient, diluent
and/or adjuvant.

23. A method for delivering an agent using red blood cells, said method comprising
administering the composition of claim 22 to a subject in need thereof.

24. A method for preventing or reducing coagulation, said method comprising
administering the composition of claim 22 to a subject in need thereof.

25. A method of treating or preventing thrombosis, tissue ischemia, acute myocardial
infarction (AMI), non-segmented elevated AMI, deep vein thrombosis, ischemic stroke,
hyperoxic injury, transient ischemic attack (TIA), cerebrovascular disease, disseminated
intravascular coagulation (DIC), pulmonary embolism, ischemic peripheral vascular disease,

inflammation, pulmonary edema, sepsis, malaria, SDC, PNH, hemolytic anemia, acute lung
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injury (ALI), acute respiratory distress syndrome (ARDS), a bleeding disorder such as
hemophilia, or aseptic systemic inflammation, comprising administering the composition of
claim 22 to a subject in need thereof.

26. A method for prolonging circulation of a pharmacological, therapeutic, prophylactic,
imaging or diagnostic agent, said method comprising administering the composition of claim
22 to a subject in need thereof.

27. The method according to any of claims 23 to 26, wherein the fusion protein an scFv
fused to thrombomodulin.

28. The method according to any of claims 23 to 27, wherein said composition is
administered intravenously.

29. The method according to any of claims 23 to 28, wherein said subject is a mammal.

30. The method according to claim 29, wherein said subject is a human.
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1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
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extent that no meaningful international search can be carried out, specifically:

3. K‘ Claims Nos.: 7-30
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This International Searching Authority found multiple inventions in this international application, as follows:
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claims.
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fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***-Continued from Box No. Ill Observations where unity of invention is lacking: -***

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-6 and SEQ ID NOs: 1, 19 and 20 are directed toward antibodies and their corresponding VH and VL domain
sequences, wherein said antibodies specifically bind to erythrocyte epitopes without causing significant adverse alteration of membrane
deformability.

The antibodies will be searched to the extent they encompass a CDR encompassing SEQ ID NO: 1 (first exemplary VH CDR); a VH
encompassing SEQ ID NO: 19 (first exemplary VH domain) and a VL encompassing SEQ 1D NO: 20 (first exemplary VL domain).
Applicant is invited to elect additional COR sequence(s), and, where applicable, VH or VL sequence(s) encompsasing the CDR
sequence(s), with specified SEQ 1D NO: for each, or with specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the
sequence of each elected species is fully specified (i.e. no optional or variable residues or substituents), to be searched. Additional COR
sequence(s), and, where applicable, variable region sequence(s) will be searched upon the payment of additional fees. It is believed that
claims 1-3 (each in-part) and 4-6 encompass this first named invention and thus these claims will be searched without fee to the extent
that they encompass SEQ ID NO: 1 (VH CDR); SEQ ID NO: 19 (VH domain) and SEQ ID NO: 20 (VL domain). Failure to clearly identify
how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be
searched/examined. An exemplary election would be SEQ ID NO: 2 (VH CDR2).

No technical features are shared between the antibody sequences of Groups I+ and, accordingly, these groups lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features of: an antibody or fragment thereof comprising at least
one CDR of a defined sequence, wherein said antibody or fragment thereof specifically binds an erythrocyte; an antibody or fragment
thereof comprising a VH and VL, each of a defined sequence, wherein said antibody or fragment thereof specifically binds an
erythrocyte; and an antibody or fragment thereof which specifically binds an epitope on an erythrocyte without causing significant
adverse alteration of membrane deformability; however, these shared technical features are previously disclosed by WO 2016/156940
A1 to Uniwersytet Jagiellonski (hereinafter 'Jagiellonski’) in view of the publication entitled, "Inhibition of Malarial Parasite Invasion by
Monoclonal Antibodies Against Glycophorin A Correlates with Reduction in Red Blood Cell Membrane Deformability," by Pasvol et al.
(hereinafter 'Pasvol').

Jagiellonski discloses an antibody or fragment thereof comprising at least one CDR of a defined sequence (heavy chain (VH) and light
chain CDRs of a defined sequence; page 14, lines 5-11; claim 1), wherein said antibody or fragment thereof specifically binds an
erythrocyte (IgG antibody specific for erythrocyte B antigen; page 4; lines 25-30; page 8, lines 22-25); and an antibody or fragment
thereof comprising a VH and VL (page 14, lines 1-11; claim 1), each of a defined sequence (claim 1), wherein said antibody or fragment
thereof specifically binds an erythrocyte (IgG antibody specific for erythrocyte B antigen; page 4; lines 25-30; page 8, lines 22-25).
Jagiellonski does not disclose an antibody or fragment thereof which specifically binds an epitope on an erythrocyte without causing
significant adverse alteration of membrane deformability.

Pasvol discloses an antibody which specifically binds an epitope on an erythrocyte (antibodies directed against red blood cell epitopes;
page 1839; second column, first paragraph; Figure 2B) without causing significant adverse alteration of membrane deformability
(reduction of erythrocyte membrane deformability caused by antibody binding is correlated with reduced malarial parasite invasion;
abstract; page 1836; second column, second paragraph; Figure 3). It would have been obvious to one of ordinary skill in the art at the
time of the invention to have modified the disclosure of Jagiellonski to provide wherein an antibody or fragment thereof which specifically
binds an epitope on an erythrocyte without causing significant adverse alteration of membrane deformability, because the effectiveness
of binding of erythrocyte-specific antibodies in reducing membrane deformability to lessen malarial parasite interactions with the
erythrocyte membrane as disclosed by Pasvol would have motivated the skilled artisan to utilize antibodies such as those previously
disclosed by Jagiellonski to in order to prevent adverse alterations of membrane deformability.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by the combination of the Jagiellonski and Pasvol references, unity of invention is
lacking.
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