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DSG2 COMPOSITIONS AND METHODS FOR THE TREATMENT OF COVIB-19

CROSS REFERENCE TO RELATED APPLICATIONS

{6001} This application claims priority to 63/125, 583 filed on December 15, 2020, entitled
DSG2 COMPOSITIONS AND METHODS FOR THE TREATMENT OF COVID-19 and
63/274,715 filed on November 2, 2021, entitled, DSG2 COMPOSITIONS AND METHODS
FOR THE TREATMENT OF COVID-19, the contents of each of which are herein

incorporated by reference in their entirety.
SEQUENCE LISTING

{0062}  The present application is bemng filed along with a Sequence Listing in clectronic
format. The Sequence Listing file, entitled 2198 100IPCT SL.txt, was created on December
10, 2021, and 1s 44,002 bytes in size. The wnformation in electronic format of the Sequence

Listing is incorporated herein by reference in Hs entirety.
FIELD OF THE DISCLOSURE

{6603} The disclosure generally relates to 135G2 based methods for treating COVIDR-19 by
administering the compositions disclosed herein. The methods also melude the treatment of
therapeutic indications associated with the long-term effects of COVID-19 (such as, but not
limited to post COVID-19 syndrome or post-COVID-19 cardiac syndrome), including,
nflammation in the wyocardium and/or reduced gjection fraction/heart
faitare/cardiomyopathy, as well as the treatment of discases associated DSG2 autoantibodies

¢.g., arrthyvthmogenie right ventricular cardiomyopathy (ARV), sarcoidosis.
BACKGROUND

{8004] Beginning in 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2} caused a pandenuc infocting milions of people with coronavirus discase (referred to as
COVID-19) (Wu et al., 2020 Nature 579, 265-269) which has led to over a million deaths
worldwide. Patients infected with SARS-CoV-2 can experience a range of clinical
manifestations, ranging from no symaptoms to critical iliness. Emerging studics suggest that in
some cases, mdividuals, even those who had mild versions of the discase, may sometimes
continue o experience svmptoms after their imitial recovery. This condition has been called
post-COVID-19 syndrome or "long COVID-19." In addition, paticnts may also develop a
reduced cjection fraction or cardiomyopathy, even after the acute infection of COVID-19 has

resolved. Post-COVID-19 cardiac signs and symptoms may coexist with effects on other
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organ systems, but may also present alone. Patients with post-COVID cardiomvopathy range
from those who are asvmptomatic to those with folminant heart failure, arrhythnua and/or
sudden cardiac death.

[0005]  The COVID-19 virus, SARS-CoV-2 affects multiple organ svstems, cspecially
tangs and heart. Elevation of cardiac biomarkers, particularly high-sensitivity troponin and/or
creatine kinase MB have been commonly chserved in patients in COVID-19 infection. A
review of clinical analyses conducted by Bavishi et al. found that myvocardial injury occurred
in 20% of patients with COVID-19 infection (Prog Cardiovasc Dis. 2020 September-October;
63(5). 682-689}. The plausible mechanisms of myocardial injury associated with COVID-19
mehade but are not limited to, 1} hyperinflammation and cytokine storm mediated through
pathologic T-cells and monocytes leading to myocarditis, 2} respiratory failure and
hyvpoxemia resulting in damage to cardiac myocyvies, 3) down regulation of ACE2 expression
and subsequent protective signaling pathways in cardiac myocytes, 4) hvpercoagulability and
development of coronary microvascular thrombosis, 5) diffuse endothelial ingury, and/or, 6)
mflammation and/or stress causing coronary plague rupture or supply-demand mismatch
leading to myocardial ischemia/infarction.

{0006]  The post-COVID-19 syndrome has also been associated with multiple organ
damage, mcluding cardiovascular damage. Imaging tosts taken months afier recovery from
COVID-19 have shown lasting damage to the heart muscle, even 1n people who experienced
onty mild COVID-19 symptoms. Post-COVID-19 syndrome also appears to be assoctated
with myocardstis and/or cardiomyopathy with increased vsk of arrhythmia.

{8007} Currently, therapeutic strategies for treating and/or managing COVID-19 and post-
COVID-19 syndrome are lacking. The cardiac manifestations of COVID-19 place an already
overwhelmed health care system under considerable stress due to the substantial resources
and potential intensive care support required for these patients. Tn particular, there 15 an
urgent need for the development of treatment modalities for inhibiting inflammatory
responses to reduce the mcidence and mortality associated with COVID-19 and post-COVID-
19 syndrome related myocardial tyury. The present disclosure provides DSG2 fusion
polypeptides based compositions and methods for treating diseases such as, but not limited to

COVID-198, post-COVID-19 syndrome and/or post-COVID-19 cardiac syndrome.
SUMMARY
{0008]  The present disclosure provides compositions comprising solated polypeptides.

The polypeptides of the disclosure may include a whole or a portion of the BSG2 protein. In
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some embodiments, the 1solated polypeptide is a Desmoglein 2 (DSG2) fusion polvpeptide.
The DSG2 fusion polypeptide may mclade {a) a whole or a portion of a BSG2 protein (SEQ
D NO: 1); and/or (b) a whole or a portion of an immunoglobulin protein. In one
embodiment, the DSG2 polvpeptide may include a portion of DSG2 proten. The portion of
the DSG2 protein may inclade the extracellular region of DSG2 protein. In some aspects, the
entire extracelhular region of BSGZ may be included in the fusion polypeptide. In one
embodiment, the eotire extracellular region of DSG2 includes the amino acid sequence of
SEQ ID NO: 3. Embodiments of the disclosure may also include a portion of the extracellular
region of DSG2. For example, a portion of the extracelludar region may be extracellular
cadherin domain | {EC1), extracellular cadhenn domain 2 (EC2). extracellular cadherin
domain 3 (EC3), extracellular cadherin domain 4 (EC4), and/or extraceliular anchor domam
(EA)}. In some aspects, the BSG2 fusion polypeptides include 2 domains of the extracellalar
region. For example, the two domaing may be EC4EA, ECIEC2, EC2EC3, EC3ECS,
ECIEA, ECIECS, EC2EC4, and/or EC3EA. In some aspecis, the DSG2 fusion polypeptides
imchide three domains of the extracellular region. For example, the three domains may be
ECIEC3EA, ECIEC4EA, ECIEC3EA, ECIEC4EA, ECIEC2ECS, EC2EC3ECS, and/or
ECZEC4EA . In some aspects, the DSG?2 fusion polypeptides may include four domains of the
extracellular region. For example, the three domains may be ECIECZECAEA
ECZEC3ECAEA, ECIEC2EC3ECAEA, ECIEC2EC3ECS, and/or ECIECZEC3EA.

{9069 DSG2 fusion polypeptides may include a portion of an immunoglobulin. The
portion may be Fc region, an Fab region. a heavy chain varable (VH) domain, a heavy chain
constant domain, a light chain vanable (VL) domain, and/or a light chain constant domain. In
one aspect, the portion of the immunoglobelin may be an Fe region. The immumoglobulin
may be an IgG. an lgM, an IgA an IgD and/or an IgE. As a non-limiting example, the
mmmunoglobulin may be IgG. The compositions may inchude an IgG such as IgGli, 1962,
15033, and/or 1gG4. Non-limiting examples of portions of immunoglobulin nseful in the
present disclosure include IgG1 Fe region (SEQ 1D NO: 5), 1gG2 Foregion (SEQ ID NG 7),
1e(3 Fe region (SEQ ID NO: 9), 1oG4 Fe region (SEQ 1D NO: 11), 1gG1 beavy chain
constant domain {SEQ ID NG: 43, 1802 heavy chain constant domain (SEQ 1D NO: 6}, 1gG3
heavy chain constant domain (SEQ ID NG: 8), IgG4 or heavy chain constant domain (SEQ
D NO: 10).

{0010}  Polypeptides of the disclosure may further include a linker and/or a signal

sequence. The hinker may be from about 3 armino acids to about 50 amino acids in leongth. In



WO 2022/132854 PCT/US2021/063433

one embodument, the inker may be GGGGS (SEQ 1D NO: 12). In another aspect, the boker
may be EAAAK (SEQ ID NG 13).

{8611}  The present disclosure also provides methods of treatment using the compositions
described heren. In some embodiment, the disclosure provides methods of treating post-
COVID-19 syndrome. Such methods may include, 1) contacting the subject with the tsolated
polypeptide of the disclosure and (i1} measuring one or more symptoms associated with post-
COVID-19 syndrome selected from the group consisting of arrhythioia, myocarditis, heart
failure, shortness of breath, fatigue, edema, orthopnea, himitations o exertion, umpaired
cognitive abilitics, palpitations, dizziness, syncope, and/or lightheadedness. Treatment with
the polypeptides of the disclosure may be offective in ameliorating one or more symptoms
associated with post-COVID-19 cardiac syndrome. In some aspects, the subjects with post-
COVID-19 have been previously diagnosed with COVID-19 using methods known in the art.
In one aspect, the serum of the subject has detectable levels of anti-SARS-CoV-2 antibodies.
In some embodiments, the serum of the subject has no detectable levels of anti- SARS- CoV-
2 antibodics. Also provided herein are methods of treating a subject with COVID-19 by
administering the compositions described herein. In some embodiments, the serum of the
subject with COVID-19 or post-COVID-19 may have anti- DSG2 antibodies.

{6012}  The present disclosure also provides a method of treating a condition associated
with serum DSG2 autoantibodics. Such methods may inclade administering the compositions
described herein or cells expressing the compositions described herein to a subject. In some
embodiments, the condition may be a cardionmyvopathy. In some aspects, the condition may be
an autoimmune disorder.

{8013}  The present disclosure provides methods of treating cardiomyopathy 10 a subject.
Such methods may include contacting the subject with the isolated polypeptides or the cells
of the disclosure followed by measuring one or more symptoms associated with
cardiomyopathy such as arrhythmia, palpitations, myocarditis, heart faiture, poor cardiac
output, and/or reduced ejection fraction. As a non-limiting exanple, the cardicmyopathy may
be archythmogenic right ventricular cardiomyopathy (ARVC) The cardiomyopathy may also
be caused by a virus {e.g., SARS- CoV2, adenovirus, hepatitis virus, hepatitis C virus,
parvovirus, herpes simplex virus, echovirus, Epstein-Barr virus, rubella, cytomegalovirus, or
HIV), a bacteriwm {Staphylococcus, Streptococcus, or Borrehia) |, a parasite {Trypanosoma or
Toxoplasma) or a fungus (Candida, Aspergilius, or Histoplasma). In some embodiments, the

subject may have detectable levels of anti-DSG2 antibodies in their serum,
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DESCRIPTION OF THE FIGURES

{0014]  The foregoing and other objects, features and advantages of particular
embodiments of the disclosure will be apparent from the following description and
iHustrations in the accompanying figures. The drawings are not necessarily to scale; emphasis
instead being placed upon itlustrating the principles of various embodiments of the
disclosure.

{6618} Fig. 1 is a graph showing comparative levels of anti-DSG2 antibody signal n
healthy controls {N=152}, post-COVID-19 (N=300} and arrhythmogenic right ventricular
cardiomyopathy samples (N=5). HC, healthy controls; PC, post-COVID-19; ARVC,
arrhythmogeme right ventricular cardiomyopathy; 8/KC, signal/negative control; mdividual
diamonds represent a single serum sample each; box and whisker lmits represent 25th-75th
and 10th-90th percentiles respectively. P-values are based on non-parametric rank-based
Wilcoxon-Mann-Whitney Z-sided test.

{8016}  Fig. 2A 13 a bar graph showing anti-DSG2 antibody signal at 6 months and 9
months in all samples analyzed by month of collection post-COVID-19 infection (N = 300).
{8017}  Fig. 2B is a bar graph showing anti-DSG?2 anttbody signal at 6 months and 9
months 1o paired sanoples analyzed by mouth of collection post-COVID-19 jnfection (N =
17y

DETAILED DESCRIPTION
LINTRODUCTION

{0818]  The most recent outbreak of COVID-19 has caused a severe respiratory disease in
humans and has threatened human health worldwide. The novel virus causing COVID-19 has
been named as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by the
International Committee of Taxonomy of Viruses (ICTV) as SARS-CoV-2 is closely hinked
to the SARS virus.

[8819]  The SARS-CoV-2 particles use a special surface glycoprotein {spike protein) to
bind to angiotensin converting enzyme 2 (ACH2} which is most abundant in the type §f
alveolar celis of the fungs, and thus enters the host cell. The genome of coronavirus is then
replicated in the host cell. The density of ACEZ receptors in each tissue correlates with the
severtty of the COVID-19 disease in that tissue. ACE2 receptors are also expressed on the
outer surface of cells inn the arteries, heart, kidney, and intestines. As a resalt, COVID-19 may

cause multi-organ failure in extremely severe cases.
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{80287  The symptoms of COVID-19 range from mild {e.g., fover, cough, shortness of
breath), to severe, such as pneumonia and acute respiratory distress svndrome (ARDS), sepsis
and septic shock, multt organ fatlure, including acute kidney njury, and cardiac mjury.
Although respiratory illness is the dominant chinal manifestation of COVID-19 mfection,
multi organ failure may also occur. In one multi-center study analyzing fatal cases of
COVID-19, myocardial injury was observed to be the cause of death in 40% of the cases
{Ruan (.ot al. Totensive Care Med. 2020;46(5):846-848). Various cardiac complications have
been associated with active COVID-19 mfection, including arrhythmia, myocarditis, and
acate myocardial inpuery. Systemic mflammation, direct injury of cardiomyoeytes, cytokine
storm, and hypoxia are some of the proposed mechanisms of the multifactornial
pathophysiclogy. Arrhvthmias associated with COVID-19 can also be attributed to the
troatment with azithromyvein, hydroxyehloroquine, and some antivirals that can cause QT
prolongation. Acute myocardial injury in COVID-19 can range from asymptomatic elevation
of cardiac troponins to fulounant myocarditis and ciroulatory shock. Myocardial injury can
manifest either alone or can ocour in combination with arrythmia based on the cliecal course
of the infection.

{6621}  The promflammatory milieu and increased sympathetic stimulation in COVID-19
may further increase the risk for cardiovascular complications, such as cardiac arrvthmias,
worsening of existing heart failure (HF}, or development of new-onset HE. In patients with
severe discase, hypoxia and electrolyte disturbances can further potentiate the risk for
arrvthmias.

{86221  In some instances, patients may experience svmptoms weeks, months or years after
virus particles can be detected in patient samples {(herein referred to as post-COVID-19
syndrome or "long COVID-19" or post viral syndrome). Post-COVID-19 syndrome may also
be associated with cardiac symaptoms and is herein referred to as Post-COVID-19 cardiac
syndrome. Many patients who have recovered from COVID-19 show persistent inflammation
in the myocardium as measured by MRI In one study, up to 60% of both symptomatic and
asymptomatic COVID-19 patients had MRI evidence of ongoing rmyocardial inflanunation,
an average of 71 days after recovery from the acute phase of COVID-19 (Puntmann et al.
JAMA Cardiol. 2020,5(11):1265-1273; the contents of which are herein incorporated by
reference in their entirety}. In a smaller study, 13% of athletes had evidence of myocarditis
after recovery from COVID-19 (Metzel et al. 2020, HSS Joumal, Volume 16, pages102-
107}, A significant proportion of post-COVID-19 syndrome patients subsequently develop

compromsed cardiac function, most notably a reduced ejection fraction, with or without
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overt svmptoms of heart failure. For clarity, patients with post-COVIB-19 cardiac
manifestations may herein be referred to as post-COVID-19 cardiac syndrome. Patients with
post-COVID-19 syndrome also experience chronic fatigue syndrome which may be driven by
undiagnosed cardiac output reductions. Symptoms may include shortness of breath, fatigue,
edema, orthopnea, hmtations to exertion and impaired cognitive abilities due to poor cardiac
output (“brain fog”), arrhythmia, palpitations, dizziness, syncope, lightheadedness, heart
fatlure, hospitalizations due to heart failure and/or archythoua. In some cases, death may
oceur as a result of heart faiture and/or arrhythoua. In some embodiments, the post-COVID-
19 syndrome may not be associated with cardiac manifestations.

{8023}  The cardiac symptoms, including arrhythmia have been assoctated with other
diseases such as, but not limited to, arrhythmogenic right ventricular cardiomyopathy
(ARVC). Similar to ARV, patients with COVID-19 and/or post-COVID-19 syndrome also
display worsened cardiac function upon physical exertion. In the case of ARV, Chatterjec ot
al. identificd autoantibodies to the cardiac Pesmoglein 2 (I38G2) protein as a conunon
feature in the sera of patients with ARVC (Chatterjee D, et al., Eur Heart 1.
2018.39(44):3932-39244; the contents of which are herein incorporated by reference 1o its
entirety}. These autoantibodies were specific to ARVC, as they were essentially absent in two
mdependent sets of control sera, as well as scra from subjects with other forms of heritable
cardiomyvopathy. DSG2 antibodics can also be found in some cases of sarcoidosis, a systemic
inflammatory disease which results in granulomas in organs, such as, but not limited to the
heart. Aoti-DSG2 antibodies are also found in sarcoid patients with cardiac nvolvement
{Suna et al. 2020, Eur. Heart Journal, Volame 41, Issue Supplement 2, November 2020,
chaa%46.2127; the contents of which are herein incorporated by reference in its entirety}.
Patients with a diagnosis of dilated cardiomyopathy may have mutations in the same
desmosome proteins that are associated with ARVC. These observations suggest that some
dilated cardiomvopathy patients may actually have ARVC-hike disease, mediated by DSG2
antibodies, but have been diagnosed as dilated cardiomyopathy because thev do not fit the
tvpical age and/or presentation associated with ARVC, Anti-DSG2 autoantibodies are
considered to anse when there 1s a combination of cardiac cellular damage and an activated
mmimume svstem — typically in the setting of an infection known to affect the myocardinm
directly. From a pathogenesis standpoint, viral infections such as COVID- 19, generally
trigger a vigorous imutune response that is crucial for viral clearance, with a cascade of
events mnvolving both the innate and adaptive immune arms. Direct and indirect myocardial

damage is also caused by COVID-19 mifection, allowing for cardiac proteins 1o be exposed {o
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the activated vmmune system. Immunological alterations are also observed in patients with
COVID-19 condition. These range from a maladaptive immune response and abnormal
cyvtokine/chemokine production, to hyperactivation of T cells and mcreased number of
activated monocyies, macrophages and neutrophils (Chang, S.E., et al. Nature
Commanications 2021; 12:5417; Liw, Y, et al. Curr. Opin. Rheumatol. 2021, 33:155-162;
ce, C.C. E., etal Diseases 2021, 9:47; the contents of each of which are herein
fncorporated by reference in their cutirety).
{8024}  COVID-19 has infected at least 200 million people worldwide with approximately
4.5 miilion deaths attributable to COVID 19 disease to date. There is growing recognition
that COVID-19 infections can cause a variety of long-term sequelae, of which, cardiac
mvolvement may be the most under-recognized as its symptoms may be attributed to other
organ systems.
{6025] COVID 19 infections have been associated with MRI evidence of myoeardial
volvement and archythmias well into recovery, independent of preexisting conditions,
severity and overall course of the acute illness, and the time from the oniginal diagnosis. The
percentage of patients who will develop a depressed gjection fraction subsequently s
currently not well-understood, although frank cardiomyopathy has been described in post-
COVID-19 patients,
{B¥026]  The findings of cardiomyopathy and increased predilection for arrhythmias are
also observed in arrhythmogenic right ventricular cardiomyopathy (ARVC). Antibodies to
the desmosome protein desmoglein-2 (I38G2), have been shown to be present in patients with
ARV (Diptendu Chatterjec D, et al. EHJ 20138 (39) 3932-3944; the contents of which are
herein incorporated by reference in its entirety). Concentrations of anti-DSG2 antibodies
correlate positively to arrhythiia burden, and presence of these antibodies in borderline
ARV cases predicts the development of fulminant ARVC. Exposuwre of iPSC-derived
cardiomyocyvies to anti-DSG2 antibodies results in a reduction in gap junction function that
may reflect direct cardiotoxicity. Together, these data suggest that anti-DSG2 antibodies may
play a role in cardiac pathology. The present disclosure also provides evidence showing the
anti-DSG2 antibody levels are elevated in COVID-19 patients even 6-9 months after
diagnosis.
{6627}  Viral mfections, including COVID-19, have been hypothesized to contribute to
AUOUNIMUNe responses, ¢.g., by exposing previousty hidden cryptic epitopes on damaged
cells to an activated imnnme svstemn (Fhrenfeld M, ot al. Autommmunity Reviews 2020

102597, the contents of which are herein incorporated by reference in its entirety). The high
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mcidence of cardiac mvolvement seen in COVID-19 infections, mdicates that anti-BSG2
autoanitbodies may be generated as a result.

{0028}  The presence of arrhythmia as well as the role of the immune system in the
progression of COVID-19, post-COVID-19 syndrome and ARVC together suggest the
mvolvement of DSG2 antoantibodics in the pathogenesis of these diseascs. Strategies
targeting anti-DSG2 antibodics {e.g., PSG2 autoantibodies) may theretore be beneficial in
the treatment of COVID-19, post-COVID-19 syndrome and/or ARVC.

{6625]  The present disclosure provides compositions and methods related to DSG2 fusion
polypeptides for targeting anti-DSG2 antibodies. The DSG2 fusion polypeptides of the
disclosure may therefore be a viable therapeutic strategy in the treatment of COVID-19, post-
COVID-19 cardiac syndrome, and/or ARVC. DSG2 fusion polypeptides may also be used in
the treatment of other diseases assoctated with cardiac cellular damage, such as, but not
limited to, archythmogenic cardiomyopathy (AC), sarcoidosis, dilated cardiomyopathy with
anti-DSG2 autoantibodies and viral mfections, including but not limited to those caused by

coxsackie virus, adenovirus, echoviruses, parvovirus, rubetla and/or cvtomegalovins.
H. COMPOSITIONS

{B036]  In some embodiments, the present disclosure provides compositions that include
DSG2 fusion polypeptides. Compositions described herein, may be capable of binding to or
mteracting with anti-DSG2 antibodics. In one embodiment, the compositions of the
disclosure may modulate the activity of anti-DSG2 antibodies. In one embodiment, the
compositions of the disclosure may inhibit the activity of the anti-DSG2 antibodies.

{6631}  In some embodiments, the present disclosure includes a DSG2 protein. In some
aspects the DSG2 protein may be the whole DSG2 protein or a portion of the DSG2 protein.
In some embodiments, the DSG2 protein may be fused to any other protein or fragment of 3
protein.

{6632}  DSG?2 fusion polypeptides of the present disclosure may include the whole ora
portion of a DSG2 protein and a whole or a portion of an immunoglobulin protein. In some
embodiments, the DSG2 fusion polypeptides may further include a linker and/or a signal
peptide. In some embodiments, the whole or a portion of BSGZ protein may be fused io a
protein that 1s not an invnunoglobulm. The DBSG2 protein may be fused to a protein or a
fragment of a protemn that is capable of improving the expression of DSG2 protein i vifro or

in Vivo.
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{80331 DSG2 mutations within intercalated dises in heart cells have been implicated n
cardiac diseases inchuding arrhythmia, dilated cardiomyopathy, and particudarty ARVC
{Archythmogenic right veniricular cardiomyopathy). Chatterjee ¢t al. wdentified
autoantibodies to the cardiac DSG2 protein as a common feature in the sera of patients with
ARVC {Chatterjee D, et al,, Ear Heart J. 2018;3%(44):3932-3944; the contents of which are
herein incorporated by reforence in its entirety}. These autoantibodies were specific to
ARV, as they were essentially absent i two independent sets of control sera, as well as sera
from subjects with other forms of henitable cardiomyopathy. The presence of DSG2
autoantibodies identified by Chatterice et al. saggests that targeting DSG2 antibodies may
represent a therapeutic strategy in the treatment of cardiomyopathics associated with diseases
such as, but not Himited to ARVC and/or COVID-19. The present disclosure provides DSG2
fusion polypeptides as a therapeutic strategy for targeting DSGZ autoantibodies. In some
embodiments, DSG2 fusion polvpeptides of the present disclosure may bind to DSG2
autoantibodics. In some embodiments, binding of the DSG2 fusion polypeptides of the
disclosure to the DSG2 autoantibodies precludes the binding of the autoantibodies to the
endogenous DSG2 in a subject. In this aspect of the disclosure, the DSG2 fusion polypeptides
function as a decoy protein or a higand trap.

{6034}  Chatterjee ot al. propose that the DSG2 protein may include epitopes, which are
exposed or released into the intercellular space and/or circulation and as a result of DSG2
mutations. Unmasking of these epitopes may also occur from any cardiac damage (such as,
but not limited to, infective myocarditis, and/or cardiac trauma). In some embodiments, the
compositions of the disclosure may not include any mutations. Such released DSG2 proteins
may link with an antigen-presenting cell to stinudate a T-cell response, generating the
observed amwtoantibodies. Unmasking of cryptic epitopes by gene mutations could contribute
to other forms of autotmmunity. In some embodiments, DSG2 fusion polypeptides of the
disclosure may include epitopes containing one or more mutations m DSG2.

{6635]  DSG?2 fusion polypeptide may be a soluble and/or recombinant polypeptides. The
arrangement of components in the DSGZ fusion polypeptide may be optimized to achieve the
suitable protein expression and/or the intended therapeutic effect. In some embodiments, the
DBSG2 fusion polypeptide may include formats described herein. The formats provided herein
inchide components from N terminus to C terminuas delineated by a2 ™" between the
components. Non-luntting examples of the formats of the DSG2 fusion polypeptides include,
(1} the whole or a portion of DSG2 protein: Fe region (31} Fo region; the whole or a portion of

the DSG2 protein (1) signal seqoence; the whole or a portion of the BSG2 protein; Fe region
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(iv) the signal sequence; Fe region; the whole or a portion of the DSG2 protein {v) the whole
or a portion of DSG2 protein; linker; Fe region (vi) Fc region; linker; the whole or a portion
ofthe DSG2 protemn {vi} signal sequence; the whole or a portion of the BSGZ protein; linker;

Fe region (viir) signal sequence; Fe region; linker; whole or a portion of the DSG2 protein.
DSG2 protein

[8036]  In some embodiments, the DSG2 fusion polvpeptides of the present disclosure may
mchude the entire BSG2 protein. The desmosomal cadherin desmoglein-2 (BSG2)is a
transmembrane ccll adhesion protein that is widely exprossed in epithelial and non~epithehial
tissues, such as the heart, intestine, and epidermis. DSG2 has been shown to regulate
numerous cellular processes, including profiferation and apoptosis. In epithelial and myocyte
cells, DSG2 is a component of the cell-cell adhesion structure and its cytoplasmic tail
interacts with a senies of protems in dircct contact with cell adhesion and interceliular
Junction/eel] type regulators. In some embodiments, the DSG2 protein is a human DSG2
protein (UmiProt ID: 314126, ENSEMBL Protein 1D ENSPOO000261590.8) which consists
of 1,118 amino acids, and includes the amino acid sequence of SEQ ID NG 1. Inone
embodiment, the DSG2 protein may be encoded by nucleic acid sequence of SEQ IDNG: 2
(NCBI Reference Sequence: NM_001943.5; ENSMBL ID: ENSTG00060261590.13).

{6037]  In some cmbodiments, the DSG2 fusion polypeptide of the present disclosure may
be a fully processed DSG2 protein comprising amino acids 50-1118 of SEQ IDNO: 1.

{8038]  The DSGZ protein may also include one or more mutations with respect to the
sequence of SEQ ID NG 1. In some embodiments, DSG2 protein mutation may be a
mutation associated with a discase state. In one embodiment, the discase state may be
Arrhythmogenic Right Veotricular Dysplasia/Cardiomyopathy. fn some erabodiments, DSG2
fusion polyvpeptides of the disclosure may include epitopes containing one or more mutations
in DSG2. As a non-limiting examaple, DSG2 fusion polypeptides may include one or more
mutations in the region of amino acids 485-331 and/or anvno acids 386-610 of SEQ 1D NG
1.

{86391 DSG2 belongs to the cadherin superfamly of cell adhesion proteins, which
commonly feature the three distinct regions: an extracetiular region, a transmembrane domain
and an intraceliular signalimg region. In some embodiments, the extracelular region of DSG2
may include the amino acid sequence of SEQ ID NGO: 3, which is amino acids 50- 609 of
SEQ ID NGO 1. The extracellular region of cadherin family of proteins contain a varying

number of repeats of calcium-binding motifs, known as cadherm motifs or EC domains.
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DSG2 contains four EC domains heremn referred to as ECL, EC2, EC3 and EC4. DSG2 also
imcludes an extracellalar anchor (EA)Y domain that 1s proximal to the membrane. In some
cmbodiments, the DSGZ fuston polypeptides of the disclosure may include the entire
extraceliular region of DSG2. In some aspects, the DSG2 fusion polyvpeptide may melude at
least one domain, such as, but not Hmited to, ECL, EC2, EC3, EC4, and/or EA. In some
embodiments the EC1 domain may be amino acids 50-155 of SEQ ID NO: 1. In some
embodiments the EC2 domain may be avuvo acids 151-268 of SEQ D NO: | Insome
embodiments the EC3 domain may be amino acids 264-384 of SEQ ID NO: 1 In some
embodiments the EC4 domain may be amino acids 382495 of SEQ ID NG 1. In some
cmbodiments the EA domain may be anuno acids 491-608 of SEQ D NO: | Table 1
provides the amino acid sequence of the BSG2 protein as well as the amino acid sequence of
the extracelhdar region of BSG2. In some embodiments, the DSG2 proteins of the present
disclosure may have at least 50%, 55%. 60%, 65%, 70%, 75%, 80%., 835%, 90%, 95%, 99%

or 100% identity to any of the sequences in Table 1 or fragments of the sequences in Table L

Table 1, Sequences of the BSG2 protein and DSG2 extracelbular domain

(BEGID Sequence Bescription
NG
i MARSPGRAYALLLLLICFNVGSGLHLOVLSTRNENKLLP | Human DSG2

FHPHLVROKRAWITAPVALREGEDLSKKNPIAKIHSDLA | preprotein
EERGLEITYKYTGKGITEPPFGIFVFNEDTGELNVTSILDR
EETPFFLLTGYALDARGNNVEKPLELRIKVLDINDNEPVE
TODVFVGSVEELSAAHTLYVMKINATDADEPNTLNSKISY
RIVSLEPAYPPVEYINKDTGEIYTTSVEILDREEHSSY TLT
VEARDGNGEVTIE PVKQAQVQIRILDVNDNIPVVENKY
LEGMVEENQVNVEVTRIEVFDADEIGSDNWLANFTFAS
GNEGGYFHIETDAQTNEGIVILIKEVDYEEMKNLDFS VI
VANKAAFHKSIRSKYEPTPIPIK VKVKNVKEGIHFKSS VIS
IYVSESMDPRISSKGOHGNFOAFDEDTGLPAHARYVELED
RONWISVDSVTSEIKLAKLPDFESRYVONGTYTVKIVAIS
EDYPRKTITGTVLINVEDINDNCPTLIEPVQTICHDAEYV
NVTAEDLDGHPNEGPFSFSVIDKPPOMAEKWKIARGEST
SYLLOOSEKKLGRSEIQFLISDNQGFRCPEKQVLTLTVCE
CLHGSGCREAQGHDSYVGLGPAATALMILAFLLLLLVPLL
LEMCHCGKGAKGFTPIPGTIEMLHPWNNEGAPPEDKVY
PSFLPVDQGGSLVGRNGVGGMAKEATMKGESSASIVKG
QHEMSEMDGRWEEHRSLLSGRATQFTGATGAIMTTETT
KTARATGASRDMAGAQAAAVALNEEFLRNYFTDKAAS
YTEEDENHTAKDCLLVYSQEETESLNASIGCCSFIEGELD
DRFLDDLGLKFKTLAEVCLGOKIDINKEIEQROKPATETS
MNTASHSLCEQTMVYNSENTYSSGSSFPYPESLOEANAEK
VTQEIVIERSVSSROAQKVATPLPDFMASENVIATETSY
VTGSTMPPTTVILGPSQPGSLIVTERVYAPASTLVDOPY A
NEGTVVVTERVIQFHGGGSNPLEGTQHLODVPYVMVRE
RESFLAPSSGVOQPFTLAMPNIAVGONVIVTERVLAPASTL
GSSYQIPTENSMTARNTTVSGAGVPGPLPDFGLEESGHS
NSTITTSSTRVIKHSTVOHIYS




WO 2022/132854 PCT/US2021/063433

AWITAPVALREGEDLSKKNPIAKTHSDLAFERGLKITYKY | Human DSG2
TGKGITEPPFGIFVEFNKDTGELNVTSILDREETPFFLLTGY | extraceliular
ALDARGNNVEKPLELRIKVLDINDNEFVFTODVEVGSVE | domain
ELSAAHTLVMKINATDADEPNTLNSKISYRIVSLEPAYPP
V"‘x L\Iv(DT(gEI& TTS\/ TL DRLEHSS’YTLTVEA:{DG\IGF \’

()

\J\'"'\/ TRI -(‘v J /\.* ?E(,:S" i h d
DAQ ,(HVI" IKL,VI)YI L\/H\I\.LD ”E;\/’E‘v AI\.IV\A‘:HK @-]

SEKLAKLPDFESRYVONGTYTVKIVAISEDYPRETITGT
VLINVEDINDNCPTLIEPVOTICHDAEY YNVTAEDRLDGHP
NRGPFSFSVIDKPPOMAEKWKIARQESTSVLLOOSEKKL
GRSEIQFLISDNQGFSCPEK QVLTLTVUECLHGSGUREAQ
HDSYVG

{3048]  The DSG2 fusion polypeptides of the present disclosure may nclude one or more
domains of the extracellular region of DSGZ. The domains from the extracellvlar region of
DSG2 may nclude repeats of one or more of the EC domains or EA domains, in tandem orin
amixed order. For example, DSG2 fusion polyvpeptide may include 2, 3, or more repeats of
ECI, EC2, EC3, EC4 or EA domains. When more than one domain and/or more than one
repeat of a domain of the extracellular region of DBSGZ is present, the domains may be
operably linked via a hinker described herein.

{B041]  In some embodiments, the DSG2 fusion polvpeptide may mclude two domains of
the extracelhular region of DSG2. Non limiting examples domains of extracellular region of
DSG2 present in the fusion polypeptides of the present disclosure include, ECIEC2,
ECIECS, ECIECY, ECIEA, EC2ECH, EC2EC3, EC2EC4, EC2EA, ECIECH, EC3EC2,
EC3EC4, EC3EA, EC4ECH, EC4EC2, EC4ECR, ECAEA, EAECT, EAEC2, EAECS, and/or
EAEC4.

{0042]  In some embodiments, the DSG2 fusion polypeptide may include three domains of
the extracetiular region of DSG2. Non limiting examples domaims of extracellular region of
DSG2 present in the fusion polvpeptides of the present disclosure include, ECIEC2EC3,
ECIEC2ECY, ECIECZEA, ECIEC3EC2, ECIEC3ECA, ECIEC3EA, ECIECAEC?,
ECIECAECS, ECIEC4EA, ECIEAEC?, ECIEAECS, ECIEAECY, ECZECIECS,
EC2ECIECA, ECZECIEA, EC2EC3ECT, EC2EC3ECS, EC2EC3EA, EC2EC4ECH,
EC2EC4ECS3, ECZECAEA, EC2EAECT, EC2EAECS, EC2EAEC4, EC3ECIEC2,
EC3ECIECA, EC3ECIEA, EC3EC2ECH, EC3EC2ECY, EC3ECIEA, EC3EC4ECH
EC3ECAEC2, EC3EC4EA, EC3EAECH, EC3EAEC2, EC3EAECH, EC4ECIECZ,
ECAECIECS, EC4ECIEA, ECAEC2ECE, ECAECZECR, ECAECIEA, ECAECRECH,
ECAECIEC2, EC4EC3EA, EC4EAECH, ECAEAEC2, EC4EAECS, EAECIECZ,

>
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EAECIEC3, EAECIECA, EAEC2ECE, EAEC2EC3, EAEC2EC4H, EAEC3ECH, EAEC3EC2,
EAECIECS, EAEC4EC], EAECAECZ, and/or EAEC4ECS.

{8043}  In some ermbodiments, the DSG2 fusion polypeptide may melude four domains of
the extracetiular region of DSG2. Non limiting examples domains of extracellular region of
D8G2 present in the fusion polvpeptides of the present disclosure include, ECIEC2EC3ECA,
ECIEC2EC3EA, ECIEC2EC4ECS, ECIECZECAEA, ECIECZEAECS, ECIECZEAECY,
ECIECIEC2ECY, ECIEC3EC2EA, ECIEC3EC4EC2, ECIECIEC4EA, ECIEC3EAECE,
ECIEC3EAECY, ECIECAEC2ECS, ECIECAEC2EA, ECIECAEC3EC?, ECIEC4ECIEA,
ECIEC4EAECZ, ECIEC4EAECS, ECIEAEC2ECS, ECIEAEC2ECS, ECIEAEC3E(2,
ECIEAEC3ECY, ECIEABC4EC?, ECTEAEC4ECS, ECZECIEC3ECA, EC2ECIEC3EA,
ECIECIECAECS, EC2ECIEC4EA, EC2ECIEAECS, EC2ECIEAECY, EC2ECIECIECY,
EC2ECIECIEA, EC2EC3ECAECT, EC2EC3ECAEA, EC2EC3EAECH, EC2EC3EAECS,
EC2ECAECIECS, ECZEC4ECIEA, ECZECAECIECTH ECZEC4AEC3EA, EC2EC4EAECH,
EC2ECAEAECS, EC2EAECIECS, EC2EAECIECA, EC2EAEC3ECH, EC2EAEC3ECA,
EC2EAECAECH, EC2EAECAECS, EC3ECIECIECS, EC3ECIECZEA, EC3ECIEC4EC?,
EC3ECIEC4EA, EC3ECIEAEC2, EC3ECIEAECS, EC3ECZECIECA, ECIEC2ECIEA,
EC3EC2ECAECT EC3EC2EC4EA, ECIEC2EAECT BECIEC2EAECA, BECIEC4ECIEC?,
BEC3ECAECIEA, EC3EC4EC2ECH, EC3ECAECIEA, ECI3ECAEAECH, EC3EC4EAEC2,
EC3EAECIEC2, EC3EAECIECY, EC3EAECZECT, ECIEAECZECY, EC3EAEC4ECT,
EC3EAEC4EC?, ECAECIEC2ECS, EC4ECIECIEA, EC4ECIEC3EC?, ECAECIEC3IEA,
ECAECIEAEC?, ECAECIEAECS, ECAEC2ECIECS, EC4ECZECIEA, BEC4ECIEC3ECH,
ECAECZEC3EA, ECAEC2EAECH, ECAEC2EAECS, ECAEC3ECIEC?, EC4ECIECIEA,
EC4EC3ECZECT, EC4EC3EC2EA, EC4EC3EAECT, EC4EC3EAEC2, EC4EAECIEC2,
EC4EAECIECS, EC4EAEC2ECE, EC4EAEC2ECS, EC4EAECIECT EC4EAECIEC2,
FEAECIEC2ECS, EAECIEC2ECY, EAECIEC3EC?, EAECIECIECY, EAECIEC4EC?,
EAECIEC4ECS, EAECZECIECS, EAEC2ECIECY, FAEC2ECIECH, EAECZEC3ECY,
EAECZECAECT, EAECZEC4EC3 EAREC3ECIEC?, EAEC3ECIECY, EABC3EC2ECH,
EAEC3EC2ECA, FAEC3EC4EC!, EAEC3ECSECY, EAEC4ECIEC2, EAEC4ECIECS,
EAECAECZECH, EAECAEC2ECS, EAEC4AEC3ECH, and/or EAEC4EC3EC2 .

{8044} In some embodiments, the DSG2 fusion polvpeptide may inelude five domains of
the extracellular region of DSG2. Non hmiting examples domains of extracellular region of
DSG2Z present in the fuston polypeptides of the preseut disclosure include
ECIECZEC3ECAEA, ECIEC2ECIEAECS, ECIEC2EC4AEC3EA, ECIEC2ECAEAECS,
ECIEC2EAEC3ECA, ECIEC2EAECAECS, ECI1EC3ECZEC4EA, ECIEC3ECZEAECA,

14
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ECIEC3EC4EC2EA, RCIRCIECAEAECY,
ECIEC4EC2EC3EA, ECIEC4EC2EAECS,
ECIEC4EAEC2ECS, ECIECABAEC3ECL,
ECIEAECIEC2ECA, ECIEAECIEC4EC?,
EC2ECIEC3EC4EA, EC2ECIEC3EAECA,
BC2ECIEAEC3ECA, EC2ECIBAECABCS,
BCIRCIEC4ECIEA, EC2ECIECAEARCL,
EC2ECAECIEC3EA, RC2ECAECIEAECS,
EC2EC4EAECIEC3, EC2EC4EAECIEC],
ECIEAECIECIECS, ECZEAEC3EC4ECH,
EC3ECIEC2EC4EA, EC3ECIEC2RAECA,
EC3ECIEAEC2ECA, EC3ECIEAECAEC?,
EC3EC2EC4ECIEA. EC3EC2BC4EARCL,
BCIRC4ECIECIEA, EC3EC4ECIEARC,
EC3RC4EAECIEC?, EC3EC4EAEC2ECH,
EC3EAEC2ECIECS, EC3EAEC2EC4ECH,
EC4ECIEC2ECIEA, EC4ECIEC2EAECS,
EC4ECIEAECZECS, EC4ECIBAEC3ECL,
EC4EC2EC3ECIEA, ECAEC2EC3EAECT,
BECABC3ECIECIEA, ECAEC3BCIEABCR,
ECAEC3EAECIRC2, RCARCIBAEC2ECL,
ECAEAEC2ECIEC3, EC4EAEC2ECIEC],
EAECIEC2EC3ECS, EAECIEC2EC4EC3,
EAECIEC4EC2ECS, EAECIEC4EC3EC2,
FEABC2ECIECIECS, EARC2EC3ECAEC],
EAECIECIEC2EC4, EAEC3ECIEC4EC2,
EAFC3ECAECIECY, EAFC3EC4EC2EC,
BAEC4EC2ECIECY, EAECAEC2ECIRCL,
EAEC4EC3EC2ECI.

{0645]
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ECIEC3EAEC2ECY, ECIEC3EAEC4EC?,
ECIEC4AEC3EC2EA, ECIECAEC3EAEC?,
ECIEAHCIEC3ECY, ECIEAECZEC4ECS,
ECIEAECAEC2ECS, ECIEAEC4EC3EC2,
EC2ECIEC4EC3EA, EC2ECIECAEAECS,
EC2EC3ECIEC4EA, EC2EC3ECIEAECY,
ECIEC3EABCIECY, ECZEC3EARC4ECH,
ECIECAECIECIEA, EC2ECAEC3EAECH,
ECZEAECIEC3ECA, EC2EAECIEC4ECS,
EC2ZEAECAECIECS, EC2EAEC4ECIECH,
EC3ECIEC4EC2EA, EC3ECIEC4EAEC?,
EC3EC2ECIEC4AEA, EC3EC2ECIEAECS,
EC3ECZEAECIECY, EC3ECZEAEC4ECH,
EC3EC4ECZECIEA, EC3EC4EC2EAECH,
EC3EAECIEC2ECY, EC3EAECIEC4EC?,
EC3EAECAECIEC2, EC3EAEC4ECIECT,
ECAECIEC3EC2EA, ECAECIEC3EAEC,
ECAECZECIEC3EA, EC4EC2ECIEAECS,
ECAECZEAECIECS, ECA4ECZEAEC3ECH,
ECAEC3ECZECIEA, EC4EC3ECZEAECH,
EC4EAECIEC2ECS, EC4EAECIEC3ECE,
ECAEAEC3ECIEC?, EC4EAEC3IECIECH,
EAECIEC3ECZECA, EAECIEC3EC4EC2,
EAECZECIEC3ECY, EAECZECIECAECS,
EAEC2ECAECIECS, EAECZECAEC3ECH,
EAEC3ECZECIECY, EAEC3EC2EC4ECH,
EAEC4AECIEC2ECS3, EAECAECIEC3ECZ,
EAECAECIECIEC? and/or

Non-limiting examples of a portion of the DSG2 protein as well as possible

configurations present in the DSG2 fusion polypeptide are provided in Table 2. Any of the
DSGZ domains described in Table 2 may be operably linked to another domain within the
fusion polyvpeptide or fo another DSG2 domain using any of the linker provided herein or any

tinker known in the art. The compositions of the disclosure may mchide a portion ora
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fragment of any of the domains described 1n Table 2. The domains or combimation of
domains of SEQ ID NO: T or SEQ 1D NO: 3 included in the polvpeptides of the disclosure
may be exiended by 1,2,3.4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18,19, 20, 30, 40 or
50 amino acids upstream or downstream of the domains defined in Table 2. In some
embodiments, the domains or combination of domains of SEQ ID NG: 1 or SEG ID NO: 3
included in the polypeptides of the disclosure may be truncated by 1, 2, 3, 4.5, 6,7, 8, 9, 10,
11,12, 13, 14, 13, 16, 17, 18, 19, 20, 30, 40 or 50 anuno acids at the N tersunus or the €
terminus of the domains defined in Table 2. As a non- hmiting example, the extracellular
region of DSG2 protein may exiend from the amino acids spanning from 50-610 of SEQ ID
NG: 1.

Table 2. BSG2 domain combination for the DSG2 extracellular region

DBSGT domain or combination Amino acids of SEQ D NG 1
EC1 50-155
EC2 151-268
EC3 264-384
EC4 382493
EA 491608
EC4EA 3%2-608
ECIEC4EA 264-608
BECZEC3EC4EA £51-608
ECIEC2EC3ECAEA 50-608
ECIEC2 50-268
BECIEC2ECS 30-384
ECIEC2EC3ECSY 3(-495
EC2ECS 151-384
EC2EC3EC4 151-495
BC3ECH 264-495
ECIBEC3EC4EA 50-155, 264-608
ECIEC4EA 50-153, 382-608
ECIEA 50-155, 491-608
ECIEC2EC4EA 50-268, 382-601%
ECIECZEC3EA 50-384, 491-608
ECIECS 50-155, 264-384
ECIEC3EC4EA 50-155, 264-384, 491-608
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EC2EC4EA 151-268, 491-608
BEC2ECY 151-268, 382-495
EC3EA 264-384, 491-608

Immunoglobulin protein

{B046]  In some embodiments, DSG2 fusion polypeptides of the present disclosure may
nclade a whole or a portion of an immunogiobulin protein. The immunoglobulin protein may
be an IgG, an IgM, an IgA, an IgD and an IgE. In one embodiment, the immunoglobuln
protein may be an 1gG. Non-hinuting examples of IgG may be IgG1, IgG2, IgG3 and/or IgG4.
DSG2 fusion polypeptides may include a region or a portion of an immoenoglobulin. Non-
limiting examples of a region of an mmunoglobulin such as, Fe region, an Fab region. a
heavy chain variable (VH)} domain, a heavy chain constant domain, a hight chain variable
{(VL} domain, and/or a light chain constant domain.

{80477 DSG2 fusion polyvpeptides may include one or more Fe regions of an
immunoglobulin. In some embodiments, the Fo region may include the first constant region
mmmunoglobulin domain (¢.g.. CH1) or a portion thereof, and in some cases, part of the
hinge. Tn other aspects, the Fo region excludes the first constant region immunoglobulin
domain. Thus, an Fo may refer to the last two constant region immunoglobulin domains {e.g.,
CH?2 and CH3) of IgA, IgD, and IgG, the last three constant region inununoglobulin domains
of IgE and IgM, and the flexable hinge N-terminal to these domams. For IgA and IgM, Fe
may include the J chain. For IgG, the Fe domain comprises immumoglobulin domains Cy2
and Cy3 {Cy2 and Cy3) and the lower hinge region between Cyl {(Uyl) and Cy2 (Cy2). n
some embodiments, an Fe refers to a truncated CH1 domain, and CH2 and CH3 of an
mmmmmoglobolin. Althoogh the boundaries of the Fe region may vary, the human Ig heavy
chain Fc region are typically usually defined to include residues E216 or £226 or P230 to its
carboxyl-terminus, wherein the numbering is according to the EU index as in Kabat Antibody
Numbering sequence.

{#048]  In some embodiments, the immunoglobulin protein may include additional eell
targeting modules {(and may herein be referred to as cell targeting antibody CTAR).

{0045  MNon-liniting exanmples of the sequences of porticns of immunoglobulin are
provided in Table 3. In some embodiments, the DSG2 fusion polvpeptides may include an

mnmunoglobulin protein or a portion thereof having at least 50%, 55%, 60%, 65%, 70%,
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75%, 80%, 85%, 90%, 95%, 99% or 100% identity to any of the sequences in Table 3 or

fragments of the sequences in Table 3.

Table 3. Sequences of the Immunoglobulin regions

SEQ | Deseription Sequence
i

4 Human IgGl | ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGY
Immunoglob | HTFPAVLQSSGLYSLSSVVTVPSSSLGTOTYICNVNHEPSNTKVDKKVEP
ulin heavy KSCDETHTCPPCPAPELLGGPSVILFPPRPEKDTLMISRTPEVICYVVVDVSH

chain EDPEVKFNWYVDGVEVHNAKTKPREEQGYNSTYRVVEVLTVLHODWLN
constant GREYKCKVENKALPAPIEKTISK AKGOPREPOVY TLPPSRIELTKNQVSL
region TCLVKGEFYPSMAVEWESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDKS

RWOQOGNVFSCSVMHEALHNHYTOK SLSLSPGK

5 Human IgGl | DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRIPEVICYVVDVSHEDP
Imnmunegiob | EVKFNWY VDGVEVHNAKTKPREFQYNSTYRVVEVLTVLHQDWLNGKE
ulin heavy YKCKVSNKALPAPIEKTISKAKGOPREPQVY TLFPSRDELTKNGVSLTCL

chain VKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDE SRW
constaut e QQGNVFSCSVMHEALHNHYTQOKSLSLSPGR
Domain

6 Human I1gG2 | ASTKGPSVEFPLAPCSRSTSESTAALGCLVEDYFPEPVTVSWNSGALTSGV
Imnunegiob | HTFPAVLOSSGLYSLSSVVTVPSSNFGTOTYTCNVDHKPSNTKVDKTVER
ulin heavy KCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE
chain VOFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEY
constant KCKVINKGLPAPIEK TISKTKGQPREPQVYTLPPSREEMTKMNQVSLTCLY
region KGFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFFLY SKLTVDKSRWQ

QGNVFSCSYMHEALHNHYTQKSLSLSPGK
7 Human {gG2 | ERKCCVECPPCPAPPYAGPSVELFPPKPKDTLMISRTPEVICYVVELVSHED

romonogiob | PEVOFNWYVDGVEVHN
uli heavy YKCEVINKGLPAPIEKT

AKTKPREEQENSTFRVVSVLTVVHODWLNGKE
KTKGOPREPQVYTLPPSREEMTENQVSLYCL

2

chain VEGFYPSDISVEWESNGOPENNYK TTPPMLDSDGSFFLYSELTVIDESRW
consiant Fe QOGNVFSCSYMHEALHNHYTOGK SLSLSPGK
domain

8 Human [gG3 | ASTKGPSVFPLAPCIRSTSGGTAALGCLYKDYFPEPVTVSWNSGALTSGY
homenogieb | HTFPAVLQSSGLYSLESYVTVPSSSLGTOTYTOCNVNHEPSNTE VDKRVEL
ulin heavy KIPLGDTTHTCPRCPEPKSUDTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDT

chain PPPCPRUPAPELLGGPSVELIPPEPKINTLMISRTPEVICVYVIVSHEDPEV
constant QFEWYVDOVEVHNAKTKPREEQYNSTFRVVSVLTVLHGDWLNGKEYK
region CKVSNKALPAPEKTISKTKGOPREPOVYTLPPSREEMTKNGVSLTCLVK

GFYPSDHAVEWESSGOPENNYNTTPPMLIDSIHGSFFL
ONIFSCSVMHEALHNRFTOKSLSLEPGK.

Human IgG3 | ELKTPLGDTTHTCPRCPEPKSCDTPPPCPRCPEPESCDTPPPCPRCPEPKSC
Imnmuneglob | DTPPPCPRCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
wlin beavy EVOFKWYVDOGVEVHENAK TKPREEQYNSTFRYVSVLTVLHODWLNGEE

NSKLTVDKSRWOQ

=}

chatnFe YRKOKVINKALPAPIEKTISKTKGOPREPOVY TLPPSREEMTIKNGVSLTCL
domain VKGFYPSIHAVEWESSGOPENNYNTTPPMLDSDGSFFLY SKLTVDKSRW

DOQONIFSCSVMHEALHENRFTOKSLSLSPGK

10 Human IgG4 | ASTKGPSVIPLAPCSRSTSESTAALGCLVKDYFFEPVTVSWNSGALTSGY
Immuneglob | HTFPAVLOSSGLYSLSSVVTVPSSSLGTKTYTONVDHEPSNTK VDKRVES
ulin heavy KYGPPCPSCPAPEFLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSQEDP

chain EVOENWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKE
constant YKCKVSNKGLPSSIEK TISKAKGOPREPQVY TLPPSQEEMTRNOQVSLTCL
region VKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SRLTVDKSRW

QEGNVFSCSVMHEALHNHY TQRSLSLSLGK

1 Human IgG4 | ESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
Immunogiob | DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVYSVLTVLHODWLNG
ulin heavy KEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSELT
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chainFc CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SELTVDKSR
domain WOEGNVFSCSVMHEALHNHYTQKSLSLSLGK

Signal Sequence

{8053]  Signal sequences (sometimes referred to as signal peptides, targeting signals, target
peptides, localization sequences, transit peptides, leader sequences or leader peptides) direct
proteins {e.g., the polypeptides of the present disclosure) to their designated cellular and/or
extracellolar focations. A signal sequence may be a short {about 5-50 amino acids long)
peptide present af the N-terminus of the majority of newly synthesized proteins that are
destined towards a particular location. Signal sequences can be recognized by signal
recognition particles (SRPs) and cleaved using type T and type I signal peptide peptidases.
Signal sequences derived from human proteins can be incorporated as a DSG2 fusion
polypeptides of the present disclosure to direct the polypeptides of the disclosure to a
particular cellular and/or extraceliular location. These sigonal sequences are experimentally
verified and can be cleaved (Zhang et al., Profein Sci. 2004, 13:2819-2524),

{6051 In some embodiments, a signal scquence may be located at the N-terminus or C-
terinus of the polypeptides of the present disclosure. and may be, although not necessarily,
cleaved off the polypeptide to yield a “mature” polypeptide, as discussed herein.

{8652}  In some examples, a signal sequence may be a secreted signal sequence dertved
from a naturally secreted protein, and its variant thereof.

{B053]  To some mnstances, signal sequences directing the polypeptides of the disclosure to
the surface membrane of a target cell may be used. Expression of the polypeptides of the
disclosure on the surface of the target coll may be useful to limit the diffusion of the
polypeptides of the disclosure 1o non-target in vive environments, therehy potentially
mmproving the safety profile of the polypeptides of the disclosure. Additionally, the
membrane presentation of the polypeptides of the disclosure may allow for physiological and
qualitative signaling as well as stabilization and recycling of the polypeptide for a longer
half-life.

{B054] A signal sequence may be a heterogeneous signal sequence from other organisms
such as virus, yeast and bacteria, which can direct the polypeptides of the disclosure to a
particular celiular site, such as a nucleus {e.g., EPF 1209450}, Gther examples may include
Aspartic Protease {(NSP24) signal sequences from frichoderma that can increase seeretion of
fused protemn such as enzymes {e.g., U. §. Pat. NO. §,093,016 to Cervin and Kim}, bacterial

lipoprotein signal sequenees {e.g., PCT publication NO. 1991/09952 to Lau and Rioux),
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F.coli enterotoxin I signal peptides (e.g., U.S. Pat. NO. 6,605,697 to Kwon et al}, F.ooli
secretion signal sequence {e.g., U.S. patent publication NO. 2016/090404 to Malley et al), a
lipase signal sequence from a methylotrophic yeast {e.g., U.S. Pat. NG, 8,975,041}, and
signal peptides for DNases derived from Coryneform bacteria {e.g., U.S. Pat. NO.
4,965,197} the contents of each of which are incorporated herein by reference in their

entirety.
Linkers

{0855] o some embodiments, the DSG2 fusion polvpeptides of the present disclosure may
mclude at least one linker. The linker may be positioned between one or more regions of the
polypeptides of the disclosure. In one embodiment, the linker may be positioned between the
whale or a portion of a DSG2 protein and the whole or a portion of an immunoglobulin
protein. In one aspect, the linker may be positioned between one or more domains of the
DSG2 protein.

{80856}  In some embodiments, the linker may be a polypeptide. In some embodiments, the
linker may comprise a combination of amino acid residues. In some embodiments, the linker
may comprise about [-50 amino acid residues. In some embodiments, the linker may
comprise about 1, 2,3, 4,5, 6,7, 8,9, 1, 15, 20, 25, 30, 35, 40, 45 or 50 amino acid
residues.

{6057} The linkers of the present disclosure may be from about | to 190 amino acids in
length, which links together any of the domains/regions of the effector module {also called
peptide linker). The linker may be 1-40 amino acids in length, or 2-30 amino acids i length,
or 20-80 amine acids in length, or 50-100 amino acids in length. Linker length may also be
optinized depending on the type of configuration of the polypeptide and based on the erystal
stracture of the polypeptide. In some mstances, a shorter linker length may be preferably
selected. In some aspects, the peptide linker may be made up of anmino acids linked together
by peptide bonds, preferably from 1 to 20 anuno acids linked by peptide bounds, wherein the
aming acids are selected from the 20 naturally occurnng amino acids: Glveine (G), Alanine
(A}, Valine (V}, Leucine (L), Isoleucine (I}, Serine (8), Cysteine {3, Threonime (T},
Methionine (M), Proline (P), Phenylalanine (F), Tyvrosing (Y}, Tryptophan (W), Histidine
(H). Lysine (K}, Arginine (R}, Aspartate (D), Glutamic acid (E), Asparagine (N), and
Glutamine {Q). One or more of these amino acids mayv be glycosvlated, as 1s understood by

those in the art. In some aspects, amino acids of a peptide linker may be selected from
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Alanine (&), Glyane (G}, Proline (P), Asparagine (R), Serine (8}, Glutamine (Q) and Lysine
{K).

{8058} In some embodiments, the linker may be a tlexible hinker or a rigid binker. Flexible
linkers may be composed of small, non-polar {e.g., Gly} or polar {e.g., Ser or Thr} amino
actds. The small size of these amino acids provides flexibility, and allows for mobility of the
connecting functional domains. The most commonly used flexible linkers have sequences
cousisting primanly of stretches of Gly and Ser residues ("GS” linker). An example of the
most widely used flexable linker has the sequence of {Gly-Gly-Gly-Gly-Sern. By adjusting
the copy number “n”, the length of this GS linker may be optimized to achieve appropriate
scparation of the functional domains, or to maintain necessary inter-domain interactions. Io
some embodiments, linkers may include additional amino acids such as Thr and Ala to
maintain flexibility, as well as polar amine acids such as Lys and Ghu to improve solabality.
In some embodiments, the DSG2 fusion polypeptide may include a flexible linker, such as
(Giy)8 (SEQ ID NO: 14}, consisting of purely of glycine residues. The linker sequence
avoided large hydrophobic residues to maintain good solubility m aqueous solutions.

{86591  In some embodiments, the inker may be a rigid boker. Non limiting examples of
an rigid Hnker includes a linker with the sequence of (EAAAKn (n = 2-3) (SEG 1D NG: 13).
In some embodiments, the rigid inker may bave a Proline-rich sequence, (XPhn, with X
designating any amino acid, preferably Ala, Lvs, or Glu.

{0668]  In some embodiments, the linker may be GGGGS (SEQ 1D NG: 12}, In some
cmbodiments, the linker may be GGGGGS (SEQ ID NG 16) and EAAAK (SEQ ID NG:
13y

Polynucleotides

{061} o some embodiments, the polypeptides of the present disclosure are encoded by
polynucleotides or variants thereof described herein. Exemplary nucleic acids or
polynucleotides melude, but are not linuted to, ribonucleic acids (RNAs), deoxyribonucleic
acids (DNAs), threose nucleie acids (TNAs), glveol mucleic acids (GNAg), peptide nucleic
acids (PNAs}, focked nucleic acids (LNAs, inchiding LNA having a §-D-ribo configuration,
o-LNA having an a-L-ribo configuration (a diastereomer of LNA), 2'-amino-LNA having a
2-amino functionalization, and 2'-amino-a-LNA having a 2'-amino functionalization),
cthylene nucleie acids (ENA), cvelohesenyl mucleic acids {CeNA) or hybrids or combinations

thereof.
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[8062]  Assuch, polvnucleotides encoding peptides or polypeptides containing
substitutions, insertions and/or additions, deletions, and covalent modifications with respect
to reference sequences, tn particular the polypeptide sequences are disclosed herem. For
example, sequence tags or amino acids, such as one or more lysines, can be added to the
peptide sequences described herein (e.g., at the Neterminal or C-terminal ends}. Sequence
tags can be used for peptide purification or localization. Lysines can be used to increase
peptide solubility or to allow for biotinviation. Altersatively, amino acid residucs located at
the carboxy and amino terminal regions of the amino acid sequence of a peptide or proiein
may optionally be deleted providing for trancated sequences. Certain amino acids (e.g., -
terminal or N-ternunal residues) may altematively be deleted depending on the use of the
sequence, as for example, expression of the sequence as part of a larger sequence which is
soluble, or linked to a solid support.

{08063]  Once any of the features have been identified or defined as a desired component of
a polvpeptide to be encoded by a polynucleotide described herein, any of several
manipulations and/or modifications of these features may be performed by moving,
swapping, inverting, deleting, randomizing or duplicating. Furthermore, it is undersiood that
manipulation of features may result in the same outcome as a modification to the molecules
described herem. For example, a manipulation which mvolved deleting a domain would
result in the alteration of the fength of a molecule just as modification of a nucleic acid to

encode less than a full length molecule would.
HI PHARMACEUTICAL COMPOSITHONS AND DELIVERY

{6664}  The fusion polvpeptides described herein may be used as therapeutic agents. In
some embodiments, the present disclosure provides pharmaceutical compositions comprising
at least one pharmaceutically acceptable carrier and a fusion polypeptide.

{8665]  In some embodiments, compositions are administered to humans, human paticnts,
or subjects. Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for admimstration to
humans, it will be understood by the skilled artisan that such compositions are generally
suitable for administration to any other animal, e.g., to non-human animals, ¢.g., non-human
mavnvuals. Modification of phammaceutical compositions suitable for admmistration to
humans in order to render the compositions sutable for administration to various animals 13
well understood, and the ordinanly skilled veterinary phamacologist can design and/or

perform such modification with merely ordinary, if any, experimentation. Subjects to which

o]
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administration of the pharmaceutical compositions is conternplated include, but are not
hmmited to, humans and/or other primates; mamuals, including commercially relevant
manwuals such as dogs, cattle, pigs, borses, sheep, cats, mice, and/or rats; and/or birds,
melading commercially relevant birds such as poultry, chickens, ducks, geese, and/or turkeys.
As a non-limiting example, compostitons of the disclosare may be administered to dogs to
treat ARV,

{0666]  Provided herein are the fusion polypeptides and pbarmaceutical composition
thercof which may be used in combination with one or more pharmaceutically aceeptable
excipients.

{8067} 1o some embodiments, the pharmaccutically acceptable excipients include, but are
not limited to, anv and all solvents, dispersion media, diluents, or other liguid vehicles,
dispersion or suspension aids, surface active agents, isctonic agents, thickemng or
emdsifying agents, preservatives, solid binders, tubricants, flavoring agents, stabilizers, anti-
oxidants, osmolality adjusting agents, pH adjusting agents and the like, as suited to the
particular dosage form desired. Various excipients for formulating pharmaceutical
compositions and technigues for preparing the composition are known 1n the art (see
Remington: The Scienee and Practice of Phammacy, 21" Edition, A. R. Geanare {Lippincott,
Withiams & Wilkins, Baltimore, Md., 2006; mcorporated herein by reference in its entivety).
The use of a conventional excipient mediam may be contemplated within the scope of the
present disclosure, except insofar as any conventional excipient medium is incompatible with
a substance or its derivatives, such as by producing any undesirable biological effect or
otherwise interacting i a deleterious manner with any other component{s} of the
pharmaceutical composition, its use 1s contemplated to be within the scope of this disclosare.
{6068}  In some embodiments, a pharmaceutically acceptable excipient may be at least
03%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% pwre. In some
embodiments, an excipient s approved for use for humans and for veterinary use. In some
embodiments, an excipient may be approved by United States Food and Drug Administration.
In some cmbodiments, an exciptent may be of pharnmaceutical grade. In some erabodiments,
an excipient may meet the standards of the United States Pharmacopoeia {(USP), the
European Pharmacopoetia (EP), the British Pharmacopoeta, and/or the International
Pharmacopoeia.

{0069]  Pharmaceutically acceptable excipients used 1n the manufacture of pharmaceutical
compositions include, but are not himited to, inert diluents, dispersing and/or granulating

agents, surface active agents and/or emulsificrs, disinfegrating agents, binding agents,
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preservatives, buffering agents, lubricating agents, and/or oils. Such excipicnts may
optionally be incladed 1n pharmaceutical compositions. The composition may also inclade
exeipionts such as cocoa butter and suppository waxes, coloring agents, coating agents,
sweetening, flavoring, and/or perfuming agents.

{0876]  Exemplary diluents include, but are not Hmited to, calcium carbonate, sodium
carbonate, calcium phosphate, dicaleium phosphate, calcium solfate, calonim hydrogen
phosphate, sodium phosphate lactose, sucrose, cellulose, microcrystaltine cellulose, kaolin,
mannitol, sorbitol, mositol, sodium chlonde, dry starch, comstarch, powdered sugar, etc.,
and/or combinations thereof.

{8071} Exemplary granulating and/or dispersing agents include, but are not linuted to,
potato starch, com starch, tapioca starch, sodium starch glycolate, clays, alginic acd, guar
gum, citras pulp, agar, bentonite, cellulose and wood products, natural sponge, cation-
exchange resins, caleium carbonate, silicates, sodium carbonate, cross-linked
polyvinylpyrrolidone) {crospovidone), sodium carboxymethyl starch {(sodwm starch
glveolate}, carboxymethyl cellulose, crosslinked sodivm carboxymethyl cellulose
{croscarmellose), methvicellulose, pregelatinized starch {starch 1500}, microcrystalline
starch, water insoluble starch, calcium carboxymethyl cellulose, magnesium alummum
silicate {VEEGUM®), sodium lauryi sulfate, guaternary ammoninm compounds, etc., and/or
combinations thergof.

{9072}  Excmplary surface active agents and/or cmulsifiers include, but are not limited to,
natural emulsifiers {e.g. acacia, agar, alginic acid, sodium alginate, tragacanth, chon- drux,
cholesterol, xanthan, pectin, gelatin, egg volk, casein, wool fat, cholesterol, wax, and
lecithin, colloidal clays {e.g. bentonite (aluminum silicatey and VEEGUM® {magnesium
aluminum silicate}, long chain amino acid derivatives, high molecular weight alcobols {e.g.
stearyl alcohol, cetyl alcohol, oleyl alcohol, tracetin monostearate, cthvlene glycol distearate,
glveeryl monostearate, and propylene glveol monostearate, polvvinyl alcohol), carbomers
{e.g. carboxy polymethylene, polyvacrvlic acid, acrylic acid polymer, and carboxyvinyl
polymer), carrageenan, cellulosic derivatives {e.g. carboxymcthvleelinlose sodium, powdered
cellulose, hvdroxymethyt cellulose, hydroxypropyl cellulose, hydroxypropy! methylcelhulose,
methyvicellulose), sorbitan fatty acid esters {e.2. polvoxyethylene sorbitan monolaurate
{TWEEN®20), polyoxyethylene sorbitan {TWEEN®G(), polyoxyethylene sorbitan
monooleate (TWEEN®R(}, sorbitan monopalmitate (SPAN®40), sorbitan monostearate

{(SPAN®S0), sorbitan trstearate (SPANES

5}, ghveeryl monooleate, sorbitan monooleate

{(SPAN®EO), polyoxyethylene esters {e.g. polyoxyethylene monostearate (MYRI®45)
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polvoxyethylene hyvdrogenated castor oil, polvethoxylated castor oil, polyoxymethylene
stearate, and SOLUTOL®), sucrose fatty acid esters, polyethviene glycol fatty acid esters
{c.g. CREMOPHOR®), polvoxyethvlene ethers, {¢.g. polyoxyethviene lawry] ether
(BRIB30), poly (vinyl-pyrrolidone}, dicthvlene glycol monolaurate, triethanolamine oleate,
sodinm oleate, potassium oleate, ethyl oleate, oleic acid, ethy! lawrate, sodium lavryl sulfate,
PLUORINC®F 68, POLOXAMER® 188, cetrimonium bromide, cetylpyridinium chloride.
benzalkonmm chlonde, docusate sodium, ¢tc. and/or combinations thereof
{8073}  Exemplary binding agents mclude, but are not himited to, starch {¢.g. comstarch
and starch paste); gelatin; sugars {¢.g. sucrose, glucose, dextrose, dextrin, molasses, lactose,
lactitol, mannitol); amino acids {(e.g., glycine); natural and synthetic guos {e.g. acacia,
sodiumg alginate, extract of Irish moss, panwar gum, ghatti gum, mucilage of 1sapol husks,
carboxymethviceltalose, methvicellolose, ethyleethilose, hvdroxyethylceliulose,
hyvdroxypropyl cellulose, hyvdroxypropyl methyleeliulose, microcrystaliine cellulose,
-cliulose acetate, poly{(vinyvi-pyrrolidone), magnestum aluminum siicate (VEEGUM®), and
larch arabogalactan); alginates; polvethylene oxide; polvethylene glyeol; inorgamc calcium
salts; sihicie acid; polymethacrvlates; waxes; water; alcohol; etc.; and combinations thereof.
{6074}  Exemplary preservatives may include, but are not hmited to, antioxidants,
chelating agents, antimicrobial prescrvatives, antifungal preservatives, alechol preservatives,
acidic preservatives, and/or other preservatives. Oxidation is a potential degradation pathway
for mRNA, especially for liguid mRNA formulations. In order to prevent oxidation,
antioxidants can be added to the formulation. Exemplary antioxidants mnclude, but are not
himited to, alpha tocopherol, ascorbic acid, acorbyl palmitate, benzyl alcohol, butyviated
hydroxyanisole, EDTA, m-cresol, methionine, butylated hydroxytoluene, monotinoglveerol,
potassium metabisulfite, propionic acid, propy! gallate, sodivm ascorbate, sodivm bisulfite,
sodunn metabisulfite, thioglycerol and/or soduwm sulfite. Exemplary chelating agents include
cthylenediaminetetraacetic acid (EDTA), citric acid monohvdrate, disodium edetate,
dipotassium edetate, edetic acid, fumaric acid, malic acid, phosphoric acid, sodium edetate,
tartaric acid, and/or trisodium edetate. Exemplary antinucrobial preservatives include, but are
not imited to, benzalkonium chlornide, benzethonum chlonde, benzyl aleohol, bronopol,
cetrimide, cetylpyridinnun chloride, chlorhexidine, chlorobutancl, chlorocresol,
chloroxylenol, cresol, ethyl alcchol, ghycerin, hexetidine, tmidurea, phenol, phenoxyethanol,
phenylethyl alcohol, phenylmercuric nitrate, propylene glyeol, and/or thimerosal. Exemplary
antifungal preservatives include, but are not limited to, butvl paraben, methyl paraben, ethyl

paraben, propyl paraben, benzoic acid, hydroxyvbenzoic acid, potassium benzoate, potassium
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sorbate, sodium benzoate, sodium propionate, and/or sorbic acid. Exemplary alcohol
preservatives include, but are not himited to, cthanol, polyethylene glyveol, phenol, phenolic
compounds, bisphenol, chlorcbutanol, hydroxybenzoate, and/or phenyl cthyl aleohol.
Exemplary acidic preservatives include, but are not imited to, vitamin A, vitamin C, vitamin
E, beta~carotene, citric acid, acetic acid, dehvdroacetic acid, ascorbic acid, sorbic acid, and/or
phytic acid. Gther preservatives include, but are not Hmited to, tocopherol, tocopheroal
acetate, deteroxime raesylate, cotrimide, butylated hydroxyamsol (BHA), butylated
hydroxyioluened (BHT), ethyienediamine, sodium lauryt sulfate (SLS), sodium lauryl ether
sulfate (SLES}, sodium bisulfite, sodiom metabisulfite, potassium sulfite, potassiom
metabisulfite, GLYDANT PLUS®, PHENONIP®, methylparaben, GERMALL®1 15,
GERMABEN®, NEQGLONE™ KATHON™, and/or EUXYL®.

{30751 In some embodiments, the pH of the pharmaceutical solutions is maintained
between pH 5 and pH 8 to improve stability. Exemplary buffers to control pH may mnchude,
but are not luoited to sodium phosphate, sodium citrate, sodium succinate, histidine {or
histidine-HCH), sodivm carbonate, and/or sodium malate. Tn another embodiment, the
exemplary buffers listed above may be used with additional monovalent counterions
{including, but not limited to potassium}. Divalent cations may also be used as buffer
counterions; however, these are not preferred due to complex formation and/or mBRNA
degradation.

{8676}  Excmplary buffering agents may also include, but are not limited to, citrate butfer
solutions, acetate buffer solutions, phosphate buffer solutions, ammoniuwm chlornide, calchwmn
carbonate, calcium chioride, calcium citrate, calcium glubionate, calcium gluceptate, calcium
gluconate, D-ghiconic acid, calcium glycerophosphate, calcium lactate, propanoic acid,
calcium fevulinate, pentanoic acid, dibasic calcium phosphate, phosphoric acid, tribasic
calcium phosphate, calcium bydroxide phosphate, potassiwn acetate, potassium chloride,
potassium ghluconate, potassium mixtures, dibasic potassium phosphate, monobasic potassium
phosphate, potassium phosphate muxtures, sodium acetate, sodium bicarbonate, sodium
chlonide, sodium citrate, sodiun lactate, dibasic sodiwm phosphate, monobasic sodium
phosphate, sodium phosphate mixtures, tromethamine, magnesium hvdroxide, alumimam
hydrexade, alginic acid, pyrogen-free water, tsotonic saline, Ringer’s solution, ethyl alcchol,
etc., and/or combinations thereof.

{0077 Exemplary lubricating agents include, but are not lunited to, magnesium stearate,

calcium stearate, stearic acid, silica, tale, malt, glveervl behanate, hvdrogenated vegetable
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oils, polvethylene glycol, sodium benzoate, sodium acetate, sodium chlonde, leucine,
magnesiam lauryl sulfate, sodinm lavryl solfate, etc., and combinations thereof.

{0078}  EHxemplary oils include, but are not imited to, almond, apricot kernel, avocado,
babassu, bergamot, black current seed, borage, cade, camomile, canola, caraway, camauba,
castor, cinnamon, cocoa batter, coconut, cod hver, coffee, com, cotton seed, emu, cucalyptus,
gvening prirarose, fish, flaxseed, geraniol, gourd, grape seed, hazel nut, hyssop, isopropyl
myvtistate, jojoba, kukui nut, lavandin, lavender, lemon, litsea cubeba, macadenua nut,
mallow, mango seed, meadowfoam seed, mink, nutmeg, olive, orange, orange roughy, palm,
palm kernel, peach kemel, peamut, poppy seed, pumpkin sced, rapeseed, rice bran, rosemary,
safflower, sandalwood, sasquana, savoury, sea buckthom, sesame, shea butter, silicone,
sovbean, sunflower, tea tree, thistle, tsubaki, vetiver, walnut, and wheat germ oils. Exemplary
oils include, but are not limited to, butyl stearate, caprvhic triglyceride, capric triglyceride,
cyclomethicone, diethyl sebacate, dimethicone 360, isopropyl myristate, mineral o,
octvidodecanol, oleyl aleohol, siticone oil, and/or combinations thereof.

{80791  Excipicnts such as cocoa butter and suppository waxes, coloring agents, coating
agents, sweetening, flavoring, and/ or perfuming agents can be present in the composition,
according to the judgment of the formulator.

{B080]  Exemplary additives include physiologically biccompatible buffers {e.g.,
trimethylamine hydrochioride}, addition of chelants {such as, for example, DTPA or DTPA-
bisamide) or calcium chelate complexes (as for example caleium DTPA, CaNaDTPA-
bisamide), or, optionally, additions of calciun or sodium salis (for example, calcium
chloride, calcium ascorbate, calcium gluconate or calcium lactate). In addition, antioxidants
and suspending agents can be used.

{6081}  In some embodiments, the compositions of the present disclosure may be
admuustered by any route which results 1n a therapeutically effective outcome. These
melade, but are not limited to enteral (info the intestine), gastroenteral, epidural (into the dura
matter), oral {(by way of the mouth}, transdeomal, peridural, intracerchral (into the cerebrum),
mtracerchroventricular (into the corcbral ventricles), epicutancous {application onto the skinj,
intradermal, (into the skin itself), subcutaneous (under the skin), nasal administration
{through the nose}, infravenous {(into a vein), intravenous bolus, mtravenous drip, intraarterial
{into an artery), intramuscular {into a muscle), mtracardiac (into the heart), intraosseous
mnfusion (into the bone marrow), intrathecal (into the spinal canal), intraperitoneal, (infusion
ot injection into the peritoneum), intravesical mfusion, intravitreal, {through the eve),

wtracavernons mjection {into 3 pathologic cavity} mtracavitary (into the base of the pems),
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intravaginal administration, intrauterine, extra~-amniotic administration, transdermal
{diffusion through the intact skin for systemic distribution}, transmucosal {diffasion through a
mucous membrane), transvaginal, msufflation (snorting ), sublingual, sublabial, enema, eve
drops {onto the conjunctiva), in ear drops, auricular (in or by way of the ear), buccal (directed
toward the cheek), comjunctival, catancous, dental (to a tooth or teeth), electroosmosis,
endocervical, endosinusial, endotracheal, extracorporeal, hemodialysis, mfiltration,
interstitial, intraabdominal, ntra~-anwiotic, intra-articular, intrabiiary, intrabronchial,
mtrabursal, intracartilaginous {(within a cartilage), intracaudal {within the cauda equine),
mtracisternal (within the cisterna magna cerebellomedularis), intracomeal (within the
comnea), dental intracomal, intracoronary (within the coronary arterics), intracorporus
cavernosum (within the dilatable spaces of the corporus cavernosa of the pemss), intradiscal
(within a disc), intraductal (within a dact of a gland), imtraduodenal {within the duodenum),
intraduaral (within or heneath the dura), intracpidermal (o the epidermis), mtracsophageal (to
the esophagus), intragastric (within the stomach), indragingival (within the gingivac},
fntratleal (within the distal portion of the small intestine), intralesional {within or introduced
directly to a localized lesion), intraluminal (within a lomen of a tube), intralymphatic (within
the Iymph), intrameduliary (within the marrow cavity of a bone), intrameningeal (within the
meninges}, itraocular {within the eye), ntraovarian {within the ovary}, intrapericardial
{within the pericardiom), intrapieural {within the pleura), intraprostatic {within the prostate
gland), intrapulmonary (within the hings or its bronchi), intrasinal (within the nasal or
periorbital sinuses), intraspinal (within the vertebral colwmn), intrasynovial {within the
synovial cavity of a joint}, ntratendinous {within a tendon), intratesticular (within the
testicle), mtrathecal (within the cerchrospinal fhad at any level of the cerebrospinal axis),
imtrathoracic {within the thorax}, mtratubular (within the tubules of an organ), intratumor
{within a tumor}, intratympanic (within the aurus media), intravascular {within a vessel or
vessels), intraventricular (within a ventricle), iontophoresis (by means of electric carrent
where ions of soluble salts migrate into the tissues of the body), trrigation (1o bathe or flush
open wounds or body cavitics), laryngeal (directly upon the larynx), nasogastric (through the
nose and mio the stomach), occlusive dressing technigue, ophthalmic (to the external eve},
oropharyngeal (directly to the mouth and pharvnx), parenteral, percutaneous, periarticular,
peridural, perineural, periodontal, rectal, respiratory (within the respiratory tract by inhaling
orally or nasally for local or systenuc effect), retrobultbar (behind the pons or behind the
eveball), intramyocardial {entering the myocardium), soft tissue, subarachnoid,

subcomjunctival, submucosal, trangplacental (through or across the placenta), transtracheal
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{through the wall of the trachea)}, transtvmpanic {across or through the tyvmpanic cavity),
preteral (to the areter), urethral (to the urethray, vaginal, caudal block, diagnostic, nerve
black, biliary perfusion, cardiac perfusion, photopheresis or spinal. In specific embodiments,
composifions may be administered in a way which allows them to cross the blood-brain
barrier, vascular barrier, or other epithelial barrier.

{0682}  Therapeutically effective doses will be casily determined by one of skill in the art
and will depend on the severity and course of the discase, the paticot's bealth and response to
treatment, and the judgment of the treating physician.

V. METHOBDS OF USE

{0083]  Provided herein are methods of use of the BSG2 fusion polypeptide compositions
of the present disclosure. In some embodiments, the DSGZ fusion polypeptides of the
disclosure may be used to treat one or more diseases or conditions described herein, ina
subject. Such methods may mehude contacting the subject with the DSG2 fusion
polypeptides. In some embodiments, the contacting the subject may inclade administering
DSG2Z fusion polypeptides to the subject. In some embodiments, the contacting the subject
may include treating the subject with the DSG2 fusion polypeptides of the disclosure. In one
embodiment, compositions of the disclosure may be used 1o treat diseases associated with
DSG2 autoantibodics. In one embodiment, the compositions of the disclosure mitigate
cardiotoxicity associated with DSG2 antibodies.

[0084]  In some embodiments, any therapeutic disease associated with the inflammation i
myvocardium may be treated with the BSG2 fusion polypeptides as described heremn. Non-
hmiting examples of such indications include archythmogenic right ventricular
cardiomvopathy (ARVC), sarcoidosis, dilated cardiomyopathy, post-infectious
cardwmyopathy, compromised cardiac function, reduced ejection fraction, heart failure,
arrhythmia and myocarditis.

{6085}  Efficacy of treatment or amelioration of disease can be assessed, for example by
measuring discase progression, disease remission, syropiom severity, reduction in pain,
quality of life, dose of a medication required to sustain a treatment effect, level of a discase
marker or any other measurable parameter appropriate for a given disease being treated or
targeted for prevention. It 1s well within the ability of one skilled 1 the art to monitor
efficacy of treatment or prevention by measuring any one of such parameters, or any
combination of parameters. In connection with the administration of a fusion polypeptides or

pharmaceutical composition thereof, "effective against” a discase or disorder indicates that
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administration in a chinically appropriate manner results in a beneficial effect for at least a
fraction of patients, such as an puprovement of symptoms, a cure, a reduction in disease load,
extension of hife, improvement in quality of life. a reduction in the need for blood
transfusions or other cffect generally recognized as positive by medical doctors familiar with
treating the particular type of disease or disorder.

{B086] A treatment or preventive effect is evident when there s a significant
mmproverent, often statistically significant, in one or more parameters of discase status, ot by
a failure to worsen or to develop symptoms where they would otherwise be anticipated. As an
example, a favorable change of at feast 10% 10 a measurable parameter of discase, and
preferably at loast 20%, 30%, 40%, 50% or more may be indicative of effective treatrent.
Efficacy for a given compound or composition may also be judged using an experimental
antmal model for the given disease as known in the art. When using an experimental ammal
model, efficacy of treatment is evidenced when a statistically significant modulation in a

marker or syraptom is observed.
COVID-i9

{6087}  The DSG2 fusion polypeptides or compositions containing the fusion polypeptides
as described herein can be adnunistered fo treat COVID-19 or long-term effects of COVID-
19.

{6088]  In some emboduments, the compositions of the disclosure may be useful in treating
COVID-19 and/or individuals infected with SARS-CoV-2. An mifected person may be
symptomatic, pre-symptomatic, and asvmptomatic. According to the World Health
Organization (WHQ), COVID-19 transmission may occur from symptomatic, pre-
symptomatic, and asymptomatic people infected with SARS-CoV-2. Symptomatic
transmission may refer to transnussion occurring before a person experiencing sympioms.
Pre-symptomatic transmission may refer to transmission ocourring prior to onset of
svmptoms of COVID-19,

{6689} COVID-19 may be associated with one or more symptoms such as, but not limited
o, fover or chills, cough, shortness of breath or difficalty breathing, fatigue, muscle or body
aches, headache, new loss of taste or smell, sore throat, congestion of runny nNose, NAUSEA OF
vomiting, diarthea, trouble breathing, persistent pain or pressure io the chest.

{0096]  DSG2 fusion polypeptides may be used to treat one or more stages of COVID-19
disease. In general, adults with SARS-CoV-2 infection may be grouped nto the following

seventy of illness categories. However, the critenia for cach category may overlap or vary
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across clinical guidelines and clinical trials, and a patient’s clinical status may change over
tme (COVID-19 Treatment Gundelines Panel. Coronavirus Discase 2019 (COVID-19)
Treatment Guidelines. National Institutes of Health. Available at

www.covid | Streatmentguidelines nih.gov/. Accessed 12/11/2020). In some embodiments, the
compositions of the disclosure may be used to treat asymptomatic or presympiomatic
infection which may include mdividuals who test posttive for SARS-CoV-2 using a virslogic
tost (i.e., a nucleic acid amplification tost or an antigen test), but who have no symptoms that
are consistent with COVID-19. In some embodiments, the compositions of the disclosure
may be vsed to treat mild illness which includes individuals who have any of the various
signs and svmptoms of COVID-19 (¢ g, fever, cough, sore throat, malaise, headache, muscle
pain, nausea, vomiting, diarrhea, loss of taste and smwell) but who do not have shortness of
breath, dvspnea, or abnormal chest imaging. In some embodiments, the compositions of the
disclosure may be used to treat moderate illness which may include individuals who show
evidence of lower respiratory disease during clinical assessment or imaging and who have
saturation of oxygen {SpQ2) > 94% on room air at sea level. In some embodiments, the
compositions of the disclosure may be used to treat severe illness which inchudes individuals
who have Sp02 <94% on room air at sea level, a ratio of arterial partial pressure of oxveen to
fraction of inspired oxvgen (Pa02/Fi02) <300 mmHg, respiratory frequency >30 breaths per
minute, or fang infiltrates >50%. In some embodiments, the compositions of the disclosure
may be used to treat critical ilhness which includes individuals who have respiratory failure,
preumonia, acute respiratory distress syndrome (ARDS), sepsis, septic shock, multiple organ
dysfunction, and/or multl organ failure, meluding acute kidney ingury, and cardiac injury.
{8091}  Mcethods of preventing one or more conditions associated with COVID-19 are also
provided herein. In one embodiment, the compositions of the disclosure may be provided to
the subject prior to the onset of symptoms but afier exposure to the virus since there is an
meubation period between exposure and symptom onset to the virus. The incubation period
of novel coronavirus SARS-CoV-2 is generally between two and fourteen days, with an
average of five days {(Lombardi et al., J. Hosp. fnfect. 2020 dot 10.1016/4 jhin.2020.03.003;
the contents of which are herein incorporated by refercnce 1n 1ts enfirety}.

{8052}  Compositions of the disclosure may also be administered in combination with one
or more therapeutic agents reconmended for use in the treatment of COVID-19. In some
crobodiments, DSG2 fusion polypeptides described hercin may be used in combination with
one or more therapeutic agents such as, but not limited to, Remdesivir, chloroguine,

hvdroxychloroguine, loop diuretics, azithromyein, Lopinaviy, Ritonavir, ivermectin,
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interleukin inhubitors, interferons, kinase inhibitors, glucocorticosteroids, and/or SARS CoV-

2 monoclonal antibodies (e.g., Bamlamivimab, Casirivimab, Imdevimab}.
Post-COVID-19 syndrome

{06093} In some embodiments, corpositions of the present disclosure may be used to treat
post-COVID-19 syndrome. There have been an increasing number of reports of patients who
experience persistent symptoms after recovering from acute COVID-19 and 1s herein referred
to as “post-COVID-19 svndrome” and individuals suffering from these symptoms are
commonly referred to as “long haulers.” In some emboduments, a paticnt may be considered
to have post-COVID-19 svndrome if they suffer from one or more symptoms forupto a
month, op to two months, up to three months, up to four months, up to five months, up 1o six
months, up to seven months, up to cight months, up to nine months, vp to ten months, up to
cleven months, up to a vear or more atier SARS CoV-2 wfection. Tn some embodiments, the
subject may have no symptoms after SARS CoV-2 mfection. In some embodiments, the
subject may have no known COVID-19 or SARS CoV2 nfection but may have serom anti-
DSG2Z antibodies.

{6094]  Compositions of the present disclosure may be used to treat one or more svmptoms
associated with the cardiovascular svstem in post-COVID-19 syndrome (1.¢., post COVID-19
cardiac syndrome). Oune study including 100 patients recently recovered from COVID-19,
cardiac magnetic resonance imaging revealed cardiac mvolvement in 78 patients (78%;) and
ongoing myocardial inflammation n 60 patients (60%;), which was independent of
preexisting conditions, severity and overall course of the acute illness, and the time from the
original diagnosis {Puntmann et al. JAMA Cardiol. 2020:5{11}:1265-1273). In a smaller
study, 13% of athletes had evidence for myocarditis after recovery from acute COVID-19. In
one embodiment, the DSG2 fusion polypeptides may be used to treat myvocarditis in a subject
with post-COVID-19 syndrome.

{6695}  In some embodiments, the compositions described herein may be used to treat
post-COVID-19 syndrome that is not associated with anv cardiac mdications.

{80961  In some embodiments, the compositions of the present disclosure may be used to
treat subjects who show symptoms of COVID-19, for up to weeks, months, and/or years after
mitial diagnosis of COVID-19. In some emboduments, post-COVID-19 syndrome paticnts
may demonstrate svmptoms for and/or after 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6
weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, I month, 2 months 3

months, 4 months, 3 months, 6 months, Tmonths, § months, 9 months, 10 months, 11 months,

L
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12 months, 1 vear, 2 vears, 3 years, 4 years, 5 years or more after mitial diagnosis of COVID-
19. Diagnosis of COVID-19 may be established vsing methods known in the art (fore g,
reverse transcription polymerase chain reaction and/or antibody tests). In some embodiments,
subjects affected by post-COVID-19 syndrome may be treated with the compositions of the
disclosure for up to 1 week, up to 1 month, and/or up to one year.

{66971 In some embodiments, compositions of the disclosure may be used to treat
COVID-19 patients who have or develop compromised cardiac function, rost notably a
reduced ejection fraction, with or without overt symptoms of heart faslure. In some
embodiments, the compositions of the disclosure may be used to treat arthythnia,

{6098}  Compostitions of the present disclosure may ameliorate one or more symptoms
associated with post-COVID-19 syndrome. In some embodiments, the symptoms of post-
COVID-19 syndrome may be the same as acute COVID-19. In some aspects, the symptoms
associated with post-COVID-19 syadrome may be shortness of breath, fatigue, edema,
orthopnea, lunitations to exertion, impatred cognitive abilitics, palpitations, dizziness,
syncope, lightheadedness, heart failure, and/or arrhythmia.

{8699} In some embodiments, compositions of the disclosure may be ased to treat post
COV1D-19 syndrome with symptoms that overlap with the post-intensive care svadrome that
has also been described in patients without COVID-19.

{1088]  In some embodiments, the compositions of the disclosure may be used to treat
subjects with post-COVID-19 syndrome who may have one or more long-terma complications
associated with the cardiovascular systom {e.g., inflammation of the heart muscle),
respiratory svstem (lung function abnormalities), renal systems (acute kidney injury},
dermatologic (rash, hair loss}, neurological complications {smell and taste problems, sleep
issues, difficulty with concentration, memory problems), and/or psychiatric problems
{depression, anxiety, changes in mood).

{#101]  In some embodiments, compositions of the disclosure may be used to freat post-
COVID-19 syndrome subjects who may have one, two or more associated co-morbidities.
MNon-limiting examples of co-morbidities include, but are not liunited to, hvpertension, thyroid
disease, immune disorders, COPD {chronic obstructive pulmonary disease}, lugh blood

pressure, obesity, mental headth conditions, and diabetes.
Autoimmunity associated with COVID-19

{#102]  From a pathogenesis standpoint, viral infections sach as COVID-19, generaily

trigger a vigorous immune response that is crucial for viral clearance, with a cascade of
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events involving both the innate and adaptive iomune arms. Direct and indirect myocardial
damage is also caused by COVID-19 mfection, allowing for cardiac proteins to be exposed to
the activated imune system. Immunological alterations are also observed in patients with
COVID-19 condition. These range from a maladaptive immune response and abnormal
cytokine/chemokine production, to hyperactivation of T cells and tncreased number of
activated monocytes, macrophages and neutrophils.

{0163} Awuoantibodies known to occur in a number of autoimmune discases have been
detected n patients with COVID-19, Because COVID-19 mfection can break mumune
tolerance and trigger autormmane responses, it is also likely to induce clinical autoimmunity.
Autoantibodies detected in patients with COVID-19 inciuded antinuclear antibodies {(ANA),
antiphospholipid (APL), lupus anticoagulant, cold agglutinins, anti-Ro/Sidgren’s syndrome A
(S5A} antibodies, anti-Caspr2 antibody, anti-GD1b antibody, anti-myelin ohigodendrocyte
glycoprotein (MOG) antibody and red cell bound antibodics (Liw, Y., et al. Curr. Opin.
Rhcumatol. 2021; 33:155-162; the contents of cach of which are heremn mcorporated by
reference in ther entirety}. In some embodiments, compositions of the disclosure may be
used to block autoantibodies generated during COVID-19 or SARS CoV2 infection.

{6104}  In a study, three protein arrays were assembied to measure I autoantibodies
associated with connective tissue diseases, anti~cyioking antibodies, and antiviral antibody
responses in senum from 147 hospitalized COVID-19 paticnts. Autoantibodies were
identified in approximately 50% of patients but in less than 15% of healthy controls. It was
found that avtoantibodics largely targeted antoantigens associated with rare disorders such as
myvositis, svstemic sclerosis and overlap svadromes, However, a subset of autoantibodies
targeting traditional astoantigens or cytokines were developed de nove following COVID-19
mfection (Chang, S E., et al. Nature Communications 2021; 12:5417; the contents of cach of
which are herein incorporated by reference in their entirety}. In some embodiments,
cormpositions of the disclosure may be used to block antoantibodies developed following
COVID-19 infection.

{0105}  In severe and critical cases, immunomodulatory drugs and biological agents
targeting pro inflammatory cytokines have been applied to contain the robust immune
response i COVID-19. Corticosteroids, JAK inhibitors, [L-1 blockade and IL-6 receptor
antagonists have been used to treat COVID-19 patients. In some embodiments, compositions
of the disclosure may be used in corbination with imemunomodulatory drugs and biological

agents targeting pro nflammatory cviokines. In some embodiments, compositions of the
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disclosure may be used 1 combination with corticosteroids, JAK mhibitors, -1 blockade
and IL-6 receptor antagomsts.

{8106}  There have been reports of thromboembolic events following ChAdOx! nCov-19
{AstraZencca) vaccination and potentially the Ad26. COV2.S (Johnson & Johnson)
vaceination, While rare, thrombosis was observed to ocour at unusual sites, such as cerchral
and splanchnic veins. Based on the observation of thrombocytopenia and raised antibodies to
platelet factor 4-polyvanion complexes, i has been suggested to be an invnune-mediated
reaction {(Lee, C. C. B, et al. Diseases 2021; 9:47; the contents of cach of which are herem
imcorporated by reference in their entirety).

{8107}  In one study, a high-throughput autcantibody discovery method known as rapid
extracellular antigen profiling (REATP) was wnplemenied to screen a cohort of 194 individuals
mfected with COVID-19, comprising 172 patients with COVID-19 and 22 healthcare
workers with mild disease or asymptomatic infoction, for autoantibodies against 2,770
extraccliular and secreted proteins (members of the exoproteome). Afier screening patient
samples identification and validation of numerous protein targets across a wide range of
tissues and immuonological and physiological functions was performed. These autoantibodies
had potent functional activitics and could be directly correlated with various virological,
mnmunological and clinical parameters in vivo within samples from patients with COVID-19,
The analysis suggested that some of these autoantibodies probably predated infection,
whereas others were induced afier infection. Furthermore, mouse surrogates of these
autoantibodies led to increased disecase severnity in a mouse model of COVID-19 jnfection.
These results provide evidence that autoantibodies are capable of altenng the course of
COVID-19 by perturbing the pnmune response to SARS-CoV2 and tissue homeostasis
{(Wang, H. Y, ctal. Natore 2021; 595.283; the contents of cach of which are hercin
meorporated by reference m their entirety}. In some embodiments, compositions of the
disclosure may be used to block autoantibodies that predated COVID-19 mfection. In some
embodiments, compositions of the disclosure may be used to block autoantibodies that may

be induced after COVID-19 mifection.

Cardiomyopathies

{6108] 1o some embodiments, compositions of the disclosure may be used to treat
cardiomyopathies. Cardiomyopathy refers to progressive impairment of the structure and
function of the mascular walls of the heart chambers. Compositions of the disclosure may be

used to treat one or more types of cardiomyopathies, such as, but not limited to, dilated
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cardiomyopathy, hypertrophic cardiomyopathy and/or restrictive cardiomvopathy. In one
embodiment, patients with cardiomyopathies may demonstrate senim DSG2 autoantibodies
n thewr serum,

{#109] o one embodiment, the compositions of the disclosure may be used to treat
Arrhythmogenic right ventricular cardiomyopathy (ARVC). Arthythmogenic right ventricular
cardiomyopathy/dysplasia (ARVC/ARVD) is a heart muscle disorder associated with
ventricular arthvthmia, heart fallure, and sudden death. ARVC 15 a degenerative cardiac
disease characterized by the progressive loss of ventricular function and arthythmias. In
addition to genetic mutations to the structaral and signaling proteins of cardiomyocyte
desmosomes, patient immune systems also have been known to play a role in ARVC discase
pathology. Mutations in BSG2 protein have been associated with ARV and autoantibodies
targeting DSGZ have been identified in patients with the disease. Approximately 50% of
ARV patients do not have known desmosome mutations; nevertheless these patients express
DSG2 antibodies. In some emboduments, DSG2 fusion protems may be used to treat ARVC
patients who have one or more mutations in the DSG2 protein. In some aspects, the DSG2
fusion proteins may be used to treat ARV patients with no known mutations in the DSG2
protein. In some embodiments, DSG2 fusion polypeptides of the disclosure may target DSG2
autocantibodics associated with ARVC.

{3118}  Cardiomvopathy may be associated with inflammation and is herein referred to as
myocarditis. In some embodiments, myocarditis may be caused by vinises, bacteria,
parasites, and/or fungt. In some embodiments, compositions of the disclosure may be used to
treat and/or prevent myocarditis associated with viruses. Non-himiting examples of viruses
associated with myocarditis inchude, common cold causing adenovirus, COVID-19; hepatitis
B and C; parvovirus, which causes a mild rash, useally in children {fifth disease}; and/or

, gastrointestinal infections causing echoviruses, mononucleosis causing

berpes simplex virus
Epstein-Barr virus, rubella, cytomegaloviros, and HIV.

{6111} Cardiovascular complications have occurred frequently in association with
COVID-19 and even months after the mnfection. These cardiovascular complications include
myvocardial injury and mvocarditis, acute coronary syndromes, heart faiture, arrythmias, and
thromboembolic events. In addition, cardiac symptoms, palpitations, chest pain, and dyspnea
have been observed in patients, weeks to months after the mitial infection. (Lec, C. €. E. et
al. Diseases 2021 9:47; the contents of cach of which are beremn incorporated by reference

their entirety). Tn some embodiments, compositions of the disclosure may be used to treat

(%)
(o2



WO 2022/132854 PCT/US2021/063433

cardiovascular complications such as myocardial injury and myocarditis, acute coronary
syndromes, heart failore, arrythmias, and thromboembolic events.

{6112} 1o some embodiments, compositions of the disclosure may be used to treat and/or
prevent myocarditis caused by bactena. Non-limiting examples of bacteria associated with
myocarditis include, Staphylococcus, Streptococcus, and/or Borrelia. In some embodiments,
compositions of the disclosure may be used to treat and/or prevent myocarditis caused by
patasites. Non-liniting examples of parasites associated with myocarditis mclude,
Tryvpanosoma cruzi and Toxoplasma, mcluding some that are transmitied by nsects and can
cause a condition called Chagas disease. In some embodiments, compositions of the
disclosure may be used to treat and/or prevent myocarditis caused by fungl. Non-limiting
examples of fungi associated with myocarditis include, Candida, Aspergillus; and other fungi,
such as Histoplasma.

V. DEFINITIONS

{8113}  Domain As used herein when referning to polypeptides the term “doman™ refers
to a motif of a polypeptide having one or more identifiable structural or functional
characteristics or properties (e.g., binding capacity, serving as a site for protein~-protein
mteractions).

{0114]  Fxpression vector: The term “expression vector” as used herein refers to a vector
containing a nucleic acid sequence coding for at least part of a gene product capable of being
transcribed. Expression vectors can contain a variety of control sequences, which refer to
nucleic acid sequences necessary for the transcription and possibly translation of an
operatively linked coding sequence in a particular host organism. In addition to controd
sequences that govern transcription and traoslation, vectors and expression vectors raay
contain nucleic acid sequences that serve other functions as well. The term also includes a
recombinant plasmid or virus that comprises a polyvaucleotide to be delivered nto a host cell,
erther i vidro or in vive. fo some embodinents, the host cell is a transient cell line or a stable
cell line. In some embodiments, 1t is selected from the group consisting of CHO, HEK293
and NSO.

{8115}  Fearres: “Features” when referring to polypeptides are defined as distinct amino
acid sequence-based components of a molecule. Features of the palvpeptides encoded by the
polynucleotides described herein include local conformational shape, folds, loops, half-loops,

domains, half-domains, sttes, termini, or any combination thereof.
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[8116]  Fusion profein: As used herein, the term “fusion protein” or chimenc protein refers
to protein or polypeptide comprising two or more sequences of amino acids or active
fragments thereof that are not naturally present in the same polypeptide. {n some
embodiments, two or more separate polypeptides are operably covalently linked, e g,
chemically linked, or fused together by peptide bonds. Recombinant fusion polypeptides are
created artificially by recombinant DBNA technology.

{8117} Half-domain: As used hercin when referring to polvpeptides the term “half-
domamn” means a portion of an identified domain having at least half the number of amino
acid resides as the domamn from which it is derived. It is understood that domains may not
always contain an even number of amino acid residues. Therefore, in those cases where a
domain contamns or is identified to comprise an odd number of amino acids, a half-domain of
the odd-numbered domain will comprise the whole mumber portion or next whole number
portion of the domain (number of amino acids of the domain/2+/-0.5 ammno acids). For
exaraple, a domain identified as a 7 amino acid domain could produce half-domains of 3
amino acids or 4 ammo acids (7/2=3.5+1-0.5 being 3 or 4). It 15 also understood that sub-~
domains may be identified within domains or half~domains, these subdomains possessing less
than all of the strctural or functional properties identified in the domains or half domains
from which they were dertved. It 15 also understood that the amino acids that comprise any of
the domain types berein need not be contiguous along the backbone of the polypeptide (ie.,
nonadjacent amino acids may fold structurally to produce a domain, half-domain or
subdomain}.

[8118]  Jmmune response: As used herein, the term “immune response” refers to
conditions associated with inflammation, trauma, imnune disorders, or infectious or gengtic
disease. These conditions can be characterized by expression of various factors, e.g.,
cviokines, chemokines, and other signaling molecules, which may affect cellular and
systernic defense systems,

{0119} Linker: Asused herein, “linker” refers to a functional group {¢ g., a chemical or
polypeptide} in which a covalent bond joins two or more polypeptides. As used herein, a
“peptide linker” is two or more amunoe acids used to bind two proteins 1o each other.

{81281  Modulation: Asused herein, the term “modulation” 18 recognized in the art and
refers to up regulation {i.¢., activation or stimulation), down regulation {i.c., inhibition or
suppression) of g response, or the two in combination or apart.

{21  Polynucieotide: The term “polymucleotide” as used herem refers to a sequence of

nucleotides connected by phosphodiester inkages. Polvnacleotides are presented herein in

(%)



WO 2022/132854 PCT/US2021/063433

the direction from the 5" to the 3" direction. A polyvnucleotide can be a deoxyribonucleic acid
{DNA) molecule or ribonucleic acid (RNA) molecule. Where a polyvnuoclestide is a DNA
malecule, that molecule can be a gene or a cPINA molecule. Nucleotide bases are indicated
herein by a single letter code: adenine (A}, guamine (G}, thymine {T), cytosine {C), inosine {I}
and wractd (U). A polyanaclestide can be prepared using standard techniques well known to
one of skill in the art.

{01221 Polypeptides: In some erobodiments, the compositions of the present disclosure are
polypeptides or proteins or varants thereof. According to the present disclosure, any amino
acid-based molecule (natural or non-nataral) may be termed a “polypeptide” and this term
embraces “peptides,” “peptidomimetics,” and “proteins.” As used hercin, “polypeptide”
means a polymer of amino acid residues {natural or unnatural} linked together most often by
peptide bonds. The term, as used herein, refers to proteins, polypeptides, and peptides of any
size, structure, of function. A “peptidomimetic” or “polypeptide mimetic” is a polypeptide in
which the molecule contains structural clements that are not found in natural polypeptides
{i.e., polypeptides comprised of only the 20 protemmogenic amino acids). In some
embodiments, peptidomimetics are capable of recapitulating or mimicking the biclogical
action{s) of a natural peptide.

{0123  Polvpepride variani: The term “polypeptide varant” refers to molecules which
differ in their amino acid sequence from a pative or reference sequence. The amino acid
sequence variants may possess substitutions, deletions, and/or insertions at certain positions
within the amino acid sequence, as compared 1o a native or reference sequence. Ordinarily,
variants will posseas at least about 30% identity (homologyv} to a native or reference
sequence, and preferably, they will be at least about 80%, more preferably at least about 90%
identical {homologous) to a native or reference sequence.

{0124]  Recombinant: The term “recombinant” as used herein refers to a genetic entity
distinct from that generally found 1o nature. As apphied to a polymucieotide or gene, this
means that the polvnuclesatide is the product of various combinations of cloning, restriction
and/or ligation steps, and other procedures that result in the production of a construct that is
distinet from a polynucleotide found in nature.

{8125}  Sample: Asused herein, the term “sample” refers to an aliquot or portion taken
from a source and/or provided for analysis or processing. In some embodiments, a sample is
from a biological source such as a tissue, cell or component pait {¢.g., a body fluid, including
but not hmuted to blood, mucus, lymphatic fluid, synovial fluid, cerebrospinal fluid, saliva,

ammotic fluid, ammiotic cord blood, urine, vaginal fhud and semen). In some embodiments, a
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sample may be or include a homogenate, lysate or extract prepared from a whole organism or
a subset of its tissues, cells or component pasts, or a fraction or portion thereof, inchuding but
not linuted to, for example, plasma, serumn, spinal fluid, lymph thad, the external sections of
the skin, respiratory, intestinal, and gemtourinary tracts, tears, saliva, milk, blood cells,
tamors, of organs. In some embodiments, a sample 1s or includes 3 medivm, such as a
nutrient broth or gel, which may contain cellular components, such as proteimns. In some
embodiments, a “primary” saruple is an aliguot of the source. To some crabodinments, a
primary sample is subjected to one or more processing {e.g., separation, purification, etc.)
steps 1o prepare a sample for analysis or other use.

[0126]  Subsiantialiv. As used herein, the term “substantially” refers to the qualitative
condition of exhibiting total or neartotal extent or degree of a characteristic or property of
wterest. One of ordinary skill in the biological arts will enderstand that biological and
chemical phenomena rarely, if ever, go to completion and/or proceed to comploteness o
achieve or avoid an absolute result. The term “substantially” is therefore used herein to
capture the potential lack of completeness mherent m many biological and chemical
phenomena.

{8127} Terminus: As used herein the terms “termind”™ or “termimus” when referring to
polypeptides refers to an extremity of a peptide or polypeptide. Such extremity 15 not linuted
only to the first or final site of the peptide or polypeptide but may include additional amino
acids in the terminal regions. The poly peptide-based molecules described heorein may be
characterized as having both an N-terminus (ferminated by an anmino acid with a free amino
group (NH23) and a C-terminus (terminated by an amino acid with a free carboxyl group
{COOH)). Proteins described herein are in some cases made up of multiple polypeptide
chains brought together by disulfide bonds or by non-covalent forces {multimers, oligomers}).
These sorts of proteins will have multiple N~ and C~ermind. Alternatively, the termim of the
polypeptides may be modified such that they begin or end, as the case may be, with a non-
polypeptide based moiety such as an organic conjugate.

{0128)  Therapeutically effective amount: As used herein, the term “therapeutically
effective amount” means an amount of an agent to be dehivered that is sufficient, when
administered to a subject suffering from or susceptible (0 a disease, disorder, and/or
condition, to treat, improve symyrtoms of, diagnose, prevent, and/or delay the onset of the
disease, disorder, and/or condition.

{8129]  Treaiing: As used herein, the term “treating” refers to partially or completely

alleviating, ameliorating, improving, relieving, delaying onset of, inhibiting progression of,
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reducing severity of, and/or reducing incidence of one or more symptoms or features of a
particular discase, disorder, and/or condition. Treatment may be administered to a subject
who docs not exhubit signs of a disease, disorder, and/or condition and/or 1o a subject who
exhibits only early signs of a disease, disorder, and/or condition for the purpose of decreasing
the risk of developing pathology associated with the disease, disorder, and/or condition.
{0330]  Treatment: As used herein the terms “treat,” “treatment,” and the hike, refer to
reliet from or alleviation of pathological processes. In the coutext of the present disclosure, it
relates to any of the other conditions recited herein below, the terms “treat,” “treatment,” and
the like mean to religve or alleviate at least one svmptom associated with such condition, or
to slow or reverse the progression or anticipated progression of such condition.

{131]  Treatment dose: As used berein, “treatment dose” refers to one or more doses of a
therapeutic agent administered in the course of addressing or alleviating a therapeutic
indication. Treatment doses may be adjusted to maintain a desired concentration or level of

activity of a therapeutic agent in a body fluid or biological system.
VI EQUIVALENTS AND SCOPE

{6132]  While various embodiments of the disclosure have been particularly shown and
described 1n the present disclosure, it will be understood by those skilled m the art that
various changes in form and details may be made without departing from the spirit and scope
of the embodiments disclosed herein and set forth in the appended claims.

{8133]  Those skilled in the art will recognize or be able to ascertain using no more than
routing experimentation, many equivalents to the specific embodiments described herein. The
scope of the present disclosure is not intended to be limited to the above description, but
rather is as set forth o the appended claios.

{#134] o the claims, articles such as “a,” “an,” and “the” may mean one or more than one
urdess indicated to the contrary or otherwise evident from the context. Claims or descriptions
that jnclude “or” between one or more members of a group are considered satisfied f one,
more than one, or all of the group members are present in, emploved in, or otherwise relevant
o a given product or process unless indicated to the contrary or otherwise evident from the
context. The disclosure includes embodiments in which exactly one member of a group i
present in, emploved in, or otherwise relevant to a given product or process. The disclosure
mchudes embodiments in which more than one, or all group members are present in,

employed 10, or otherwise relevant to a given product or process.
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[8138] 1t is also noted that the term “comprising” 1s intended to be open and permuts but
does not require the inclusion of additional elements or steps. When the term “comprising” is
used herein, the torms “consisting of” and “or including” are thus also encompassed and
disclosed.

{3136]  Where ranges arc given, endpoints are incloded. Furthermore, it is to be understood
that unless otherwise indicated or otherwise evident from the context and understanding of
one of ordinary skill 1n the art, values that are cxpressed as ranges can assume any specific
value or subrange within the stated ranges mn different embodiments of the disclosure, to the
tenth of the unit of the lower limut of the range, unless the context clearly dictates otherwise.
{6137}  To addition, i is to be understood that any particular embodimment of the present
disclosure that falls within the prior art may be explicitly excluded from any one or more of
the claims. Since sach embodiments are deemed to be known to those of ordinary skill in the
att, they may be excluded even if the exclusion is not set forth explicitly herein. Any
particular embodiments of composttions disclosed herein can be excluded from any one or
more claims, for any reason, whether or not related to the existence of prior art.

{8138] Al cited sources, for example, references, publications, databases, database
entries, and art cited herein, are incorporated o this application by reference, even if not
expressly stated in the citation. fn case of conflicting staternents of a cited source and the
wnstant application, the statement in the instant application shall control.

{3139}  Section and table headings are not intended o be himiting.
EXAMPLES
Example 1. BSG2 fusion polypeptide synthesis methods

{4149} DSG2 fusion polypeptides described herein are produced by recombinant DNA
techniques by synthesizing DNA encoding the desired polypeptide. Once coding sequences
for the desired polypeptides are synthesized or isolated, they are cloned into any suitable
vector for expression.

{8141}  The expression vector is inserted into a suitable host cell by transformation,
transduction, and/or transfection. The sequences of the DSG2 fusion polypeptides may be
optinized to yield maximal oxpression 1o a host cell. The host coll 15 any host cell known in
the art for expression of recombinant proteins. A number of manumahian cell lines are known
i the art and include immortalized cell lines available from the American Type Cultare
Collection {ATCC), such as, but not mited to, Chinese hamster ovary {CHO) cells, Hela
cells, HEK293, baby hamster kidney (BHE) cells, mounkey kidney cells {COS), human
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hepatocellular carcinoma cells {¢.g., Hep G2), Madin-Darby bovine kidney ("MBBK™) cells,
NGS cells derived from carcinoma cells, such as sarcoma, as well as others. Bacterial species
may also be used as host cells. Non-limiting exaraples include fscherichia coli, Bacillus
subtifis, and Streptococcus. Non-limiting examples of veast host cells useful in the present
disclosure mchude wter alia, Succharomyees cerevisiae, Candida atbicans, Candida maltosa,
Hansenula polymorpha, Kluyveromyces fragilis, Klwyveromyvees lactis, Fichia guillerimondii,
Pichia pasioris, Schizosaccharomyces pombe and Yarrowia lipolyiica,

{6142]  Depending on the expression system and host selected, the fusion polypeptides of
the present disclosure are produced by growing host cells expressing the expression vector
under conditions wherchy the protein of mterest is expressed. The protein is then isolated
from the host eclls and purified.

{0143]  Alternatively, the fusion polypeptides of the present disclosure may be synthesized
bv conventional tochnigques known 1n the art, for example, by chemical synthesis such as

solid phase peptide svanthesis.
Example 2. Anti-DBSG2 antibodies in post COVID-19 serwm samples

{6144]  Viral mtections, including COVID-~19, have been hypothesized to contribute to
autolmmune responses, ¢.g., by exposing previously hidden cryptic epitopes on damaged
cells to an activated immumne system (Ehrenfeld M, ot al.. Autotmmunity Reviews
2020,102597; the contents of which are herein incorporated by reference in its entirety ).
Given the high incidence of cardiac involvement seen in COVID-19 nfections, it was
hypothesized that anti-DSG2 antoantibodies might be generated as a result.

{6145} 300 convalescent serum samples were obtained from a group of post COVID-19
infected paticnts from October 2020 to Febraary 2021 from East Asian population. The mean

~
Ji
7

age of the study population was 37 years old (range 21-65 vears). 154 samples were drawn 6
months post-COVID-19 infection and 146 samples were drawn 9 months post COVID
infection. 17 samples were obtained from the same patient at the 6- and 9-month mark
{symptom status unknown). The negative control group sera were obtained from a
commercial source of self-declared healthy individuals. Positive control ARV sera were
obtained under International Council of Harmonization (ICH) gmdelines. An anti-drug
antthody {ADA) format assay was used for the detection of the anti-DSG2 antibodics. The
mean signal intensity of anti-DSG2 antibodies 1o the post COVID-19 samples was
significantly higher than that of a healthy control popudation as shown in Fig. 1 (194832 in

the post COVID-19 sample vs. 2.1+6 8 in the healthy control population, p value <0.001). Of
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note, 29.3% of the post COVID-19 micction samples demonstrated a signal higher than the
90th percentile of the control population and 8.7% have signals higher than the median found
m ARV patients. The presence of anti-DSG2 antibodies in samples obtained 6-9 months
after COVID-19 infoction suggests that the antibodies are not an acute phase reactant. The

results are also shown in Table 4 and Table 3.

Table 4. Analysis of anti-DSG2 antibody levels

Type N iMean{ Std |Minionom | Median | Maximum {p-value 1| p-value2
Dev

ARV Samples 5133581 3036 6201 2994 84.80

Convalescent Covid 3001 18,991 8318 3,94 1.2¢ 1670.00] 0.0030

Sample

Pre-Covid Samples 1524 2.3 6.82 0.71 .88 80,441 0.0003 <001
MNote: p-values arc based on the non-parametric rank-based Wilcoxon-Mann-Whitney Z-sided test, 3
pairwise comparison of the groups. Povalue 1 is the comparison versus the ARVC Samples; p-valoe
2 is the comparison versus the Convalescent Covid Sample

Table 5. Analysis of anti-DSG2 antibody levels

Pre-Covid Convalescent Covid ARVC Samples
Samples Samples

Nuraber of vahues i52 300 5
Minmum 0.71 0.9 6.2
25% Percentile 0.8 i 11,35
Median (.88 1.2 289
75% Percentile 1.375 4375 5765
Maxinn 80,44 1670 84.8
Pauge 7973 1069 78.6
10% Percentile 0.753 0.9 62
90% Percentile 3.044 2827 84.8
Mean 2.134 18.99 3358
Std. Deviation 6.82 83.18 36,36
Std. Error of Mean 0.5532 4803 13.58

{6146}  The signal intensity between the 6-month and 9-month samples did not differ
significantly between cach other (p=0.529). This was obscrved when all non-
conternporancously assessed 6 and 9 month samples (N=300; Fig. 2A) as well as in paired 6
month and 9 month samples analyzed by month of collection after COVID-19 infoction

(N=17; Fig. 2B)
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{61471  In conchusion, recovered COVID-19 patients demonstrated significantly higher and
sustained levels of anti-DSG2 autcantibodies as compared to a healthy control population,
and comparable to that of a diagnosed ARVC group. Of note, these sera were obtained well

after acute COVID-19 mnfection, suggesting that these antibodies may persist long-term.
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CLAIMS

{. An isolated polypeptide comprising a Desmoglein 2 (DSG2) fusion polypeptide, wherein
the DSG2 fusion polypeptide comprises:
a. a whole or a portion of a DSG2 protein (SEQ D NGO 1); and

b. a whole or a portion of an immunoglobulin protein.

2. The 1solated polypeptide of claim 1, wherein the DSG2 fusion polypeptide comprises a

portion of the DSG2 protein.

3. The 1solated polypeptide of claim 2, wherein the portion of the DSG2 protein is a whole or

a portion of an extracellalar region of the DSG2 protein.

4. The isolated polypeptide of claim 3, wherein the portion of DSG2 protein s the whole

extracellular region of DSGZ protem.

5. The isolated polypeptide of claim 4, wherein the whole extracellular region of DSG2

protein comprises the amino acid sequence of SEQ IDNG: 3

6. The isolated polypeptide of claim 3, wherein the portion of the DSGZ protein is a portion

of an extraceliular region of the DSG2 protein.

7. The isolated polypeptide of claim 6, wherein the portion of an extracelhddar region of the
DSG2 protein comprises at least one domain, wherem the at least one domain is an
extraceliular cadherm domain | (EC1), an extraceliular cadherin domain 2 (EC2), an
extracellular cadherin domain 3{EC3}, an extracellular cadherin domam 4 (FEC4), or an

extracelivlar anchor domain {EA).

8. The 1solated polvpeptide of claim 7, wherem the portion of an extracellular region of the

DSG2 protein comprises two domains.
O, The 1solated polypeptide of claim 8§, whercin the portion of the extracellular region of the

DSG2 protein 1s EC4EA, ECIEC2, EC2ECS, EC3EC4, ECIEA, ECIEC3, EC2EC4, or
EC3EA.
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10. The isolated polypeptide of claim 7, wherein the portion of an extracelldar region of the

DSGEZ protein comprises three domains.

11. The isolated polypeptide of claim 10, wherein the portion of the extracellular region of
the DSG2 protein is ECIECIEA, ECIEC4EA, ECIEC3EA, EC3EC4EA, ECIECZECS,
EC2ECIECY, or ECIEC4EA.

12. The isofated polypeptide of claim 7, wherein the portion of an extracelhular region of the

DSGZ protein comprises four domains.
13. The isolated polypeptide of claim 12, wherein the portion of the extracellular region of
the DSG2 protein 1s ECIEC2EC4EA, EC2EC3EC4EA, ECIEC2EC3ECAEA,

ECIEC2EC3ECY, or ECIEC2ECIEA.

14. The solated polvpeptide of claim 1, wherein the DSG2 fuston polypeptide comprises a

portion of an immunoglobulin protein.

15. The isolated polypeptide of claim 1 or claim 14, wherein the immunoglobulin protein is

an fg(, an IgM, an IgA, an IgD or, an IgE.

16. The isolated polvpeptide of claim 15, wherein the immunoglobulin is an IgG.

17. The isolated polypeptide of claim 16, wherein the 1gG 1s an IgG1, an 1gG2, an IgG3, and

an IgG4.
18, The isolated polvpeptide of claim 14, wherein the portion of the tmamunoglobulin protein
is an Fe region, an Fab region. a heavy chain vanable (VH) dormain, a heavy chain constant

domain, a hght chain variable (VL) domain, or a light chain constant domain.

19. The isclated polypeptide of clain 18, wherein the portion of the immunoglcbulin protein

is an Fe region.
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20. The isolated polvpeptide of clain 19, wherein the Fe region is an IgG1 Fe region (SEQ
ID KNG: 5), an 1gG2 Fo region (SEQ I NG: 7), an [gG3 Fe region (SEQ ID NO: 93, or an
1gG4 Feregion (SEQ ID NG: 11}

21. The isolated polypeptide of claim 18, wherein the portion of the immunoglobulin protein

is a heavy chain constant domain.

22. The isolated polvpeptide of claim 21, wherein the heavy chan constant is an IgG1 heavy
chain constant domain (SEQ ID NQO: 43, an Ig(G2 heavy chain constant domain (SEQ 1D NG:
6), an Ig(G3 heavy chain constant domain (SEQ 1D NG: 8), or an Ig(G4 heavy chain constant

domain (SEQ ID NG: 10}

23. The isolated polypeptide of any one of clamms 1-22, whercin the DSG2 fusion polypeptide

further comprises a linker.

24. The isolated polypeptide of claim 23, wherein the linker is from about 5 amino acids to

about 30 amino acids in length.

25. The isolated polypeptide of claim 24, wheren the linker s GGGGS (SEQ ID NO: 12}

26. The isolated polvpeptide of claim 24, wherein the linker is FAAAK (SEQ ID NG: 13).

27. The wsolated polypeptide of any one of clamms 1-26, wherein the DSG2 fusion polypeptide

further comprises a signal sequence.

28 A cell expressing the isolated polypeptide of any one of claims 1-27.

29. A method of treating a condition associated with serum anti DSG2 autoantibodics , the
method comprising contacting the subject with the isolated polypeptide of any one of claims

1-27, or a cell of claim 2€.

30. The method of claim 29, wherein the condition 15 a cardiomyopathy.
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31

33.

34.

35

The method of any one of claims 29 or 30, wherein the condition is an autoinuymune

disorder.

- A method of treating post-COVID-19 syndrome in a subject, the method comprising:

(1) contacting the subject with the isolated polypeptide of any one of claims 1-27, or a cell
of claim 2%; and

(11} ovaluating one or more symptoms associated with post-COVID-19 syadrome selected
from the group consisting of arrvthmia, myocarditis, heart failure, shortness of breath,
fatigue, edema, orthopnea, hmitations to exertion, impaired cognitive abilities,
palpitations, dizziness, syncope, and lightheadedness,

wherein the treatment 1s effective in ameliorating the one or more symptoms associated

with post-COVID-19 syndrome.

The method of claim 32, wherein serum of the subject comprises anti-DSG2 antibodies.

The method of claim 32, wherein the subject was previously diagnosed with COVID-19.

The method of claim 34, wherein serum of the subject comprises anti-SARS-CoV-2

antibodies.

36.

The method of claim 34, wherein the serum of the subject does not comprise anti-SARS-

CoV-2 antibodies.

37.

A method of treating COVID-19 in a subject, the method comprising:

(1) contacting the subject with the 1solated polypeptide of anv one of clatms 1-27, ora cell
of claim 28; and

{i1) evaluating one or more symptoms associated with COVID-19 selected from the group
consisting of fever or chills, cough, shortness of breath or difficulty breathing, fatigue,
muscle or body aches, headache, new loss of taste or smell, sore throat, congestion or
runny nose, nansea or vomiting, diarrhea, trouble breathing, persistent pain or pressure in
the chest,

wherein the treatment s effective in ameliorating the one or more symptoms associated

with COVID-19.
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38. A method of treating cardiomyvopathy in a subject, the method comprising:
(1) contacting the subject with the 1solated polypeptide of any one of claims 1-27, or a celi
of claim 28, and
(i1} measuring one or more symptoms associated with cardiomyopathy selected from the
group consisting of arrhythmia, palpitations, myocarditis, heart failure, poor cardiac

output, and reduced ejection fraction.

39. The method of claim 338, wherein the cardiomyopathy is arthythmogenic right ventricular

cardiomyopathy.

490. The method of claim 38, wherein the cardiomyopathy 1s caused by a virus, a bacterium, a

parastte or a fungus.
41. The method of clairn 40, wherein the cardiomyopathy 15 caused by a virus and wherein
the virus 15 a SARS- CoV2, an adenovirus, a hepatitis virus, a parvovirus, a herpes simplex

virus, an echovirus, an Epstein-Barr virgs, a rubella virus | a cytomegaloviras, or an HIV.

42, The method of claim 40, wherein the cardiomyopathy is caused by a bacterum and

wherein the bacterium is a Staphylococeus, a Streptococeus, or a Borrelia,

43. The method of claim 40, wherein the cardiomyopathy is caused by a parasite and wherein

the parasite 1s a Trypanosoma or a Toxoplasma.

44 The method of clainm 40, wherein the cardiomyopathy is caused by a fungus and wherein

the fungus a Candida, an Aspergillus, or a Histoplasma.

45. The method of claim 38, wherein the serum of the subject comprises anti-DSG2

antibodies.
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