wo 2023/081663 A1 | NI 0000 AR 00 O  O  0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert N
e Organization = U0 A 0 T OO0 0
International Bureau / (10) International Publication Number
(43) International Publication Date = WO 2023/081663 Al
11 May 2023 (11.05.2023) WIRPOIPCT
(51) International Patent Classification:
A61K 38/16 (2006.01) CO7K 14/005 (2006.01)
A61P 35/00 (2006.01)

(21) International Application Number:
PCT/US2022/079091

(22) International Filing Date:
01 November 2022 (01.11.2022)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
63/274,643 02 November 2021 (02.11.2021) US

(71) Applicant: RUSH UNIVERSITY MEDICAL CENTER
[US/US], 1653 West Congress Parkway, Chicago, Illinois
60612 (US).

(72) Inventor: PAHAN, Kalipada; 7830 Tripp Avenue, Skok-
ie, [llinois 60076 (US).

(74) Agent: HASAN, Aisha R.; Barnes & Thornburg LLP, 4208
Six Forks Road, Suite 1010, Raleigh, North Carolina 27609
USs).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY,MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS OF TREATING LUNG CANCER AND OTHER CANCERS BY RECOMBINANT SARS-COV-2 SPIKE S1

(57) Abstract: Described herein is a novel method of treating cancer in a patient in need thereof, comprising administering a therapeu-
tically effective amount of SARS-CoV-2 Spike S1 polypeptide.



WO 2023/081663 PCT/US2022/079091

METHODS OF TREATING LUNG CANCER AND OTHER CANCERS BY
RECOMBINANT SARS-COV-2 SPIKE S1

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
63/274,643, filed November 2, 2021, the contents of which are hereby incorporated by

reference.

STATEMENT REGARDING SEQUENCE LISTING

[0002] The Sequence Listing associated with this application is provided in XML format
in lieu of paper copy, and is hereby incorporated by reference into the specification. The
name of the XML file containing the Sequence Listing is “42960-374014_ST26.” The
text file is 2.59 KB, was created on Nov. 01, 2022, and is being submitted electronically,

concurrent with the filing of this specification.

TECHNICAL FIELD

[0003] Described herein is a novel method of treating cancer comprising administration

of a recombinant SARS-CoV-2 spike S1 protein.

BACKGROUND OF THE INVENTION

[0005] According to the Centers for Disease Control and Prevention, cancer is the number
two cause of death in the USA, second only to heart disease [1]. Ironically, among all
cancers, lung cancer is by far the leading cause of cancer death in which more than
130,000 people die each year in the USA. In fact, more people die of lung cancer than of
colon, breast and prostate cancers combined, approximately amounting to 25% of all
cancer deaths in the USA [2]. The five-year survival rate for lung cancer patients (22%)

is also significantly lower than other cancers [3].

[0006] Therefore, understanding molecular mechanisms and developing an effective
therapeutic approach for lung cancer are of paramount importance. Interestingly, the
1
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renin-angiotensin system plays an important role in lung tumor progression or metastasis
[4]. It has been shown that the low expression of angiotensin-converting enzyme 2
(ACEZ2) is associated with tumor grade in lung cancer and that overexpression of ACE2
suppresses the invasion and angiogenesis of non-small cell lung cancer (NSCLC) [5,6].
Therefore, stimulation of ACE2 may be an important mechanism to control lung cancer
growth.

[0007] Through the recent COVID-19 pandemic, SARS-CoV-2 was shown to be a
unique molecule that activates and stimulates the ACE2 signaling pathway [7-10]. The
spike S1 protein of SARS-CoV-2 binds to the ACE2 receptor to enter and infect human
cells [8-11]. Thus, SARS-CoV-2 spike S1 may provide a possible therapeutic potential for
cancers that overexpress ACE2 receptor.

INCORPORATION BY REFERENCE

[0008] All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference with regard to their background
teachings to the same extent as if each individual publication, patent, or patent application

was specifically and individually indicated to be incorporated by reference.

SUMMARY OF THE INVENTION

[0009] One embodiment described herein is a method of treating cancer comprising
administering to a patient in need thereof, a therapeutically effective amount of a
recombinant SARS-CoV-2 Spike S1 or a biologically active fragment thereof. In one
aspect, the recombinant SARS-CoV-2 Spike S1 or a biologically active fragment thereof
comprises the amino acid sequence of SEQ ID NO. 1.

[0010] In another aspect, the recombinant SARS-CoV-2 Spike S1 or a biologically

active fragment thereof is administered intranasally, subcutaneously, or intravenously.

[0011] In one aspect, the recombinant SARS-CoV-2 Spike S1 or a biologically active
fragment thereof is administered intranasally

2
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[0012] In another aspect, the therapeutically effective amount comprises about 1 to
about 50 ng/mL. In one aspect, the therapeutically effective amount comprises about 50
ng/kg body weight. In another aspect, the therapeutically effective amount comprises
about 1 ng/mL. In another aspect, the therapeutically effective amount comprises about

5 ng/mL. In one aspect, the therapeutically effective amount comprises about 10 ng/mL.

[0013] In another aspect, the cancer comprises lung cancer, kidney cancer or heart

cancer. In one aspect, the cancer comprises lung cancer.

[0014] In another aspect, the method further comprising administration of one or more

additional therapeutic agents.

[0015] Another embodiment described herein is an isolated SARS-CoV-2 Spike S1
polypeptide comprising the amino acid sequence of SEQ ID NO: 1. In one aspect is a
pharmaceutical composition comprising the polypeptide described herein and a

pharmaceutically acceptable carrier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The features of the present disclosure are set forth with particularity in the
appended claims. A better understanding of the features and advantages of the present
disclosure will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the disclosure are utilized, and the

accompanying drawings of which:

[0011] Figure 1: Effect of recombinant SARS-CoV-2 spike S1 on the survival of
human A549 lung cancer cells. A549 cells were treated with spike
S1 protein for 24 h under serum-free condition followed by
monitoring cell death by LDH release (Fig. 1A) and MTT (Fig. 1B).
Annexin V and Pl FACS double staining was also performed (Fig.
1C). Quantitative analysis of percent apoptotic cells is presented
(Fig. 1D). Values are presented as mean + SD of three
independent experiments. *p<0.05; ** p<0.01.
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[0012]

[0013]

[0014]

Figure 2:

Figure 3:

Figure 4:

PCT/US2022/079091

Recombinant SARS-CoV-2 spike S1 induces apoptosis in human
A549 lung cancer cells. A549 cells were treated with different doses
of spike S1 protein for 12 h under serum-free condition followed by
monitoring apoptosis by TUNEL (Fig. 2A). TUNEL positive cells
were counted in 10 varied images per group and plotted as percent
of total cells (Fig. 2B). Fig 2C) Cells were immunoblotted for
apoptosis-related molecules (BAD, caspase 3 and cleaved caspase
3). Actin was run as a loading control. Bands were scanned and
values (Fig. 2D, BAD/Actin; Fig. 2E, cleaved caspase 3/Actin; F,
caspase 3/Actin) presented as relative to control. Fig. 2G) Cells
were immunoblotted for survival-related molecule (Bcl2). Actin was
run as a loading control. Fig. 2H) Bands were scanned and values
(Bcl2/Actin) presented as relative to control. Results are mean + SD
of three different experiments. *p<0.05; ** p<0.01; *** p<0.001.
Scale bar =22 um.
Spike S1-mediated death of human A549 lung cancer cells
depends on ACEZ2 receptor. A549 cells were treated with 5 ng/ml
spike S1 protein in the presence or absence of neutralizing
antibodies against spike S1 (0.5 pg/ml) under serum-free condition.
After 24 h, cell viability was monitored by LDH release (Fig. 3A) and
MTT (Fig. 3B). Control A549 cells were immunostained for ACE2
(Fig. 3C). DAPI was used to stain nuclei. Cells were treated with 5
ng/ml spike S1 protein in the presence or absence of neutralizing
antibodies against ACE2 (0.5 pg/ml) under serum-free condition.
After 24 h, cell viability was monitored by LDH release (Fig. 3D)
and MTT (Fig. 3E). Results are mean + SD of three different
experiments. *p<0.05; ** p<0.01; ***p< 0.001. Scale bar =10 um.
Effect of recombinant SARS-CoV-2 spike S1 on the survival of
human H1299 and H358 lung cancer cells. H1299 (Fig. 4A & 4C)
and H358 (Fig. 4B & 4D) cells were treated with spike S1 protein
for 24 h under serum-free condition followed by monitoring cell
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[0015]

[0016]

Figure 5:

Figure 6:

PCT/US2022/079091

death by LDH release (Fig. 4A & 4B) and MTT (Fig. 4C & 4D).
Results are mean + SD of three different experiments. *p<0.05; **
p<0.01; ***p< 0.001.

Intranasal administration of recombinant SARS-CoV-2 spike S1
causes regression of lung tumor in NNK-challenged female A/J
mice. The experimental design is illustrated for NNK-induced lung
cancer in A/J mice (Fig. 5A). Briefly, female A/J mice (5-6 week old)
received two intraperitoneal (i.p.) injections of NNK (50 mg/kg body
weight) one week apart. Tumor development was analyzed after 26
weeks of NNK intoxication. Mice were treated with spike S1 (50
ng/mouse/2 d) intranasally on alternate days starting from 22
weeks of NNK insult for 4 weeks followed by sacrificing mice on 26
weeks. Representative lung appearance in different groups of mice
(Fig. 5B). Lung sections were stained for H&E (Fig. 5C). The
histological tumor area was quantified in a 4x field as a percent of
control (Fig. 5D). The number of lung lesions is shown in different
groups of mice (E). Results are mean + SD of 5 mice per group.
*p<0.05; ** p<0.01; ***p< 0.001. Scale bar =20um.

Intranasal administration of recombinant SARS-CoV-2 spike S1
induces apoptosis in lung tumors of NNK-insulted female A/J mice.
Female A/J mice (5-6 week old) received two intraperitoneal (i.p.)
injections of NNK (50 mg/kg body weight) one week apart. Mice
were treated with spike S1 (50 ng/mouse/2 d) intranasally on
alternate days starting from 22 weeks of NNK-insult for 4 weeks
followed by sacrificing mice on 26 weeks. Tumor tissue sections
were labeled for TUNEL (Fig. 6A) followed by counting of TUNEL-
positive cells in two sections (two images per section) of each of
five mice per group (Fig. 6B). Results are mean + SD of 5 mice per

group. *p<0.05; ** p<0.01; ***p< 0.001. Scale bar = 40 um.
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DETAILED DESCRIPTION OF THE DISCLOSURE

[0017] The following description and examples illustrate embodiments of the present

disclosure in detail.

[0018] It is to be understood that the present disclosure is not limited to the particular
embodiments described herein and as such may vary. Those of skill in the art will
recognize that there are variations and modifications of the present disclosure, which are
encompassed within its scope.

[0019] Allterms are intended to be understood as they would be understood by a person
skilled in the art. Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which the disclosure pertains.

[0020] The section headings used herein are for organizational purposes only and are

not to be construed as limiting the subject matter described.

[0021] Although various features of the disclosure may be described in the context of a
single embodiment, the features may also be provided separately or in any suitable
combination. Conversely, although the present disclosure may be described herein in the
context of separate embodiments for clarity, the present disclosure may also be
implemented in a single embodiment. The following definitions supplement those in the
art and are directed to the current application and are not to be imputed to any related or
unrelated case, e.g., to any commonly owned patent or application. Although any
methods and materials similar or equivalent to those described herein may be used in the
practice for testing of the present disclosure, the preferred materials and methods are
described herein. Accordingly, the terminology used herein is for the purpose of

describing particular embodiments only, and is not intended to be limiting.

[0022] In this application, the use of the singular includes the plural unless specifically
stated otherwise. It must be noted that, as used in the specification, the singular forms

“a,” “an” and “the” include plural referents unless the context clearly dictates otherwise.

[0023] In this application, the use of “or” means “and/or” unless stated otherwise. The
terms “and/or” and “any combination thereof” and their grammatical equivalents as used
6
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herein, may be used interchangeably. These terms may convey that any combination is
specifically contemplated. Solely for illustrative purposes, the following phrases “A, B,
and/or C” or “A, B, C, or any combination thereof” may mean “A individually; B individually;
C individually; A and B; B and C; A and C; and A, B, and C.” The term “or” may be used

conjunctively or disjunctively, unless the context specifically refers to a disjunctive use.

[0024] Furthermore, use of the term “including” as well as other forms, such as “include,”

“includes,” and “included,” is not limiting.

[0025] Reference in the specification to “some embodiments,” “some aspects,” “an

another aspect”, “one embodiment,

embodiment,” “an aspect, one aspect” or “other
embodiments” or “other aspects” means that a particular feature, structure, or
characteristic described in connection with the embodiments is included in at least some

embodiments, but not necessarily all embodiments, of the present disclosures.

[0026] As used in this specification and the claim(s), the words “comprising” (and any
form of comprising, such as “comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any form of including, such as
“‘includes” and “include”) or “containing” (and any form of containing, such as “contains”
and “contain”) are inclusive or open-ended and do not exclude additional, unrecited
elements or method steps. It is contemplated that any embodiment discussed in this
specification may be implemented with respect to any method or composition of the
disclosure, and vice versa. Furthermore, compositions of the present disclosure may be

used to achieve methods of the present disclosure.

[0027] The term “about” or “approximately” means within an acceptable error range for
the particular value as determined by one of ordinary skill in the art, which will depend in
part on how the value is measured or determined, i.e., the limitations of the measurement
system. For example, “about” may mean within 1 or more than 1 standard deviation, per
the practice in the art. Alternatively, “about” may mean a range of up to 20%, up to 10%,
up to 5%, or up to 1% of a given value. In another example, the amount “about 10”
includes 10 and any amounts from 9 to 11. In yet another example, the term “about” in
relation to a reference numerical value may also include a range of values plus or minus

10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% from that value. Alternatively, particularly
7
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with respect to biological systems or processes, the term “about” may mean within an
order of magnitude, preferably within 5-fold, and more preferably within 2-fold, of a value.
Where particular values are described in the application and claims, unless otherwise
stated the term “about” meaning within an acceptable error range for the particular value
should be assumed.

[0028] “Administering” is referred to herein as providing one or more compositions or
therapies as described herein to a patient or a subject. By way of example and not
limitation, composition administration, e.g., injection, may be performed by intravenous
(i.v.) injection, sub-cutaneous (s.c.) injection, intradermal (i.d.) injection, intraperitoneal
(i.p.) injection, or intramuscular (i.m.) injection, or intranasal. One or more such routes
may be employed. Parenteral administration may be, for example, by bolus injection or
by gradual perfusion over time. Alternatively, or concurrently, administration may be by
the oral route or intranasally. Additionally, administration may also be by surgical
deposition of a bolus or pellet of cells, or by medical device.

[0029] As used herein, the term "amount" refers to "an amount effective" or
"therapeutically effective amount" of a recombinant SARS-CoV-2 Spike S1 protein, to
achieve a beneficial or desired prophylactic or therapeutic result, including clinical
results. A "therapeutically effective amount" of a recombinant SARS-CoV-2 Spike S1
protein may vary according to factors such as the disease state, age, sex, and weight of
the individual. A therapeutically effective amount is also one in which any toxic or
detrimental effects protein are outweighed by the therapeutically beneficial effects. The
term "therapeutically effective amount" includes an amount that is effective to "treat" a
subject (e.g., a patient). When a therapeutic amount is indicated, the precise amount of
the protein and/or compositions of the protein in the present disclosure to be
administered may be determined by a physician with consideration of individual
differences in age, weight, tumor size, extent of infection or metastasis, and condition of
the patient (subject).

[0030] As used herein, the term "cancer" relates generally to a class of diseases or
conditions in which abnormal cells divide without control and may invade nearby

tissues.
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[0031] As used herein, the term "cancerous cell," "cancer cell," "tumor cell" or variant
thereof refers to an individual cell of a cancerous growth or tissue. A tumor refers
generally to a swelling or lesion formed by an abnormal growth of cells, which may be
benign, pre—malignant, or malignant. Most cancers form tumors, but some, e.g.,
leukemia, do not necessarily form tumors. For those cancers that form tumors, the
terms cancer (cell) and tumor (cell) are used interchangeably. The amount of a tumor in
an individual is the "tumor burden" which may be measured as the number, volume, or
weight of the tumor.

[0032] The term “composition” as used herein is intended to encompass a product
comprising specific ingredients in specified amounts, as well as any product which results,
directly or indirectly, from combination of the specified ingredients in the specified
amounts. By “pharmaceutically acceptable” it is meant the carrier, diluent or excipient
must be compatible with the other ingredients of the formulation, including the vectors
described herein, and not deleterious to the recipient thereof. A “pharmaceutically
acceptable carrier” is any carrier which is relatively non-toxic and innocuous to a patient
at concentrations consistent with effective activity of the active ingredient so that any side

effects ascribable to the carrier do not vitiate the beneficial effects of the active ingredient.

[0033] “Patient” or “subject” as used herein refers to a mammalian subject diagnosed
with or suspected of having a cancer. Exemplary patients may be humans, apes, dogs,
pigs, cattle, cats, horses, goats, sheep, rodents and other mammalians that may benefit
from the therapies disclosed herein. Exemplary human patients may be male and/or
female. “Patient in need thereof” or “subject in need thereof” is referred to herein as a
patient diagnosed with or suspected of having a disease or disorder, for instance, but not
restricted to cancer. For example, lung cancer, kidney cancer, or cancers in which there

is overexpression of ACE2 receptor.

[0034] As used herein, the term "substantially" refers to a quantity, level, value,

number, frequency, percentage, dimension, size, amount, weight or length that is 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher of a reference
quantity, level, value, number, frequency, percentage, dimension, size, amount, weight

or length. In one embodiment, "substantially the same" refers to a quantity, level, value,

9
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number, frequency, percentage, dimension, size, amount, weight or length that
produces an effect, e.g., a physiological effect, that is approximately the same as a
reference quantity, level, value, number, frequency, percentage, dimension, size,
amount, weight or length.

[0035]

[0036] As used herein, the term “treatment”, “treating”, or its grammatical equivalents
refers to obtaining a desired pharmacologic and/or physiologic effect. In some
embodiments, the effect is therapeutic, i.e., the effect partially or completely cures a
disease and/or condition. In some embodiments, the term “treating” may include inhibiting

or “preventing” a disease or a condition, including cancer.

[0037] For the recitation of numeric ranges herein, each intervening number there
between with the same degree of precision is explicitly contemplated. For example, for
the range of 6-9, the numbers 7 and 8 are contemplated in addition to 6 and 9, and for
the range 6.0-7.0, the number 6.0, 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are
explicitly contemplated.

[0038] The present disclosure describes novel methods of treating cancer comprising
administering a recombinant SARS-CoV-2 Spike S1 protein.

[0039] The genome of SARS-CoV-2 was determined, as was the crystal structure of the
viral envelope spike glycoprotein (S protein), responsible for attachment and fusion with
human cells and thus host-to-host transmission. S protein is proteolytically cleaved into
S1 and S2 subunits prior to infection. S1 binds to a receptor on the target cell surface
known as angiotensin converting enzyme 2 (ACE2), which is thought to initiate a series
of conformational changes in S2 which facilitates viral fusion and the initiation of infection.
Because of the low expression of angiotensin-converting enzyme 2 (ACE?2) is associated
with tumor grade in lung cancer and that overexpression of ACE2 suppresses the
invasion and angiogenesis of non-small cell lung cancer (NSCLC) [5,6], stimulation of the
ACE2 receptor may play a role in cancer growth.

[0040] Thus one embodiment described herein is a method of treating cancer

comprising administering to a patient in need thereof, a therapeutically effective amount

10
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of a recombinant SARS-CoV-2 Spike S1 protein, or a biologically active fragment thereof.
In one aspect, the the recombinant SARS-CoV-2 Spike S1 or a biologically active
fragment thereof comprises the amino acid sequence of SEQ ID NO. 1.

SLVSLLSVLLMGCVAETGTQCVNLTTRTQLPPAYTNSFTRGVYYPDKVF

RSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYF
ASTEKSNIIRGWIFGTTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGV

YYHKNNKSWMESEFRVYSSANNCTFEYVSQPFLMDLEGKQGNFKNLR

EFVFKNIDGYFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLA
LHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCA
LDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFN
ATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCF
TNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNL

DSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYF
PLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKC

VNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDIT

PCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYS
TGSNVFQTRAGCLIGAEHVNNSYECDIPI (SEQ ID NO: 1).

[0041] in one aspect describad herein, polynucleotides encoding one or more of the
proteins contemplated herein agre provided. As used herein, "isclaled polynuclectide”
refers {0 a polynucleotide that has been purified from the sequences which flank itin a
naturally—oceurring state, e.g., a DNA fragment that has been removed from the
saequences that are normally adjacent to the fragment. An "isolated polynucleotide” also
refers o a complementary DNA (cDNA), a recombinant DNA, or other polynucleotide that
does not exist in nature and that has been made by the hand of man. As used herein,
the terms "polynuciectide” or "nucleic acid” refers 1o massenger RNA (mRNA), BNA,
genomic RNA {(gRNA), plus strand RNA (BNA(+)}), minus strand RNA (RNA({-})},
complementary BNA (CEBNA)Y or recombinant DNA. Polynucleotides include single and
double stranded polynuciectides. One aspect described herein is an isolated nucleic acid

molectle encoding any of the proteins or polypeptides described herein.

11
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[0042] Polynucleotides of the disclosure include polynucleotides or variants having at
least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%,
99% or 100% sequence identity to any of the reference sequences described herein
(see, e.¢., Sequence Listing), typically where the variant maintains at least one
biological activity of the reference sequence. In various illustrative embodiments, the
present disclosure contemplates, in part, polynucleotides comprising expression
vectors, viral vectors, and transfer plasmids, and compositions, and cells comprising the
same.
[0043] An example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity is the BLAST algorithm, which is described in Altschul
et al., 1977, Nuc. Acids Res. 25:3389-3402. BLAST is used, with the parameters
described herein, to determine percent sequence identity for the nucleic acids and
proteins of the invention. Software for performing BLAST analysis is publicly available
through the National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring
sequence pairs (HSPs) by identifying short words of length W in the query sequence,
which either match or satisfy some positive-valued threshold score T when aligned with
a word of the same length in a database sequence. T is referred to as the neighborhood
word score threshold (Altschul et al., supra). These initial neighborhood word hits act as
seeds for initiating searches to find longer HSPs containing them. The word hits are
extended in both directions along each sequence for as far as the cumulative alignment
score can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always>0)
and N (penalty score for mismatching residues; always<0). For amino acid sequences,
a scoring matrix is used to calculate the cumulative score. Extension of the word hits in
each direction are halted when: the cumulative alignment score falls off by the quantity
X from its maximum achieved value; the cumulative score goes to zero or below, due to
the accumulation of one or more negative-scoring residue alignments; or the end of
either sequence is reached. The BLAST algorithm parameters W, T, and X determine
the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) or 10, M=5,

12
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N=-4 and a comparison of both strands. For amino acid sequences, the BLASTP
program uses as defaults a wordlength of 3, and expectation (E) of 10, and the
BLOSUM®62 scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA,
89:10915 (1989)) alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a
comparison of both strands.
[0044] The BLAST algorithm also performs a statistical analysis of the similarity
between two sequences (see, e.g., Karlin & Altschul, Proc. Nat’l. Acad. Sci. USA,
90:5873-5787 (1993)). One measure of similarity provided by the BLAST algorithm is
the smallest sum probability (P(N)), which provides an indication of the probability by
which a match between two nucleotide or amino acid sequences would occur by
chance. For example, a nucleic acid is considered similar to a reference sequence if the
smallest sum probability in a comparison of the test nucleic acid to the reference nucleic
acid is less than about 0.2, more preferably less than about 0.01, and most preferably
less than about 0.001.
[0045] As used herein, the terms "polynucleotide variant" and "variant" and the like
refer to polynucleotides displaying substantial sequence identity with a reference
polynucleotide sequence or polynucleotides that hybridize with a reference sequence
under stringent conditions that are defined hereinafter. These terms include
polynucleotides in which one or more nucleotides have been added or deleted, or
replaced with different nucleotides compared to a reference polynucleotide. In this
regard, it is well understood in the art that certain alterations inclusive of mutations,
additions, deletions and substitutions may be made to a reference polynucleotide
whereby the expressed altered polynucleotide retains the biological function or activity
of the reference polynucleotide.
[0046] Polynucleotides may be prepared, manipulated and/or expressed using any of a
variety of well-established techniques known and available in the art. In order to
express a desired polypeptide, a nucleotide sequence encoding the polypeptide, may
be inserted into an appropriate vector. Examples of vectors are plasmid, autonomously
replicating sequences, and transposable elements. Additional exemplary vectors
include, without limitation, plasmids, phagemids, cosmids, artificial chromosomes such
as yeast artificial chromosome (YAC), bacterial artificial chromosome (BAC), or P1—
13
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derived artificial chromosome (PAC), bacteriophages such as lambda phage or M13
phage, and animal viruses. Examples of categories of animal viruses useful as vectors
include, without limitation, retrovirus (including lentivirus ), adenovirus, adeno—
associated virus, herpesvirus (e.g., herpes simplex virus), poxvirus, baculovirus,
papillomavirus, and papovavirus (e.g., SV40). Examples of expression vectors are
pClneo vectors (Promega) for expression in mammalian cells; pLentidN5S—-DEST™,
pLentibN5—-DEST™, and pLenti6.2N5-GW/lacZ (Invitrogen) for lentivirus—mediated
gene transfer and expression in mammalian cells. In some embodiments, the coding
sequences of the polypeptides or proteins disclosed herein may be ligated into such
expression vectors for the expression of peptides in mammalian cells. One aspect
described herein is an expression vector comprising an isolated nucleic acid of any of
the polypeptides described herein.
[0047] Polypeptides of the disclosure include polypeptides having at least about 50%,
60%, 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 99% amino acid identity thereto.
Peptides of the disclosure include variants having at least about 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% sequence identity to
any of the reference sequences described herein (see, e.g., Sequence Listing), typically
where the variant maintains at least one biological activity of the reference sequence.
Polypeptides include "peptide fragments." Peptide fragments refer to a peptide, which
may be monomeric or multi-meric that has an amino—terminal deletion, a carboxyl—
terminal deletion, and/or an internal deletion or substitution of a naturally—occurring or
recombinantly—produced polypeptide. In one aspect described herein, the recombinant
SARS-CoV2 Spike S1 protein is a recombinant polypeptide.
[0048] In certain embodiments, a peptide fragment may comprise an amino acid chain
at least 5 to about 500 amino acids long. It will be appreciated that in certain
embodiments, fragments are at least 5, 6, 7, 8,9, 10, 11,12, 13, 14, 15, 16,17, 18, 19,
20, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44,45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acids long.
[0049] A "host cell" includes cells transfected, infected, or transduced in vivo, ex vivo, or
in vitro with a recombinant vector or a nucleic acid, polynucleotide, peptide or polypeptide
of the disclosure. Host cells may include packaging cells, producer cells, and cells
14
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infected with viral vectors. In some embodiments, host cells infected with viral vector of
the disclosure are administered to a subject in need of therapy. In certain embodiments,
the term "target cell" is used interchangeably with host cell and refers to transfected,
infected, or transduced cells of a desired cell type.

[0050] Exemplary cancers contemplated herein include, but are not limited to, lung
cancer, heart cancer, or kidney cancer. Thus, in one aspect the cancer comprises lung
cancer. In another aspect, the cancer comprises any cancer in which ACE2 is
expressed.

[0051] According to another aspect of the present disclosure, pharmaceutical
compositions of any of the polypeptides described herein are provided.

[0052] Appropriate pharmaceutical compositions comprising the polypeptides
contemplated herein, and are based partly on the specific tissues, and cell types
involved. Pharmaceutical compositions appropriate for the cells of the instant disclosure
may be thus be formulated according to any means know in the art. (See for example:
Remington's Pharmaceutical Sciences, 15th Edition, chapter 33; Gagliardi et al., 2021;
or Hammond et al., 2021).

[0053] The pharmaceutical compositions for the administration of the polypeptides of
this disclosure may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the art of pharmacy. All methods include
the step of bringing the active ingredient into association with a carrier which constitutes
one or more accessory ingredients. In general, the pharmaceutical compositions are
prepared by uniformly and intimately bringing the active ingredient into association with
a liquid carrier or a finely divided solid carrier or both, and then, if necessary, shaping
the product into the desired formulation. In the pharmaceutical composition, the active
polypeptides is included in an amount sufficient to produce the desired effect upon the
process or condition of diseases.

[0054] The polypeptides or compositions described herein may be administered with a
pharmaceutically-acceptable carrier using any effective conventional dosage unit forms,
including, for example, orally, intranasally or the like. In some aspects, the polypeptides
or compositions may be administered intranasally.
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[0055] The compositions of the disclosure may also contain other conventional
pharmaceutically acceptable compounding ingredients, generally referred to as carriers
or diluents, as necessary or desired. Any of the compositions of this disclosure may be
preserved by the addition of an antioxidant such as ascorbic acid or by other suitable
preservatives. Conventional procedures for preparing such compositions in appropriate
dosage forms may be utilized.
[0056] in ancther aspect, the subject is a human or a patient. In ancther aspect, the
gffective amount is any amount required to demonstirate a therapeutic effect. The
therapeutically effective dosage of the cells or pharmaceutical compositions of the
instant disclosure may readily be determined for treatment of each desired indication.
[0057] The therapeutically effective amount of the polypeptides of this disclosure may
readily be determined for treatment of each desired indication. The amount of the
active ingredient (e.g., polypeptides) to be administered in the treatment of one of these
conditions may vary widely according to such considerations as the particular
polypeptide and dosage unit employed, the mode of administration, the period of
treatment, the age and sex of the patient treated, and the nature and extent of the
condition treated.
[0058] In one aspect, therapeutically effective amount of the SARS-CoV-2 Spike S1
polypeptide to be administered may generally range from about 1 ng/mL to about 50
ng/mL, about 1 ng/mL to about 40 ng/mL, about 1 ng/mL to about 30 ng/mL, about 1
ng/mL to about 20 ng/mL, about 1 ng/mL to about 10 ng/mL, about 1 ng/mL, about 2
ng/mL, about 3 ng/mL, about 4 ng/mL, about 5 ng/mL, about 6 ng/mL, about 7 ng/mL,
about 8 ng/mL, about 9 mg/mL or about 10 ng/mL.
[0059] In another aspect, therapeutically effective amount of the SARS-CoV-2 Spike S1
polypeptide to be administered may generally range from about 10 to about 100 ng/kg
body weight, about 20 to about 90 ng/kg body weight, about 30 to about 80 ng/kg body
weight, about 40 to about 75 ng/kg body weight, about 45 to about 65 ng/kg body
weight, about 45 ng/kg body weight, about 50 ng/kg body weight or about 60 ng/kg body
weight.
[0060] A unit dosage may contain from about 0.05 mg to about 500 mg of active
ingredient, and may be administered one or more times per day. The daily dosage for
16
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administration by injection, including intravenous, intramuscular, subcutaneous, and
intranasally may be from about 0.0001 mg/kg to about 10 mg/kg. The daily intranasal
concentration may be that required to maintain a daily dose of from 0.0001 mg/kg to 10
mg/kg.

[0061] Furhermore, the unit dosage may be administered multiple times daily, once
daily, every 2 days, twice a week, once a week, biweekly, or monthly.

[0062] The specific initial and continuing dosage regimen for each patient will vary
according to the nature and severity of the condition as determined by the attending
diagnostician, the activity of the specific peptide employed, the age of the patient, the
diet of the patient, time of administration, route of administration, rate of excretion of the
drug, drug combinations, and the like. The desired mode of treatment and number of
doses of the polypeptide of the present disclosure may be ascertained by those skilled
in the art using conventional treatment tests.

[0063] Another aspect described herein is a method of trealing cancer comprising
administering the polypeptides or pharmaceutical compositions described herein,
wherein the polypeptide or composition may be administerad in combination with one or
more chemotherapeutic agents, targeted inhibitors, immune checkpeint inhibitors, cell
therapies, monoclonal antibodies, oncolylic virus therapies, cancer vaccings, or immune
system maodulators, including but not limited to the full spectrum of compositions and
compounds which are known to be active in killing and/or inhibiting the growth

of cancer celis.

[0064] Chemotherapeutic agents, may include, but are not limited to to cisplatin,
carboplatin, camptothecin, indolizino, irinotecan, diflomotecan, exatecan, gimatecan,
irinotecan, karenitecin, lurtorecan, rubitecan, silatecan, topotecan

[0065] Antibodies may be polyclonal or monoclonal antibodies, humanized or human,
that bind to an epitope on any of the cancers described herein. Any suitable antibody
targeting the specific cancer contemplated herein may be used. In one aspectis a
method of treating cancer comprising administering to a subject in need thereof, an
effective amount of the polypeptides or a pharmaceutical composition comprising the
polypeptides described herein in combination with one or more antibody. Exemplary

antibodies for use with the cells or pharmaceutical composition described herein include
17



WO 2023/081663 PCT/US2022/079091

rituximab, trastuzumab, ibritumomab, cetuximab, bevacizumab, pantiumumab,
ofatumumab, ipilimumab, brentuximab vedotin, pertuzumab, ado-trastuzumab
emtansine, obinutuzumab, ramucirumab, pembrolizumab, blinatumomab, nivolumab,
dinutuximab, daratumumab, necitumumab, elotuzumab, atezolizumab, olaratumab,
avelumab, durvalumab, inotuzumab ozogamicin, tisagenlecleucel, gemtuzamab
0zogamicin, axicabtagene ciloleucel, mogamulizumab kpkc, moxetumomab pasudotox-
tdfk, cemiplimab-rwic, polatuzumab vedotinpiiq, enfortumab vedotinejfv, or fam-
trastuzumab. Other antibodies not described herein may also be used in combination
with the cells or pharmaceutical compositions described herein.
[0066] Targeted inhibitors comprise any targeted therapy, including but not limited to,
therapies that target a specific gene or protein. These may include targeted therapies
specific to a type of cancer. Examples of targeted inhibitors include inhibitors of HER2,
BCR-ABL, EGFR, and VEGF, PARP or kinase inhibitors.
[0067] In another aspect of the present disclosure the polypeptides or pharmaceutical
composition may be administered in combination with one or more additional
therapeutic agent. Potential other drugs include but not limited to: chemotherapeutic
drugs including but not limited to camptothecin, indolizino, irinotecan, diflomotecan,
exatecan, gimatecan, irinotecan, karenitecin, lurtorecan, rubitecan, silatecan, topotecan;
targeted inhibitors; and antibodies.
[0068] Depending on the individual medicaments utilized in a combination therapy for
simultaneous administration, they may be formulated in combination (where a stable
formulation may be prepared and where desired dosage regimes are compatible) or the
medicaments may be formulated separately (for concomitant or separate administration
through the same or alternative routes).
[0069] It will be readily apparent to one of ordinary skill in the relevant arts that
suitable modifications and adaptations to the compositions, methods, and applications
described herein may be made without departing from the scope of any embodiments or
aspects thereof. The compositions and methods provided are exemplary and are not
intended to limit the scope of any of the specified embodiments. All of the various
embodiments, aspects, and options disclosed herein may be combined in any and all
variations or iterations. The scope of the compositions, formulations, methods, and
18
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processes described herein include all actual or potential combinations of embodiments,
aspects, options, examples, and preferences herein described.

EXAMPLES
Reagents

[0070] Recombinant SARS-CoV-2 spike S1 (14-685) was purchased from Abeomics,
San Diego, CA. Recombinant human ACE2 protein (18-739) was purchased from
MyBiosource, San Diego, CA. Human lung carcinoma cell lines (A549, H1299 and H358)
and F-12K medium were obtained from ATCC, Manassas, VA. Hank’s balanced salt
solution, RPMI-1640, penicillin, streptomycin, and 0.05% trypsin were bought from
Mediatech (Washington, DC). Fetal bovine serum (FBS) was obtained from Atlas
Biologicals, Fort Collins, CO. While anti-SARS-CoV-2 spike S1 antibody was bought from
BioVision (Milpitas, CA), anti-hACE2 antibody was purchased from R&D Systems
(Minneapolis, MN).

Example 1

Cell culture
[0071] A549 (human lung carcinoma; KRAS mut; EGFR wt) non-small cell lung cancer
(NSCLC) cells were maintained at 37°C and 5% COz in F12K media, supplemented with
10% FBS, 100 U/mL penicillin, and 100 pg/mL streptomycin. Once cells reached 80%
confluence, these were passaged. Cells were washed with phosphate-buffered solution
(PBS) and treated with 0.25% Trypsin. Cells were suspended in F12K culture medium
and seeded into T75 flasks.
[0072] The same procedure was utilized for other cell lines purchased from ATCC:

e H1299 (human NSCLC, p53 negative)

e H358 (human NSCLC, KRAS mut)
These cells were cultured in RPMI-1640. Cells at logarithmic phase were used for

experiments.

Example 2
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Cytotoxicity Assays: MTT Assay

[0073] The viability of cells was evaluated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) method with an in vitro toxicology assay kit from
Sigma was seeded to measure mitochondrial activity. Cells were seeded in 24-well plates
with 500 mL of F12K medium then switched to serum free medium. Before adding MTT,
100 mL was removed to be used for LDH assay. MTT was added to each well for 2 hours
according to the protocol outlined by the manufacturer. After removing the supernatant,
formazan crystals were dissolved by adding equal volume of solution. At the end of the
treatment period, 300 mL of culture medium was removed from each well and 20 mL of
MTT solution (5 mg/mL) was added and incubated for 30 min. After distribution to a 96-
well plate, absorbance was measured at 595 nm with the Thermo-Fisher Multiskan™
MCC plate reader (Fisher).

Example 3
Lactate Dehydrogenase Measurement

[0074] The activity of lactate dehydrogenase (LDH) was measured using a lactate
dehydrogenase activity assay kit (Sigma). A volume from the MTT assay was used and
plated in a 96-well plate. An LDH master mix was prepared and added to each well. The
reaction was carried out at room temperature in the dark. The resultant absorbance was
measured at 450 nm with the Thermo-Fisher Multiskan™ MCC plate reader (Fisher).

Example 4
Fragment end labeling DNA

[0075] Fragmented DNA was detected in situ by the terminal deoxynucleotide
transferase (TdT) mediated binding of 3’'OH ends of DNA fragments generated in
response to apoptotic signals, using a commercially available kit (TdT FragEL DNA
Detection Kit) from Sigma (EMD Millipore). Coverslips containing A549 lung
adenocarcinoma cells cultured to 70-80% confluence were fixed with chilled methanol
(Fisher Scientific, Waltham, MA) for an hour, followed by two brief rinses with sterile PBS.
Cover slips were treated with 20 mg/mL proteinase K for 5 min at room temperature and
20
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washed in PBS before TdT staining. Samples were equilibrated for 30min in 1xTdT buffer
and washed with PBS prior to terminal deoxynucleotidyl transferase and DAPI (1:10,000,
Sigma) staining. After mounting coverslips and drying overnight, slides were visualized
using a Bio-Rad (Hercules, CA) MRC1024ES confocal laser-scanning microscope.

Example 5

Immunostaining

[0076] Immunocytochemistry was performed by plating coverslips containing A549 cells
cultured to 70-80% confluence. The cells were fixed with chilled methanol (Fisher
Scientific, Waltham, MA) for one hour, followed by rinses with filtered PBS. Samples were
blocked with 2% BSA (Fisher Scientific) in PBS containing Tween 20 (Sigma) and Triton
X-100 (Sigma) for 30 minutes and incubated at room temperature on a shaker. The
primary antibodies used included: IFN-y (1:100; E-Bioscience) incubated for 2 hours on
a shaker. After multiple washes in filtered PBS, coverslips were incubated with Cy5-
labeled secondary antibody (1:200; Jackson ImmunoResearch, PA) for 1 hr. After four
washes in PBS, cells were incubated for 5 minutes in 4°,6- diamindino-2- phenylindole
(DAPI, 1:10,000; Sigma). The coverslips were mounted and dried overnight then
observed under a Bio -Rad MRC1024ES confocal laser — scanning microscope, as
described earlier [14].

Example 6
Annexin V and PI flow cytometry

[0077] Single cell suspensions isolated from A549 cells were stained using the dead cell
apoptosis kit with Annexin V for flow cytometry (Thermofisher) according to manufacturer
instructions. Cells were washed with Annexin V buffer and stained with Annexin V and PI
(propidium iodide). Flow cytometry analyses were performed using the FACS Canto™ II
Flow cytometer (BD Biosciences) and analyzed using FlowJo™ Software (v10). Only
Annexin V, Pl, and unstained cells served as control.

Example 7

Immunoblotting
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[0078] Western Blotting was conducted using A549 cells which were seeded in a 6-well
plate at a density of 0.3 x 106 cells/mL for 24 h and then treated with or without spike
protein. After 48 h, the cells were harvested and lysed with lysis buffer containing 150
mM NaCl, 50 mM Tris (pH 8.0), 1% Triton-X, 0.1% SDS, 0.5% Na-Deoxycholate, and
protease and phosphatase inhibitor cocktail to extract the total protein. The cells were
transferred to microcentrifuge tubes and spun into a pellet. The supernatant was collected
and analyzed for protein concentration via the Bradford method (Bio-Rad). SDS sample
buffer was added to 80-100 mg total protein and boiled for 10 min. Denatured samples
were electrophoresed on Novex 15% Bis-Tris gels (Life Technologies) and proteins
transferred onto a nitrocellulose membrane (Bio-Rad) using the Bio-Rad Wet transfer.
The membrane was washed for 10 min in PBS containing 0.1% Tween 20 (PBST) and
blocked for 1 hour in Intercept blocking buffer (Li-COR). Next, membranes were incubated
overnight at 4°C under shaking conditions with the following primary antibodies; caspase-
3 (1:200; Santa-Cruz), cleaved caspase- 3 (1:1000; Cell-Signaling), p53 (1:200; Santa-
Cruz), Bel2 (1:200; Santa-Cruz), Bad (1:200; Santa-Cruz) and B-actin (1:10,000; Abcam)
was used as a loading control. The next day, membranes were washed in PBST for 30
min, and incubated with secondary antibodies (all 1:10,000; Li-Cor Biosciences) for 1hr
at room temperature, washed in PBST for 30 min and visualized under the Odyssey
Infrared Imaging System (Li-COR, Lincoln, NE). Band intensities were quantified using

Image J software.

Example 8
Animals and Experimental design: Intoxication of A/J mice with NNK

[0079] Mice were maintained and experiments conducted in accordance with the
National Institute of Health guidelines and approved by the Rush University Medical
Center Institutional Animal Care and Use Committee (IACUC). A/J female mice, 6-8-
week-old were obtained from Jackson Lab (Bar Harbor, ME) mice received an injection
of saline containing NNK (sc-209854) (50 mg/kg body weight). The protocol was adapted
from [12,15] where the negative control mice received equal volume of saline (vehicle

control).
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Example 9
Treatment of NNK-infoxicated mice with recombinant SARS-CoV-2 Spike S1 protein

[0080] After 22 weeks of NNK intoxication, mice were treated with recombinant SARS-
CoV-2 spike S1 intranasally at a dose of 50 ng/mouse/every other day. Recombinant
spike S1 was dissolved in 4 yl normal saline, as described earlier [16] and mice were held
in the supine position and 2 ul volume was delivered into each nostril using a pipet man

and control mice received only normal saline.

Example 10

Tumor Histology

[0081] After 26 weeks of NNK intoxication, mice were euthanized with CO2. Tumors on
the surface of the lungs were counted by a person blinded to the treatment regimens
followed by taking picture of the whole lungs. Then mice underwent transcardial perfusion
[17]. Lungs were excised, collected and processed for histological studies. Hematoxylin-
eosin (HE) staining was performed from 5 um paraffin embedded sections to study the
morphology as described in [12]. The tumor area was analyzed by Image J, and ten

images from 40x fields were chosen from each group.

Statistical Analysis

[0082] Statistical analyses were performed using Graphpad Prism 8 (GraphPad
Software, Inc., La Jolla, CA). Statistical differences between means were calculated by t-
test (two-tailed). Variance between multiple means were conducted via one-way ANOVA,
followed by Tukey’s post hoc tests. The criteria for statistical significance was p< 0.05.
Values are expressed as means + SD of at least three independent experiments.

Results

[0083] Recombinant SARS-CoV-2 spike S1 treatment induces apoptosis and death in
human A549 lung cancer cells. It is commonly known that acquired resistance toward cell
death is a hallmark of possibly all types of cancer [18]. Human A549 lung cancer cells
were incubated with three different concentrations (1, 5, and 10 ng/mL) of recombinant

Spike S1 under serum free conditions followed by measuring cell survival by LDH release
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and MTT assay. We found dose-dependent increase in LDH release and decrease in
MTT in A549 cells by spike S1 (Fig. 1A-B). To confirm our observations, we performed
dual FACS analysis with propidium iodide and annexin V (Fig. 1C-D) and found that
treatment with spike S1 noticeably increased the level of apoptotic cells in A549 treated
lung cancer cells. To confirm the apoptosis further, we performed TUNEL and found
increase in TUNEL-positive cells by spike S1 treatment (Fig. 2A-B).
[0084] Recombinant SARS-CoV-2 spike S1 induces death of human A549 lung cancer
cells via ACEZ2 receptor. To understand that the cell death induced by spike S1 is actually
caused by spike S1, not any contaminant present with the reagent, we used neutralizing
antibodies against spike S1. Suppression of spike S1-induced cell death in A549 cells by
neutralizing antibodies against spike S1, but not control 1gG, suggests that cell death is
in fact caused by spike S1 (Fig. 3A-B).
[0085] Studies have shown that the ACE-2 receptor is expressed on the cell surface of
the lung, heart, and kidneys [19]. ACE2 functions as a cellular receptor for spike St
protein to enable viral entry into target cells. Our immunostaining results show the
presence of ACE2 in A549 cells (Fig. 3C). Therefore, next, we used neutralizing
antibodies against ACE2 and found inhibition of spike S1-induced death by neutralizing
antibodies against ACE2, but not control IgG (Fig. 3D-E).
[0086] Recombinant SARS-CoV-2 spike S1 treatment leads to death of human H1299
and H358 lung cancer cells. Cancer cells are known to stave off cell death due to
modifying immune surveillance [20] . We wanted to see if similar to A549 cells, spike S1
can induce death in other human lung cancer cells. We found dose-dependent increase
in cell death by recombinant spike S1 in both human H1299 and H358 lung cancer cells
(Fig. 4).
[0087] Treatment with recombinant SARS-CoV-2 spike S1 protein causes tumor
regression in NNK-induced A/J mice. Studies show that A/J mice induced with 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), a potent lung carcinogen, is a useful
animal model [21]. To investigate the effects of Spike S1 protein on lung cancer tumors,
we chemically induced lung carcinoma into A/J mice with NNK (Fig. 5A). Our results
showed that intranasal administration of recombinant SARS-CoV-2 spike S1 protein
decreased tumors in the lung of NNK-intoxicated A/J mice (Fig. 5B-D). TUNEL staining
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also showed that spike S1 treatment induced apoptosis in lung tumors of NNK-intoxicated
A/J mice (Fig. 6A-B).

[0088] Although the foregoing disclosure has been described in some detail by way
of illustration and example for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the teachings of this disclosure that
certain changes and modifications may be made thereto without departing from the spirit
or scope of the appended claims. The following examples are provided by way of
illustration only and not by way of limitation. Those skilled in the art will readily recognize
a variety of noncritical parameters that could be changed or modified to yield essentially

similar results.
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CLAIMS

1.

A method of treating cancer comprising administering to a patient in need thereof, a
therapeutically effective amount of a recombinant SARS-CoV-2 Spike S1 or a

biologically active fragment thereof.

The method of claim 2 wherein the recombinant SARS-CoV-2 Spike S1 or a
biologically active fragment thereof comprises the amino acid sequence of SEQ ID
NO. 1.

The method of claim 1-2, wherein the recombinant SARS-CoV-2 Spike S1 or a
biologically active fragment thereof is administered intranasally, subcutaneously, or

intravenously.

The method of claim 1-3, wherein the recombinant SARS-CoV-2 Spike S1 or a
biologically active fragment thereof is administered intranasally

The method of claim 1-4 wherein the therapeutically effective amount comprises about
1 to about 50 ng/mL.

The method of claim 1-4, wherein the therapeutically effective amount comprises
about 50 ng/kg body weight.

The method of claim 1-5 wherein the therapeutically effective amount comprises about
1 ng/mL.

The method of claim 1-5 wherein the therapeutically effective amount comprises
about 5 ng/mL.

The method of claim 1-5 wherein the therapeutically effective amount comprises about
10 ng/mL.
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10.The method of claim 1-9, wherein the cancer comprises lung cancer, kidney cancer

or heart cancer.

11.The method of claim 10, wherein the cancer comprises lung cancer.

12. The method of claim 1-11, further comprising administration of one or more additional

therapeutic agents.

13. An isolated SARS-CoV-2 Spike S1 polypeptide comprising the amino acid sequence
of SEQ ID NO: 1.

14.A pharmaceutical composition comprising the polypeptide of claim 14 and a

pharmaceutically acceptable carrier.
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