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

19) World Intellectual P It
(19) World Intellectual Property O 0 A 0 1 O O A 0

Organization
International Bureau (10) International Publication Number

(43) International Publication Date WO 2022/076364 Al
14 April 2022 (14.04.2022) WIPOIPCT

(51) International Patent Classification: GM,KE, LR, LS, MW MZ, NA, RW, SD, SL, ST, SZ, TZ,

A61K 39/385 (2006.01) CO7K 16/30 (2006.01) UG, ZM, ZW), Eurasian (AM, AZ. BY, KG, KZ, RU, TIJ.

A61IP 37/04 (2006.01) TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(21) International Application Number: EB, B5, FL FR, GB, GR, HR, HU, IE, IS, I1, LT, LU, LV,
PCT/US2021/053503 MC MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, B, CF, CQG, CI, CM, GA, GN, GQ, GW,
(22) International Filing Date: KM, ML, MR, NE, SN, TD, TG).
05 October 2021 (05.10.2021)

Declarations under Rule 4.17;

(25) Filing Language: English of inventorship (Rule 4.17(iv))
(26) Publication Language: English Published:
(30) Priority Data: —  with international search report (Art. 21(3))
63/087,427 05 October 2020 (05.10.2020) US — before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of

(71) Applicant: AOA DX [US/US]; 33 Hudson Street, Unit amendments (Rule 48.2(h))

3505 E, Jersey City, NJ 07302 (UN).

(72) Inventor: SARAGOVI, Horacio Uri; 3421 Marlowe Av-
enue, Montreal, QC H4A3L38 (CA).

(74) Agent: SMITH, DeAnn F. et al.; Foley Hoag LLP, 155
Seaport Boulevard, Boston, MA 02210-2600 (US).

(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, CZ, DE, DJ, DK, DM, DO,
DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP. KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD,
ME, 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, TM, 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, GH,

(54) Title: COMPOSITIONS AND METHODS FOR CANCER DIAGNOSIS

(57) Abstract: The present disclosure provides monoclonal antibodies
and antigen-binding fragments thereof that specifically bind to ganglio-
sides (e.g., GD2 or GD3), as well as compositions comprising same and
methods of using same for diagnostic and prognostic purposes. In addi-
tion, the present disclosure provides mass spectrometry-based methods
for detecting various gangliosides and their lipid length, the changes of
which are useful for the cancer diagnostic and prognostic methods de-
scribed herein. The present disclosure further provides compounds com-
prising modified versions of gangliosides.

w0 2022/076364 A1 NN 0AYEO0NVLORE 0 0RO OO O B



WO 2022/076364 PCT/US2021/053503

COMPOSITIONS AND METHODS FOR CANCER DIAGNOSIS

Cross-Reference to Related Applications
This application claims the benefit of U.S. Provisional Application No. 63/087,427,

filed October 5, 2020, the entire contents of said application 1s incorporated herein 1n its

entirety.

Background of the Invention

Cancer 1nvolves abnormal cell growth with the potential to invade or spread to other
parts of the body. Despite decades of cancer research, cancer continues to cause a
significant number of deaths (~1,600 deaths per day 1n the U.S. 1n 2020) largely due to a
lack of means for early and/or accurate detection. For example, ovarian cancer 1s the most
lethal gynecologic cancer and the third cause of death among women. Serous Ovarian
Cancer 1s the most aggresive subtype among ovarian cancer and i1t has been commonly
labelled as the “silent killer” because most patients are diagnosed at advanced stages.
Symptoms are vague and easily confounded with other conditions. Currently, CA-1251s a
blood marker used both to screen and to monitor treatment efficacy. Although CA-125
levels are raised 1n 80% of epithelial tumors, most of these tumors are 1n an advanced stage.
Serum CA-125 has a low detection rate for early diagnosis because 1ts levels are elevated 1n
<50% of stage I ovarian cancers, and has limited specificity. Thus, there 1s a great need for
new biomarkers, e.g., 1n cancer tissue and 1n blood, to detect early stages of cancer, which

would improve the survival of cancer patients.

Summary of the Invention

Gangliosides are glycolipids that comprise (1) a carbohydrate structure that
specifically defines 1t by name, and (11) lipid tails that can vary in carbon chain length. The
present invention 1s based, at least ins part, on the discovery that gangliosides (e.g., GD?2,
GD3, GM2, and/or GD1) are useful biomarkers for cancer diagnosis and prognosis,
especially for early detection of cancer. Provided herein are compositions and methods for
cancer diagnosis and prognosis. For example, provided herein are compositions comprising
monoclonal antibodies, or an antigen-binding fragment thereof, that specifically bind a
ganglioside (e.g., GD2 or GD3), and methods of using same for detecting and measuring
the amount of a ganglioside, as well as diagnosing a cancer using a liquid biopsy (e.g.,

blood, serum) or solid tissue biopsy. Further provided herein are novel mass spectrometry-
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based methods to detect the presence, level, and/or lipid length of a ganglioside (e.g., GD2,
GD3, GM2, and/or GD1). The heterogeneity and/or homogeneity of the type of
gangliosides detected, as well as the heterogeneity and/or homogeneity or changes thereof
1n the lipid length 1n cancer patients, or longitudinally in a patient over time, can thereby
provide a novel biomarker for cancer diagnosis and prognosis.

In certain aspects, provided herein 1s a composition comprising a modified
ganglioside. For example, provided herein 1s a composition comprising a ganglioside
having the structure:

(A)x-[(P)y-(L)z]-(M)b;

wherein A 1s a ganglioside, or any portion thereof; x 1s an integer from 1 to 32; P 1s
a heteroaryl; y 1s 1; L 1s a linker; z 1s an integer from O to 8; M 1s a core; and b 1s O or 1;

wherein P 1s optionally substituted with 1, 2, 3, 4, or 5 substituents independently
selected from (1) hydrogen; (2) Ci-7 acyl; (3) Ci-20 alkyl; (4) amino; (5) Cs-10 aryl; (6)
hydroxy; (7) nitro; (8) Ci-20 alkyl-amino; and (9) -(CH2)qCONR®, where q is an integer
from O to 4 and where R® is selected from the group consisting of (a) hydrogen, (b) Ci-s
alkyl, (¢) Cs-10 aryl, and (d) C1-6 alk-Ces-10 aryl.

In some embodiments, the ganglioside comprises a triazine. In other embodiments,
the modified ganglioside comprises a triazole.

In some embodiments, the ganglioside of the present disclosure 1s detectably
labeled. In some embodiments, the composition comprising the ganglioside of the present
disclosure 1s a pharmaceutical composition.

Also provided herein 1s a method of inducing an immune response against a
ganglioside 1n a subject, comprising administering to the subject the composition
comprising the ganglioside of the present disclosure.

Further provided herein 1s a method of treating a subject in need thereof, the method
comprising administering to the subject the composition comprising the ganglioside of the
present disclosure. In some embodiments, the subject 1s afflicted with a cancer or has an
infection (e.g., viral (e.g., HIV, hepatitis C virus (HCV), or Epstein-Barr virus) or bacterial
infection). For example, the composition of the present disclosure can be used to prevent or
treat a cancer 1n a subject.

Provided herein 1s a method of producing an antibody 1n a mammal, comprising:
(a) immunizing the mammal with the composition comprising the ganglioside of the present

disclosure, optionally further comprising an adjuvant; and (b) 1solating an antibody that
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binds to the ganglioside from the mammal, a cell from the mammal, or a hybridoma made
using a cell from the mammal. In some embodiments, the mammal 1s selected from a rabbit,
a mouse, a goat, a camel, a dog, a sheep, or a rat.

In certain aspects, provided herein 1s a monoclonal antibody, or antigen-binding
fragment thereof, wherein the monoclonal antibody specifically binds to the carbohydrate
portion of a ganglioside. In some embodiments, the ganglioside 1s (a) GD2, (b) GD3, or (¢)
GD2 and GD3.

In certain aspects, provided herein 1s an 1solated nucleic acid molecule that encodes:
a) a polypeptide comprising an amino acid sequence listed in Table 1 and/or Table 2; b) a
polypeptide comprising an amino acid sequence with at least or about 85% 1dentity to an
amino acid sequence listed 1n Table 1 and/or Table 2; and/or ¢) the monoclonal antibody or
antigen-binding fragment thereof, described herein.

In certain aspects, a vector comprising the 1solated nucleic acid described herein, 1s
provided.

In certain aspects, a host cell which comprises the 1solated nucleic acid described
herein, comprises the vector decribed herein, expresses the antibody, or antigen-binding
fragment thereof, described herein, 1s provided.

In certain aspect, a method of producing at least one monoclonal antibody or
antigen-binding fragment thereof, of the present disclosure, wherein the method comprises
the steps of: (1) culturing a host cell comprising a nucleic acid comprising a sequence
encoding at least one monoclonal antibody, or antigen-binding fragment thereof, of the
present disclosure under conditions suitable to allow expression of said monoclonal
antibody or antigen-binding fragment thereof; and (11) recovering the expressed monoclonal
antibody or antigen-binding fragment thereof.

In certain aspects, a device or kit comprising at least one monoclonal antibody, or
antigen-binding fragment thereof, described herein.

In some embodiments, the device or kit further comprises: (a) a label to detect the at
least one monoclonal antibody or antigen-binding fragment thereof; (b) a secondary
antibody for detection of the primary antibody; and/or (¢) at least one reference antigen,
optionally wherein the reference antigen 1s a ganglioside.

In some embodiments, the reference antigen of the device or kit 1s selected from
GD2, GD3, and a modified version of GD2 or GD3. In some embodiments, the reference

antigen 1s selected from any one of the gangliosides described herein (e.g., those having the
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structure of (A)x-[(P)y-(L)z]-(M)b), thiophenyl GD2, thiophenyl GD3, GD2-O-aryl-NH2,

GD3-0-aryl-NH2, p-amino phenyl ether GD2 (AP-GD2), p-amino phenyl ether GD3 (AP-
GD3), tnnazine GD2 (e.g., 1, 3, 5-tnnazine-GD?2, e.g., 2-Amino-4,6-dichloro-1,3,5-triazine-

GD2), tnazine GD3 (e.g., 1, 3, 5-tnnazine-GD3, e.g., 2-Amino-4,6-dichloro-1,3,5-triazine-

GD3), a multimeric GD2 (e.g., PAMAM (polyamidoamine)-GD2), and a multimeric GD3

(PAMAM-GD?3).

In certain aspects, a method of extracting lipids from a sample, the method
comprising: (a) obtaining the sample; (b) adding to the sample about 1, 2, 3, 4, or 5-fold (or
2 to 5-fold) volume of an organic solvent comprising CHCl3:methanol:water at a ratio
selected from (1) about 1:2:1, (11) about 4:8:3, or (111) about 2:4:1; (¢) shaking the combined
mixture of (b); and (d) separating the sample from the organic solvent, thereby extracting
lipids from the sample.

In certain aspects, a method of purifying a ganglioside from a sample, the method
comprising: (a) obtaining the sample; (b) adding to the sample about 1, 2, 3, 4, or 5-fold (or
2 to 5-fold) volume of an organic solvent comprising CHCI3:methanol:water at a ratio
selected from (1) about 1:2:1, (11) about 4:8:3, or (111) about 2:4:1; (¢) shaking the combined
mixture of (b); and (d) separating the sample from the organic solvent, thereby extracting
lip1ds from the sample.

In some embodiments of the method of extracting lipids or the method of purifying
a ganglioside, (1) the sample 1s clarified by centrifugation prior to extraction with the
organic solvent; (11) the sample 1s from a mammal, optionally from a human; (111) the
sample 1s separated from the organic solvent by centrifugation; (1v) the sample 1s from a
subject afflicted with a cancer or a cancer-free subject; (v) the sample comprises cells,
serum, blood, peritumoral tissue, and/or intratumoral tissue; (vi) the method further
comprises repeating the steps of (b)-(d) atleast 1, 2, 3, 4, or 5 times; and/or (vi1) the method
further comprises evaporating the residual organic solvent from the extracted sample of (d),
optionally by centrifuging the solution under vacuum (e.g., speed vacuum).

For samples comprising cells and/or tissues (1.e., non-liquid), an ordinarily skilled
artisan appreciates that such samples should be sufficiently homogenized to increase the
efficiency of the extraction. Accordingly, in some embodiments, the cells and/or tissues are
homogenized before extraction.

In certain aspects, a method of detecting the presence or level of at least one

ganglioside (e.g., GD2 and/or GD3) comprising detecting said ganglioside 1n a sample
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using at least one monoclonal antibody, or antigen-binding fragment thereof, described
herein. In some embodiments, wherein the sample 1s from a subject afflicted with a cancer
or a cancer-free subject.

As described herein, certain embodiments are applicable to any method described
herein. For example, in some embodiments, the at least one monoclonal antibody, or
antigen-binding fragment thereof, forms a complex with a ganglioside (e.g., GD2 or GD3)
and the complex 1s detected 1n the form of an enzyme linked immunosorbent assay
(ELISA), radioommune assay (RIA), immunochemically (e.g., immunohistochemistry
(IHC)), or using a flow cytometry. In some embodiments, the complex 1s detected 1n an
enzyme linked immunosorbent assay (ELISA). In preferred embodiments, the complex 1s
detected 1n sandwich ELISA or competitive ELISA. In some embodiments, the complex 1s
detected by immunohistochemistry (IHC).

In preferred embodiments, the complex 1s detected in sandwich ELISA. In some
embodiments, the complex 1s detected 1n sandwich ELISA using any two antibodies or
antigen-binding fragment thereof of the present disclosure. In other embodiments, the
complex 1s detected 1n sandwich ELISA using a combination of any one antibody of the
present disclosure and an antibody known 1n the art (e.g., an antibody that can detect a
ganglioside, e.g., an antibody directed to the ceramide or the lipid tail moiety of a
ganglioside). In yet other embodiments, the complex 1s detected in sandwich ELISA using
two antibodies or antigen-binding fragment thereof that are known 1n the art.

In another preferred embodiments, the complex 1s detected in competitive ELISA.

In some embodiments, the competititve ELISA comprises a reference antigen that 1s
selected from GD2, GD3, or a modified version of GD2 or GD3. In some embodiments, the
reference antigen 1s selected from any one of the gangliosides described herein (e.g., those
having the structure of (A)x-[(P)y-(L)z]-(M)b), thiophenyl GD2, thiophenyl GD3, GD2-O-
aryl-NH2, GD3-0O-aryl-NH2, p-amino phenyl ether GD2 (AP-GD2), p-amino phenyl ether
GD3 (AP-GD3), triazine GD2 (e.g., 1, 3, 5-trtazine-GD2, e.g., 2-Amino-4,6-dichloro-1,3,5-
triazine-GD2), triazine GD3 (e.g., 1, 3, 5-tnnazine-GD3, e.g., 2-Amino-4,6-dichloro-1,3,5-
triazine-GD3), a multimeric GD2 (e.g., PAMAM-GD?2), and a multimeric GD3 (PAMAM-
GD3).

Further provided herein 1s a mass spectrometry-based method of detecting at least

one ganglioside. For example, provided herein 1s a method of detecting the presence, the
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level, or lipid length of at least one ganglioside comprising detecting said ganglioside 1n a
sample using mass spectrometry (e.g., LC/MS or LC/MS/MS).

In some embodiments, the relative heterogeneity or alternatively the relative
homogeneity of the lipid length of at least one ganglioside 1s detected and/or quantified
using said method. In some embodiments, the longitudinal changes (changes made over a
time for a given patient) that occur 1n a patient to the relative heterogeneity or relative
homogeneity of the lipid length of at least one ganglioside 1s detected and/or quantified
using said method.

In some embodiments, the sample for detecting the presence, level, or the lipid
length of at least one ganglioside (e.g., detection using an antibody or mass spectrometry)
comprises a sample prepared according to the method described herein (e.g., lipid

extraction).

In certain aspects, provided herein are diagnostic and prognostic methods that

are described 1n details herein.

Brief Description of Figures
Fig. 1 shows a schematic diagram of GD2 and GD3 gangliosides. Each geometric

shape 1s a type of sugar. The exposed glycan tree 1s linked to a ceramide, which 1s linked to
two lipid tails. The sugar head of normal GM1 and the tumor GD3 differ by 2 sugars, and
GD2 and GD3 differ from each other by 1 sugar. GD2 1s a biosynthetic product of GD3, so
the GD2 and GD3 can be often (but not always) detected on the same cell.

Fig. 2 shows the specificity of GD2 and GD3 mAbs. Example of anti-GD2 mAbs
9A3 and 14C3 1n flow cytometry, specifically binding to cells expressing GD2, but not to
cells lacking GD2 but expressing GD3. The red histogram 1s a mAb negative control.

Fig. 3 shows ELISA assays quantify the amounts of GD2 or GD3 1n the serum of
ovarian cancer patients (representative of multiple assays). Analytes immobilized in ELISA
plates are assayed with mAbs to GD2 or GD3. Control = 10 ng purified native GD2 or
GD3. BG=background wells, no primary. All cancer samples (OV) are positive for GD2 or

GD3 except one diagnosed borderline. All normal samples (IN) are negative and equal to

background. The OD for each sample 1s average of triplicates = sd, and each ELISA was
replicated at least 2 independent times, and two different mAbs each for GD2 or for GD3.

As cutoft a statistically significant 2-fold higher value was used and at least 2x s.d from the



WO 2022/076364 PCT/US2021/053503

average of all healthy controls or background. The ODs are normalized to the standard
curve.

Fig. 4 shows GD2 and GD3 immuno-staining on human ovarian tissues. GD2 and
GD3 staining was specifically detected in tumor cells of borderline and high-grade
biopsies. Only cancer tissue was GD2+ or GD3+ with robust labeling of the tumor
membrane, surrounding normal tissue was negative. Negative control 1s an 1sotype matched
irrelevant mAb tested on an adjacent section.

Fig. 5 shows that GD2 and GD3 IHC on human ovarian tissue correlates with
disease stage. GD3 and/or GD2 staining were detected in tumor tissues, correlating with
disease stage (p=0.026 and p=0.015 comparing low grade to high grade, without further
segregation by subtype). High grades express both GD2 and GD3 and scored high 1n
expression of GD2 and/or GD3. Low grades scored lower for both GD2 and GD3
expression, albeit GD2 stained slightly stronger than GD3.

Fig. 6 shows immunostaining of GD2 and GD?3 1n ovarian cancer tissue biopsies.
Both borderline (early stage) and high grade (late stage) biopsies are positive for GD2 and
GD3 1n IHC. The liquid biopsy data correlate with IHC when samples from the same
patient 1s studied using the 2 techniques.

Fig. 7 shows immunostaining of GD2 and GD3 in melanoma tissue biopsies. Nearly
100% of the melanoma tissue biopsies are positive for GD2 and GD3 1n IHC.

Fig. 8 shows a schematic diagram adapted from the National Comprehensive
Cancer Networks Clinical Practice Guidelines 1n Ovarian Cancer, v3.2019. The current
oguidelines for Monitoring and Risk assessment are inadequate for early detection or
monitoring. Adding the GD2/GD3 tests of the present disclosure (yellow boxes) would
detect early and late stage ovarian cancers, many of which are missed by CA-125 standard
of care liquid biopsy.

Fig. 9A-Fig. 9B show immunohistochemical detection of tumoral marker
gangliosides (TMGs) 1n ovarian cancer biopsies. Images show representative pictures of
ant1-GD2 (Fig. 9A) and ant1-GD3 (Fig. 9B) antibody staining, scored as “0” (no staining),
“17 (weak staining), “2” (moderate staining) and “3” (strong staining). Scores “0” and “1”
were considered negative and scores “2” and “3” were deemed positive. The right panels
for each column are higher magnification of the areas within the black rectangles.

Fig. 10A-Fig. 10D show that tumoral marker gangliosides (TMGs) are highly

expressed 1n ovarian cancer patients. Representative images showing GD2 (Fig. 10A) and
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GD3 (Fig. 10B) immunohistochemistry 1n normal, borderline and ovarian tissue biopsies.
The bottom panels show a higher magnification of the top panel areas within the black
rectangles. GD2 and GD?3 specifically stained tumor cells, but not surrounding normal
tissue. Staining was mainly localized in the cytoplasmic membrane and cytoplasm.
Percentage of normal, borderline and ovarian patients negative (Scores “0” and “1”’) or
positive (Scores “2” and “3”) for GD2 (Fig. 10C) and GD3 (Fig. 10D). The expression of
TMGs 1s significantly higher in borderline and ovarian patients compared to normal (n =9
normal; n = 16 borderline; n = 151 ovarian), p< 0.0001 (Chi-square).

Fig. 11A-Fig. 11D show that tumoral marker gangliosides (TMGs) are highly
expressed 1n different ovarian cancer subtypes. Representative images showing GD2 (Fig.
11A) and GD3 (Fig. 11B) immunohistochemistry in clear cell and endometrial cancer tissue
biopsies; and 1n post-debulking surgery (PDS) cancer tissue biopsies from high grade
serous cancer (HGSC) patients. The bottom panels show a higher magnification of the top
panel areas within the black rectangles. Percentage of ovarian cancer subtype patients
negative (Scores “0” and “1) or positive (Scores “2” and “3”) for GD2 (Fig. 11C) and GD3
(Fig. 11D). The levels of GD2 and GD3 expression are similar among the different ovarian
cancer subtypes, although there are minor statistical differences for GD2 staining (p=0.035,
Chi-square). No statistical differences were observed for GD3 (n =27 clear cell; n =17
endometrial; n = 55 HGSC (PDY)).

Fig. 12A-Fig. 12C show that tumoral marker gangliosides (TMGs) expression 1s
decreased in HGSC patients treated with neoadjuvant chemotherapy (NACT).
Representative images showing GD2 (Fig. 12A) and GD3 (Fig. 12B)
immunohistochemistry in HGSC (PDS) or HGSC (NACT). Quantification (in percentage)
of positive and negative patients showed that GD2 and GD3 expression 1s significantly
reduced 1n patients that underwent NACT vs. patients that underwent PDS (n = 52 NACT,
n=255PDS) p=0.017 for GD2 and p = 0.007 for GD3, (Chi-square).

Fig. 13A-Fig. 13F show that higher scores 1n tumoral marker gangliosides (TMGs)
staining (IHC) 1s associated with more aggressive ovarian cancer subtypes. Quantification
(1n percentage) of GD2 and GD?3 scores 1n normal patients vs. borderline and ovarian
cancer patients (Fig. 13A, Fig. 13B); 1n ovarian cancer subtypes (Fig. 13C, Fig. 13D) and 1n
HGSC (PDS vs. NACT) (Fig. 13E, Fig. 13F). Ovarian cancer patients showed significantly
higher GD2 and GD3 staining scores compared to borderline and normal (Fig. 13A, Fig.
13B). GD2 and GD3 scores were significantly higher in HGSC (PDS) patients vs. clear cell
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or endometrial cancer subtypes (Fig. 13C, Fig. 13D) or vs. HGCS (NACT) patients (Fig.
13E, Fig. 13F). (n =9 normal; n = 16 borderline; n = 151 ovarian; from n =151 ovarian, n =
27 clear cell; n =17 endometrial; n = 55 HGSC (PDS) and n = 52 HGSC (NACT). p <0.001
(Chi-square).

Fig. 14A-Fig. 14F show that tumoral marker gangliosides (TMGs) detected similar
percentage of positive cancer patients compared to the CA-125 ovarian cancer marker used
in clinic. TMGs were detected using IHC, and CA-125 was detected 1n liquid biopsies. CA-
125 levels are shown 1n normal patients vs. borderline and ovarian cancer patients (Fig.
14A); 1n ovarian cancer subtypes (Fig. 14C) and in HGSC (PDS vs. NACT) (Fig. 14E).
Although CA-125 levels were statistically different in Fig. 14A, Fig. 14C and Fig. 14E (p <
0.001, Chi-square), there was not a direct correlation between aggressiveness of the disease
and CA-125 values detected. Quantification of positive patients (in percentage) GD2+,
GD3+, GD2+GD3+, CA-125+ or positive for all markers together in borderline vs. ovarian
cancer patients (Fig. 14B); in ovarian cancer subtypes (Fig. 14D) and in HGSC (PDS vs.
NACT) (Fig. 14F). All markers, individually or combined, achieved similar levels of

detection of positive ovarian cancer patients. Females were classified as postmenopausal

based on average age (62 + 6 yrs. for normal; 57 £15 yrs. for borderline; 61 &+ 12 yrs. for all

ovarian; 55 + 12 yrs. for clear cell; 60 £ 10 yrs. for endometrial; 63 £ 12 yrs. for HGSC
(PDS) and 63 £ 10 yrs. HGSC (NACT). No significant age differences were found among

the groups, except for the clear cell group vs. HGSC (PDS) patients (p <0.01, One-Way
ANOVA with Bonferroni correction for multiple comparisons) (n =9 normal; n= 16
borderline; n = 151 ovanan; from n =151 ovarnian, n = 27 clear cell; n =17 endometnal; n =
55 HGSC (PDS) and n = 52 HGSC (NACT).

Fig. 15A-Fig. 15D show that tumoral marker gangliosides (TMGs) are more highly
expressed 1n advanced stages of ovarian cancer. Quantification (1n percentage) of positive
and negative GD2 (Fig. 15A), CA-125 (Fig. 15B) or GD3 (Fi1g. 15C) at diftferent stages of
the disease. TMGs were detected using IHC, and CA-125 was detected 1n liquid biopsies.
Total number of patients (100%) corresponds to the sum of total patients detected 1n each
individual stage (I or II or III or IV). All markers were significantly highly expressed in
more advanced stages of ovarian cancer (p < 0.001, Chi-square). (Fig. 15D) Comparison of
the percentage of positive patients detected by each marker. No significant differences were

observed (n= 162 patients).



WO 2022/076364 PCT/US2021/053503

Fig. 16 A-Fig. 16B show 5-years overall survival (5YOS). Correlation between
tumoral marker gangliosides (TMGs) and 5YOS 1n (Fi1g. 16A) ovarian patients and (Fig.
16B) HGSC (PDS). TMGs were detected using IHC. Data are shown as percentage of
survival in either GD2+ and GD2- or GD3+ and GD3- or GD2-GD3- and GD2+GD3+. No
statistical differences were reported, although, 1n general, GD2+, GD3+, and GD2+GD3+
patients tend to have a slightly reduced survival compared to GD2-, GD3-, and GD2-GD?3-
patients (n = 151 ovanan in Fig. 16A; n= 55 HGSC (PDS) in Fig. 16B).

Fig. 17A-Fig. 17D show that detection of GD2 1n liquid biopsies by ELISA 1s a
more sensitive ovarian marker than CA-125. TMGs were detected using IHC (FIG. 17A-
FIG. 17B), the level of which was matched to the level of TMGs measured 1n liquid
biopsies using ELISA (FIG. 17C). CA-125 (FIG. 17D) was also detected 1n liquid biopsies
using ELISA. Quantification (in percentage) of negative or positive GD2 (Fig. 17A) or
GD3 (Fig. 17B) 1n tissue biopsies from normal, borderline and ovarian cancer patients. The
expression of TMGs 1s significantly higher in borderline and ovarian patients compared to
normal (n=9 normal; n=7 borderline; n=33 ovarian), p< 0.0001 (Chi-square). (Fig. 17C)
GD2 levels analyzed 1n liquid biopsies from same borderline and ovarian patients
represented 1n (Fig. 17A). GD2 was significantly elevated in ovarian and borderline cancer
patients compared to normal patients (n=19 normal, n=7 borderline, n=33 ovarian) (p<
0.0001, Chi-square) (Fig. 17D) CA-125 levels 1in same patients analyzed in (Fig. 17A) and
(Fig. 17C). CA-125 levels were significantly higher in ovarian patients compared to normal
(n=8 normal, n=7 borderline, n=33 ovarian) (p< 0.0001, Chi-square), but not versus
borderline. About 40% of borderline patients and 8% of ovarian cancer patients were
negative for CA-125, but GD2 positive by ELISA 1ndicating that GD2 1s a significant
superior marker, mainly for early stages of the disease.

Fig. 18A-Fig. 18D show comparative detection of ovarian markers in different
cancer stages. Percentage of positive or negative patients for GD2 detected by IHC (Fig.
18A) by ELISA (Fig. 18B) or for CA-125 (Fig. 18C). The percentage of GD2 and CA-125
positive patients was significantly higher versus negative patients (p = 0.04 for Fig. 18A, p
= 0.02 for Fig. 18B and p <0.0001 for C, Chi-square). (Fig. 18D) Comparison of the
percentage of positive patients detected by each technique. Total number of patients (100%)
corresponds to the sum of patients detected in all stages (I+II+II1+1V). No significant

differences were observed (n= 41 patients).
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Fig. 19A-19D show the results of direct ELISA experiments, which demonstrate
that both Triazine-triGD2 and Trniazine-triGD3 were recognized by anti-GD2 or anti-GD3
mADbs, respectively. Fig. 19A shows binding of an anti-GD2 antibody. Fig. 19B shows
binding of serum from a vaccinated mouse to GD2 antigens. Fig. 19C shows binding with
an ant1-GD3 antibody. Fig. 19D shows biding of serum from a vaccinated mouse to GD3
antigens.

Fig. 20A and 20B show the results of competitive ELISA experiments that
demonstrated both Triazine-triGD2 and Triazine-triGD3 were recognized by anti-GD2 or
ant1-GD3 mAbs, respectively; resulting in competition of the mAbs binding to GD2 or GD?3
immobilized onto the plates. Fig. 20A shows binding of monoclonal antibodies to triazine-

GD2. Fig. 20B shows binding of monoclonal antibodies to triazine-GD3.

Detailled Description of the Invention

Gangliosides are a family of >40 different sialic acid-containing glycosphingolipids.
Each glycan tree 1s structurally unique and defines each ganglioside by name. Some
gangliosides such as GM1 are normal and ubiquitous. Other gangliosides such as GD2 and
GD3 are tumor-markers (Table 3). They are low/absent in normal cells, and are expressed
at high levels in cancer. Hence, GD2 and GD3 are etiological biomarkers (i.e., those with
indispensable function for the cancer), which are preferred because cancers do not easily
downregulate expression of the marker.

GD2 and GD3 regulate membrane fluidity, raft size, and function, and provide
tumors with advantages 1n growth/metastasis, immune evasion, and blockade. The
lip1d tails are embedded 1n the outer leaflet of cell membranes and are variable 1n length.
The biological relevance of the variable lipid length 1s unknown.

GD2 or GD3 provide for stable, invariant, and non-mutating targets, expression 18
conserved across mammalian species (the glycan tree 1s 1dentical), expression 1s
homogeneous and uniform 1n cell lines and 1n primary tumors, and density of expression
does not downregulate in the surviving tumor cells after chemotherapy. In addition to being
present on the tumor cell surface, GD2 and GD3 can be shed into the extracellular
environment.

However, studies of expression of GD2 and GD3 1n tissues or 1n circulation only
reported few patient samples. Assays to detect GD2 or GD3 that may be expressed 1n tissue

or 1n serum are not quantitative or standardized. Studies used Thin Layer Chromatography
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(TLC) or lipid-associated sialic acids (LASAs) that only yield estimations, and resulted in
contradictory conclusions. There 1s a scarcity of tools to study GD2 or GD3. Even after 40
years of research there are very few mAbs against GD2 or GD3 with which to design assays
and many are not specific, most are suboptimal and are cross-reactive given the small
differences in ganglioside structures (Fig. 1). Since GD2 and GD3 are glycolipids and the
products can be generated via multiple biosynthetic pathways and enzymes, monitoring
mutations or mRNA expression 1s not feasible. GD2 and GD3 remain underexploited for
diagnosis of any cancer.

Accordingly, the present disclosure provides monoclonal antibodies, and antigen-
binding fragments thereof, that specifically bind to a ganglioside (e.g., GD2 or GD3), as
well as immunoglobulins, polypeptides, nucleic acids thereof, and methods of using such
antibodies for diagnostic and prognostic purposes. Further provided herein are novel mass
spectrometry-based methods to detect the presence, level, and/or lipid length of a
ganglioside (e.g., GD2, GD3, GM2, and/or GD1). The discovery presented herein that the
heterogeneity of the lipid length of gangliosides changes 1n cancer patients provides a novel

biomarker and utility of such biomarker for cancer diagnosis and prognosis.

Definitions

The articles “a” and “an” are used herein to refer to one or to more than one (i.e. to
at least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element.

As used herein, the term “composite antibody” refers to an antibody which has
variable regions comprising germline or non-germline immunoglobulin sequences from two
or more unrelated variable regions. Additionally, the term “composite, human antibody™
refers to an antibody which has constant regions derived from human germline or non-
germline immunoglobulin sequences and variable regions comprising human germline or
non-germline sequences from two or more unrelated human variable regions.

A molecule 1s “fixed” or “affixed” to a substrate if 1t 1s covalently or non-covalently
associated with the substrate such the substrate can be rinsed with a fluid (e.g. standard
saline citrate, pH 7.4) without a substantial fraction of the molecule dissociating from the
substrate.

The terms “CDR”, and 1its plural “CDRs,” refer to a complementarity determining

region (CDR) of which three make up the binding character of a light chain variable region
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(CDR-L1, CDR-L2 and CDR-L3) and three make up the binding character of a heavy chain
variable region (CDR-H1, CDR-H2 and CDR-H3). CDRs contribute to the functional
activity of an antibody molecule and are separated by amino acid sequences that comprise
scaffolding or framework regions. The exact definitional CDR boundaries and lengths are
subject to different classification and numbering systems. CDRs may therefore be referred
to by Kabat, Chothia, contact or any other boundary definitions. Despite differing
boundaries, each of these systems has some degree of overlap in what constitutes the so
called “hypervariable regions” within the variable sequences. CDR definitions according to
these systems may therefore differ in length and boundary areas with respect to the adjacent
framework region. See for example Kabat, Chothia, and/or MacCallum ef al., (Kabat ef al.,
in “Sequences of Proteins of Immunological Interest,” 5% Edition, U.S. Department of
Health and Human Services, 1992; Chothia ef al. (1987) J. Mol. Biol. 196, 901; and
MacCallum et al., J. Mol. Biol. (1996) 262, 732, each of which 1s incorporated by reference
1n 1ts entirety).

As used herein, the term “Fc region” 1s used to describe a C-terminal region of an
immunoglobulin heavy chain, including native-sequence Fc regions and variant Fc regions.
Although the boundaries of the Fc¢ region of an immunoglobulin heavy chain might vary,
the human IgG heavy-chain Fc¢ region 1s usually defined to stretch from an amino acid
residue at position Cys226, or from Pro230, to the carboxyl-terminus thereof. Suitable
native-sequence Fc regions for use 1n the antibodies of the present invention include human
IeG1, IgG2 (IgG2A, I1gG2B), 1gG3 and 1gG4.

As used herein, the term “Kp” 1s intended to refer to the dissociation equilibrium
constant of a particular antibody-antigen interaction. The binding affinity of antibodies of
the disclosed invention may be measured or determined by standard antibody-antigen
assays, for example, competitive assays, saturation assays, or standard immunoassays such
as ELISA or RIA.

The lip1id length refers the length of the lipid tails of a ganglioside that are important
for diagnostics. The lipid tails are embedded 1n the outer leaflet of cell membranes. The
lipids can be variable 1n length. Notably, these differences occur when comparing amongst
gangliosides as well as within a single ganglioside. Thus, the lipid heterogeneity and
changes thereof are important for diagnostics and methods described herein.

The term “minimal residual disease” 1s art recognized, and 1s used to describe a

small number of cancer cells in the body during or after cancer treatment, when the patient
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1s 1in remission. The number of remaining cells may be so small that they do not cause any
physical signs or symptoms and often cannot even be detected through traditional methods.
It 1s a major cause of relapse of cancer.

The term “neoadjuvant therapy” refers to a treatment given before the primary
treatment. Examples of neoadjuvant therapy can include chemotherapy, radiation therapy,
and hormone therapy.

A nucleic acid 1s “operably linked” when 1t 1s placed into a functional relationship
with another nucleic acid sequence. For instance, a promoter or enhancer 1s operably linked
to a coding sequence if 1t affects the transcription of the sequence. With respect to
transcription regulatory sequences, operably linked means that the DNA sequences being
linked are contiguous and, where necessary to join two protein coding regions, contiguous
and 1n reading frame. For switch sequences, operably linked indicates that the sequences
are capable of effecting switch recombination.

The term “preventing” 1s art-recognized, and when used 1n relation to a condition,
such as a viral/bacterial infection or a disease such as cancer 1s well understood 1n the art,
and 1ncludes administration of a treatment, e.g., a composition which reduces the frequency
of, or delays the onset of, symptoms of a medical condition in a subject relative to a subject
which does not receive the treatment. Thus, prevention of cancer includes, for example,
reducing the number of detectable cancerous growths 1n a population of patients receiving a
prophylactic treatment relative to an untreated control population, and/or delaying the
appearance of detectable cancerous growths in a treated population versus an untreated
control population, e.g., by a statistically and/or clinically significant amount.

The term “remission” 1s art recognized, and refers to a condition 1n which the signs
and symptoms of the cancer are reduced.

As used herein, “subject” refers to any healthy animal, mammal or human, or any
animal, mammal or human afflicted with a cancer. The term “subject” 1s interchangeable
with “patient”. The term “non-human animal” includes all vertebrates, e.g., mammals and
non-mammals, such as non-human primates, sheep, dog, cow, chickens, amphibians,
reptiles, etc.

A “‘therapeutically effective amount” of a compound 1s an amount capable of
producing a medically desirable result in a treated patient, e.g., induce immune response

against a ganglioside, decrease tumor burden, decrease the growth of tumor cells, or
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alleviate any symptom associated with cancer, with an acceptable benefit: risk ratio,
preferably in a human or non-human mammal.

The term “treating” includes prophylactic and/or therapeutic treatments. The term
“prophylactic or therapeutic” treatment 1s art-recognized and includes administration to the
host of one or more of the subject compositions. If 1t 1s administered prior to clinical
manifestation of the unwanted condition (e.g., disease or other unwanted state of the host
animal), then the treatment 1s prophylactic (i.e., 1t protects the host against developing the
unwanted condition); whereas, 1f 1t 1s administered after manifestation of the unwanted
condition, the treatment 1s therapeutic (i.e., 1t 1s intended to diminish, ameliorate, or

stabilize the existing unwanted condition or side effects thereof).

Antigen-binding proteins
Provided herein are antigen-binding proteins that bind to a ganglioside (e.g., GD2 or

GD3). In various embodiments, the antigen binding proteins bind to the carbohydrate
portion of the ganglioside (e.g., GD2 or GD3). The antigen-binding proteins of the present
disclosure can take any one of many forms of antigen-binding proteins known 1n the art. In
various embodiments, the antigen-binding proteins of the present disclosure take the form
of an antibody, or antigen-binding antibody fragment, or an antibody protein product.

In various embodiments of the present disclosure, the antigen-binding protein
comprises, consists essentially of, or consists of an antibody. As used herein, the term
“antibody” refers to a protein having a conventional immunoglobulin format, comprising
heavy and light chains, and comprising variable and constant regions. For example, an
antibody may be an IgG which 1s a “Y-shaped” structure of two 1dentical pairs of
polypeptide chains, each pair having one “light” (typically having a molecular weight of
about 25 kDa) and one “heavy” chain (typically having a molecular weight of about 50-70
kDa). An antibody has a variable region and a constant region. In IgG formats, the variable
region 1s generally about 100-110 or more amino acids, comprises three complementarity
determining regions (CDRs), 1s primarily responsible for antigen recognition, and
substantially varies among other antibodies that bind to different antigens. The constant
region allows the antibody to recruit cells and molecules of the immune system. The
variable region 1s made of the N-terminal regions of each light chain and heavy chain, while
the constant region 1s made of the C-terminal portions of each of the heavy and light chains.

(Janeway et al., “Structure of the Antibody Molecule and the Immunoglobulin Genes”,
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Immunobiology: The Immune System in Health and Disease, 4th ed. Elsevier Science
Ltd./Garland Publishing, (1999)).

Unless otherwise specified here within, antibody or antibodies broadly encompass
naturally-occurring forms of antibodies (e.g. 1gG, IgA, IgM, IgE) and recombinant
antibodies such as single-chain antibodies, chimeric and humanized antibodies and multi-
specific antibodies, as well as fragments and derivatives of all of the foregoing, which
fragments and derivatives have at least an antigenic binding site. Antibody derivatives may
comprise a protein or chemical moiety conjugated to an antibody. An antibody refers to a
glycoprotein comprising at least two heavy (H) chains and two light (L) chains inter-
connected by disulfide bonds, or an antigen binding portion thereof. Each heavy chain 1s
comprised of a heavy chain variable region (abbreviated herein as Vu) and a heavy chain
constant region. The heavy chain constant region 1s comprised of three domains, CHI,
CH2 and CH3. Each light chain 1s comprised of a light chain variable region (abbreviated
herein as VL) and a light chain constant region. The light chain constant region 1s
comprised of one domain, CL. The Vu and VL regions can be further subdivided into
regions of hypervariability, termed complementarity determining regions (CDR),
interspersed with regions that are more conserved, termed framework regions (FR). Each
Vu and VL 1s composed of three CDRs and four FRs, arranged from amino-terminus to
carboxyl-terminus 1n the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4.
Framework or FR residues are those variable-domain residues other than the hypervariable
residues as herein indicated. The variable regions of the heavy and light chains contain a
binding domain that interacts with an antigen.

The general structure and properties of CDRs of antibodies have been described 1n
the art. Briefly, 1n an antibody scaffold, the CDRs are embedded within a framework 1n the
heavy and light chain variable region where they constitute the regions largely responsible
for antigen binding and recognition. A variable region typically comprises at least three
heavy or light chain CDRs (Kabat et al., 1991, Sequences of Proteins of Immunological
Interest, Public Health Service N.I.H., Bethesda, Md.; see also Chothia and Lesk, 1987, J.
Mol. Biol. 196:901-917; Chothia et al., 1989, Nature 342: 877-883), within a framework
region (designated framework regions 1-4, FR1, FR2, FR3, and FR4, by Kabat et al., 1991;

see also Chothia and Lesk, 1987, supra). In a related embodiment, the residues of the

framework are altered. The heavy chain framework regions which can be altered lie within

regions designated H-FR1, H-FR2, H-FR3 and H-FR4, which surround the heavy chain
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CDR residues, and the residues of the light chain framework regions which can be altered
lie within the regions designated L-FR1, L-FR2, L-FR3 and L-FR4, which surround the
light chain CDR residues. An amino acid within the framework region may be replaced, for
example, with any suitable amino acid identified 1n a human framework or human
consensus framework.

Antibodies can comprise any constant region known in the art. Human light chains
are classified as kappa and lambda light chains. Heavy chains are classified as mu, delta,
gamma, alpha, or epsilon, and define the antibody's 1sotype as IgM, IgD, IgG, IgA, and IgE,
respectively. IgG has several subclasses, including, but not limited to IgG1, 1gG2, 1gG3,
and IgG4. IgM has subclasses, including, but not limited to, IgM1 and IgM2. Embodiments
of the present disclosure include all such classes or 1sotypes of antibodies. The light chain
constant region can be, for example, a kappa- or lambda-type light chain constant region,
e.g., a human kappa- or lambda-type light chain constant region. The heavy chain constant
region can be, for example, an alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain
constant regions, €.g., a human alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain
constant region. Accordingly, 1in various embodiments, the antibody 1s an antibody of
1sotype IgA, IgD, IgE, IgG, or IgM, including any one of IgG1, IgG2, IgG3 or IgG4. In
various aspects, the antibody comprises a constant region comprising one or more amino
acid modifications, relative to the naturally-occurring counterpart, in order to improve half-
life/stability or to render the antibody more suitable for expression/manufacturability. In
various 1nstances, the antibody comprises a constant region wherein the C-terminal Lys
residue that 1s present 1n the naturally-occurring counterpart 1s removed or clipped.

The antibody can be a monoclonal antibody. In some embodiments, the antibody
comprises a sequence that 1s substantially similar to a naturally-occurring antibody
produced by a mammal, e.g., mouse, rabbit, goat, horse, chicken, hamster, human, and the
like. In this regard, the antibody can be considered as a mammalian antibody, e.g., a mouse
antibody, rabbit antibody, goat antibody, horse antibody, chicken antibody, hamster
antibody, human antibody, and the like. In certain aspects, the antigen-binding protein 1s an
antibody, such as a human antibody. In certain aspects, the antigen-binding protein is a
chimeric antibody or a humanized antibody. The term "chimeric antibody" refers to an
antibody containing domains from two or more different antibodies. A chimeric antibody
can, for example, contain the constant domains from one species and the variable domains

from a second, or more generally, can contain stretches of amino acid sequence from at
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least two species. A chimeric antibody also can contain domains of two or more different
antibodies within the same species. The term "humanized" when used 1n relation to
antibodies refers to antibodies having at least CDR regions from a non-human source which
are engineered to have a structure and immunological function more similar to true human
antibodies than the original source antibodies. For example, humanizing can involve
grafting a CDR from a non-human antibody, such as a mouse antibody, into a human
antibody. Humanizing also can involve select amino acid substitutions to make a non-
human sequence more similar to a human sequence. Information, including sequence
information for human antibody heavy and light chain constant regions 1s publicly available
through the Uniprot database as well as other databases well-known to those 1n the field of
antibody engineering and production. For example, the IgG2 constant region 1s available
from the Uniprot database as Uniprot number PO1859, incorporated herein by reference.
Antibody as used herein also includes antigen-binding portion of an antibody. The
antigen-binding portion refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g., a ganglioside). It has been shown that the
antigen-binding function of an antibody can be performed by fragments of a full-length
antibody. Examples of binding fragments encompassed within the antigen-binding portion
of an antibody include (1) a Fab fragment, a monovalent fragment consisting of the VL, VH,

CL and CHI domains; (11) a F(ab'), fragment, a bivalent fragment comprising two Fab

fragments linked by a disulfide bridge at the hinge region; (111) a Fd fragment consisting of
the VH and CH1 domains; (1v) a Fv fragment consisting of the VL and VH domains of a
single arm of an antibody, (v) a dAb fragment (Ward et al., (1989) Nature 341:544-546),
which consists of a VH domain; and (v1) an 1solated complementarity determining region
(CDR). Furthermore, although the two domains of the Fv fragment, VL and VH, are coded
for by separate genes, they can be joined, using recombinant methods, by a synthetic linker
that enables them to be made as a single protein chain in which the VL and VH regions pair

to form monovalent polypeptides (known as single chain Fv (scFv); see e.g., Bird ef al.

(1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-
5883; and Osbourn et al. 1998, Nature Biotechnology 16: 778). Such single chain
antibodies are also intended to be encompassed within the antigen-binding portion of an
antibody.

An antibody can be cleaved into fragments by enzymes, such as, e.g., papain and

pepsin. Papain cleaves an antibody to produce two Fab fragments and a single Fc¢ fragment.
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Pepsin cleaves an antibody to produce a F(ab’)2 fragment and a pFc¢’ fragment. In various
aspects of the present disclosure, the antigen-binding protein of the present disclosure 1s an
antigen-binding fragment of an antibody (a.k.a., antigen-binding antibody fragment,
antigen-binding fragment, antigen-binding portion). In various instances, the antigen-
binding antibody fragment 1s a Fab fragment or a F(ab’)2 fragment.

The architecture of antibodies has been exploited to create a growing range of
alternative antibody formats that spans a molecular-weight range of at least or about 12—
150 kDa and has a valency (n) range from monomeric (n = 1), to dimeric (n = 2), to trimeric
(n = 3), to tetrameric (n = 4), and potentially higher; such alternative antibody formats are
referred to herein as “antibody protein products”. Antibody protein products include those
based on the full antibody structure and those that mimic antibody fragments which retain
full antigen-binding capacity, e.g., scFvs, Fabs and VHH/VH (discussed below). The
smallest antigen-binding fragment that retains 1ts complete antigen binding site 1s the Fv
fragment, which consists entirely of variable (V) regions. A soluble, tlexible amino acid
peptide linker 1s used to connect the V regions to a scFv (single chain fragment varable)
fragment for stabilization of the molecule, or the constant (C) domains are added to the V
regions to generate a Fab fragment [fragment, antigen-binding]. Both scFv and Fab
fragments can be easily produced in host cells, e.g., prokaryotic host cells. Other antibody
protein products include disulfide-bond stabilized scFv (ds-scFv), single chain Fab (scFab),
as well as di- and multimeric antibody formats like dia-, tria- and tetra-bodies, or
minibodies (min1Abs) that comprise different formats consisting of scFvs linked to
oligomerization domains. The smallest fragments are VHH/VH of camelid heavy chain Abs
as well as single domain Abs (sdAb). The building block that 1s most frequently used to
create novel antibody formats 1s the single-chain variable (V)-domain antibody fragment
(scFv), which comprises V domains from the heavy and light chain (VH and VL domain)
linked by a peptide linker of ~15 amino acid residues. A peptibody or peptide-Fc fusion 1s
yet another antibody protein product. The structure of a peptibody consists of a
biologically active peptide grafted onto an Fc domain. Peptibodies are well-described in
the art. See, e.g., Shimamoto et al., mAbs 4(5): 586-591 (2012).

Other antibody protein products include a single chain antibody (SCA); a diabody; a
triabody; a tetrabody; bispecific or trispecific antibodies, and the like. Bispecific antibodies

can be divided into five major classes: BslgG, appended IgG, bispecific antibody (BsAb)
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fragments, bispecific fusion proteins, and BsAb conjugates. See, e.g., Spiess et al .,
Molecular Immunology 67(2) Part A: 97-106 (2015).

In various aspects, the antigen-binding protein of the present disclosure comprises,
consists essentially of, or consists of any one of these antibody protein products. In various
aspects, the antigen-binding protein of the present disclosure comprises, consists essentially
of, or consists of any one of a Fab VHH/VH, Fv fragment, ds-scFv, scFab, Fv, F(ab’)2,
Fab’, dsFv, scFv, sc(Fv)2, dimeric antibody, multimeric antibody (e.g., a diabody, triabody,
tetrabody), miniAb, peptibody VHH/VH of camelid heavy chain antibody, sdAb, diabody:
a triabody; and a tetrabody.

In various 1nstances, the antigen-binding protein of the present disclosure 1s an
antibody protein product in monomeric form, or polymeric, oligomeric, or multimeric form.

In certain aspects, provided herein 1s a monoclonal antibody, or antigen-binding
fragment thereof, wherein the monoclonal antibody specifically binds to the carbohydrate
portion of a ganglioside. In some embodiments, the ganglioside 1s (a) GD2, (b) GD3, or (¢)
GD2 and GD3.

In various embodiments, an anti-ganglioside antibody (against GD2 or GD3) or
antibody variant thereof 1s selected from the group consisting of a human antibody, a
humanized antibody, a chimeric antibody, a monoclonal antibody, a recombinant antibody,
an antigen-binding antibody fragment, a single chain antibody, a monomeric antibody, a
diabody, a triabody, a tetrabody, Fv, F(ab’)2, Fab’, dsFv, scFv, sc(Fv)2, an IgG1 antibody,
an IgG2 antibody, an IgG3 antibody, and an IgG4 antibody.

In certain aspects, provided herein 1s a monoclonal antibody, or antigen-binding
fragment thereof, wherein the monoclonal antibody comprises a) a heavy chain
complementarity determining region (CDR) sequence with at least or about 30%, 35%,
40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%,
63%., 64%, 65%, 66%, 67%, 68%, 69%, 70%., 71%, 72%, 73%, 74%, 75%, 76%, 77%,
78%., 79%, 80%, 81%, 82%, 83%, 84%, 85%., 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%., 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%,
99.7%, 99.8%, 99.9%, or 100% i1dentity to a heavy chain CDR sequence selected from the
agroup consisting of the sequences listed 1n Table 1; and/or b) a light chain CDR sequence
with at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
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88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% i1dentity to a light chain CDR
sequence selected from the group consisting of the sequences listed in Table 1.

In certain aspects, a monoclonal antibody, or antigen-binding fragment thereof,
wherein the monoclonal antibody comprises a) a heavy chain variable domain (VH) with at
least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%., 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%,
99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% 1dentity to a VH sequence selected
from the group consisting of the VH sequences listed 1n Table 2; and/or b) a light chain
variable domain (VL) sequence with at least or about 30%, 35%, 40%, 45%, 50%, 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%,
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or
100% 1dentity to a VL sequence selected from the group consisting of the VL sequences
listed 1n Table 2, 1s provided.

In certain aspects, a monoclonal antibody, or antigen-binding fragment thereof,
wherein the monoclonal antibody, or antigen-binding fragment thereof, comprises a) a
combination of a heavy chain CDR1, CDR2, and CDR3 as set forth in Table 1, or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; and/or b) a combination
of a light chain CDR 1, CDR2, and CDR3 as set forth in Table 1, or a variant sequence
thereof which differs by only one or two amino acids, or which has at least or about 30%,
35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%., 70%, 71%, 72%, 73%, 74%, 75%, 76%,
77%., 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity, 1s provided.

In certain aspects, provided herein 1s a monoclonal antibody, or antigen-binding
fragment thereof, wherein the monoclonal antibody, or antigen-binding fragment thereof,
comprises: a) a VH sequence as set forth in Table 2, or a variant sequence thereof which
differs by only one or two amino acids, or which has at least or about 30%, 35%, 40%,
45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%., 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%., 99.6%, 99.7%.,
99.8%, 99.9%, or 100% sequence 1dentity; and/or b) a VL sequence as set forth in Table 2,
or a variant sequence thereof which differs by only one or two amino acids, or which has at
least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%,
59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%,
74%., 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%,
99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity.

In some embodiments, a monoclonal antibody, or antigen-binding fragment thereof,
wherein the monoclonal antibody comprises a) a VH sequence selected from the group
consisting of the VH sequences listed 1n Table 2; and/or b) a VL sequence selected from the
agroup consisting of the VL sequences listed in Table 2, 1s provided.

In some embodiments, the monoclonal antibody or antigen-binding fragment thereof
comprises six CDR amino acid sequences selected from: a) SEQ ID NOs: 2, 4, 6, 8, 10, and
12 (clone 4), or a variant sequence thereof which differs by only one or two amino acids, or
which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%,
57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%,
72%., 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence identity; b) SEQ
ID NOs: 14, 16, 18, 20, 22, and 24 (clone 6), or a variant sequence thereof which differs by
only one or two amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%,
51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
66%., 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%., 77%, 78%, 79%, 80%,
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81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%., 97%, 98%, 99%., 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%,
or 100% sequence 1dentity; ¢) SEQ ID NOs: 26 ,28, 30, 32, 34, and 36 (clone 7), or a
variant sequence thereof which differs by only one or two amino acids, or which has at least
or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%., 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; d) SEQ ID NOs: 38, 40,
42. 44, 46, and 48 (clone 8), or a variant sequence thereof which differs by only one or two
amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%,
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%., 70%, 71%, 72%, 73%, 74%., 75%, 76%., 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%., 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100%
sequence 1dentity; e) SEQ ID NOs: 50, 52, 54, 56, 58, and 60 (clone 9), or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%., 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; ) SEQ ID NOs: 62, 64,
66, 68, 70, and 72 (clone 10), or a variant sequence thereof which differs by only one or
two amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%., 69%, 70%, 71%, 72%, 73%, 74%, 75%., 76%., 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, 99.1%, 99.2%, 99.3%., 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100%
sequence 1dentity; g) SEQ ID NOs: 74, 76, 78, 80, 82, and 84 (clone 13), or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
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90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; h) SEQ ID NOs: 86, 88,
90, 92, 94, and 96 (clone 14), or a variant sequence thereof which differs by only one or
two amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%,
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%,
68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%., 99%, 99.1%, 99.2%, 99.3%., 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100%
sequence 1dentity; 1) SEQ ID NOs: 98, 100, 102, 104, 106, and 108 (clone 15), or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%., 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; 1) SEQ ID NOs: 110,
112, 114, 116, 118, and 120 (clone 17), or a variant sequence thereof which differs by only
one or two amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%,
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%., 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or
100% sequence 1dentity; k) SEQ ID NOs: 122, 124, 126, 128, 130, and 132 (clone 18), or a
variant sequence thereof which differs by only one or two amino acids, or which has at least
or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%., 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%., 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; and 1) SEQ ID NOs: 134,
136, 138, 140, 142, and 144 (clone 19), or a variant sequence thereof which differs by only
one or two amino acids, or which has at least or about 85% sequence 1dentity.

In some embodiments, the monoclonal antibody or antigen-binding fragment thereof
comprises the VH and VL amino acid sequences selected from: a) SEQ ID NOs: 146 and

148, or a variant sequence thereof which differs by only one or two amino acids, or which
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has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%., 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%0, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence identity; b) SEQ
ID NOs: 150 and 152, or a variant sequence thereof which differs by only one or two amino
acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%,
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence
identity; ¢) SEQ ID NOs: 154 and 156, or a variant sequence thereof which differs by only
one or two amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%,
67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%., 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
7%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or
100% sequence 1dentity; d) SEQ ID NOs: 158 and 160, or a variant sequence thereof which
differs by only one or two amino acids, or which has at least or about 30%, 35%, 40%,
45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%., 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%,
99.8%, 99.9%, or 100% sequence 1dentity; €) SEQ ID NOs: 162 and 164, or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; ) SEQ ID NOs: 166 and
168, or a variant sequence thereof which differs by only one or two amino acids, or which
has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
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73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%0, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,
99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence identity; g) SEQ
ID NOs: 170 and 172, or a variant sequence thereof which differs by only one or two amino
acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%,
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%., 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence
identity;, h) SEQ ID NOs: 174 and 176, or a variant sequence thereof which differs by only
one or two amino acids, or which has at least or about 30%., 35%, 40%, 45%,. 50%, 51%,
52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%,
67%., 68%, 69%, 70%, 71%, 72%, 73%, 74%., 75%, 76%, 77%, 78%, 79%, 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%., 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or
100% sequence 1dentity; 1) SEQ ID NOs: 178 and 180, or a variant sequence thereof which
differs by only one or two amino acids, or which has at least or about 30%, 35%, 40%,
45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%,
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%., 72%, 73%, 74%, 75%, 76%, 77%, 78%,
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%., 99.6%, 99.7%,
99 .8%, 99.9%, or 100% sequence 1dentity; 1) SEQ ID NOs: 182 and 184, or a variant
sequence thereof which differs by only one or two amino acids, or which has at least or
about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%., 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%., 99.3%, 99.4%,
99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; k) SEQ ID NOs: 186 and
188, or a variant sequence thereof which differs by only one or two amino acids, or which
has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%,
58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%., 74%, 75%, 76%., 77%, 78%., 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%0, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.1%, 99.2%,

-6 -



WO 2022/076364 PCT/US2021/053503

99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100% sequence 1dentity; and 1)
SEQ ID NOs: 190 and 192, or a variant sequence thereof which differs by only one or two
amino acids, or which has at least or about 30%, 35%, 40%, 45%, 50%, 51%, 52%, 53%,
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%,
69%., 70%, 71%, 72%, 73%, 74%., 75%, 76%., 77%, 78%, 79%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%., 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, 99.9%, or 100%
sequence 1dentity.

Numerous embodiments are further provided that can be applied to any aspect of the
present invention described herein. For example, in some embodiments, the monoclonal
antibody, or antigen-binding fragment thereof, 1s chimeric, humanized, composite, murine,
or human. In some embodiments, the monoclonal antibody, or antigen-binding fragment
thereof, comprises an immunoglobulin heavy chain constant domain selected from the
agroup consisting of IgG, IgG1, IgG2, IgG2A, IgG2B, IgG3, 1gG4, IgA, IgM, IgD, and IgE
constant domains. In some embodiments, the monoclonal antibody, or antigen-binding
fragment thereof, 1s detectably labeled, comprises an effector domain, comprises an F¢
domain, and/or 1s selected from the group consisting of Fv, F(ab’)2, Fab’, dsFv, scFv,
sc(Fv)2 fragments, diabodies, bivalent, multivalent, and bifunctional engineered constructs.
In some embodiments, the monoclonal antibody, or antigen-binding fragment thereof, 1s
obtainable from hybridoma. In some embodiments, the monoclonal antibody, or antigen-
binding fragment thereof, specifically binds a ganglioside (e.g., GD2 or GD3). In some
embodiments, the monoclonal antibody, or antigen-binding fragment thereof, specifically
binds a carbohydrate portion of a ganglioside (e.g., GD2 or GD?3).

In certain aspects, a conjugate comprising the monoclonal antibody, or antigen-
binding fragment thereof, described herein 1s provided. In some embodiments, the
conjugate comprises a detectable moiety (e.g., a fluorophore, an enzyme, a radioisotope,
etc.).

In certain aspects, an immunoglobulin heavy and/or light chain selected from the
agroup consisting of immunoglobulin heavy and light chain sequences listed in Table 2, 1s

provided.

Sequence Identity / Homology

Function-conservative variants are those 1n which a given amino acid residue in a

protein or enzyme has been changed without altering the overall conformation and function
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of the polypeptide, including, but not limited to, replacement of an amino acid with one
having similar properties (such as, for example, polarity, hydrogen bonding potential,
acidic, basic, hydrophobic, aromatic, and the like). Amino acids other than those indicated
as conserved may differ in a protein so that the percent protein or amino acid sequence
similarity between any two proteins of similar function may vary and may be, for example,
from 70% to 99% as determined according to an alignment scheme such as by the Cluster
Method, wherein similarity 1s based on the MEGALIGN algorithm. A function-
conservative variant also includes a polypeptide which has at least 60% amino acid 1dentity
as determined by BLAST or FASTA algorithms, preferably at least 75%, more preferably
at least 85%, still preferably at least 90%, and even more preferably at least 95%, and
which has the same or substantially similar properties or functions as the native or parent
protein to which 1t 1s compared.

The percent identity between two sequences 1s a function of the number of 1dentical
positions shared by the sequences (i.e., % 1dentity= # of 1dentical positions/total # of
positions x 100), taking into account the number of gaps, and the length of each gap, which
need to be introduced for optimal alignment of the two sequences. The comparison of
sequences and determination of percent identity between two sequences can be
accomplished using a mathematical algorithm, as described in the non-limiting examples
below.

The percent identity between two nucleotide sequences can be determined using the
GAP program 1n the GCG software package (available on the world wide web at the GCG
company website), using a NWSgapdna. CMP matrix and a gap weight of 40, 50, 60, 70,
or 80 and a length weight of 1, 2, 3, 4, 5, or 6. The percent 1dentity between two nucleotide
or amino acid sequences can also be determined using the algorithm of E. Meyers and W.
Miller (CABIOS, 4:11 17 (1989)) which has been incorporated into the ALIGN program
(version 2.0), using a PAM120 weight residue table, a gap length penalty of 12 and a gap
penalty of 4. In addition, the percent identity between two amino acid sequences can be
determined using the Needleman and Wunsch (J. Mol. Biol. (48):444 453 (1970)) algorithm
which has been incorporated into the GAP program 1n the GCG software package
(available on the world wide web at the GCG company website), using either a Blosum 62
matrix or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length
weightof 1,2, 3, 4,5, or 6.

The nucleic acid and protein sequences of the present invention can further be used
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as a “‘query sequence” to perform a search against public databases to, for example, 1dentity
related sequences. Such searches can be performed using the NBLAST and XBLAST
programs (version 2.0) of Altschul, ef al. (1990) J. Mol. Biol. 215:403 10. BLAST
nucleotide searches can be performed with the NBLAST program, score=100,
wordlength=12 to obtain nucleotide sequences homologous to the nucleic acid molecules of
the present invention. BLAST protein searches can be performed with the XBLAST
program, score=50, wordlength=3 to obtain amino acid sequences homologous to the
protein molecules of the present invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described 1n Altschul ef al., (1997) Nucleic
Acids Res. 25(17):3389 3402. When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used
(available on the world wide web at the NCBI website).

Sequences

As used herein, coding region refers to regions of a nucleotide sequence comprising
codons which are translated into amino acid residues, whereas noncoding region refers to
regions of a nucleotide sequence that are not translated into amino acids (e.g., 5" and 3'
untranslated regions).

Complement [to] or complementary refers to the broad concept of sequence
complementarity between regions of two nucleic acid strands or between two regions of the
same nucleic acid strand. It 1s known that an adenine residue of a first nucleic acid region
1S capable of forming specific hydrogen bonds (base pairing) with a residue of a second
nucleic acid region which 1s antiparallel to the first region if the residue 1s thymine or
uracil. Similarly, 1t 1s known that a cytosine residue of a first nucleic acid strand 1s capable
of base pairing with a residue of a second nucleic acid strand which 1s antiparallel to the
first strand 1f the residue 1s guanine. A first region of a nucleic acid 1s complementary to a
second region of the same or a different nucleic acid 1f, when the two regions are arranged
1in an antiparallel fashion, at least one nucleotide residue of the first region 1s capable of
base pairing with a residue of the second region. In some embodiments, the first region
comprises a first portion and the second region comprises a second portion, whereby, when
the first and second portions are arranged 1n an antiparallel fashion, at least or about 50%,
and preferably at least or about 75%, at least or about 90%, or at least or about 95% of the

nucleotide residues of the first portion are capable of base pairing with nucleotide residues
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1n the second portion. In other embodiments, all nucleotide residues of the first portion are
capable of base pairing with nucleotide residues 1n the second portion.

A nucleic acid 1s operably linked when it 1s placed 1into a functional relationship
with another nucleic acid sequence. For instance, a promoter or enhancer 1s operably linked
to a coding sequence 1f 1t affects the transcription of the sequence. With respect to
transcription regulatory sequences, operably linked means that the DNA sequences being
linked are contiguous and, where necessary to join two protein coding regions, contiguous
and 1n reading frame. For switch sequences, operably linked indicates that the sequences
are capable of effecting switch recombination.

There 15 a known and definite correspondence between the amino acid sequence of a
particular protein and the nucleotide sequences that can code for the protein, as defined by
the genetic code (shown below). Likewise, there 1s a known and definite correspondence
between the nucleotide sequence of a particular nucleic acid and the amino acid sequence

encoded by that nucleic acid, as defined by the genetic code.

GENETIC CODE

Alanine (Ala, A) GCA, GCC, GCG, GCT

Arginine (Arg, R) AGA, ACG, CGA, CGC, CGG, CGT
Asparagine (Asn, N) AAC, AAT

Aspartic acid (Asp, D) GAC, GAT

Cysteine (Cys, C) TGC, TGT

Glutamic acid (Glu, E) GAA, GAG

Glutamine (Gln, Q) CAA, CAG

Glycine (Gly, G) GGA, GGC, GGG, GGT

Histidine (His, H) CAC, CAT

Isoleucine (Ile, I) ATA, ATC, ATT

Leucine (Leu, L) CTA, CTC, CTG, CTT, TTA, TTG
Lysine (Lys, K) AAA, AAG

Methionine (Met, M) ATG

Phenylalanine (Phe, F) TTC, TTT

Proline (Pro, P) CCA, CCC, CCG, CCT

Serine (Ser, S) AGC, AGT, TCA, TCC, TCG, TCT
Threonine (Thr, T) ACA, ACC, ACG, ACT
Tryptophan (Trp, W) TGG
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Tyrosine (Tyr, Y) TAC, TAT
Valine (Val, V) GTA, GTC, GTG, GTT
Termination signal (end) TAA, TAG, TGA

An important and well-known feature of the genetic code 1s 1ts redundancy,
whereby, for most of the amino acids used to make proteins, more than one coding
nucleotide triplet may be employed (1llustrated above). Therefore, a number of different
nucleotide sequences may code for a given amino acid sequence. Such nucleotide
sequences are considered functionally equivalent since they result 1n the production of the
same amino acid sequence 1n all organisms (although certain organisms may translate some
sequences more efficiently than they do others). Moreover, occasionally, a methylated
variant of a purine or pyrimidine may be found 1n a given nucleotide sequence. Such
methylations do not affect the coding relationship between the trinucleotide codon and the
corresponding amino acid.

In making the changes in the amino sequences of polypeptide, the hydropathic index
of amino acids may be considered. The importance of the hydropathic amino acid index 1n
conferring interactive biologic function on a protein 1s generally understood in the art. It 1s
accepted that the relative hydropathic character of the amino acid contributes to the
secondary structure of the resultant protein, which in turn defines the interaction of the
protein with other molecules, for example, enzymes, substrates, receptors, DNA,
antibodies, antigens, and the like. Each amino acid has been assigned a hydropathic index
on the basis of their hydrophobicity and charge characteristics these are: 1soleucine (+4.5);
valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); methionine
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophane (-0.9);
tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate
(<RTI 3.5); asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

It 1s known 1n the art that certain amino acids may be substituted by other amino
acids having a ssmilar hydropathic index or score and still result 1n a protein with similar
biological activity, i.e. still obtain a biological functionally equivalent protein.

As outlined above, amino acid substitutions are generally therefore based on the
relative stmilarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions which

take various of the foregoing characteristics into consideration are well-known to those of
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skill 1in the art and include: arginine and lysine; glutamate and aspartate; serine and
threonine; glutamine and asparagine; and valine, leucine and 1soleucine.

In view of the foregoing, the nucleotide sequence of a DNA or RNA can be used to
derive the polypeptide amino acid sequence, using the genetic code to translate the DNA or
RNA 1nto an amino acid sequence. Likewise, for polypeptide amino acid sequence,
corresponding nucleotide sequences that can encode the polypeptide can be deduced from
the genetic code (which, because of 1ts redundancy, will produce multiple nucleic acid
sequences for any given amino acid sequence). Thus, description and/or disclosure herein
of a nucleotide sequence which encodes a polypeptide should be considered to also include
description and/or disclosure of the amino acid sequence encoded by the nucleotide
sequence. Similarly, description and/or disclosure of a polypeptide amino acid sequence
herein should be considered to also include description and/or disclosure of all possible

nucleotide sequences that can encode the amino acid sequence.

Table 1: Exemplary sequence of the CDRSs of anti-eanglioside monoclonal antibodies

Clone | Binds: CDR | ¢DNA Sequence Amino Acid
No. No. Seﬂuence
4 GD2/GD3 | HC- GGCTACACATTTACCAGGTACTGG GYTFTRYW
DRI (SEQ ID NO: 1) (SEQ ID NO: 2)
Mouse HC- ATTTATCCTGGAAATAGTGATACT [YPGNSDT
mAb CDR2 (SEQ ID NO: 3) (SEQ ID NO: 4)
HC- GCAAGATCCGATGGTCCTATGGACTAC ARSDGPMDY
CDRS3 (SEQ ID NO: 5) (SEQ ID NO: 6)
LC- GAAAGTGTTGATAATTATGGCATCAGTT | ESVDNYGISF
CDRLT (SEQ ID NO: 8)
(SEQ ID NO: 7)
LC- GCTGCATCC AAS
CDR2 (SEQ ID NO: 9) (SEQ ID NO: 10)
LC- CAGCAAAGTAAGGAGGTTCCGTTCACG QQSKEVPFT
CDR3 (SEQ ID NO: 11) (SEQ ID NO: 12)
6 GD3 HC- ACCTATGGAATGAGC TYGMS
CDRI (SEQ ID NO: 13) (SEQ ID NO: 14)
Mouse HC- TGGATAAACACATATACTGGAGTGCCAA | WINTYTGVPTYGDDFKG
[gG CDR2 | CATATGGTGATGACTTCAAGGGA (SEQ ID NO: 16)
Kappa (SEQ ID NO: 15)
HC- TGGTTACGCCACCATGCTATGGACTAC WLRHHAMDY
CDR3 (SEQ ID NO: 17) (SEQ ID NO: 18)
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Clone | Binds: CDR | ¢DNA Sequence Amino Acid
No. No.
Seguence
LC- AAGGCCAGTGAGAATGTGGTTACTTATG | KASENVVTYVS
CDRLTHTCC (SEQ ID NO: 20)
(SEQ ID NO: 19)

LC- GGGGCATCCAACCGGTACACT GASNRYT
CDR2 (SEQ ID NO: 21) (SEQ ID NO: 22)
LC- GGACAGGGTTACAGCTATCCGTACACG GOQGYSYPYT
DR (SEQ ID NO: 23) (SEQ ID NO: 24)

7

Mouse

mADb

9

Mouse
[gG
Kappa

GD2/GD3

GD2/GD3

GD2/GD3

HC- | GGATTCACTTTTAGTGACGCCTGG GFTFSDAW
DRI (SEQ ID NO: 25) (SEQ ID NO: 26)
HC- | ATTAGAAACAAAGCTAATAATCATGCG | IRNKANNHAT
CDRZ | ACA (SEQ ID NO: 28)
(SEQ ID NO: 27)
HC- | ACCAGGCGACATGATTCCTACTTTGACT | TRRHDSYEDY
CDR3 - AC (SEQ ID NO: 30)
(SEQ ID NO: 29)
LC- | CAGGATGTGGATACTGCT QDVDTA
CDRI (SEQ ID NO: 31) (SEQ ID NO: 32)
LC- | TGGGCATCC WAS
CDRZ 1 O 1D NO: 33) (SEQ ID NO: 34)
LC- | CAGCAATATCGCAGCTATCCTCTCACG | QQYRSYPLT
CDR3 - sEQ 1D NO: 35) (SEQ ID NO: 36)
HC- | GGCTACACATTTACCAGTTACTGG GYTFTSYW
CDRIT sE0 1D NO: 37) (SEQ ID NO: 38)
HC- | ATTTATCCTGGAAAAAGTGGTACT [YPGKSGT
CDR2 (SEQ ID NO: 39) (SEQ ID NO: 40)
HC- | ACAAGATCCGATGGTCCTATGGACTAC | TRSDGPMDY
CDRS (SEQ ID NO: 41) (SEQ ID NO: 42)
LC- | GAGAGTGTTGATAATTATGACATTAGTT | ESVDNYDISF
e (SEQ ID NO: 44)
(SEQ ID NO: 43)
LC- | GCTGCATCC AAS
CDR2 (SEQ ID NO: 45) (SEQ ID NO: 46)
LC- | CAGCAAAGTAAGGAGGTTCCGTACACG | QQSKEVPYT
CDR3 - sEQ 1D NO: 47) (SEQ ID NO: 48)
HC- | GACTACAACATGGAC DYNMD
CDRET SO 1D NO: 49) (SEQ ID NO: 50)
HC- | GATATTAATCCTAACAATGGTGGTACTA | DINPNNGGTIYNQKFKG
CDR2 | TCTACAACCAGAAGTTCAAGGGC SEO ID NO: 52)
(SEQ ID NO: 51)
HC- | TCGGGGATCTACTATGATTACGCCTGGT | SGIYYDYAWFPY
CDR3 | TTCCTTAC SEQ ID NO: 54)
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Clone | Binds: CDR | ¢DNA Sequence Amino Acid
No. No.

10

Mouse
IgM
Kappa

13

Mouse
[gM
Kappa

14

GD2/GD3

GD2/GD3

GD2/GD3

(SEQ ID NO: 53)

Seguence

LC- | AGTGCAAGTCAGGGCATTAGCAATTATT | SASQGISNYLN

CDRITAAAC (SEQ ID NO: 56)
(SEQ ID NO: 55)

LC- | TACACATCAAGTTTACACTCA YTSSLHS

CDR2 (SEQ ID NO: 57) (SEQ ID NO: 58)

LC- | CAGCAGTATAGTAAGCTTCCTCCTACG | QQYSKLPPT

CDR3 (SEQ ID NO: 59) (SEQ ID NO: 60)

HC- | GACTACAACATGGAC DYNMD

CDRUY sEQ D NO: 61 (SEQ ID NO: 62)

HC- | GATATTAATCCTAACAATGGTGGTACTA | DINPNNGGTIYNQKFKG

CDR2 | TCTACAACCAGAAGTTCAAGGGC SEO ID NO: 64)
(SEQ ID NO: 63)

HC- | TCGGGGATCTACTATGATTACGCCTGGT | SGIYYDYAWEFPY

CDR3 | TTCCTTAC SEQ ID NO: 66)
(SEQ ID NO: 65)

LC- | AGTGCAAGTCAGGGCATTAGCAATTATT | SASQGISNYLN

CDRL|TAAAC (SEQ ID NO: 68)
(SEQ ID NO: 67)

LC- | TACACATCAAGTTTACACTCA YTSSLHS

CDR2 (SEQ ID NO: 69) (SEQ ID NO: 70)

LC- | CAGCAGTATAGTAAGCTTCCTCCTACG | QQYSKLPPT

CDR3 - sEQ D NO: 71) (SEQ ID NO: 72)

HC- | GACTATGAAATGCAC DYEMH

DRI (SEQ ID NO: 73) (SEQ ID NO: 74)

HC- | GCTATTGATCCTGAAACTGGTGGTACTG | AIDPETGGTAYNQKFKG

CDR2 | CCTACAATCAGAAGTTCAAGGGC SEQ ID NO: 76)
(SEQ ID NO: 75)

HC- | AGCTGGGACGGAGACTAC SWDGDY

CDR3 - sEQ D NO: 77) (SEQ ID NO: 78)

LC- | AAGGCCAGTCAGAATGTGGGTACTAAT | KASQNVGTNVA

CDRL | GIAGCE (SEQ ID NO: 80)
(SEQ ID NO: 79)

LC- | TCGGCATCCTACCGGTACAGT SASYRYS

CDR2 (SEQ ID NO: 81) (SEQ ID NO: 82)

LC- | CAGCAATATAACAGCTATCCATTCACG | QQYNSYPFT

CDR3 (SEQ ID NO: 83) (SEQ ID NO: 84)

HC- | GACTACAACATGGAC DYNMD

CDRU SEQ D NO: 85) (SEQ ID NO: 86)

HC- | GATATTAATCCTAACAATGGTGGTACTA | DINPNNGGTIYNQKFKG

CDR2 | TCTACAACCAGAAGTTCAAGGGC SEO ID NO: 88)
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Clone | Binds: CDR | ¢DNA Sequence Amino Acid
No. No. Sequence
Mouse (SEQ ID NO: 87)
ng)lpa Iégig %ggggT(;%TCTACTATGATTACGCCTGGT SGIYYDYAWFPY
(SEQ ID NO: 90)
(SEQ ID NO: 89)
LC- AGTGCAAGTCAGGGCATTAGCAATTATT | SASQGISNYLN
CDRL|TAAAC (SEQ ID NO: 92)
(SEQ ID NO: 91)
LC- TACACATCAAGTTTACACTCA YTSSLHS
CDR2 (SEQ ID NO: 93) (SEQ ID NO: 94)
LC- CAGCAGTATAGTAAGCTTCCTCCTACG QQYSKLPPT
CDR3 (SEQ ID NO: 95) (SEQ ID NO: 96)
15 GD2/GD3 | HC- GGATTCACTTTTAGTGACGCCTGG GFTFSDAW
DRI (SEQ ID NO: 97) (SEQ ID NO: 98)
Mouse HC- ATTAGAAACAAAGCTAATAATCATGCG IRNKANNHAT
mADb (DR2- | ACA (SEQ ID NO: 100)
(SEQ ID NO: 99)
HC- ACCGGGCGACATGATTCCTACTTTGACT | TGRHDSYFDY
CDR3 - AC (SEQ ID NO: 102)
(SEQ ID NO: 101)
LC- CAGGGCATTAGCAATTAT QGISNY
CDRI (SEQ ID NO: 103) (SEQ ID NO: 104)
LC- TACACATCA YTS
CDR2 (SEQ ID NO: 105) (SEQ ID NO: 106)
LC- CAGCAGTATAGTAAGCTTCCTCCTACG QQYSKLPPT
CDR3 (SEQ ID NO: 107) (SEQ ID NO: 108)
17 GD2/GD3 | HC- GGCTACACCTTCACCAGCTACTGG GYTFISYW
DRI (SEQ ID NO: 109) (SEQ ID NO: 110)
Mouse HC- ATTTATCCTGGTAGTGGTAGTACT [YPGSGST
mADb CDR2 (SEQ ID NO: 111) (SEQ ID NO: 112)
HC- GCAAGCCACCGATITGATTACTACGGTA | ASHRFDYYGSSYYAMDY
CDR3 | GTAGCTACTATGCTATGGACTAC (SEQ ID NO: 114)
(SEQ ID NO: 113)
LC- CAGGACATTTGCAATTAT QDICNY
DRI (SEQ ID NO: 115) (SEQ ID NO: 116)
LC- TACACATCA YTS
CDR2 (SEQ ID NO: 117) (SEQ ID NO: 118)
LC- CAACAGGGTAATACGCTTCCGCTCACG QOQGNTLPLT
CDR3 (SEQ ID NO: 119) (SEQ ID NO: 120)
18 GD2/GD3 | HC- GGATACACGTTCACTGACTTCCAC GYTFTDFH
DRI (SEQ ID NO: 121) (SEQ ID NO: 122)
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Clone | Binds: CDR | ¢DNA Sequence Amino Acid

No. No. Sequence

Mouse HC- ATTAATCCTAACAATGGTGGTACT INPNNGGT

mAb CDR2 (SEQ ID NO: 123) (SEQ ID NO: 124)
HC- GTAAGAGAAATCTACTTTGGCTTTGACT | VREIYFGFDY
CDR3 | AC (SEQ ID NO: 126)

(SEQ ID NO: 125)

LC- CAGGACATTTGCAATTAT QDICNY
DRI (SEQ ID NO: 127) (SEQ ID NO: 128)
LC- TACACATCA YTS
CDR2 (SEQ ID NO: 129) (SEQ ID NO: 130)
LC- CAACAGGGTAATACGCTTCCGCTCACG QQGNTLPLT
CDR3 (SEQ ID NO: 131) (SEQ ID NO: 132)

19 GD2 HC- GGATACACATTCACTAAATACACC GYTFTKYT
DRI (SEQ ID NO: 133) (SEQ ID NO: 134)

Mouse HC- ATTAATCCTAACAATGGTGGTACT INPNNGGT
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