10

15

20

25

30

35

WO 2021/094620 PCT/EP2020/082292

1
TMEM219 ANTIBODIES AND THERAPEUTIC USES THEREOF

TECHNICAL FIELD
The present invention relates to antibodies or antigen binding fragments thereof that
bind specifically to the IGFBP3 receptor, namely TMEM219, to methods for their

production, pharmaceutical compositions containing said antibodies, and uses thereof.

BACKGROUND ART

IGFBP3/TMEM219 axis

The insulin-like growth factor binding proteins is a family of seven binding proteins which
modulate the bioavailability of insulin-like growth factors (IGFs). Among them IGFBP3 is
the most abundant, being present in almost all tissues, and has the higher affinity for
IGFs; indeed, approximately 80-90 % of IGFs are bound to IGFBP3 in a ternary complex
with the acid labile subunit (ALS) (1).

In addition to its ability to regulate IGFs availability, IGFBP3 has also been shown to
have IGF-independent functions (2). Indeed, it is able to associate with cell-surface
proteins, cell-surface receptors with integral signaling capacity, intracellular and nuclear
proteins (transcription factors) thus influencing cell growth and directly inducing
apoptosis (2). Among death receptors, TMEM219, a single-span membrane protein, was
shown high binding to IGFBP-3 (3). Binding of IGFBP3 to TMEMZ219 induces caspase-
8-mediated apoptosis in a variety of cells, including cancer cells (i.e. prostate and breast)
(3), but also stem cells (i.e. colonic stem cells) (4). Blocking or enhancing
IGFBP3/TMEM219 axis with different strategies has been shown to respectively prevent
or increase cell death. To the best of our knowledge there are no monoclonal antibodies
against TMEM219 or IGFBP3 commercially available capable of preventing the
IGFBP3/TMEM219 binding and halting the IGF-I independent and Caspase8-mediated
detrimental effects on target tissues/cells of binding of IGFBP3 to TMEM219.
IGFBP3/TMEM219 axis in diabetes

Type 1 (T1D) and type 2 diabetes (T2D) are both characterized by a loss of beta cells,
which results in a reduced secretion of insulin, failure to control blood glucose levels and
hyperglycemia (5,6). Despite different etiological mechanisms, either autoimmune
response in T1D or insulin resistance/inflammation in T2D, both lead to a progressive
reduction of beta cell mass. Indeed, it is becoming evident that the occurring
autoimmune activation does not appear sufficient to fully explain beta cell loss in T1D

(5). Moreover, the failure of immunotherapies to cure T1D (7) highlighted that: (i)
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autoimmunity may not be the sole factor involved in T1D pathogenesis and (ii) alternative
strategies that target different mechanisms of disease, such as beta cell loss, are
needed in order to establish an effective treatment for T1D. The observation that
scattered beta cells are detected in individuals with long-standing T1D(8) confirms that
either new beta cells must be occurring in order to preserve the beta cell turnover (5, 9),
or the destroyed beta-cells may be “different” and prone to death (10). This may suggest
that the up/down-regulated expression of surface beta cell receptors may have a key
role in making them visible to immune system and, more importantly, that other non-
immunological determinants may modulate beta cell fate and function. Therefore,
preventing the non-immunological beta cell destruction in T1D and the progressive loss
of beta cells in T2D may skew the balance between beta cell generation and destruction
towards the recovery of the appropriate beta cell mass, thus paving the way for novel
therapeutic approaches capable of halting or delaying the very first phase of the disease.
It has been shown that TMEM219, the IGFBP3 receptor, is expressed in a beta cell line
and in human/murine islets, and that its ligation is toxic to beta cells. Interestingly, it has
been also observed that mice transgenic for human IGFBP3 develop hyperglycemia,
exhibit a reduced islets mass and show a decrease response to insulin-glucose
stimulation (11), while those knocked down for IGFBP3 did not show any alteration in
terms of glycometabolic control (12).

In humans, Drogan and colleagues recently published that elevated circulating levels of
IGFBP3 are associated with the development of T2D (13). Moreover, a recent study by
the Diabimmune Study group demonstrated that IGFBP3 levels correlate with
autoantibody positivity and chance to seroconversion in children at risk for T1D, thus
suggesting a role for circulating IGFBP3 in the early development of beta cell
autoimmunity (14).

TMEM219, the IGFBP3 receptor, has been already described as a death receptor,
whose activation triggers Caspase8-mediated apoptosis within the target cells thus
leading to their loss (4).

IGFBP3/TMEM219 axis in inflammatory bowel disease

Intestinal stem cells (ISCs) reside at the bottom of small and large intestine crypts and
control the crypts regeneration and turnover. In particular, ISCs can differentiate along
the crypts to generate goblet cells, enterocytes, enteroendocrine cells (4).
Inflammatory bowel disease (IBD) is an immune-mediated chronic condition that
encompasses two clinical entities, Crohn’s disease (CD) and ulcerative colitis (UC), and

affects nearly 2.5 million of individuals in Europe and 1 million in USA (15). The
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pathogenesis of IBD is still under investigation, but recent evidences suggest that an
impaired differentiation of ISCs towards Paneth cells, in ileal CD, and towards goblet
cells in UC, may play a key-role in the onset of the disease. In particular, local signaling
and inflammatory pathways in the mucosa both respond to external stimuli and preserve
ISCs number and function, thus maintaining intestinal homeostasis (16). Indeed
recently, Yancu et al., published results that support the role of IGFBP-3 in CD. Indeed,
they demonstrated that, the knockout of IGFBP3 has a role in modulating inflammation
in the Dextran-Sodium-Sulphate (DSS) colitis murine model (17).

The inventors have recently found that the insulin-like growth factor binding protein 3
(IGFBP3) receptor, namely the TMEM219 receptor, is expressed on ISCs and that its
interaction with the circulating hormone IGFBP3 controls ISCs fate and function in a
model of intestinal disorders in diabetes and diabetic enteropathy (4). Since diabetic
enteropathy and IBD share common features, as alteration in intestinal stem cell (ISC)
homeostasis and altered mucosa morphology, these results may add important insights
in the still unknown IBD pathogenesis and will possibly lead to the introduction of a new
therapeutic approach for IBD treatment.

Current available therapy for IBD is based on the use of anti-inflammatory and
immunotherapeutic strategies, which are aggravated by several adverse effects and
whose effectiveness in the long-term remains questionable. Surgery is also successfully
employed in advanced state of the disease especially in UC (15). Relapsing of the
disease mostly in CD is also frequent, thus highlighting the need for a different
therapeutic approach. As a result, the identification of novel therapeutic targets and
strategies in the treatment of IBD is of a high clinically relevance and need for the health
community.

WO02016193497 and WOQ02016193496 (incorporated herein by reference in their
entireties), describe a TMEM219 extracellular domain, ecto-TMEM, acting as an
effective therapeutic agent. However, receptor constructs are less desirable as
therapeutic agents than are antibodies. Therefore, there is still a need for further
therapeutics agents, as antibodies or derivatives thereof, that mimic the effects of ecto-
TMEM.

SUMMARY OF THE INVENTION
Disclosed herein are antibodies that bind with high affinity and specificity to human ecto-
TMEM (extracellular domain of TMEM) and that are capable of reducing or abrogating

binding of IGFBP3 to its cognate receptor, TMEM219, without themselves activating the
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TMEM219 pathway upon binding. Such neutralizing antibodies are useful in treating
disorders in which IGFBP3 binding to TMEM219 contributes to the pathophysiology of
the disease, including diabetic enteropathy, inflammatory bowel disease (IBD) such as
ulcerative colitis and Crohn’s disease, type 1 or type 2 diabetes. Such neutralizing
antibodies provide advantageous therapeutic agents that have therapeutic activities
similar to the receptor-based ligand trap, ecto-TMEM219.
In a first aspect, it is provided an isolated antibody or antigen binding fragment thereof
that binds to human TMEM219 and inhibits or reduces the binding of IGFBP3 to said
TMEM219 receptor.
Preferably the isolated antibody or antigen binding fragment thereof inhibits, reduces, or
neutralizes the activation of the TMEMZ219 receptor induced by binding of IGFBP3.
Activation of the TMEM219 receptor induced by IGFBP3 may be measured by any
known method in the art or as described below. In particular, IGFBP3-induced activation
of a TMEM219 receptor may be measured by measuring apoptosis increase as
described therein or decrease in minigut growth as known in the art and described in
several publications (4,18, 27, 28).
Preferably the isolated antibody or antigen binding fragment thereof does not activate
TMEM219 pathway upon binding to human TMEM219.
In a preferred embodiment the isolated antibody or antigen binding fragment thereof is
effective in preserving beta cells in diabetic subject and/or in preventing islet destruction,
and/or in controlling blood glucose levels in an in vivo model.
In a preferred embodiment the isolated antibody or antigen binding fragment thereof is
effective in reducing acute colitis in an in vivo model.
In a preferred embodiment the isolated antibody or antigen binding fragment thereof
decreases DSS-induced increase in DAI score and histological score or is effective in
reducing acute colitis in an in vivo model.
The present invention also provides an isolated antibody or antigen binding fragment
thereof that has at least one activity selected from:

a- increase in IGFBP3 treated healthy subject minigut growth

b- increase in IBD-patient minigut growth;

c- increase in diabetic enteropathy serum treated healthy subject minigut growth;

d- increase in expression of EphB2 and/or LGR5 in IGFBP3 treated healthy

subject minigut;

e- decrease in caspase 8 expression in IGFBP3 treated healthy subject minigut;

f- decrease in B-cell loss in IGFBP3 treated B-cell;
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g- increase in expression of insulin in IGFBP3 treated B-cell;
h-inhibits or decreases DSS-induced intestinal cells apoptosis;
i-restores expression of PCNA in DSS-treated colon;

j- decrease in apoptosis of B-cell in IGFBP3 treated B-cell;

k- decrease in insulitis score in an animal model of diabetes;

|- decrease in diabetes onset in an animal model of diabetes;
m- protects beta cell injury in an animal model of diabetes;

n- prevents beta cell loss in an animal model of diabetes.

Preferably the increase in a), b) and c) is by at least 20 %; the increase in d) and e) is
by at least 30 %, preferably by at least 50 %; the decrease in f) and the increase in g) is
by at least 10 %, decrease in k) and |) is by at least 50 %, preferably the decrease in I)

is by at least 70%. Preferably the decrease j) is by at least 30 %.

The invention provides an isolated antibody or antigen binding fragment thereof
comprising:
a. a heavy chain variable domain (VH) comprising:
i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of: SEQ ID NO: 1, 4, 8, 10, 56, 59, 62, 65 and 68;
ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of : SEQ ID NO:2, 5, 11, 57, 60, 63, 66 and 69; and
iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of : SEQ ID NO:3, 6, 7, 9, 12, 13, 58, 61, 64, 67 and 70; and/or
b. a light chain variable domain (VL) comprising:
i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of: SEQ ID NO:14, 17, 20, 23, 26, 29, 71, 77, 80, 82 and 85;
ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of : SEQ ID NO:15, 18, 21, 24, 27, 30, 72, 78, 83 and 86; and
iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of: SEQ ID NO:16, 19, 22, 25, 28, 31, 73, 74, 75, 76, 79, 81,
84, 87, 166 and 167.

Preferably the isolated antibody or antigen binding fragment thereof comprises:
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SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 19 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TCO1 or of TCOS or

SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 166 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TCO3 or

SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 167 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TC04 or

SEQ ID NO: 68 and SEQ ID NO: 69 and SEQ ID NO: 70 and SEQ ID NO: 85 and
SEQ ID NO: 86 and SEQ ID NO: 87 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TM1.

Preferably the isolated antibody or antigen binding fragment thereof comprises:

a. a heavy chain variable domain (VH) comprising:

i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org);

ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and

iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and/or
b. a light chain variable domain (VL) comprising:

i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org);

ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and

iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of a sequence as defined using abysis tool analysis

(www.abysis.org).
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Preferably the isolated antibody or antigen binding fragment thereof comprises the
CDRs as indicated in Table 2-5, 8-11, as well as Tables 3.1 to 3.4.
Preferably said antibody or antigen binding fragment thereof binds specifically to
TMEM219.
Preferably it has at least one activity selected from:
a- increase in IGFBP3 treated healthy subject minigut growth
b- increase in IBD-patient minigut growth;
c- increase in diabetic enteropathy serum treated healthy subject minigut growth;
d- increase in expression of EphB2 and/or LGR5 in IGFBP3 treated healthy
subject minigut;
e- decrease in caspase 8 expression in IGFBP3 treated healthy subject minigut;
f- decrease in B-cell loss in IGFBP3 treated 3-cell;
g- increase in expression of insulin in IGFBP3 treated B-cell;
h-inhibits or decreases DSS-induced intestinal cells apoptosis;
i-restores expression of PCNA in DSS-treated colon;
j- decrease in apoptosis of B-cell in IGFBP3 treated B-cell.
Preferably the increase in a), b) and c) is by at least 20 %; the increase in d) and e) is
by at least 50 %; the decrease in f) and the increase in g) is by at least 10 %.
Preferably the isolated antibody or antigen binding fragment thereof comprises:
a. a heavy chain variable domain (VH) comprising:
i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of: SEQ ID NO: 4, 1, 8, 10, 56, 59, 62, 65 and 68;
ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of : SEQ ID NO: 5, 2, 11, 57, 60, 63, 66 and 69; and
iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of : SEQ ID NO:6, 3, 7, 9, 12, 13, 58, 61, 64, 67 and 70; and/or
b. a light chain variable domain (VL) comprising:
i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of: SEQ ID NO:17, 14, 20, 23, 26, 29, 71, 77, 80, 82 and 85;
ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of : SEQ ID NO:18, 15, 21, 24, 27, 30, 72, 78, 83 and 86; and
iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of: SEQ ID NO:19, 16, 22, 25, 28, 31,73, 74, 75, 76, 79, 81,
84, 87, 166 and 167.

Preferably the isolated antibody or antigen binding fragment thereof comprises:
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SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 19 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TCO1 or of TCOS or

SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 166 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TCO3 or

SEQ ID NO: 4 and SEQ ID NO: 5 and SEQ ID NO: 6 and SEQ ID NO: 17 and
SEQ ID NO: 18 and SEQ ID NO: 167 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TC04 or

SEQ ID NO: 68 and SEQ ID NO: 69 and SEQ ID NO: 70 and SEQ ID NO: 85 and
SEQ ID NO: 86 and SEQ ID NO: 87 or Kabat, IMGT, Chothia, AbM, or Contact
CDRs of TM1.

Preferably the isolated antibody or antigen binding fragment thereof comprises:

a. a heavy chain variable domain (VH) comprising:

i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org);

ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and

iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and/or
b. a light chain variable domain (VL) comprising:

i. a CDR1 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org);

ii. a CDR2 sequence of the amino acid sequence selected from the group
consisting of a sequence as defined using abysis tool analysis
(www.abysis.org); and

iii. a CDR3 sequence of the amino acid sequence selected from the
group consisting of a sequence as defined using abysis tool analysis

(www.abysis.org).

Preferably the isolated antibody or antigen binding fragment thereof comprises:
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a. a heavy chain variable domain sequence of the amino acid sequence
selected from the group consisting of: SEQ ID NO:32 to SEQ ID NO:37 or of SEQ ID
NO:88 to SEQ ID NO:95; or of SEQ ID NO:168, SEQ ID NO:169 and SEQ ID NO:170 ;
or

b. a light chain variable domain sequence of the amino acid sequence selected
from the group consisting of: SEQ ID NO: 38 to SEQ ID NO:43; or of SEQ ID NO: 96 to
SEQ ID NO: 103 or of SEQ ID NO: 171, SEQ ID NO: 172 or SEQ ID NO: 173;

c. the light chain variable domain of (a) and the heavy chain variable domain of

(b).

Still preferably the isolated antibody is TCO1, TC03, TC04, TCO05, TA02, TC02, TDO1,
TEO1, TG02, TM1, TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 or antigen
binding fragment thereof, preferably the isolated antibody is TCO1, TC05, TC03, TC04
or TM1 or antigen binding fragment thereof, as reported in Tables 4, 7 and 10-13 as well
as Tables 3.1 to 3.4. Preferably the isolated antibody is TCO1.

Still preferably the isolated antibody is TCO1 comprising SEQ ID NO:33 and SEQ ID
NO:39, TCO3 comprising SEQ ID NO:168 and SEQ ID NO:171, TC04 comprising SEQ
ID NO:169 and SEQ ID NO:172, TCO5 comprising SEQ ID NO:170 and SEQ ID NO:173,
TAO2 comprising SEQ ID NO:32 and SEQ ID NO:38, TCO1 comprising SEQ ID NO:33
and SEQ ID NO:39, TCO2 comprising SEQ ID NO:34 and SEQ ID NO:40, TDO1
comprising SEQ ID NO:35 and SEQ ID NO:41, TEO1 comprising SEQ ID NO:36 and
SEQ ID NO:42, TG02 comprising SEQ ID NO:37 and SEQ ID NO:43, TE02.1 comprising
SEQ ID NO:88 and SEQ ID NO:96, TE02.2 comprising SEQ ID NO:89 and SEQ ID
NO:97, TE02.3 comprising SEQ ID NO:90 and SEQ ID NO:98, TEO3 comprising SEQ
ID NO:91 and SEQ ID NO:99, TEO4 comprising SEQ ID NO:92 and SEQ ID NO:100,
TEO7 comprising SEQ ID NO:93 and SEQ ID NO:101, TE10 comprising SEQ 1D NO:94
and SEQ ID NO:102, TM1 comprising SEQ ID NO:95 and SEQ ID NO:103 .

Preferably the isolated antibody or antigen binding fragment of the invention binds to
human TMEM219 with an affinity constant lower than or equal to 107 M, preferably with
an affinity constant lower than or equal to 2 x 108 M.

The invention also provides an isolated antibody or antigen binding fragment thereof
that:

(a) binds specifically to an epitope on IGFBP3, e.g., the same or similar epitope as the
epitope recognized by the monoclonal antibody TC01, TC03, TC04, TC05, TA02, TC02,
TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEO3, TE04, TEQO7, TE10 as defined

in Tables 2-19 as well as Tables 3.1 to 3.4; or
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(b) cross-competes for binding with the monoclonal antibody TCO1, TC03, TC04,
TCO05, TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEO3, TEO4,
TEO7, TE10 as defined in Tables 2-19 and Tables 3.1-3.4: or

(c) shows the same or similar binding affinity or specificity, or both, as any of
TCO1, TCO3, TCO4, TCO5, TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2,
TEO02.3, TEQO3, TEO4, TEO7, TE10 as defined in Tables 2-19 and Tables 3.1-3.4; or

(d) has one or more biological properties of an antibody molecule described
herein, e.g., an antibody molecule chosen from, e.g., any of TC0O1, TC03, TC04, TCO05,
TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TEC2.3, TEO3, TE0Q4, TEO?,
TE10 as defined in Tables 2-19 and Tables 3.1-3.4; or

(e) has one or more pharmacokinetic properties of an antibody molecule
described herein, e.g., an antibody molecule chosen from, e.g., any of TC01, TCO3,
TCO04, TCO5, TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEQS,
TEO4, TEO7, TE10 as defined in Tables 2-19 and Tables 3.1-3.4.
Preferably the isolated antibody or antigen binding fragment thereof of the invention is a
human or humanized antibody.
More preferably the isolated antibody or antigen binding fragment thereof of the
invention is an IgG2 or IgG4 antibody, preferably an 19G2 kappa antibody, an 1gG2
lambda antibody, an IgG4 kappa antibody or an IgG4 lambda antibody, preferably said
IgG2 or IgG4 is human IgG2 or human IgG4.
The invention provides an isolated polynucleotide comprising at least one sequence that
encodes the antibody or antigen binding fragment thereof as defined above, preferably
said polynucleotide is a cDNA.
The invention provides a vector comprising the polynucleotide as defined above,
preferably said vector is selected from the group consisting of a plasmid, a viral vector,
a non-episomal mammalian vector, an expression vector, and a recombinant expression
vector.
The invention further provides an isolated cell comprising the polynucleotide as defined
above or the vector as defined above, preferably the isolated cell is a hybridoma or a
Chinese Hamster Ovary (CHO) cell or a Human Embryonic Kidney cells (HEK293).
The invention further provides the antibody or antigen binding fragment thereof or the
isolated polynucleotide or the vector or the isolated cell s defined above for use as a
medicament, preferably for use in the treatment of: diabetes, intestinal and/or bowel
disorder, malabsorption syndrome, cachexia or diabetic enteropathy, preferably

diabetes is Type | or Type Il diabetes preferably the intestinal and/or bowel disorder is
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inflammatory bowel disease, celiac disease, ulcerative colitis, Crohn’s disease or
intestinal obstruction.

The invention provides also a pharmaceutical composition comprising the isolated
antibody or antigen binding fragment thereof or the isolated polynucleotide or the vector
or the isolated cell as defined above and pharmaceutically acceptable carrier, preferably
for use in the treatment of: diabetes, intestinal and/or bowel disorder, malabsorption
syndrome, cachexia or diabetic enteropathy, preferably the intestinal and/or bowel
disorder is inflammatory bowel disease, celiac disease, ulcerative colitis, Crohn’s
disease or intestinal obstruction.

The invention provides a method of inhibiting the binding of IGFBP3 to TMEM219
receptor, comprising contacting TMEM219 with the antibody or composition as defined
above.

The invention provides a method of treatment of: diabetes, preferably Type 1 or Type 2
diabetes, intestinal and/or bowel disorder, malabsorption syndrome, cachexia or diabetic
enteropathy, preferably the intestinal and/or bowel disorder is inflammatory bowel
disease, IBD, celiac disease, Crohn’'s disease or intestinal obstruction, the method
comprising administering to a subject in need thereof a pharmaceutical composition
comprising the isolated antibody or antigen binding fragment thereof or the isolated
polynucleotide or the vector or the isolated cell as defined above and pharmaceutically
acceptable carrier or administering to a subject in need thereof the isolated antibody or
antigen binding fragment thereof or the isolated polynucleotide or the vector or the
isolated cell as defined above.

The present invention also provides a method for producing an antibody or antigen
binding fragment thereof, comprising obtaining the cell as defined above and producing
the antibody or antigen binding fragment thereof.

In some embodiments, the combination includes an inhibitor of IGFBP3 (e.g., an anti-
TMEM antibody molecule as described herein). Thus, compositions and methods for
detecting IGFBP3, as well as methods for treating various disorders including diabetes,
as well as intestinal and/or bowel disorders, using the anti-TMEM antibody molecules
and combinations thereof are disclosed herein.

Accordingly, in one aspect, the invention features an antibody molecule (e.g., an isolated
or recombinant antibody molecule) having one or more of the following properties:

- binds to TMEM219, e.g., human TMEM219, with high affinity, e.g., with an affinity
constant of at least about 4x10% M, preferably 107 M, typically about 108 M~' and

more typically, about 10° M~'to 10'® M~" or stronger;
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- inhibits or reduces binding of IGFBP3 to its receptor, TMEM;
- binds specifically to an epitope on TMEM219, e.g., the same or similar epitope as the
epitope recognized by the monoclonal antibody TC01, TC03, TC04, TC04, TA02, TCO2,
TDO1, TEO1, TGO2, TM1, TEO02.1, TEO2.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined
in Tables 2-19 and Tables 3.1-3.4;
- cross-competes for binding with the monoclonal antibody TCO1, TC03, TC04, TCO4,
TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TEC2.3, TEO3, TE0Q4, TEO?,
TE10 as defined in Tables 2-19 and Tables 3.1-3.4;
- shows the same or similar binding affinity or specificity, or both, as any of TC01, TCO3,
TCO04, TCO4, TAO2, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEQS,
TEO4, TEO7, TE10 as defined in Tables 2-19 and Tables 3.1-3.4;
-shows the same or similar binding affinity or specificity, or both, as an antibody molecule
(e.g., an heavy chain variable region and light chain variable region) described in Tables
2-19;
-shows the same or similar binding affinity or specificity, or both, as an antibody molecule
(e.g., an heavy chain variable region and light chain variable region) having an amino
acid sequence shown in Tables 4, 5, 10, 11, 16, 17;
- shows the same or similar binding affinity or specificity, or both, as an antibody
molecule (e.g., an heavy chain variable region and light chain variable region) encoded
by the nucleotide sequence shown in Tables 6-7 and 12, 13, 16, 17;
- binds the same or an overlapping epitope with a second antibody molecule to
TMEM219 wherein the second antibody molecule is an antibody molecule described
herein, e.g., an antibody molecule chosen from TCO01, TC03, TC04, TC04, TA02, TCO2,
TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEQO3, TEO4, TEQ7, TE10 as defined
in Tables 2-19 and Tables 3.1-3.4;

- has one or more biological properties of an antibody molecule described herein, e.g.,
an antibody molecule chosen from, e.g., any of TC01, TC03, TC04, TC04, TA02, TCO2,
TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEO3, TEO4, TEO7, TE10 as defined
in Tables 2-19 and Tables 3.1-3.4;

- has one or more pharmacokinetic properties of an antibody molecule described herein,
e.g., an antibody molecule chosen from, e.g., any of TC01, TC03, TC04, TC04, TAO02,
TCO02, TDO1, TEO1, TGO2, TM1, TEO02.1, TEO02.2, TE02.3, TEO3, TEOQ4, TEO7, TE10 as
defined in Tables 2-19 and Tables 3.1-3.4;

- inhibits one or more activities of IGFBP3, e.g., results in one or more of: an increase

of at least 20% in the development of minigut from IBD-patient derived tissue sample
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when compared to untreated samples and/or an increase of at least 20% in the
development of minigut growth in presence of IGFBP3 when compared to untreated
samples or an increase of at least 20% in the development of minigut growth in presence
of diabetic enteropathy serum when compared to untreated samples;

- induces an increase in EphB2 and LGRS of at least 50% compared to the IGFBP3-
treated samples; or decrease in caspase 8 expression level of at least 50% compared
to the IGFBP3-treated samples; or

- inhibits one or more activities of IGFBP3, e.g., results in one or more of: a reduction in
beta cell loss, or an increase in Insulin; The reduction in beta cell loss or the increase in
insulin is at least 10 % compared to IGFBP3 treated samples;

- inhibits, reduces or neutralizes one or more activities of IGFBP3, resulting in blockade
or reduction of IGFBP3 induced apoptosis;

- binds human TMEM219 and is cross-reactive with cynomolgus TMEMZ219.

Nucleic acid molecules encoding the antibody molecules, expression vectors, host cells
and methods for making the antibody molecules are also provided. Immunoconjugates,
multi- or bispecific antibody molecules and pharmaceutical compositions comprising the
antibody molecules are also provided.

Without being bound to any theory, it is believed that IGFBP3/TMEM219 axis is
dysfunctional in inflammatory bowel diseases (IBD) thus leading to ISCs loss and to
altered function of the mucosal barrier, which is further invaded by microbes that trigger
and sustain immune response activation and inflammation. The use of agents that block
the IGFBP3-TMEM219 interaction in IBD may protect ISCs and preserve the integrity of
the intestinal barrier, thus preventing the development of local inflammation.

Further, activation of TMEMZ219 signaling increases apoptosis of beta cells through
upregulation of caspase 8 expression and reduced insulin expression. IGFBP3 is
increased in the serum of patients with pre-T1D and pre-T2D as well as in newly
diagnosed and long-standing diabetes patients and TMEM219 is expressed in beta cells.
An expression or overexpression of TMEMZ219 favors beta cells destruction and affects
beta cell mass, and the consequent hyperglycemial/inflammation perpetrates the
process during diabetes onset and progression. Altered glycemic control and
inflammation in pre-diabetic conditions favor an increased IGFBP3 hepatic production,
which may target TMEMZ219 expressed on pancreatic beta cells and trigger a loop where
TMEM219 overexpression parallels the increase in IGFBP3 release. Then TMEM219
may trigger beta cell death and thus targeting the IGFBP3/TMEM219 axis may prevent

such cell death.
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The anti-TMEM antibody molecules disclosed herein can be used (alone or in
combination with other agents or therapeutic modalities) to treat, prevent and/or
diagnose disorders, such as diabetes, as well as intestinal and/or bowel disorders,
malabsorption syndrome, inflammatory bowel disease, cachexia, IBD, celiac disease,
diabetic enteropathy. Additionally, disclosed herein are methods and compositions
comprising a combination of two, three or more therapeutic agents chosen from one,
two, or all of the following categories (i)-(iii): (i) an agent that treat diabetes; (ii) an anti-
inflammatory agent; or (iii) an immunotherapeutic agent.

The additional therapeutic agent may be selected from an agent that treat diabetes
including: insulin, Insulin glargine as detailed in Vandana, 2014 (19, incorporated by
reference), biguanide, glucosidase inhibitors, thiazolidinedione, DPP-4 inhibitors, GLP-
1 receptor agonists as detailed in George et al 2013 (20, incorporated by reference)), an
agent used to prevent diabetes, aspirin, anticoagulation and platelet anti-aggregation
agents (such as enoxaparin, eparin, sulodexide); cholesterol-lowering drugs (such as
statins, bile acids sequestrants, ezetimibe, fibrates as described in Marsha et al 2011
(21, incorporated by reference)); other blood pressure lowering agents (such as thiazide,
ACE inhibitors, beta and alpha blockers); an anti-apoptotic agent, an anti-inflammatory
agent, corticosteroids and immune suppressive agent (22, incorporated by reference),
adjuvant therapy in organ transplantation, protective agent in cell therapy approach, a
pain reliever, antibiotic, probiotics, TNF-alpha blockers (23, incorporated by reference),
SGLT2 inhibitors (such as gliflozin derivates), integrin inhibitors (24, incorporated by
reference).

Methods to measure an increase in minigut growth when compared to minigut growth in
the presence of IGFBP3, and/or in the presence of diabetic enteropathy serum are
known in the art and are described in several publications (4,18, 27, 28).

Methods to measure an increase and/or a decrease in EphB2, LGRS or caspase 8
expression when compared to expression in the presence of IGFBP3 are known in the
art and include quantitative RT-PCR, Realt-Time RT-PCR, microarray, northern blotting,
RNA-Seq (29,30) or as described in the method section below.

Methods to measure a decrease in beta-cell loss when compared to beta-cell loss in the
presence of IGFBP3 are known in the art and include cell proliferation assays (CFSE
staining, Calcein/PI staining, Trypan Blue exclusion, BrdU staining, MTT) apoptosis
assays (TUNEL, Caspase activation and detection, Annexin V binding) or as described

in the method section below.
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Methods to measure an increase in insulin level when compared to insulin level in the
presence of IGFBP3 are known in the art and include western blots, ELISA mass
spectrometry (31-33).

Methods to measure a decrease in apoptosis when compared to apoptosis in the
presence of IGFBP3 are known in the art and include DNA fragmentation, Caspase
activation analysis, Mithocondrial membrane permeabilization, Annexin V binding (34)
or as described in the method section below.

In some embodiments, the antibody molecule binds to IGFBP3 with high affinity, e.g.,
with a KD that is about the same, or at least about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80% or 90% higher or lower than the KD of a murine anti-TMEM antibody molecule
or chimeric anti-TMEM antibody molecule or a commercial anti-TMEM antibody
molecule. In some embodiments, the KD of the murine or chimeric anti-TMEM antibody
molecule is less than about 0.4, 0.3, 0.2, 0.1, or 0.05 nM, e.g., measured by a Biacore
method or KinExA= kinetic exclusion assays. In some embodiments, the KD of the
murine or chimeric anti-TMEM219 antibody molecule is less than about 0.2 nM. In other
embodiments, the KD of the murine or chimeric anti IGFBP3 antibody molecule is less
than about 10, 5, 3, 2, or 1 nM, e.g., measured by binding on cells expressing IGFBP3
(e.g., 300.19 cells). In some embodiments, the KD of the murine or chimeric anti IGFBP3
antibody molecule is less than about 1 nM.

Methods to measure binding to TMEM219 are known in the art as protein-protein
interactions assays and include ELISA, co-immunoprecipitation, surface plasmon
resonance, FRET -Forster resonance energy transfer (35) or as described in the method
section below.

In some embodiments, the expression level of the antibody molecule is higher, e.g., at
least about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold higher, than the expression level of a
murine or chimeric antibody molecule, e.g., a murine, commercial or chimeric anti-TMEM
antibody molecule. In some embodiments, the antibody molecule is expressed in
HEK293 cells, CHO cells or any suitable mammalian cell line known in the art.

In some embodiments, the anti-TMEM219 antibody molecule reduces one or more
TMEM-associated activities with an IC50 (concentration at 50% inhibition) that is about
the same or lower, e.g., at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% or
90% lower, than the IC50 of a murine, commercial or chimeric anti-TMEM antibody
molecule, e.g., a murine commercial or chimeric anti-TMEM antibody molecule

described herein.
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In some embodiments, the anti-TMEM antibody molecule has improved stability, e.g., at
least about 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10-fold more stable in vivo or in vitro, than a
murine, commercial or chimeric anti-TMEM antibody molecule, such as HPA051870, as
defined in material section below.

In one embodiment, the anti TMEM antibody molecule is a humanized antibody
molecule.

In another embodiment, the anti-TMEM antibody molecule comprises at least one
antigen-binding region, e.g., a variable region or an antigen-binding fragment thereof,
from an antibody described herein, e.g., an antibody chosen from any of TA02, TCO1,
TCO02, TDO1, TEO1, TGO2, TM1, TEO02.1, TEO02.2, TE02.3, TEQ3, TEQ4, TEO7, TE10 as
defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13;
or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%,
98%, 99% or higher identical) to any of the aforesaid sequences.

In yet another embodiment, the anti-TMEM antibody molecule comprises at least one,
two, three or four variable regions from an antibody described herein, e.g., an antibody
chosen from any of TA0O2, TCO1, TC02, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2,
TEO02.3, TEO3, TEO4, TEO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the
nucleotide sequence in Tables 6,7,12,13; or a sequence substantially identical (e.g., at
least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the
aforesaid sequences.

In yet another embodiment, the anti-TMEM antibody molecule comprises at least one or
two heavy chain variable regions from an antibody described herein, e.g., an antibody
chosen from any of TAO2, TCO1, TCO02, TDO1, TEO1, TGO02, TM1, TE02.1, TE02.2,
TEO2.3, TEO3, TEO4, TEQO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the
nucleotide sequence in Tables 6,7,12,13; or a sequence substantially identical (e.g., at
least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the
aforesaid sequences.

In yet another embodiment, the anti-TMEM antibody molecule comprises at least one or
two light chain variable regions from an antibody described herein, e.g., an antibody
chosen from any of TAO2, TCO1, TC02, TDO1, TEO1, TG02, TM1, TE02.1, TE02.2,
TEO02.3, TEO3, TEO4, TEO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the
nucleotide sequence in Tables 6,7,12,13; or a sequence substantially identical (e.g., at
least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the

aforesaid sequences.
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In yet another embodiment, the anti-TMEM antibody molecule includes a heavy chain
constant region for an IgG4, e.g., a human IgG4. In one embodiment, the human IgG4
includes a substitution at position 228 (e.g., a Ser to Pro substitution). In one
embodiment, the human 1gG4 includes a substitution at position 235 (e.g., a Leu to Glu
substitution). In one embodiment, the human IgG4 includes a substitution at position 228
(e.g., a Ser to Pro substitution) and a substitution at position 235 (e.g., a Leu to Glu
substitution). In still another embodiment, the anti-TMEM antibody molecule includes a
heavy chain constant region for an IgG1, e.g., a human IgG1. In one embodiment, the
human IgG1 includes a substitution at position 297 (e.g., an Asn to Ala substitution). In
one embodiment the human IgG1 includes a substitution at position 250, a substitution
at position 428, or both (e.g., a Thr to GIn substitution at position 250 and/or a Met to
Leu substitution at position 428). In one embodiment, the human IgG1 includes a
substitution at position 234, a substitution at position 235, or both (e.g., a Leu to Ala
substitution at position 234 and/or a Leu to Ala substitution at position 235).

In yet another embodiment, the anti-TMEM antibody molecule includes a kappa light
chain constant region, e.g., a human kappa light chain constant region. In one
embodiment, the light chain constant region comprises an amino sequence set forth in
Table 8, or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%,
97%, 98%, 99% or higher identical) thereto.

In another embodiment, the anti-TMEM antibody molecule includes a heavy chain
constant region for an IgG4, e.g., a human IgG4, and a kappa light chain constant region,
e.g., a human kappa light chain constant region. In one embodiment, the human IgG1
or 1gG4 includes a substitution at the variable region to decrease aggregation, reduce
charge heterogeneity, increase affinity and modulate antigen binding;, removal by
mutation of instability hotspot in the CDR, putative N-glycosylation sites in the variable
region as described in (26), incorporated by reference.

In another embodiment, the anti-TMEM antibody molecule includes a heavy chain
variable domain and a constant region, a light chain variable domain and a constant
region, or both, comprising the amino acid sequence of any of TA02, TC01, TC02, TDO1,
TEO1, TGO02, TM1, TE02.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in
Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13; or a
sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%,
99% or higher identical) to any of the aforesaid sequences. The anti-TMEM antibody
molecule, optionally, comprises a leader sequence from a heavy chain, a light chain, or
both.
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In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
or three complementarity determining regions (CDRs) from a heavy chain variable
region of an antibody described herein, e.g., an antibody chosen from any of any of
TAO2, TCO1, TCO2, TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEO3, TEO4,
TEO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in
Tables 6,7,12,13; or a sequence substantially identical (e.g., at least 80%, 85%, 90%,
92%, 95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences.

In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
or three CDRs (or collectively all of the CDRs) from a heavy chain variable region
comprising an amino acid sequence shown in Tables 2-5, 8-11 or encoded by a
nucleotide sequence shown in Tables 6-7, 12, 13. In one embodiment, one or more of
the CDRs (or collectively all of the CDRs) have one, two, three, four, five, six or more
changes, e.g., amino acid substitutions or deletions, relative to the amino acid sequence
shown in Tables 2-5, 8-11 or encoded by a nucleotide sequence shown in Tables 6-7,
12, 13.

In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
or three CDRs from a light chain variable region of an antibody described herein, e.g.,
an antibody chosen from any of any of TAO2, TCO1, TC02, TDO1, TEO1, TG02, TM1,
TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEO7, TE10 as defined in Tables 2-5, 8-11 or
encoded by the nucleotide sequence in Tables 6,7,12,13; or a sequence substantially
identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical)
to any of the aforesaid sequence.

In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
or three CDRs (or collectively all of the CDRs) from a light chain variable region
comprising an amino acid sequence shown in Tables 2-5, 8-11 or encoded by a
nucleotide sequence shown in Tables 6,7, 12, 13. In one embodiment, one or more of
the CDRs (or collectively all of the CDRs) have one, two, three, four, five, six or more
changes, e.g., amino acid substitutions or deletions, relative to the amino acid sequence
shown in Tables 2-5, 8-11, or encoded by a nucleotide sequence shown in Tables 6, 7,
12, 13. In certain embodiments, the anti-TMEM antibody molecule includes a
substitution in a light chain CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or
CDRS3 of the light chain.

In another embodiment, the anti-TMEM antibody molecule includes at least one, two,
three, four, five or six CDRs (or collectively all of the CDRs) from a heavy and light chain

variable region comprising an amino acid sequence shown in Tables 2-5, 8-11, or
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encoded by a nucleotide sequence shown in Tables 6, 7, 12, 13. In one embodiment,
one or more of the CDRs (or collectively all of the CDRs) have one, two, three, four, five,
six or more changes, e.g., amino acid substitutions or deletions, relative to the amino
acid sequence shown in Tables 2-5, 8-11, or encoded by a nucleotide sequence shown
in Tables 6, 7, 12, 13.

In one embodiment, the anti-TMEM antibody molecule includes all six CDRs from an
antibody described herein, e.g., an antibody chosen from any of any of TA02, TCO1,
TCO02, TDO1, TEO1, TGO2, TM1, TE02.1, TEO02.2, TE02.3, TEO3, TEO4, TEO7, TE10 as
defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13,
or closely related CDRs, e.g., CDRs which are identical or which have at least one amino
acid alteration, but not more than two, three or four alterations (e.g., substitutions,
deletions, or insertions, e.g., conservative substitutions). In one embodiment, the anti-
TMEM antibody molecule may include any CDR described herein. In certain
embodiments, the anti-TMEM antibody molecule includes a substitution in a light chain
CDR, e.g., one or more substitutions in a CDR1, CDR2 and/or CDR3 of the light chain.
In another embodiment, the anti-TMEM antibody molecule includes at least one, two, or
three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according
to the Kabat definition as set out in Tables 2-5) from a heavy chain variable region of an
antibody described herein, e.g., an antibody chosen from any of any of TA02, TCO1,
TCO02, TDO1, TEO1, TGO2, TM1, TEO2.1, TEO02.2, TE02.3, TEOQ3, TEO4, TEO7, TE10 as
defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13;
or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%,
98%, 99% or higher identical) to any of the aforesaid sequences; or which have at least
one amino acid alteration, but not more than two, three or four alterations (e.g.,
substitutions, deletions, or insertions, e.g., conservative substitutions) relative to one,
two, or three CDRs according to Kabat et al. shown in Tables 2-5, 8-11.

In another embodiment, the anti-TMEM antibody molecule includes at least one, two, or
three CDRs according to Kabat et al. (e.g., at least one, two, or three CDRs according
to the Kabat definition as set out in Tables 2-5, 8-11) from a light chain variable region
of an antibody described herein, e.g., an antibody chosen from any of any of TAOZ2,
TCO1, TCO2, TDO1, TEO1, TG02, TM1, TE02.1, TEC2.2, TE02.3, TEO3, TEO4, TEO?,
TE10 as defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables
6,7,12,13; or a sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%,
95%, 97%, 98%, 99% or higher identical) to any of the aforesaid sequences; or which

have at least one amino acid alteration, but not more than two, three or four alterations
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(e.g., substitutions, deletions, or insertions, e.g., conservative substitutions) relative to
one, two, or three CDRs according to Kabat et al. shown in Tables 2-5, 8-11.

In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
three, four, five, or six CDRs according to Kabat et al. (e.g., at least one, two, three, four,
five, or six CDRs according to the Kabat definition as set out in Tables 2-5, 8-11) from
the heavy and light chain variable regions of an antibody described herein, e.g., an
antibody chosen from any of TAO2, TCO1, TC02, TDO1, TEO1, TG02, TM1, TEO02.1,
TEO2.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in Tables 2-5, 8-11 or encoded by
the nucleotide sequence in Tables 6,7,12,13; or a sequence substantially identical (e.g.,
at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or higher identical) to any of the
aforesaid sequences; or which have at least one amino acid alteration, but not more
than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,
conservative substitutions) relative to one, two, three, four, five, or six CDRs according
to Kabat et al. shown in Tables 2-5, 8-11.

In yet another embodiment, the anti-TMEM antibody molecule includes all six CDRs
according to Kabat et al. (e.g., all six CDRs according to the Kabat definition as set out
in Tables 2-5, 8-11) from the heavy and light chain variable regions of an antibody
described herein, e.g., an antibody chosen from any of any of TA02, TCO1, TC02, TDO1,
TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in
Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13; or a
sequence substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%,
99% or higher identical) to any of the aforesaid sequences; or which have at least one
amino acid alteration, but not more than two, three or four alterations (e.g., substitutions,
deletions, or insertions, e.g., conservative substitutions) relative to all six CDRs
according to Kabat et al. shown in Tables 2-5, 8-11. In one embodiment, the anti-TMEM
antibody molecule may include any CDR described herein.

In another embodiment, the anti-TMEM antibody molecule includes at least one, two, or
three Chothia or Kabat hypervariable loops (e.g., at least one, two, or three
hypervariable loops according to the Chothia or Kabat definition as set out in Tables 2-
5, 8-11) from a heavy chain variable region of an antibody described herein, e.g., an
antibody chosen from any of any of TA0O2, TCO1, TC02, TDO1, TEO1, TG02, TM1,
TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in Tables 2-5, 8-11 or
encoded by the nucleotide sequence in Tables 6,7,12,13; or at least the amino acids
from those hypervariable loops that contact TMEM ; or which have at least one amino

acid alteration, but not more than two, three or four alterations (e.g., substitutions,
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deletions, or insertions, e.g., conservative substitutions) relative to one, two, or three
hypervariable loops according to Chothia et al. shown in Tables 2-5, 8-11.

In another embodiment, the anti-TMEM antibody molecule includes at least one, two, or
three Chothia hypervariable loops (e.g., at least one, two, or three hypervariable loops
according to the Chothia definition as set out in Tables 2-5, 8-11) of a light chain variable
region of an antibody described herein, e.g., an antibody chosen from any of any of
TAO2, TCO1, TCO2, TDO1, TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEO3, TEO4,
TEO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the nucleotide sequence in
Tables 6,7,12,13; or at least the amino acids from those hypervariable loops that contact
TMEM; or which have at least one amino acid alteration, but not more than two, three or
four alterations (e.g., substitutions, deletions, or insertions, e.g., conservative
substitutions) relative to one, two, or three hypervariable loops according to Chothia et
al. shown in Tables 2-5, 8-11.

In yet another embodiment, the anti-TMEM antibody molecule includes at least one, two,
three, four, five, or six hypervariable loops (e.g., at least one, two, three, four, five, or six
hypervariable loops according to the Chothia definition as set out in Tables 2-5, 8-11)
from the heavy and light chain variable regions of an antibody described herein, e.g., an
antibody chosen from any of any of TA0O2, TCO1, TC02, TDO1, TEO1, TG02, TM1,
TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEO7, TE10 as defined in Tables 2-5, 8-11 or
encoded by the nucleotide sequence in Tables 6,7,12,13; or at least the amino acids
from those hypervariable loops that contact TMEM ; or which have at least one amino
acid alteration, but not more than two, three or four alterations (e.g., substitutions,
deletions, or insertions, e.g., conservative substitutions) relative to one, two, three, four,
five or six hypervariable loops according to Chothia et al. shown in Tables 2-5, 8-11.

In one embodiment, the anti-TMEM antibody molecule includes all six hypervariable
loops (e.g., all six hypervariable loops according to the Chothia definition as set out in
Tables 2-5, 8-11) of an antibody described herein, e.g., an antibody chosen from any of
any of TAO2, TCO1, TC02, TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEQS,
TEO4, TEOQO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the nucleotide
sequence in Tables 6,7,12,13 or closely related hypervariable loops, e.g., hypervariable
loops which are identical or which have at least one amino acid alteration, but not more
than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,
conservative substitutions); or which have at least one amino acid alteration, but not
more than two, three or four alterations (e.g., substitutions, deletions, or insertions, e.g.,

conservative substitutions) relative to all six hypervariable loops according to Chothia et
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al. shown in Tables 2-5, 8-11. In one embodiment, the anti-TMEM antibody molecule
may include any hypervariable loop described herein.

In still another embodiment, the anti-TMEM antibody molecule includes at least one,
two, or three hypervariable loops that have the same canonical structures as the
corresponding hypervariable loop of an antibody described herein, e.g., an antibody
chosen from any of any of TAO2, TCO1, TC02, TDO1, TEO1, TG02, TM1, TE02.1,
TEO2.2, TEO02.3, TEO3, TEO4, TEOQ7, TE10 as defined in Tables 2-5, 8-11 or encoded by
the nucleotide sequence in Tables 6,7,12,13, e.g., the same canonical structures as at
least loop 1 and/or loop 2 of the heavy and/or light chain variable domains of an antibody
described herein. See, e.g., Chothia et al., (1992) J. Mol. Biol. 227:799-817; Tomlinson
et al., (1992) J. Mol. Biol. 227:776-798 for descriptions of hypervariable loop canonical
structures. These structures can be determined by inspection of the tables described in
these references.

In certain embodiments, the anti-TMEM antibody molecule includes a combination of
CDRs or hypervariable loops defined according to the Kabat et al. and Chothia et al.

In one embodiment, the anti-TMEM antibody molecule includes at least one, two or three
CDRs or hypervariable loops from a heavy chain variable region of an antibody
described herein, e.g., an antibody chosen from any of any of TA02, TCO1, TC02, TDO1,
TEO1, TGO2, TM1, TE02.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in
Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13, according
to the Kabat and Chothia definition (e.g., at least one, two, or three CDRs or
hypervariable loops according to the Kabat and Chothia definition as set out in Tables
2-5, 8-11); or encoded by the nucleotide sequence in Tables 6, 7, 12, 13; or a sequence
substantially identical (e.g., at least 80%, 85%, 90%, 92%, 95%, 97%, 98%, 99% or
higher identical) to any of the aforesaid sequences; or which have at least one amino
acid alteration, but not more than two, three or four alterations (e.g., substitutions,
deletions, or insertions, e.g., conservative substitutions) relative to one, two, or three
CDRs or hypervariable loops according to Kabat and/or Chothia shown in Tables 2-5,
8-11.

For example, the anti-TMEM antibody molecule can include VH CDR1 according to
Kabat et al. or VH hypervariable loop 1 according to Chothia et al., or a combination
thereof, e.g., as shown in Tables 2-5, 8-11. The anti-TMEM antibody molecule can
further include, e.g., VH CDRs 2-3 according to Kabat et al. and VL CDRs 1-3 according
to Kabat et al., e.g., as shown in Tables 2-5, 8-11. Accordingly, in some embodiments,

framework regions are defined based on a combination of CDRs defined according to
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Kabat et al. and hypervariable loops defined according to Chothia et al. For example,
the anti-TMEM antibody molecule can include VH FR1 defined based on VH
hypervariable loop 1 according to Chothia et al. and VH FR2 defined based on VH CDRs
1-2 according to Kabat et al., e.g., as shown in Tables 2-5, 8-11, 6, 7, 12, 13. The anti-
TMEM antibody molecule can further include, e.g., VH FRs 3-4 defined based on VH
CDRs 2-3 according to Kabat et al. and VL FRs 1-4 defined based on VL CDRs 1-3
according to Kabat et al.

The anti-TMEM antibody molecule can contain any combination of CDRs or
hypervariable loops according to the Kabat and Chothia definitions. In one embodiment,
the anti-TMEM antibody molecule includes at least one, two or three CDRs from a light
chain variable region of an antibody described herein, e.g., an antibody chosen from any
of any of TAO2, TCO1, TCO2, TDO1, TEO1, TG02, TM1, TE02.1, TE02.2, TE02.3, TEOS,
TEO4, TEOQO7, TE10 as defined in Tables 2-5, 8-11 or encoded by the nucleotide
sequence in Tables 6,7,12,13 according to the Kabat and Chothia definition (e.g., at
least one, two, or three CDRs according to the Kabat and Chothia definition as set out
in Tables 3.3 e 3.4). Preferred anti-TMEM antibodies are TC01 and TM1 as defined in
Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13. In an
embodiment, e.g., an embodiment comprising a variable region, a CDR (e.g., Chothia
CDR or Kabat CDR), or other sequence referred to herein, e.g., in Tables 2-5, 8-11, the
antibody molecule is a monospecific antibody molecule, a bispecific antibody molecule,
or is an antibody molecule that comprises an antigen binding fragment of an antibody,
e.g., a half antibody or antigen binding fragment of a half antibody. In embodiments the
antibody molecule is a bispecific antibody molecule having a first binding specificity for
IGFBP3 and a second binding specificity for TNF-alpha, integrin, IL1, IL12 and IL23,
CD3, CD20, CD80, CD86.

In one embodiment, the anti-TMEM antibody molecule includes:

(i) a heavy chain variable region (VH) including a VHCDR1 amino acid sequence chosen
from any one of SEQ ID NO: 1, 4, 8, 10, 56, 59, 62, 65 and 68; a VHCDR2 amino acid
sequence chosen from any one of SEQ ID NO: 2, 5, 11, 57, 60, 63, 66 and 69; and a
VHCDR3 amino acid sequence chosen from any one of SEQ ID NO: 3,6, 7, 9, 12, 13,
58, 61, 64, 67 and 70; and

(i) a light chain variable region (VL) including a VLCDR1 amino acid sequence chosen
from any one of SEQ ID NO: 14, 17, 20, 23, 26, 29, 71, 77, 80, 82 and 85, a VLCDR2
amino acid sequence chosen from any one of SEQ ID NO: 15, 18, 21, 24, 27, 30, 72,
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78, 83 and 86, and a VLCDR3 amino acid sequence chosen from SEQ ID NO: 16, 19,
22,25,28,31,73,74,75,76, 79, 81, 84 and 87.

In one embodiment, the light or the heavy chain variable framework (e.g., the region
encompassing at least FR1, FR2, FR3, and optionally FR4) of the anti-TMEM antibody
molecule can be chosen from: (a) a light or heavy chain variable framework including at
least 80%, 85%, 87% 90%, 92%, 93%, 95%, 97%, 98%, or preferably 100% of the amino
acid residues from a human light or heavy chain variable framework, e.g., a light or
heavy chain variable framework residue from a human mature antibody, a human
germline sequence, or a human consensus sequence; (b) a light or heavy chain variable
framework including from 20% to 80%, 40% to 60%, 60% to 90%, or 70% to 95% of the
amino acid residues from a human light or heavy chain variable framework, e.g., a light
or heavy chain variable framework residue from a human mature antibody, a human
germline sequence, or a human consensus sequence; (¢) a non-human framework (e.g.,
a rodent framework); or (d) a non-human framework that has been modified, e.g., to
remove antigenic or cytotoxic determinants, e.g., deimmunized, or partially humanized.
In one embodiment, the light or heavy chain variable framework region (particularly FR1,
FR2 and/or FR3) includes a light or heavy chain variable framework sequence at least
70, 75, 80, 85, 87, 88, 90, 92, 94, 95, 96, 97, 98, 99% identical or identical to the
frameworks of a VL or VH segment of a human germline gene.

In certain embodiments, the anti-TMEM antibody molecule comprises a heavy chain
variable domain having at least one, two, three, four, five, six, seven, ten, fifteen, twenty
or more changes, e.g., amino acid substitutions or deletions.

In one embodiment, the heavy or light chain variable region, or both, of the anti-TMEM
antibody molecule includes an amino acid sequence encoded by a nucleic acid
sequence described herein or a nucleic acid that hybridizes to a nucleic acid sequence
described herein (e.g., a nucleic acid sequence as shown in Tables 6, 7, 12, 13) or its
complement, e.g., under low stringency, medium stringency, or high stringency, or other
hybridization condition described herein.

In another embodiment, the anti-TMEM antibody molecule comprises at least one, two,
three, or four antigen-binding regions, e.g., variable regions, having an amino acid
sequence as set forth in Tables 2-5, 8-11 or a sequence substantially identical thereto
(e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto, or which
differs by no more than 1, 2, 5, 10, or 15 amino acid residues from the sequences shown
in Tables 2-5, 8-11. In another embodiment, the anti-TMEM antibody molecule includes

a VH and/or VL domain encoded by a nucleic acid having a nucleotide sequence as set
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forth in Tables 2-5, 8-11 or a sequence substantially identical thereto (e.g., a sequence
at least about 85%, 90%, 95%, 99% or more identical thereto, or which differs by no
more than 3, 6, 15, 30, or 45 nucleotides from the sequences shown in Tables 2-5, 8-
11.

In yet another embodiment, the anti-TMEM antibody molecule comprises at least one,
two, or three CDRs from a heavy chain variable region having an amino acid sequence
as set forth in Tables 2-5, 8-11, or a sequence substantially homologous thereto (e.g., a
sequence at least about 85%, 90%, 95%, 99% or more identical thereto, and/or having
one, two, three or more substitutions, insertions or deletions, e.g., conserved
substitutions). In yet another embodiment, the anti-TMEM antibody molecule comprises
at least one, two, or three CDRs from a light chain variable region having an amino acid
sequence as set forth in Tables 2-5, 8-11 or a sequence substantially homologous
thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical thereto,
and/or having one, two, three or more substitutions, insertions or deletions, e.g.,
conserved substitutions). In yet another embodiment, the anti-TMEM antibody molecule
comprises at least one, two, three, four, five or six CDRs from heavy and light chain
variable regions having an amino acid sequence as set forth in Tables 2-5, 8-11), or a
sequence substantially homologous thereto (e.g., a sequence at least about 85%, 90%,
95%, 99% or more identical thereto, and/or having one, two, three or more substitutions,
insertions or deletions, e.g., conserved substitutions).

In yet other embodiments, the anti-TMEM antibody molecule has a heavy chain constant
region (Fc) chosen from, e.g., the heavy chain constant regions of 1gG1, 19G2, 1gG3,
IgG4, IgM, IgA1, IgA2, IgD, and IgE; particularly, chosen from, e.g., the heavy chain
constant regions of 1gG1, 1gG2, 1gG3, and IgG4, more particularly, the heavy chain
constant region of IgG1 or IgG4 (e.g., human IgG1, IgG2 or IgG4). In one embodiment,
the heavy chain constant region is human IgG1. In another embodiment, the anti-TMEM
antibody molecule has a light chain constant region chosen from, e.g., the light chain
constant regions of kappa or lambda. In one embodiment, the constant region is altered,
e.g., mutated, to modify the properties of the anti-TMEM antibody molecule (e.g., to
increase or decrease one or more of: Fc receptor binding, antibody glycosylation, the
number of cysteine residues, effector cell function, complement function, half-life,
aggregation and stability). In certain embodiments, the anti-TMEM antibody molecules
comprises a human IgG4 mutated

In one embodiment, the anti-TMEM antibody molecule is isolated or recombinant.
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In one embodiment, the anti-TMEM antibody molecule is a humanized or human
antibody molecule.

The invention also features a nucleic acid molecule that comprise one or both nucleotide
sequences that encode heavy and light chain variable regions, CDRs, hypervariable
loops, framework regions of the anti-TMEM antibody molecules, as described herein. In
certain embodiments, the nucleotide sequence that encodes the anti-TMEM antibody
molecule is codon optimized. For example, the invention features a first and second
nucleic acid encoding heavy and light chain variable regions, respectively, of an anti-
TMEM antibody molecule chosen from one or more of, e.g., any of TA02, TC01, TCO2,
TDO1, TEO1, TGO2, TM1, TEO02.1, TE02.2, TE02.3, TEQO3, TEO4, TEQ7, TE10 as defined
in Tables 2-5, 8-11 or encoded by the nucleotide sequence in Tables 6,7,12,13, or a
sequence substantially identical thereto. For example, the nucleic acid can comprise a
nucleotide sequence as set forth in Tables 6, 7, 12, 13, or a sequence substantially
identical thereto (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical
thereto, or which differs by no more than 3, 6, 15, 30, or 45 nucleotides from the
sequences shown in Tables 6-7, 12, 13).

In other embodiments, the nucleic acid molecule comprises a nucleotide sequence that
encodes a heavy chain variable domain and/or a heavy chain constant region
comprising the amino acid sequence of any of TA02, TCO1, TC02, TDO1, TEO1, TG02,
TM1, TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in Tables 2-5, 8-11
or encoded by the nucleotide sequence in Tables 6,7,12,13; or a sequence substantially
identical (e.g., a sequence at least about 85%, 90%, 95%, 99% or more identical) to any
of the aforesaid sequences.

In other embodiments, the nucleic acid molecule comprises a nucleotide sequence that
encodes a light chain variable domain and/or a light chain constant region comprising
the amino acid sequence of any of TAO2, TCO1, TCO2, TDO1, TEO1, TG02, TM1,
TEO2.1, TE02.2, TE02.3, TEO3, TEO4, TEQ7, TE10 as defined in Tables 2-5, 8-11 or the
nucleotide sequence in Tables 6,7,12,13, or a sequence substantially identical (e.g., a
sequence at least about 85%, 90%, 95%, 99% or more identical) to any of the aforesaid
sequences.

The aforesaid nucleotide sequences encoding the anti-TMEM heavy and light chain
variable domain and constant regions can be present in a separate nucleic acid
molecule, or in the same nucleic acid molecule. In certain embodiments, the nucleic acid

molecules comprise a nucleotide sequence encoding a leader sequence.
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In certain embodiments, the nucleic acid molecule comprises a nucleotide sequence
encoding at least one, two, or three CDRs, or hypervariable loops, from a heavy chain
variable region having an amino acid sequence as set forth in Tables 2-5, 8-11, or a
sequence substantially homologous thereto (e.g., a sequence at least about 85%, 90%,
95%, 99% or more identical thereto, and/or having one, two, three or more substitutions,
insertions or deletions, e.g., conserved substitutions).

In another embodiment, the nucleic acid molecule comprises a nucleotide sequence
encoding at least one, two, or three CDRs, or hypervariable loops, from a light chain
variable region having an amino acid sequence as set forth in Tables 2-5, 8-11 or a
sequence substantially homologous thereto (e.g., a sequence at least about 85%, 90%,
95%, 99% or more identical thereto, and/or having one, two, three or more substitutions,
insertions or deletions, e.g., conserved substitutions).

In yet another embodiment, the nucleic acid molecule comprises a nucleotide sequence
encoding at least one, two, three, four, five, or six CDRs, or hypervariable loops, from
heavy and light chain variable regions having an amino acid sequence as set forth in
Tables 2-5, 8-11 or a sequence substantially homologous thereto (e.g., a sequence at
least about 85%, 90%, 95%, 99% or more identical thereto, and/or having one, two,
three or more substitutions, insertions or deletions, e.g., conserved substitutions).

In another embodiment, the nucleic acid molecule includes one or more heavy chain
framework region (e.g., any of VHFW1 (type a), VHFW1 (type b), VHFW1 (type c),
VHFW1 (type d), VHFW2 (type a), VHFW2 (type a'), VHFW2 (type b), VHFW2 (type c),
VHFW?2 (type d), VHFW2 (type e), VHFWS3 (type a), VHFWS3 (type b), VHFWS3 (type c),
VHFWS3 (type d), VHFW3 (type e), or VHFW4, or any combination thereof, e.g., a
framework combination as described herein) for any of TA02, TC01, TC02, TDO1, TEO1,
TGO02, TM1, TEO2.1, TEO2.2, TEO02.3, TEQ3, TEO4, TEO7, TE10 as defined in Tables 2-
5, 8-11, or a sequence substantially identical thereto. For example, the nucleic acid
molecule can comprise a nucleotide sequence as set forth in Tables 6, 7, 12, 13, or a
sequence substantially identical thereto (e.g., a sequence at least about 85%, 90%,
95%, 99% or more identical thereto, or which differs by no more than 3, 6, 15, 30, or 45
nucleotides from the sequences shown in Tables 6,7, 12, 13).

In another embodiment, the nucleic acid molecule includes one or more light chain
framework region (e.g., any of VLFW1 (type a), VLFW1 (type b), VLFW1 (type c),
VLFWA1 (type d), VLFW1 (type e), VLFW1 (type f), VLFW2 (type a), VLFW2 (type c),
VLFWS3 (type a), VLFW3 (type b), VLFWS3 (type c), VLFWS3 (type d), VLFW3 (type e),
VLFW3 (type f), VLFW3 (type @), or VLFW4, or any combination thereof, e.g., a
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framework combination as described herein) for of any of EO1, E02, EO8, E14, E19, E20,
E23, E24 or M1 as defined in Tables 2-5, 8-11, or a sequence substantially identical
thereto. For example, the nucleic acid molecule can comprise a nucleotide sequence as
set forth in Tables 6,7, 12, 13, or a sequence substantially identical thereto (e.g., a
sequence at least about 85%, 90%, 95%, 99% or more identical thereto, or which differs
by no more than 3, 6, 15, 30, or 45 nucleotides from the sequences shown in Tables
6,7,12,13).

In another embodiment, the nucleic acid molecule includes one or more heavy chain
framework region and one or more light chain framework region as described herein.
The heavy and light chain framework regions may be present in the same vector or
separate vectors.

In another aspect, the application features host cells and vectors containing the nucleic
acids described herein or modified for codon optimization according to known methods.
The nucleic acids may be present in a single vector or separate vectors present in the
same host cell or separate host cell. The host cell can be a eukaryotic cell, e.g., a
mammalian cell, an insect cell, a yeast cell, or a prokaryotic cell, e.g., E. coli. For
example, the mammalian cell can be a cultured cell or a cell line. Exemplary mammalian
cells include lymphocytic cell lines (e.g., NSO), Chinese hamster ovary cells (CHO),
COS cells, oocyte cells, and cells from a transgenic animal, e.g., mammary epithelial
cell.

In one aspect, the invention features a method of providing an antibody molecule
described herein. The method includes: providing a TMEM antigen (e.g., an antigen
comprising at least a portion of a TMEM epitope); obtaining an antibody molecule that
specifically binds to the TMEM polypeptide; and evaluating if the antibody molecule
specifically binds to the TMEM polypeptide, or evaluating efficacy of the antibody
molecule in modulating, e.g., inhibiting, the activity of the TMEM. The method can further
include administering the antibody molecule to a subject, e.g., a human or non-human
animal.

In another aspect, the invention provides, compositions, e.g., pharmacedutical
compositions, which include a pharmaceutically acceptable carrier, excipient or
stabilizer, and at least one of the anti-TMEM antibody molecules described herein. In
one embodiment, the composition, e.g., the pharmaceutical composition, includes a
combination of the antibody molecule and one or more agents, e.g., a therapeutic agent
or other antibody molecule, as described herein. In one embodiment, the antibody

molecule is conjugated to a label or a therapeutic agent.
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The anti-TMEM antibody molecules disclosed herein can inhibit, reduce or neutralize
one or more activities of IGFBP3 as indicated above. Thus, such antibody molecules
can be used to treat or prevent disorders where the inhibition, reduction or neutralization
of IGFBP3-induced activities in a subject is desired.

Uses of the Anti-TMEM Antibody Molecules

The present antibodies are used in methods of treatment of various disorders or
conditions such as diabetes, as well as intestinal bowel diseases, malabsorption
syndrome, inflammatory bowel disease, cachexia, Crohn’s disease, ulcerative colitis,
celiac disease, diabetic enteropathy.

Accordingly, in another aspect, a method of modulating the IGFBP3/TMEM219 axis in a
subject is provided. The method comprises administering to the subject an anti-TMEM
antibody molecule disclosed herein (e.g., a therapeutically effective amount of an anti-
TMEM antibody molecule), alone or in combination with one or more agents or
procedures, such that the IGFBP3/TMEM219 axis in the subject is modulated. In one
embodiment, the antibody molecule inhibits, reduce or neutralize or block the
IGFBP3/TMEM219 axis activity in the subject. The subject can be a mammal, e.g., a
primate, preferably a higher primate, e.g., a human (e.g., a patient having, or at risk of
having, a disorder described herein). In one embodiment, the subject is in need of
inhibiting, reducing, neutralizing or blocking the IGFBP3/TMEM219 axis. In one
embodiment, the subject has, or is at risk of, having a disorder described herein, e.g,
diabetes, or inflammatory bowel disorder (IBD), malabsorption syndrome, irritable bowel

disease, cachexia, celiac disease, diabetic enteropathy as described herein.

DESCRIPTION OF THE DRAWINGS

Figure 1. Effect of newly generated anti-TMEM mAb on DSS-induced colitis in mice.
Experimental timelines of DSS-induced colitis mice study: C57BL/6 mice were
administered 2.5% DSS in the drinking water for 5 days and daily intraperitoneal
administration of anti-TMEM mAbs 0.5mg/mice starting 3 days before colitis induction
until euthanasia occurring 7 days after the last DSS administration.

Figure 2. (A) Disease activity index (DAIl),a scoring system used to determine the
severity of colitis in mice and (B) Histological Score an examination used to evaluate the
severity and extent of inflammation, the intensity of cellular infiltrate in the mucosa, its
extension in sub-mucosa layers, the presence of epithelial lesions and the mucosa

regeneration was evaluated 7 days after the last administration of DSS during the wound
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healing/beginning of the chronic phase. The values are the means + SEM. *p<0.05,
**p=<0.01 vs. DSS group.

Figure 3. Paraffin sections of colons obtained at euthanasia, i.e 7 days after the last
administration of DSS, were stained with (A) May-Grunwald-Giemsa for the histological
examination. (B) The apoptotic cells were detected with TUNEL assay and
counterstained with DAPI. (C) Cell proliferation was detected with PCNA assay and
counterstained with DAPI.

Figure 4. Effect of newly generated anti-TMEM219 mAbs on diabetes onset in T1D mice
model. Experimental timelines of NOD mice study.

Figure 5. (A) Anti-TMEM219 mAbs effect in preventing diabetes onset in NOD mice at
22 weeks of age and (B) in preserving blood glucose levels. Diabetes prevention
obtained by the use of anti-TMEM219 mAbs was observed in 100% of mice. *p < 0.05
by Mantel-Cox analysis vs. untreated. Diabetes-free are the normoglycemic mice.
Blood glucose > 250 mg/dl for three consecutive measurements defined diabetes onset.
Diabetes-free mice do not have Blood glucose > 250 mg/dl for three consecutive
measurements.

Figure 6. Serial paraffin sections of pancreatic tissue obtained at euthanasia were
prepared, stained with H&E and islet area and morphology were analyzed
microscopically. (A) Representative images are shown; original magnification 20X. (B)
Insulitis scores are shown. In (B), the extent of cell infiltration was scored from O through
4. Insulitis was scored by examining a minimum of 30 islets per animal. *p < 0.05 by
Mann Whitney test all vs. untreated.

Figure 7. Serial paraffin sections of pancreatic tissue obtained at euthanasia were
prepared showing immunohistochemical staining for insulin (brown color).
Representative images are shown; original magnification 20X.

Figure 8. Effects of anti-TMEM219 mAbs in downregulating CASP8 expression in beta
cell line exposed to IGFBP3.

Figure 9. Effects of anti-TMEM219 mAbs in downregulating CASP8 expression in beta
cell line exposed to T1D serum enriched in IGFBP3.

Figure 10. Effects of anti-TMEM219 mAbs in downregulating CASP8 expression in
human islets exposed to IGFBP3.

Figure 11. Effects of anti-TMEM219 mAbs in reducing apoptosis in human islets
exposed to IGFBP3.

Figure 12. Effects of anti-TMEM219 mAbs in reducing apoptosis in human islets

exposed to T1D serum.
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Figure 13. Effects of anti-TMEM219 mAbs in downregulating CASP8 expression in beta
cell line exposed to T1D serum.

Figure 14. Effects of anti-TMEM219 mAbs on apoptosis of beta cell line.

Figure 15. Effects of anti-TMEM219 mAbs on CASP8 mRNA expression in beta cell
line.

Figure 16. Effect of newly generated anti-TMEM219 mAbs on diabetes onset in diabetes
mice model. Experimental timelines of Low dose streptozotocin model of diabetes.
Figure 17. Line graph showing blood glucose level measured in B6 mice injected with
multiple low-dose of streptozotocin (IdSTZ, 50 mg/Kg) and treated with anti-TMEM219
mADbs or left untreated (n=5).

Figure 18. Blood glucose measured at 60 minutes during the IPGTT (1g/Kg) in B6 mice
injected with 1d-STZ with/without anti-TMEM219 mAbs at day 10 (n=5). *p<0.05,
**p<0.01.

Figure 19. Representative H&E staining in serial pancreatic islet tissue sections
obtained from B6 mice injected with IdSTZ and treated with/without anti-TMEM219 mAb

(n=3). 20X original magnification, scale bar, 100 um.

DETAILED DESCRIPTION OF THE INVENTION

The antibodies of the invention specifically bind human TMEM219. As discussed herein,
antibodies of the invention are collectively referred to as “anti-TMEM or anti-TMEM219
antibodies”. All such antibodies are encompassed by the discussion herein. The
respective antibodies can be used alone or in combination in the methods of the
invention.

By “antibodies that specifically bind” TMEMZ219 is intended that the antibodies will not
substantially cross react with another, nonhomologous, human polypeptide. By “not
substantially cross react’ is intended that the antibody or fragment has a binding affinity
for a non-homologous protein which is less than 10%, more preferably less than 5%,
and even more preferably less than 1%, of the binding affinity for TMEM219.

In various embodiments, an antibody that "specifically binds" TMEM219, as used herein,
includes antibodies that bind TMEM219 or the extracellular portion thereof, such as ecto-
TMEM, with a KD of less than about 1000 nM, less than about 500 nM, less than about
300 nM, less than about 200 nM, less than about 100 nM, less than about 90 nM, less
than about 80 nM, less than about 70 nM, less than about 60 nM, less than about 50
nM, less than about 40 nM, less than about 30 nM, less than about 20 nM, less than

about 10 nM, less than about 5 nM, less than about 4 nM, less than about 3 nM, less
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than about 2 nM, less than about 1 nM or about 0.5 nM, as measured with an Octet
biolayer interferometry device or in a surface plasmon resonance assay, for example
using the BlAcore™ system (Biacore Life Sciences division of GE Healthcare,
Piscataway, NJ) or kinetic exclusion assays or any known method in the art.

The term "antibody" herein is used in the broadest sense understood in the art, including

all polypeptides described as antibodies in (25), incorporated herein by reference.

For example, the term “antibody”, as used herein, encompasses monoclonal antibodies,
polyclonal antibodies, monospecific and multispecific antibodies (e.g., bispecific
antibodies), and antibody fragments, so long as the fragment exhibits the desired
antigen-binding activity (antigen-binding fragments). The term has its broadest art-
recognized meaning and includes all known formats, including, without limitation:
bivalent monospecific monoclonal antibodies, bivalent bispecific antibodies, trivalent
trispecific antibodies, F(ab) fragments, F(ab)2 fragments, scFv fragments, diabodies,
single domain antibodies, including camelid VHH single domain antibodies, tandabs,
and flexibodies.

The terms "antigen-binding fragment" of an antibody or equivalently "antigen-binding
portion" of an antibody and the like, as used herein, include any naturally occurring,
enzymatically obtainable, synthetic, or genetically engineered polypeptide or
glycoprotein that comprises a portion of an antibody and that specifically binds an
antigen to form a complex. Antigen-binding fragments of an antibody may be derived,
e.g., from full antibody molecules using any suitable standard techniques such as
proteolytic digestion or recombinant genetic engineering techniques involving the
manipulation and expression of DNA encoding antibody variable and optionally constant
domains. Such DNA is known and/or is readily available from, e.g., commercial sources,
DNA libraries (including, e.g., phage-antibody libraries), or can be synthesized. The DNA
may be sequenced and manipulated chemically or by using molecular biology
techniques, for example, to arrange one or more variable and/or constant domains into
a suitable configuration, or to introduce codons, create cysteine residues, modify, add
or delete amino acids, etc.

As with full antibody molecules, antigen-binding fragments may be monospecific or
multispecific (e.g., bispecific). A multispecific antigen-binding fragment of an antibody
will typically comprise at least two different variable domains, wherein each variable
domain is capable of specifically binding to a separate antigen or to a different epitope

on the same antigen.
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In particular embodiments, an antigen-binding fragment of an antibody comprises at
least one variable domain covalently linked to at least one constant domain. Non-limiting,
exemplary configurations of variable and constant domains that may be found within an
antigen-binding fragment of an antibody include: (i) VH- CH1; (ii) VH-CHZ2; (iii) VH-CHS3;
(iv) VH-CH1-CH2; (v) VH-CH1-CH2-CH3; (vi) VH- CH2-CH3; (vii) VH-CL,; (viii) VL-CH1,
(ix) VL-CHZ2; (x) VL-CH3; (xi) VL-CH1-CHZ2; (xii) VL-CH1-CH2-CH3; (xiii) VL-CH2-CH3;
and (xiv) VL-CL. In any configuration of variable and constant domains, including any of
the exemplary configurations listed above, the variable and constant domains may be
either directly linked to one another or may be linked by a full or partial hinge or linker
region. A hinge region may in various embodiments consist of at least 2 (e.g., 5, 10, 15,
20, 40, 60 or more) amino acids which result in a flexible or semi-flexible linkage between
adjacent variable and/or constant domains in a single polypeptide molecule. Moreover,
an antigen-binding fragment of an antibody may in various embodiments comprise a
homo-dimer or hetero-dimer (or other multimer) of any of the variable and constant
domain configurations listed above in non-covalent association with one another and/or
with one or more monomeric VH or VL domain (e.g., by disulfide bond(s)).

The term “antigen-binding fragment” of an antibody further includes single domain
antibodies.

A single-domain antibody is an antibody fragment consisting of a single monomeric
variable antibody domain. In some embodiments, the single-domain antibody is derived
from the variable domain of the antibody heavy chain from camelids (also termed
nanobodies, or VHH fragments). In some embodiments, the single-domain antibody is
an autonomous human heavy chain variable domain (aVH) or VNAR fragments derived
from sharks.

Non-limiting examples of antigen-binding fragments include: (i) Fab fragments; (ii)
F(ab")2 fragments; (iii) Fd fragments; (iv) Fv fragments; (v) single-chain Fv (scFv)
molecules; (vi) dAb fragments; and (vii) minimal recognition units consisting of the amino
acid residues that mimic the hypervariable region of an antibody (e.g., an isolated
complementarity determining region (CDR) such as a CDR3 peptide), or a constrained
FR3-CDR3-FR4 peptide. Other engineered molecules, such as domain-specific
antibodies, single domain antibodies, domain- deleted antibodies, chimeric antibodies,
CDR-grafted antibodies, diabodies, triabodies, tetrabodies, minibodies, nanobodies
(e.g., monovalent nanobodies, and bivalent nanobodies), small modular
immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are also

encompassed within the expression "antigen-binding fragment," as used herein.
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An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will
generally comprise at least one CDR which is adjacent to or in frame with one or more
framework sequences. In antigen-binding fragments having a VH domain associated
with a VL domain, the VH and VL domains may be situated relative to one another in
any suitable arrangement. For example, the variable region may be dimeric and contain
VH-VH, VH-VL or VL-VL dimers. Alternatively, the antigen-binding fragment of an
antibody may contain a monomeric VH or VL domain.

The antibody or binding molecule of the invention can further be linked to an active
substance, preferably a nanoparticle or a radionucleotide.

As used herein, the term "antigen binding molecule" refers in its broadest sense to a
molecule that specifically binds an antigenic determinant. Examples of antigen binding
molecules are antibodies, including antigen-binding antibody fragments, and scaffold
antigen binding proteins.

The term "antigen binding moiety" refers to the portion of an antigen binding molecule
that specifically binds to an antigenic determinant. Antigen binding moieties include
antibodies and antigen-binding fragments thereof, such as scFv, that are capable of
specific binding to an antigen on a target cell. In a particular aspect, the antigen binding
moiety is able to direct the entity to which it is attached, such as a cell, to a target site.
In addition, antigen binding moieties capable of specific binding to a target cell antigen
include scaffold antigen binding proteins as defined herein below, e.g. binding domains
which are based on designed repeat proteins or designed repeat domains such as
designed ankyrin repeat proteins (DARPiIns) (see e.g. WO 2002/020565) or Lipocalins
(Anticalin).

Designed Ankyrin Repeat Proteins (DARPIns), which are derived from Ankyrin, which is
a family of proteins that mediate attachment of integral membrane proteins to the
cytoskeleton. A single ankyrin repeat is a 33-residue motif consisting of two alpha-
helices and a beta-turn. They can be engineered to bind different target antigens by
randomizing residues in the first alpha-helix and a beta-turn of each repeat. Their binding
interface can be increased by increasing the number of modules (a method of affinity
maturation). For further details see J. Mol. Biol. 332, 489-503 (2003), PNAS 100(4),
1700-1705 (2003) and J. Mol. Biol. 369, 1015-1028 (2007) and US20040132028.

In certain embodiments, antibodies and antigen binding molecules provided herein are
altered to increase or decrease the extent to which the antigen binding moiety is

glycosylated. Glycosylation variants of the molecules may be conveniently obtained by



10

15

20

25

30

35

WO 2021/094620 35 PCT/EP2020/082292

altering the amino acid sequence such that one or more glycosylation sites is created or
removed. Where the antigen binding molecule comprises an Fc region, the carbohydrate
attached thereto may be altered. In one aspect, variants of antigen binding molecules
are provided having a carbohydrate structure that lacks fucose attached (directly or
indirectly) to an Fc region. Such fucosylation variants may have improved ADCC
function, see e.g. US Patent Publication Nos. US 2003/0157108 (Presta, L.) or US
2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Further variants of antigen binding
molecules of the invention include those with bisected oligosaccharides, e.g., in which a
biantennary oligosaccharide attached to the Fc region is bisected by GIcNAc. Such
variants may have reduced fucosylation and/or improved ADCC function, see for
example WO 2003/011878 (Jean-Mairet et al.); US Patent No. 6,602,684 (Umana et al.);
and US 2005/0123546 (Umana et al.). Variants with at least one galactose residue in
the oligosaccharide attached to the Fc region are also provided. Such antibody variants
may have improved CDC function and are described, e.g., in WO 1997/30087 (Patel et
al.); WO 1998/58964 (Raju, S.); and WO 1999/22764 (Raju, S.).

In certain embodiments, it may be desirable to create cysteine engineered variants of
the antibody or antigen binding molecule of the invention, e.g., "thioMAbs," in which one
or more residues of the molecule are substituted with cysteine residues. In particular
embodiments, the substituted residues occur at accessible sites of the molecule. By
substituting those residues with cysteine, reactive thiol groups are thereby positioned at
accessible sites of the antibody and may be used to conjugate the antibody to other
moieties, such as drug moieties or linker-drug moieties, to create an immunoconjugate.
In certain embodiments, any one or more of the following residues may be substituted
with cysteine: V205 (Kabat numbering) of the light chain; A118 (EU numbering) of the
heavy chain; and S400 (EU numbering) of the heavy chain Fc region. Cysteine
engineered antigen binding molecules may be generated as described, e.g., in U.S.
Patent No. 7,521,541.

In certain aspects, the antibody or antigen binding molecules provided herein may be
further modified to contain additional non-proteinaceous moieties that are known in the
art and readily available. The moieties suitable for derivatization of the antibody or
antigen binding molecule include but are not limited to water soluble polymers. Non-
limiting examples of water soluble polymers include, but are not limited to, polyethylene
glycol (PEG), copolymers of ethylene glycol/propylene glycol, carboxymethylcellulose,
dextran, polyvinyl alcohol, polyvinyl pyrrolidone, poly-1, 3-dioxolane, poly-l,3,6-trioxane,

ethylene/maleic anhydride copolymer, polyaminoacids (either homopolymers or random
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copolymers), and dextran or poly(n-vinyl pyrrolidone)polyethylene glycol, propropylene
glycol  homopolymers,  prolypropylene  oxidel/ethylene  oxide  co-polymers,
polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof.
Polyethylene glycol propionaldehyde may have advantages in manufacturing due to its
stability in water. The polymer may be of any molecular weight and may be branched or
unbranched. The number of polymers attached to the antibody may vary, and if more
than one polymer is attached, they can be the same or different molecules. In general,
the number and/or type of polymers used for derivatization can be determined based on
considerations including, but not limited to, the particular properties or functions of the
antibody to be improved, whether the antibody derivative will be used in a therapy under
defined conditions, etc.

In another aspect, conjugates of an antibody and non-proteinaceous moiety that may be
selectively heated by exposure to radiation are provided. In one embodiment, the non-
proteinaceous moiety is a carbon nanotube (Kam, N.W. et al., Proc. Natl. Acad. Sci.
USA 102 (2005) 11600-11605). The radiation may be of any wavelength, and includes,
but is not limited to, wavelengths that do not harm ordinary cells, but which heat the non-
proteinaceous moiety to a temperature at which cells proximal to the antibody-non-
proteinaceous moiety are Killed. In another aspect, immunoconjugates of the antigen
binding molecules provided herein may be obtained. An "immunoconjugate" is an
antibody conjugated to one or more heterologous molecule(s), including but not limited
to a cytotoxic agent.

The constant region of an antibody is important in the ability of an antibody to fix
complement and mediate cell-dependent cytotoxicity. Thus, the isotype of an antibody
may be selected on the basis of whether it is desirable for the antibody to mediate
cytotoxicity. In certain embodiments, the constant region is an IgG1, 19G2, IgG3, 1gG4
constant region.

The invention encompasses in various embodiments antibodies having one or more
mutations in the hinge, CH2 or CH3 region which may be desirable, for example, in
production, to improve the yield of the desired antibody form. In some embodiments, for
example, the antibodies described herein comprise a human IgG4 constant region. In
particular embodiments, the IgG4 constant region has a single amino acid substitution
in the hinge region of the human IgG4 hinge which reduced Fab arm exchange (Angal
et al. (1993) Molecular Immunology 30:105) to levels typically observed using a human

IgG1 hinge.
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In certain embodiments, the antibody comprises one or more mutations in the constant
region that increase serum half-life, including those described in US Patent Nos.
7,083,784, 8,323,962 and Dall’Aqua et al., J. Biol. Chem. 281(33):23514-23524 (2006);
Hinton et al., J. Immunology 176:346-356 (2006); Yeung et al., J. Immunology 182:7663-
7671 (2009); and Petkova et al., Intn’l Immunology,18. 1759-1769 (2006), incorporated
herein by reference in their entireties.

The term "human antibody", as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences.
The human antibodies featured in the invention may in various embodiments
nonetheless include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo), for example in the CDRs, and in
some embodiments, CDR3. However, the term "human antibody", as used herein, is
not intended to include antibodies in which CDR sequences are derived from the
germline of another mammalian species, such as a mouse, which have been grafted
onto human framework sequences.

The term "recombinant human antibody", as used herein, is intended to include all
human antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies expressed using a recombinant expression vector
transfected into a host cell (described further below), antibodies isolated from a
recombinant, combinatorial human antibody library (described further below), antibodies
isolated from an animal (e.g., a mouse) that is transgenic for human immunoglobulin
genes (see e.g., Taylor et al. (1992) Nucl. Acids Res.20:6287-6295, incorporated herein
by reference in its entirety,) or antibodies prepared, expressed, created or isolated by
any other means that involves splicing of human immunoglobulin gene sequences to
other DNA sequences. Such recombinant human antibodies have variable and constant
regions derived from human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies are subjected to in vitro
mutagenesis (or, when an animal transgenic for human Ig sequences is used, in vivo
somatic mutagenesis) and thus the amino acid sequences of the VH and VL regions of
the recombinant antibodies are sequences that, while derived from and related to human
germline VH and VL sequences, may not naturally exist within the human antibody
germline repertoire in vivo.

An "isolated antibody," as used herein, means an antibody that has been identified and

separated and/or recovered from at least one component of its natural environment. For
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example, an antibody that has been separated or removed from at least one component
of an organism, or from a tissue or cell in which the antibody naturally exists or is
naturally produced, is an "isolated antibody." In various embodiments, the isolated
antibody also includes an antibody in situ within a recombinant cell. In other
embodiments, isolated antibodies are antibodies that have been subjected to at least
one purification or isolation step. In various embodiments, an isolated antibody may be
substantially free of other cellular material and/or chemicals.

The term "epitope" refers to an antigenic determinant that interacts with a specific
antigen binding site in the variable region of an antibody molecule known as a paratope.
A single antigen may have more than one epitope. Thus, different antibodies may bind
to different areas on an antigen and may have different biological effects. Epitopes may
be either conformational or linear. A conformational epitope is produced by spatially
juxtaposed amino acids from different segments of the linear polypeptide chain. A linear
epitope is one produced by adjacent amino acid residues in a polypeptide chain. In
certain circumstance, an epitope may include moieties of saccharides, phosphoryl
groups, or sulfonyl groups on the antigen.

The anti-TMEM219 antibodies described herein and useful for the methods featured
herein may in various embodiments include one or more amino acid substitutions,
insertions and/or deletions in the framework and/or CDR regions of the heavy and light
chain variable domains as compared to the corresponding germline sequences from
which the antibodies were derived. Such mutations can be readily ascertained by
comparing the amino acid sequences disclosed herein to germline sequences available
from, for example, public antibody sequence databases.

The present invention includes in various embodiments antibodies and methods
involving the use of antibodies, and antigen-binding fragments thereof, which are derived
from any of the amino acid sequences disclosed herein, wherein one or more amino
acids within one or more framework and/or CDR regions are mutated to the
corresponding residue(s) of the germline sequence from which the antibody was
derived, or to the corresponding residue(s) of another human germline sequence, or to
a conservative amino acid substitution of the corresponding germline residue(s) (such
sequence changes are referred to herein collectively as "germline mutations").
Numerous antibodies and antigen-binding fragments may be constructed which
comprise one or more individual germline mutations or combinations thereof. In certain
embodiments, all of the framework and/or CDR residues within the VH and/or VL

domains are mutated back to the residues found in the original germline sequence from
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which the antibody was derived. In other embodiments, only certain residues are
mutated back to the original germline sequence, e.g., only the mutated residues found
within the first 8 amino acids of FR1 or within the last 8 amino acids of FR4, or only the
mutated residues found within CDR1, CDR2 or CDRS3. In other embodiments, one or
more of the framework and/or CDR residue(s) are mutated to the corresponding
residue(s) of a different germline sequence (i.e., a germline sequence that is different
from the germline sequence from which the antibody was originally derived).
Furthermore, the antibodies may contain any combination of two or more germline
mutations within the framework and/or CDR regions, e.g., wherein certain individual
residues are mutated to the corresponding residue of a certain germline sequence while
certain other residues that differ from the original germline sequence are maintained or
are mutated to the corresponding residue of a different germline sequence. Once
obtained, antibodies and antigen-binding fragments that contain one or more germline
mutations can be easily tested for one or more desired property such as, improved
binding specificity, increased binding affinity, improved or enhanced antagonistic or
agonistic biological properties (as the case may be), reduced immunogenicity, etc. The
use of antibodies and antigen-binding fragments obtained in this general manner are
encompassed within the present invention.

The present invention also includes anti-TMEMZ219 antibodies and methods involving
the use of anti-TMEM219 antibodies comprising variants of any of the HCVR, LCVR,
and/or CDR amino acid sequences disclosed herein having one or more conservative
substitutions. For example, the present invention includes the use of anti-IL-6R
antibodies having HCVR, LCVR, and/or CDR amino acid sequences with, e.g., 10 or
fewer, 8 or fewer, 6 or fewer, 4 or fewer, etc. conservative amino acid substitutions
relative to any of the HCVR, LCVR, and/or CDR amino acid sequences disclosed herein.
The term “biocequivalent” as used herein, refers to a molecule having similar
bioavailability (rate and extent of availability) after administration at the same molar dose
and under similar conditions (e.g., same route of administration), such that the effect,
with respect to both efficacy and safety, can be expected to be essentially same as the
comparator molecule. Two pharmaceutical compositions comprising an anti- IGFBP3
antibody are bioequivalent if they are pharmaceutically equivalent, meaning they contain
the same amount of active ingredient (e.g., IGFBP3 antibody), in the same dosage form,
for the same route of administration and meeting the same or comparable standards.
Bioequivalence can be determined, for example, by an in vivo study comparing a

pharmacokinetic parameter for the two compositions. Parameters commonly used in
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bioequivalence studies include peak plasma concentration (Cmax) and area under the
plasma drug concentration time curve (AUC).

The invention in certain embodiments relates to antibodies and methods comprising
administering to the subject an antibody which comprises the heavy chain variable
region comprising a sequence chosen from the group of: SEQ ID NO:32 to SEQ ID
NO:37 or SEQ ID NO:88 to SEQ ID NO:95 and the light chain variable region comprising
a sequence chosen from the group of: SEQ ID NO:38 to SEQ ID NO:43 or SEQ ID
NO:96 to SEQ ID NO:103. The disclosure provides pharmaceutical compositions
comprising such antibody, and methods of using these compositions.

The antibody is administered to the subject in various embodiments in a formulation
comprising suitable carriers, excipients, and other agents to provide improved transfer,
delivery, tolerance, and the like, and suitable for an intravenous or subcutaneous
injection.

The injectable preparations may be prepared by methods publicly known. For example,
injectable preparations may be prepared, e.g., by dissolving, suspending or emulsifying
the antibody or its salt described above in a sterile aqueous medium or an oily medium
conventionally used for injections. As the aqueous medium for injections, there are, for
example, physiological saline, an isotonic solution containing glucose and other auxiliary
agents, etc., which may be used in combination with an appropriate solubilizing agent
such as an alcohol (e.g., ethanol), a polyalcohol (e.g., propylene glycol, polyethylene
glycol), a nonionic surfactant [e.g., polysorbate 20 or 80, HCO-50 (polyoxyethylene (50
mol) adduct of hydrogenated castor oil)], etc. As the oily medium, there are employed,
e.g., sesame oil, soybean oil, etc., which may be used in combination with a solubilizing
agent such as benzyl benzoate, benzyl alcohol, etc. The injectable preparation thus
prepared can be filled in an appropriate ampoule.

The antibody according to the invention can be administered to the subject using any
acceptable device or mechanism. For example, the administration can be accomplished
using a syringe and needle or with a reusable pen and/or autoinjector delivery device.
The methods of the present invention include the use of numerous reusable pen and/or
autoinjector delivery devices to administer an antibody (or pharmaceutical formulation
comprising the antibody). Examples of such devices include, but are not limited to
AUTOPEN™ (Owen Mumford, Inc., Woodstock, UK), DISETRONIC™ pen (Disetronic
Medical Systems, Bergdorf, Switzerland), HUMALOG MIX 75/25™ pen, HUMALOG™
pen, HUMALIN 70/30™ pen (Eli Lilly and Co., Indianapolis, IN), NOVOPEN™ |, Il and
Il (Novo Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ (Novo Nordisk,
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Copenhagen, Denmark), BD™ pen (Becton Dickinson, Franklin Lakes, NJ),
OPTIPEN™, OPTIPEN PRO™, OPTIPEN STARLET™, and OPTICLIK™ (Sanofi-
Aventis, Frankfurt, Germany), to name only a few. Examples of disposable pen and/or
autoinjector delivery devices having applications in subcutaneous delivery of a
pharmaceutical composition of the present invention include, but are not limited to, the
SOLOSTAR™ pen (Sanofi-Aventis), the FLEXPEN™ (Novo Nordisk), and the
KWIKPEN™ (Eli Lilly), the SURECLICK™ Autoinjector (Amgen, Thousand Oaks, CA),
the PENLET™ (Haselmeier, Stuttgart, Germany), the EPIPEN (Dey, L.P.), the
HUMIRA™ Pen (Abbott Labs, Abbott Park, IL), the DAI® Auto Injector (SHL Group) and
any auto-injector featuring the PUSHCLICK™ technology (SHL Group), to name only a
few.

In one embodiment, the antibody is administered with a prefilled syringe. In another
embodiment, the antibody is administered with a prefilled syringe containing a safety
system. For example, the safety system prevents an accidental needlestick injury. In
various embodiments, the antibody is administered with a prefilled syringe containing an
ERIS™ safety system (West Pharmaceutical Services Inc.). See also U.S. patent
numbers 5,215,534 and 9,248,242, incorporated herein by reference in their entireties.
In another embodiment, the antibody is administered with an auto-injector. In various
embodiments, the antibody is administered with an auto-injector featuring the
PUSHCLICK™ technology (SHL Group). In various embodiments, the auto-injector is a
device comprising a syringe that allows for administration of a dose of the composition
and/or antibody to a subject. See also U.S. patent numbers 9,427,531 and 9,566,395,
incorporated herein by reference in their entireties.

According to the invention, “subject” means a human subject or human patient.

EXAMPLES

METHODS

Recombinant proteins

Recombinant human IGFBP3 was obtained from Life Technologies (IGFBP3, Life
Technologies, 10430H07HS). Ecto-TMEM219, which is the extracellular domain of the
TMEM219 receptor, was obtained through Genescript’'s customized protein service.
The protein, produced in E. coli, has the following amino acid sequence:

Human Ecto-TMEM amino acid sequence:
THRTGLRSPDIPQDWVSFLRSFGQLTLCPRNGTVTGKWRGSHVVGLLTTLNFGDGP
DRNKTRTFQATVLGSQMGLKGSSAGQLVLITARVTTERTAGTCLYFSAVPGILPSSQP
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PISCSEEGAGNATLSPRMGEECVSVWSHEGLVLTKLLTSEELALCGSR (SEQ ID NO:
125)

Murine Ecto-TMEM amino acid sequence:
THTTGLRSPDIPQDWVSFLRSFGQLSLCPMNETVTGTWQGPHVVGLLTTLNFGDGP
DRNKTQTFQAKIHGSQIGLTGSSAGESVLVTARVASGRTPGTCLYFSGVPKVLPSSQ
PPISCSEEGVGNATLSPVMGEECVRVWSHERLVLTELLTSEELALCGS (SEQ ID NO:
126)

Monoclonal antibodies development from naive human phage-display libraries
Monoclonal anti-TMEM antibodies were selected from naive human phage-display
libraries using human EctoTMEM219 (obtained from Genescript's customized protein
service) as antigen for the screening. The EctoTMEM antigen was immobilized onto 96-
well ELISA plates either by direct adsorption or capturing via an anti-ectoTMEM
polyclonal antibody. After washing and blocking of the wells with BSA, the antibody-
phage libraries were added. The libraries were cleared from sticky or cross-reactive
antibody-phage previously.

The phage that displayed an antigen-specific antibody were captured on the plate
surface. After removal of unbound/weakly bound phage by washing with PBS-T, antigen-
specific phage was eluted and amplified. This amplified library subset was again
selected for target binding under more stringent conditions, i.e. the number of washing
steps were increased to clear non-bound or weakly bound phage. In total, three selection
rounds were performed to enrich antigen specific antibody-phage.

At the end of the selection process, the selection output was screened for antigen-
specific antibodies by ELISA. For this purpose, monoclonal scFv antibodies were
produced from clones of the selection output. These were then tested for specific antigen
binding by ELISA. 15 target specific hits were identified. 11 of them contained a unique
CDR sequence. These were cloned into a mammalian scFv-Fc expression vector,
resulting in a genetic fusion of the scFv with a human IgG4 Fc.

6 of those antibodies could be produced in the scFv-Fc format by transient transfection
of HEK293 cells. The antibodies were purified by affinity chromatography (Protein A)
and re-buffered in PBS. The protein concentration was determined by UV/VIS
spectrometry and purity was checked by Coomassie staining.

Monoclonal antibodies development hybridoma-based

Monoclonal anti-TMEM antibodies were identified through the utilization of transgenic
mouse, where the relevant human immunoglobulin sequences have been introduced

into the genome of the animal by genetic engineering, the Trianni Mouse™ (Trianni).
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Through use of such technology, chimeric monoclonal antibodies containing the full
repertoire of human heavy- and light-chain variable domains and the retention of the
mouse constant domains were produced.

Essentially, two cohorts of Trianni Mouse™ (Cohort 1. ALD/MDP adjuvant and Cohort
2: SAS/Ribi adjuvant) were immunized with human EctoTMEM219 (Genescript's
customized protein service), two injections a week for 4 weeks then 2 weeks extension
at one injection a week. Then, lymphatic cells (such as B-cells) were recovered from the
mice that express antibodies, such cells were fused with a myeloid-type cell line to
prepare immortal hybridoma cell lines, and such hybridoma cell lines were screened and
selected to identify hybridoma cell lines that produce antibodies specific to human Ecto-
TMEM219 by ELISA. Hybridoma cell lines that were reactive for the antigen of interest
were expanded. Sequencing was accomplished by RNA isolation, followed by cDNA
sequencing of the human VH and human VK using Sanger sequencing methods.
Antibodies can be expressed in cell lines other than hybridoma cell lines. Sequences
encoding antibodies can be used for transformation of a suitable mammalian host cell.
Method of expressing recombinant protein in CHO cells

The corresponding TCO1 and TM1 cDNAs were cloned into evitria’s vector system using
conventional (non-PCR based) cloning techniques to produce a fully human IgG4 mAb.
The evitria vector plasmids were gene synthesized. Plasmid DNA was prepared under
low-endotoxin conditions based on anion exchange chromatography. Correctness of the
sequences was verified with Sanger sequencing (with up to two sequencing reactions
per plasmid depending on the size of the cDNA.)

Suspension-adapted CHO K1 cells (evitria) was used for production. The seed was
grown in eviGrow medium, a chemically defined, animal-component free, serum-free
medium. Cells were transfected with eviFect, evitria's custom-made, proprietary
transfection reagent, and cells were grown after transfection in eviMake, an animal-
component free, serum-free medium, at 37°C and 5% CO2 for 7 days. Supernatant was
harvested by centrifugation and subsequent filtration (0.2 um filter).

The antibody was purified using MabSelect™ SuRe™ with Dulbecco's PBS (Lonza
BE17-512Q) as wash buffer and 0.1 M Glycine pH 3.5 as elution buffer. Subsequent
size exclusion chromatography was performed on a HiLoad Superdex 200 pg column
using the final buffer as running buffer.

Monomericity was determined by analytical size exclusion chromatography with an
Agilent AdvanceBio SEC column (300A 2.7 um 7.8 x 300 mm) and DPBS as running
buffer at 0.8 ml/min.
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The sequences of the 6 novel anti-TMEM antibodies from human phage-display libraries

are reported in Tables 2-7 below.

Table 2: VH CDR Sequences of exemplified antibodies
Ao“;;b CDR1 CDR2 CDR3
TAO2 | SYAIS (SEQ ID | GIIPIFGTANYAQKFQG GDIAAAGRKGLPIYYMDV
NO. 1) (SEQ ID NO. 2) (SEQ ID NO. 3)
TCO1 | SYGI(SEQ ID | WISAYNGNTNYAQKLQG | WGRWLAHDY (SEQ ID NO.
NO. 4) (SEQ ID NO. 5) 6)
TCO2 | SYAIS (SEQ ID | GIIPIFGTANYAQKFQG PSGYYIYDAFDI(SEQ ID
NO. 1) (SEQ ID NO. 2) NO.7)
TDO1 | SYGIS (SEQ WISAYNGNTNYAQKLQG | DLGWPDDY (SEQ ID NO. 9)
ID NO. 8) (SEQ ID NO. 5)
TEO1 | DYGMS (SEQ | GINWNGGSTGYADSVKG | DRLRYCSSTSCYIPDY
ID NO. 10) (SEQ ID NO. 11) (SEQID NO. 12)
TGO02 | SYGIS (SEQ WISAYNGNTNYAQKLQG | VGSTYDFWSGAYYYYGMD
ID NO. 8) (SEQ ID NO. 5) V (SEQ ID NO. 13)
Table 3: VL CDR Sequences of exemplified antibodies
Antibody CDR1 CDR2 CDR3
TAO2 QASQDISNYLN AASSLQS QQSYSTPT
(SEQ ID NO. 14) (SEQ ID NO. 15) | (SEQ ID NO. 16)
TCO1 SGDKLGNKNAY QSTRRPS QAWDSSSGWEV
(SEQ ID NO. 17) (SEQ ID NO. 18) | (SEQ ID NO. 19)
TCO2 GASQSVSSSYLA DASSRAT HQYNNWPRT
(SEQ ID NO. 20) (SEQ ID NO. 21) | (SEQ ID NO. 22)
TDO1 SGSSSNIGSNYVY RNNQRPS AAWDDSLNGWV
(SEQ ID NO. 23) (SEQ ID NO. 24) | (SEQ ID NO. 25)
TEO1 KSSQSVLDSSNNKNYVA | WASTRES QQYYTTRWT
(SEQ ID NO. 26) (SEQ ID NO. 27) | (SEQ ID NO. 28)
TGO02 RASQGIRNDLG DASNLET QQYDNLPLT
(SEQ ID NO. 29) (SEQ ID NO. 30) | (SEQ ID NO. 31)

CDR definition is also provided using annotation tool from http://www.abysis.org/

based on full VH and VL amino acid sequences as defined in Tables 4, 5, 10 and 11.

For example, the VH amino acid sequence of any antibody disclosed herein is plugged

into the annotation tool and Kabat defined CDR sequences are provided.
Below is shown the example in reference to SEQ ID No. 33 (VH of TCO1).

Table 3.1: Kabat defined CDR sequences

Regions Definition

Region |

% Kabat :j

Sequence Fragment

Residues
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HFR1I QIQLVQSGAEVKKPGASVKVSCKASGYTET (SEQ ID No. 127) 1-30

- CDR-H1 SYGIS (SEQ ID No. 8) 31-35
.~ HFR2 WVRQAPGQGLEWMG (SEQ ID No. 128) 36-49
.~ CDR-H2 WISAYNGNTNYAQKLQG (SEQ ID No. 5) 50 - 66

HFR3 RVIMTTDTSTSTAYMELRSLRSDDTAVYYCAR (SEQ ID No. 129) 67-98

CDR-H3 WGRWLAHDY (SEQ ID No. 6) 99 - 107

HFR4 WGQGTLVTVSS (SEQ ID No. 130) 108 - 118

The VH amino acid sequence of any antibody disclosed herein may also be plugged
into the annotation tool and IMGT defined CDR sequences are provided.

5 Below is shown the example in reference to SEQ ID No. 33 (VH of TCO1).

Table 3.2: IMGT defined CDR sequences
Regions Definition IMGT

Region Sequence Fragment Residues |
'HFRl QIQLVOSGAEVKKPGASVKVSCKAS (SEQ ID No. 131)  1-25
| CDRQHI iGY'I"}FTSYG’ (SEQ ID No. 135)' - 26“ ] 33 '
. HFR2 TSWVRQAPGOGLEWMGW (SEQ ID No. 133) 3450
CDR-Hz 'ISAYNGNT (SEQ ID No. 13'.4') 51-58
HFR3 gI';EASI;]:..Q?I;\SF)I’MTTDTSTSTAYMELRSLRSDDTAVYYC (SEQ 9. 06
CDR-H3 ARWGRWLAHDY (SEQ ID No. 136) 97 -107
' HFR4 WGQGTLVIVSS (SEQ ID No. 137) o 108118
10 k
In addition, the VH amino acid sequence of any antibody disclosed herein may also be
plugged into the annotation tool and the “All, side by side” defined CDR sequences are
provided.
Below is shown the example in reference to SEQ ID No. 33 (VH of TCO1).
15

Table 3.3: All, side by side defined CDR sequences
Regions Definition  All, side by side

| Region | Definition Sequence Fragment Residues
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| HFR1 Chothia ?;??VQSGAEVKKPGASVKVSCKAS ————— (SEQ ID No. |25
ADM gf;glzLVQSGAEVKKPGASVKVSCKAs ————— (SEQ ID No. 125
)
QIQLVQSGAEVKKPGASVKVSCKASGYTFT (SEQ ID No.
Kabat 1-30
127)
OIQLVOSGAEVKKPGASVKVSCKASGYTF- (SEQ ID No.
- Contact 138 1-29
! )
MG | QIOLVOSGAEVKKPGASVKVSCKAS- -~~~ (SEQ ID No. |25
| 131) |
¢ Cyg?— ' Chothia GYTFTSY---(SEQ ID No. 139) 26-32
AbM GYTFTSYGIS (SEQ ID No. 140) 26-35
~ Kabat ----- SYGIS (SEQ ID No. 8) 31-35
. Contact ----TSYGIS (SEQ ID No. 141) 30-35
- IMGT GYTFTSYG--(SEQ ID No. 132) 26-33
 HFR2 Chothia GISWVRQAPGOGLEWMGWI (SEQ ID No. 142) 33-51
 AbM  ---WVRQAPGQGLEWMG-- (SEQ ID No. 128) 36-49
~ Kabat  ---WVRQAPGQGLEWMG-- (SEQ ID No. 128) 36-49
P Contactw“‘—WVRQAPGQGLE """"" (SEQ ID No. 143) W36 46
 IMGT —ISWVRQAPGQGLEWMGW—(SEQ ID No. 133) 34-50 f
Cg? " Chothia ----- SAYNGN------=-- (SEQ ID No. 144) 52-57
AbM  —--WISAYNGNTN-—————- (SEQ ID No. 145) 50-59
~ Kabat ——-—WISAYNGNTNYAQKLQG (SEQ ID No. ' 5) 50 - 66
Contact WMGWI SAYNGNTN——~———~ (SEQ ID No. 146) 47-59
| IMGT ~———ISAYNGNT-—~——=—— (SEQ ID No. 134) 51-58
ﬁ . TNYAQKLOGRVTMTTDTSTSTAYMELRSLRSDDTAVYYCAR
| HFR3 Chothia (SEQ ID No. 147) 58 - 98
-~YAQKLOGRVTMTTDTSTS TAYMELRSLRSDDTAVYYCAR
. AbM (SEQ ID No. 148) 60 - 98
————————— RVTMTTDTSTS TAYMELRSLRSDDTAVYYCAR T
Kabat (SEQ ID No. 129) 67 - 98
| c - ~YAQKLOGRVTMTTDTSTS TAYMELRSLRSDDTAVYYC— 60 96
. Contact (SEQ ID No. 149)
~NYAQKLQGRVTMTTDTSTS TAYMELRSLRSDDTAVYYC—
- IMGT  (sro 1D No. 135) 59-96 |
CDR- | . n
CH3 Chothia —--WGRWLAHDY (SEQ ID No. 6) 99-107
" AbM  --WGRWLAHDY (SEQ ID No. 6) 99107
. Kabat --WGRWLAHDY (SEQ ID No. 6) 99.107
Contact ARWGRWLAHD- (SEQ ID No. 150) 97-106
| IMGT ARWGRWLAHDY (SEQ ID No. 136) 97-107
 HFR4. WChothlaw —WGQGTLVTVSSW(SEQ ;FD No. 137) 108 - 118
. AbM  -WGQGTLVTVSS (SEQ ID No. 137) 108 - 118
 Kabat -WGQGTLVTVSS (SEQ ID No. 137) 108-118
~ Contact YWGQGTLVTVSS (SEQ ID No. 151) 107 - 118
IMGT -WGQGTLVTVSS (SEQ ID No. 137) 108 -118




WO 2021/094620 47

PCT/EP2020/082292

CDR definition provided using annotation tool from http://www.abysis.org/ based on full

VL amino acid of TCO1 (SEQ ID No. 39) is also reported.

Table 3.4: All, side by side defined CDR sequences

LFR1  Chothia ??Z?TQPPSVSVSPGQTASITC —————— (SEQ ID No. 1.929
AbM QAVLTQPPSVSVSPGQTASITC~———~~— (SEQ ID No. 1.99
152)
Kabat QAVLTQPPSVSVSPGQTASITC~~~=~== (SEQ ID No. 1.92
152)
Contact CEZSXZ?TQPPSVSVSPGQTASITCSGDKLG (SEQ ID No. 1.928
IMGT fggTQPPSVSVSPGQTASITCSGD——-—(SEQ ID No. 1.95
CDR-L1 Chothia SGDKLGNKNAY--(SEQ ID No. 17) 23.33
AbM SGDKLGNKNAY-- (SEQ ID No. 17) 23-33
Kabat SGDKLGNKNAY--{(SEQ ID No. 17) 23-33
Contact ------ NKNAYWY (SEQ ID No. 155) 29 - 35
IMGT ---KLGNKN----(SEQ ID No. 156) 26 - 31
- LFR2 Chothia --WYQQKPGQSPVLVMY (SEQ ID No. 156) 34 -48
AbM --WYQQOKPGQSPVLVMY (SEQ ID No. 156) 34-48
Kabat --WYQQKPGQSPVLVMY (SEQ ID No. 156) 34 -48
_Contact ----QQKPGQSPV----(SEQ ID No. 157) 36-44
IMGT AYWYQQKPGQSPVILVMY (SEQ ID No. 158) 32 -48
CDR-L2 Chothia ----QSTRRPS (SEQ ID No. 18) 49 - 55
AbM -==-=QSTRRPS (SEQ ID No. 18) 49 - 55
Kabat -~---QSTRRPS (SEQ ID No. 18) 49 - 55
Contact LVMYQSTRRP-(SEQ ID No. 159) 45 - 54
MGT  --—-QS-~——- 49 - 50
LER3  Chothia ;};—;;GIPERFSASNSGNTATLTISGTQAMDEADYYC (SEQ 56 .87
©o. 160)
————— GIPERFSASNSGNTATLTISGTQAMDEADYYC (SEQ
ABM 15 No. 160) 56 - 87
————— GIPERFSASNSGNTATLTISGTQAMDEADYYC (SEQ
Kabat . .- 160) 56 - 87
-=—-~3GIPERFSASNSGNTATLTISGTQAMDEADYYC (SEQ
Contact ID No. 161) 55 -87
TRRPSGIPERFSASNSGNTATLTISGTQAMDEADYYC
IMGT (SEQ ID No. 162) 51-87
CDR-L3 Chothia QAWDSSSGWEV (SEQ ID No. 19) 88-98
AbM QAWDSSSGWEV (SEQ ID No. 19) 88 -98
Kabat QAWDSSSGWEV (SEQ ID No. 19) 88 -98
Contact QAWDSSSGWE~ (SEQ ID No. 163) 88 -97
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IMGT

QAWDSSSGWEV (SEQ ID No. 19) 88 - 98

Chothia -FGGGTKLTVL (SEQ ID No. 164) 99 - 108

"~ AbM  -FGGGTKLIVL (SEQ ID No. 164) 99 - 108
‘Kabat -FGGGTKLTVL (SEQ ID No. 164) 99 - 108

Contact VFGGGTKLTVL (SEQ ID No. 165) 98 - 108

‘ IMGT -FGGGTKLTVL (SEQ ID No. 164) 99 - 108

Table 4: VH amino acid sequences of exemplified antibodies

Antibody

AA of VH

TAO2

QVQLVQSGAEVKRPGSSVKVSCKASGGTFSSYAISVWRQAPGQGLE
WMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSNLRSEDTAVY
YCARGDIAAAGRKGLPIYYMDVWGKGTTVTVSS (SEQ ID NO. 32)

TCO1

QIQLVQSGAEVKKPGASVKVSCKASGYTFTSYGISVWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTA
VYYCARWGRWLAHDYWGQGTLVTVSS (SEQ ID NO. 33)

TCO2

QMQLVQSGAEVKKPGSSVKVSCKASGGTFSSYAISWVRQAPGQGL
EWMGGIIPIFGTANYAQKFQGRVTITADESTSTAYMELSSLRSEDTAV
YYCASPSGYYIYDAFDIWGQGTMVTVSS (SEQ ID NO. 34)

TDO1

QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGISVWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTA
VYYCARDLGWPDDYWGQGTLVTVSS (SEQ ID NO. 35)

TEO1

EVQLLESGGGVVRPGGSLRLSCAASGFTFDDYGMSVWWRQAPGKGL
EWVSGINWNGGSTGYADSVKGRFTISRDNSKNTLYLQMNSLRAEDT
AAYYCAKDRLRYCSSTSCYIPDYWGQGTLVTVSS (SEQ ID NO. 36)

TGO02

QVQLVQSGAEVKKPGASVKVSCKASGYTFTSYGISWWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELRSLRSDDTA
VYYCARVGSTYDFWSGAYYYYGMDVWGQGTTVTVSS (SEQ ID NO.
37)

Table 5: VL amino acid sequences of exemplified antibodies

Antibody

AA of VL

TAO2

DIQMTQSPSSLSASVGDRVTITCQASQDISNYLNWYQQKPGKAPKLLI
YAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQSYSTP
TFGQGTKLEIK (SEQ ID NO. 38)

TCO1

QAVLTQPPSVSVSPGQTASITCSGDKLGNKNAYWYQQKPGQSPVLV
MYQSTRRPSGIPERFSASNSGNTATLTISGTQAMDEADYYCQAWDS
SSGWEVFGGGTKLTVL (SEQ ID NO. 39)

TCO2

ETTLTQSPATLSLSPGERATLSCGASQSVSSSYLAWYQQKPGLAPRL
LIYDASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCHQYNNW
PRTFGQGTKVEIK (SEQ ID NO. 40)

TDO1

QPVLTQPPSASGTPGQRVTISCSGSSSNIGSNYVYWYQQLPGTAPKL
LIYRNNQRPSGVPDRFSGSKSGTSASLAISGLRSEDEADYYCAAWDD
SLNGVVFGGGTKLTVL (SEQ ID NO. 41)

TEO1

DIQMTQSPDSLAVSLGERATINCKSSQSVLDSSNNKNYVAWFQQKPG
QPPKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYC
QQYYTTRWTFGQGTKVEIK (SEQ ID NO. 42)

TGO02

DIVMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYQQKPGKAPKLLI
YDASNLETGVPSRFSGSGSGTDFTFTISSLQPEDIATYYCQQYDNLPL

TFGGGTKVEIK (SEQ ID NO. 43)
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Table 6: VH nucleotide sequences of exemplified antibodies

Antibody

DNA of VH

TAO2

CAGGTCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAGGCCTGGGTCCT
CGGTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGC
TATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGA
GGGATCATCCCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGG
CAGAGTCACGATTACCGCGGACGAATCCACGAGCACAGCCTACATGGAG
CTGAGCAACCTGAGATCTGAGGACACGGCCGTGTATTACTGTGCGAGAG
GGGATATAGCAGCAGCTGGTAGGAAAGGACTGCCCATCTACTACATGGA
CGTCTGGGGCAAAGGGACCACGGTCACCGTCTCCTCA (SEQ ID NO. 44)

TCO1

CAAATCCAGCTGGTACAGTCTGGGGCTGAGGTGAAGAAGCCTGGGGCCT
CAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTACGGT
ATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAT
GGATCAGCGCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGC
AGAGTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGGAGCT
GAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGGTGG
GGTAGGTGGCTGGCTCATGACTACTGGGGCCAGGGAACCCTGGTCACCG
TCTCCTCA (SEQ ID NO. 45)

TCO02

CAGATGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCT
CGGTGAAGGTCTCCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGC
TATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGA
GGGATCATCCCTATCTTTGGTACAGCAAACTACGCACAGAAGTTCCAGGG
CAGAGTCACGATTACCGCGGACGAATCCACGAGCACAGCCTACATGGAG
CTGAGCAGCCTGAGATCTGAGGACACGGCCGTGTATTACTGTGCGAGCC
CAAGTGGTTATTATATTTATGATGCTTTTGATATCTGGGGCCAAGGGACAA
TGGTCACCGTCTCTTCA (SEQ ID NO. 46)

TDO1

CAGGTCCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCT
CAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGT
ATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAT
GGATCAGCGCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGC
AGAGTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGGAGCT
GAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGAT
CTCGGCTGGCCAGATGACTACTGGGGCCAGGGAACCCTGGTCACCGTCT
CCTCA (SEQ ID NO. 47)

TEO1

GAAGTGCAGTTGTTGGAGTCTGGGGGAGGTGTGGTACGGCCTGGGGGG
TCCCTGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTTGATGATTATGG
CATGAGCTGGGTCCGCCAAGCTCCAGGGAAGGGGCTGGAGTGGGTCTCT
GGTATTAATTGGAATGGTGGTAGCACAGGTTATGCAGACTCCGTGAAGGG
CCGATTCACCATCTCCAGAGACAATTCCAAGAACACGCTGTATCTGCAAAT
GAACAGCCTGAGAGCTGAGGACACGGCTGCGTATTACTGTGCGAAAGAT
CGACTAAGATATTGTAGTAGTACCAGCTGCTATATCCCTGACTACTGGGG
CCAGGGAACCCTGGTCACCGTCTCCTCA (SEQ ID NO. 48)

TGO2

CAGGTGCAGCTGGTGCAGTCTGGAGCTGAGGTGAAGAAGCCTGGGGCCT
CAGTGAAGGTCTCCTGCAAGGCTTCTGGTTACACCTTTACCAGCTATGGT

ATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAT
GGATCAGCGCTTACAATGGTAACACAAACTATGCACAGAAGCTCCAGGGC
AGAGTCACCATGACCACAGACACATCCACGAGCACAGCCTACATGGAGCT
GAGGAGCCTGAGATCTGACGACACGGCCGTGTATTACTGTGCGAGAGTA

GGGAGCACTTACGATTTTTGGAGTGGCGCCTACTACTACTACGGTATGGA
CGTCTGGGGCCAAGGGACCACGGTCACCGTCTCCTCA (SEQ ID NO. 49)
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Table 7: VL nucleotide sequences of exemplified antibodies

Antibody DNA of VL

TAO2 | GACATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGCCAGGCGAGTCAGGACATTAGCAACTACTTAA
ATTGGTATCAGCAGAAACCAGGGAAAGCCCCTAAGCTCCTGATCTATGCT
GCATCCAGTTTGCAAAGTGGGGTCCCATCAAGGTTCAGTGGCAGTGGATC
TGGGACAGATTTCACTCTCACCATCAGCAGTCTGCAACCTGAAGATTTTG
CAACTTACTACTGTCAACAGAGTTACAGTACCCCTACTTTTGGCCAGGGG
ACCAAGCTGGAGATCAAA (SEQ ID NO. 50)

TCO1 | CAGGCAGTGCTGACTCAGCCACCCTCAGTGTCCGTGTCCCCAGGACAGA
CAGCCAGCATCACCTGCTCTGGAGATAAATTGGGAAATAAAAATGCTTATT
GGTATCAGCAGAAGCCAGGCCAGTCCCCTGTACTGGTCATGTATCAAAGT
ACCAGACGGCCCTCAGGGATCCCTGAGCGATTCTCTGCCTCCAACTCTG
GGAACACAGCCACTCTGACCATCAGCGGGACCCAGGCTATGGATGAGGC
TGACTATTACTGTCAGGCGTGGGACAGCAGTAGTGGATGGGAGGTATTC
GGCGGAGGGACCAAGCTGACCGTCCTA (SEQ ID NO. 51)

TC02 | GAAACGACACTCACGCAGTCTCCAGCCACCCTGTCTTTGTCTCCAGGGGA
AAGAGCCACCCTCTCCTGCGGGGCCAGTCAGAGTGTTAGCAGCAGCTAC
TTAGCCTGGTACCAGCAGAAACCTGGCCTGGCGCCCAGGCTCCTCATCT
ATGATGCATCCAGCAGGGCCACTGGCATCCCAGACAGGTTCAGTGGCAG
TGGGTCTGGGACAGACTTCACTCTCACCATCAGCAGACTGGAGCCTGAA
GATTTTGCAGTTTATTACTGTCACCAGTATAATAACTGGCCTAGGACGTTC
GGCCAAGGGACCAAGGTGGAAATCAAA (SEQ ID NO. 52)

TDO1 | CAGCCTGTGCTGACTCAGCCACCCTCAGCGTCTGGGACCCCCGGGCAGA
GGGTCACCATCTCTTGTTCTGGAAGCAGCTCCAACATCGGAAGTAATTAT
GTATACTGGTACCAGCAGCTCCCAGGAACGGCCCCCAAACTCCTCATCTA
TAGGAATAATCAGCGGCCCTCAGGGGTCCCTGACCGATTCTCTGGCTCCA
AGTCTGGCACCTCAGCCTCCCTGGCCATCAGTGGGCTCCGGTCCGAGGA
TGAGGCTGATTATTATTGTGCAGCATGGGATGACAGCCTGAATGGTGTGG
TATTCGGCGGAGGGACCAAGCTGACCGTCCTA (SEQ ID NO. 53)

TEO1 | GACATCCAGATGACCCAGTCTCCGGACTCCCTGGCTGTGTCTCTGGGCG
AGAGGGCCACCATCAACTGCAAGTCCAGCCAGAGTGTTTTGGACAGCTC
CAACAATAAAAATTATGTCGCTTGGTTCCAGCAGAAACCAGGACAGCCTC
CTAAGCTGCTCATTTACTGGGCCTCTACCCGGGAATCCGGGGTCCCTGAC
CGATTCAGTGGCAGCGGTTCTGGGACAGATTTCACTCTCACCATCAGCAG
CCTGCAGGCTGAAGATGTGGCAGTTTATTACTGTCAGCAATATTATACTAC
TCGGTGGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAA (SEQ ID NO.
54)

TG02 | GACATCGTGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGA
CAGAGTCACCATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAG
GCTGGTATCAGCAAAAACCAGGGAAAGCCCCTAAACTCCTGATCTACGAT
GCATCCAATTTGGAAACAGGGGTCCCATCAAGGTTCAGTGGAAGTGGATC
TGGGACAGATTTTACTTTCACCATCAGCAGCCTGCAGCCTGAAGATATTG
CAACATATTACTGTCAACAGTATGATAACCTCCCGCTCACTTTCGGCGGA
GGGACCAAGGTGGAGATCAAA (SEQ ID NO. 55)

The sequences of the 8 novel anti-TMEM antibodies hybridoma-based are reported in
Tables 8-13 below.

Table 8: VH CDR Sequences of exemplified antibodies
Antibody | CDR1 \ CDR2 \ CDR3
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TE02.1 GFTFSRHG IWYDGRNK AREGITMVRGVIPLFDY
’ (SEQ ID NO. 56) | (SEQ ID NO. 57) | (SEQ ID NO. 58)
TE02.2 GFTFSRHG IWYDGRNK AREGITMVRGVIPLFDY
’ (SEQ ID NO. 56) | (SEQ ID NO. 57) | (SEQ ID NO. 58)
TE02.3 GFTFSRHG IWYDGRNK AREGITMVRGVIPLFDY
) (SEQ ID NO. 56) | (SEQ ID NO. 57) | (SEQ ID NO. 58)
TEO3 GFTFSRYG IWYDGSYK ARFGILTGYYFDY
(SEQ ID NO. 59) | (SEQ ID NO. 60) | (SEQ ID NO. 61)
TEO04 GFTFSRHG IWYDGRNK AREGITMVRGVIPLFDY
(SEQ ID NO. 56) | (SEQ ID NO. 57) | (SEQ ID NO. 58)
TEO7 GFTFSSYA ISGSGYST AKGKVGPTYAFDL
(SEQ ID NO. 62) | (SEQ ID NO. 63) | (SEQ ID NO. 64)
TE10 GFTFSSYG IWYDGSNK AREGRGMDV
(SEQ ID NO. 65) | (SEQ ID NO. 66) | (SEQ ID NO. 67)
™1 GFTFSTYG IWYDGYNK EGWFGKLLSALDI
(SEQ ID NO. 68) [ (SEQ ID NO. 69) | (SEQ ID NO. 70)
Table 9: VL CDR sequences of exemplified antibodies
Antibody CDR1 CDR2 CDR3
TE02.1 SGHSSYA LNSDGSH QTWGTGMLC
) (SEQ ID NO. 71) (SEQ ID NO. 72) | (SEQ ID NO. 73)
TE02.2 SGHSSYA LNSDGSH QTWGTGMLF
) (SEQ ID NO. 71) (SEQ ID NO. 72) | (SEQ ID NO. 74)
TE02.3 SGHSSYA LNSDGSH QTWGTGMLW
) (SEQ ID NO. 71) (SEQ ID NO. 72) | (SEQ ID NO. 75)
TEO3 SGHSSYA LNSDGSH QTWGTGCC
(SEQ ID NO. 71) (SEQ ID NO. 72) | (SEQ ID NO. 76)
TEO4 SGSVSTSYN STN VLYMGSGII
(SEQ ID NO. 77) (SEQ ID NO.78) | (SEQID NO.79)
TEO7 SGSVSTSYY STN VLYMGSGTCC
(SEQ ID NO. 80) (SEQ ID NO. 78) | (SEQ ID NO. 81)
TE10 SGHSSY!I LEGSGSY ETWDSNTPHAV
(SEQ ID NO. 82) (SEQ ID NO. 83) | (SEQ ID NO. 84)
™A QGIRND PAS LODYNYPFT
(SEQ ID NO. 85) (SEQ ID NO. 86) | (SEQ ID NO. 87)

Table 10: VH amino acid sequences of exemplified antibodies

Antibody

AA of VH

QVQLVESGGGVVQPGRSLRLSCAASGFTFSRHGMHWVRQAPGKGLEVWAVIWYD

TEO02.1 GRNKYYADSVKGRFTISRDNSKNTLYLQMNSLRVEDTAVYYCAREGITMVRGVIPLF
DYWGQGTLVTVSS (SEQ ID NO. 88)
QVQLVESGGGVVQPGRSLRLSCAASGFTFSRHGMHWVRQAPGKGLEVWWVAVIWYD

TEO02.2 GRNKYYADSVKGRFTISRDNSKNTLYLQMNSLRVEDTAVYYCAREGITMVRGVIPLF

DYWGQGTLVTVSS (SEQ ID NO. 89)
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TEO02.3

QVQLVESGGGVVQPGRSLRLSCAASGFTFSRHGMHWVRQAPGKGLEVWAVIWYD
GRNKYYADSVKGRFTISRDNSKNTLYLQMNSLRVEDTAVYYCAREGITMVRGVIPLF
DYWGQGTLVTVSS (SEQ ID NO. 90)

TEO3

QVQLVESGGGVVQPGRSLRLSCAASGFTFSRYGMHWVRQAPGKGLEWVAVIWYD
GSYKYYADSIKGRFTVSRDNSKNTLYLQMNSLRAEDTALYYCARFGILTGYYFDYW
GQGTLVTVSS (SEQ ID NO. 91)

TEO04

QVQLVESGGGVVQPGRSLRLSCAASGFTFSRHGMHWVRQAPGKGLEVWWAVIWYD
GRNKYYADSVKGRFTISRDNSKNTLYLQMNSLRVEDTAVYYCAREGITMVRGVIPLF
DYWGQGTLVTVSS (SEQ ID NO. 92)

TEO7

EVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGEGLEWVSGISGSG
YSTYSADSVKGRFTIFKDNSKNTLYLQINSLRAEDTAVYYCAKGKVGPTYAFDLWGQ
GTMVTVSS (SEQ ID NO. 93)

TE10

QVQLVESGGGVVQPGRSLRLSCAASGFTFSSYGMHWVRQAPGKGLEWVAVIWYD
GSNKYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAREGRGMDVWGQ
GTTVTVSS (SEQ ID NO. 94)

T™M1

QVQLVESGGGVVQPGRSLRLSCAASGFTFSTYGIHWVRQAPGKGLEWVAVIWYDG
YNKYYVDSVKGRFTISRDNSENTVYLQMNSLRTEDTAVYYCAREGWFGKLLSALDI
WGQGTMVTVSS (SEQ ID NO. 95)

Table 11: VL amino acid sequences of exemplified antibodies

Antibody

AA of VK

TEO02.1

QFVLTQSPSASASLGASVKLTCTLSSGHSSYAIAWHHQQPEKGPRYLMKLNSDGSH
SKGDGIPDRFSGSSSGAERYLTISSLQSEDEADYYCQTWGTGMLCFGGGTQLTALR
(SEQ ID NO. 96)

TE02.2

QFVLTQSPSASASLGASVKLTCTLSSGHSSYAIAWHHQQPEKGPRYLMKLNSDGSH
SKGDGIPDRFSGSSSGAERYLTISSLQSEDEADYYCQTWGTGMLFGGGTQLTALR
(SEQ ID NO. 97)

TE02.3

QFVLTQSPSASASLGASVKLTCTLSSGHSSYAIAWHHQQPEKGPRYLMKLNSDGSH
SKGDGIPDRFSGSSSGAERYLTISSLQSEDEADYYCQTWGTGMLWFGGGTQLTAL
R (SEQ ID NO. 98)

TEO3

QVVLTQSPPASASLGASVKLTCTLSSGHSSYAIAWHQQQPEKGPRYLMKLNSDGSH
SKGDGIPDRFSGSSSGAERYLTISSLQSEDEADYYCQTWGTGCCFGGGTQLTALR
(SEQ ID NO. 99)

TE04

QTVVTQESSFSVSPGGTVTLTCGLSSGSVSTSYNPSWYQQTPGQAPRTLIYSTNTR
SSGVPDRFSGSILGNKAALTITGAQADDESDYYCVLYMGSGIIFGSGTKVTVL (SEQ
ID NO. 100)

TEO7

QTVVTQEPSFSVSPGGTVTLTCGLSSGSVSTSYYPSWYQQTPGQAPRTLIYSTNTR
SSGVPERFSGSILGNKAALTITGAQADDESDYYCVLYMGSGTCCFGGGTQLTALR
(SEQ ID NO. 101)
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TE10

QPVLTQSSSASASLGSSVKLTCTLSSGHSSYIIAWHQQQPGKAPRYLMKLEGSGSY
NKGSGVPDRFSGSSSGADRYLTISNLQFEDEADYYCETWDSNTPHAVFGGGTQLT
AL (SEQ ID NO. 102)

™1

VIQMTQSPSSLSASVGDRVTITCRASQGIRNDLGWYLQKPGKAPELLIYPASSLQSG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCLQDYNYPFTFGQGTKLEIK (SEQ ID
NO. 103)

Table 12: VH nucleotide sequences of exemplified antibodies

Antibody

DNA of VH

TE02.1

CAGGTCCAACTCGTCGAGAGCGGAGGAGGAGTCGTCCAACCCGGAAGGAGCTT
GCGGCTATCATGCGCGGCATCCGGCTTCACATTTTCCCGGCACGGGATGCACTG
GGTCAGGCAAGCACCCGGCAAGGGGCTAGAATGGGTCGCGGTCATCTGGTATGA
TGGAAGGAACAAATACTATGCCGACTCAGTCAAGGGGCGATTTACAATTTCGCGA
GACAACTCCAAGAATACGCTATACCTGCAAATGAACTCGCTGAGGGTCGAGGACA
CGGCGGTTTATTACTGCGCGAGGGAGGGGATAACTATGGTCAGAGGAGTCATTC
CGCTATTTGACTATTGGGGGCAGGGTACCTTAGTCACGGTCTCGAGC (SEQ ID
NO. 104)

TE02.2

CAGGTCCAACTCGTCGAGAGCGGAGGAGGAGTCGTCCAACCCGGAAGGAGCTT
GCGGCTATCATGCGCGGCATCCGGCTTCACATTTTCCCGGCACGGGATGCACTG
GGTCAGGCAAGCACCCGGCAAGGGGCTAGAATGGGTCGCGGTCATCTGGTATGA
TGGAAGGAACAAATACTATGCCGACTCAGTCAAGGGGCGATTTACAATTTCGCGA
GACAACTCCAAGAATACGCTATACCTGCAAATGAACTCGCTGAGGGTCGAGGACA
CGGCGGTTTATTACTGCGCGAGGGAGGGGATAACTATGGTCAGAGGAGTCATTC
CGCTATTTGACTATTGGGGGCAGGGTACCTTAGTCACGGTCTCGAGC (SEQ ID
NO. 105)

TEO02.3

CAGGTCCAACTCGTCGAGAGCGGAGGAGGAGTCGTCCAACCCGGAAGGAGCTT
GCGGCTATCATGCGCGGCATCCGGCTTCACATTTTCCCGGCACGGGATGCACTG
GGTCAGGCAAGCACCCGGCAAGGGGCTAGAATGGGTCGCGGTCATCTGGTATGA
TGGAAGGAACAAATACTATGCCGACTCAGTCAAGGGGCGATTTACAATTTCGCGA
GACAACTCCAAGAATACGCTATACCTGCAAATGAACTCGCTGAGGGTCGAGGACA
CGGCGGTTTATTACTGCGCGAGGGAGGGGATAACTATGGTCAGAGGAGTCATTC
CGCTATTTGACTATTGGGGGCAGGGTACCTTAGTCACGGTCTCGAGC (SEQ ID
NO. 1086)

TEO3

CAGGTCCAACTCGTTGAATCCGGGGGGGGAGTCGTCCAACCGGGGAGAAGCCT
GCGGCTAAGCTGCGCGGCTTCGGGATTCACATTCTCTCGATACGGGATGCACTG
GGTCAGGCAAGCACCGGGGAAGGGCTTGGAATGGGTCGCCGTCATATGGTACGA
CGGATCATATAAATATTATGCTGACTCTATAAAGGGGCGATTCACGGTTAGCCGA
GACAACTCCAAAAACACGCTATACCTGCAAATGAACTCACTGCGAGCTGAAGATA
CGGCGCTATATTATTGCGCCCGATTCGGAATCCTGACCGGATATTATTTTGACTAC
TGGGGGCAGGGTACCCTAGTCACGGTCTCGAGC (SEQ ID NO. 107)
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TE04

CAGGTCCAACTCGTCGAGAGCGGAGGAGGAGTCGTCCAACCCGGAAGGAGCTT
GCGGCTATCATGCGCGGCATCCGGCTTCACATTTTCCCGGCACGGGATGCACTG
GGTCAGGCAAGCACCCGGCAAGGGGCTAGAATGGGTCGCGGTCATCTGGTATGA
TGGAAGGAACAAATACTATGCCGACTCAGTCAAGGGGCGATTTACAATTTCGCGA
GACAACTCCAAGAATACGCTATACCTGCAAATGAACTCGCTGAGGGTCGAGGACA
CGGCGGTTTATTACTGCGCGAGGGAGGGGATAACTATGGTCAGAGGAGTCATTC
CGCTATTTGACTATTGGGGGCAGGGTACCTTAGTCACGGTCTCGAGC (SEQ ID
NO. 108)

TEO7

GAAGTCCAACTGCTGGAATCGGGCGGGGGGCTGGTCCAACCCGGAGGATCATTG
AGGCTATCATGCGCCGCTTCCGGCTTTACATTTAGCTCATACGCAATGTCATGGG

TCCGACAAGCTCCGGGGGAGGGACTGGAATGGGTCTCTGGGATTTCGGGCTCTG
GATACTCCACATATAGCGCGGACTCAGTCAAGGGGAGATTCACGATTTTTAAGGA

TAACTCCAAGAATACATTATATCTGCAAATAAACTCGCTGAGGGCGGAGGATACC

GCCGTTTATTACTGCGCCAAAGGGAAAGTCGGGCCAACTTACGCATTCGACCTAT
GGGGGCAGGGTACCATGGTCACGGTCTCGAGC (SEQ ID NO. 109)

TE10

CAAGTGCAACTCGTGGAATCGGGCGGAGGGGTGGTGCAACCGGGAAGATCACT

GCGACTATCATGCGCCGCATCGGGATTTACATTTAGCAGCTACGGGATGCACTGG
GTCCGCCAAGCACCCGGAAAAGGGCTGGAATGGGTCGCGGTGATTTGGTACGAT
GGCTCGAATAAATACTATGCTGACTCGGTGAAGGGCCGATTCACAATCTCGCGGG
ACAACTCCAAAAACACACTATATCTGCAAATGAACTCACTGCGGGCGGAGGATAC
CGCGGTATATTACTGCGCGAGGGAGGGGCGCGGAATGGATGTATGGGGGCAGG
GTACCACGGTGACCGTCTCGAGC (SEQ ID NO. 110)

™1

CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTGGTCCAGCCTGGGAGGTCCCT
GAGACTCTCCTGTGCAGCATCTGGATTCACCTTCAGTACCTATGGCATACACTGG
GTCCGCCAGGCTCCAGGCAAGGGGCTGGAGTGGGTGGCAGTTATATGGTATGAT
GGATATAATAAATACTATGTAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAG
ACAATTCCGAGAACACGGTGTATCTGCAGATGAACAGCCTGAGAACCGAGGACAC
GGCTGTTTATTACTGTGCGAGAGAAGGATGGTTCGGGAAATTATTATCCGCTCTT
GATATCTGGGGCCAAGGGACAATGGTCACCGTCTCTTCA (SEQ ID NO. 111)

Table 13: VL nucleotide sequences of exemplified antibodies

Antibody

DNA of VL

TEO02.1

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAATTTGTGCTGACGCAATCGCCATCGGCTAGTGCATCACTGGG
GGCGAGCGTTAAATTGACATGCACGCTATCGAGCGGACACTCATCATATGCCATT
GCATGGCACCACCAACAACCGGAAAAGGGGCCACGATATCTAATGAAGCTGAACT
CTGACGGATCGCATTCGAAAGGGGATGGGATTCCCGACCGATTCTCGGGAAGCA

GCAGCGGAGCTGAAAGATATTTAACGATATCATCGCTGCAATCGGAGGATGAAGC
TGACTACTACTGCCAAACTTGGGGAACGGGGATGCTATGCTTCGGAGGAGGCAC

ACAATTGACGGCCCTTGGACAACCG (SEQ ID NO. 112)
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TE02.2

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAATTTGTACTGACGCAAAGCCCAAGCGCGAGCGCATCGCTGG
GAGCATCCGTCAAGCTCACATGCACGCTATCATCGGGCCATTCAAGCTATGCCAT
AGCATGGCATCACCAACAACCGGAGAAGGGACCTCGATATCTGATGAAGCTGAAT
AGCGACGGCTCCCACTCAAAGGGGGACGGAATCCCGGATAGATTTTCGGGCTCA
TCAAGCGGAGCGGAGCGATATCTCACGATCTCTAGCCTGCAAAGCGAGGATGAG
GCCGACTACTACTGCCAAACATGGGGGACGGGAATGCTATTCGGAGGAGGCACG
CAACTGACGGCGCTGGGGCAACCA (SEQ ID NO. 113)

TE02.3

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAATTTGTGCTGACGCAATCACCATCGGCTTCGGCGAGCCTGG

GGGCATCTGTCAAGCTGACATGCACGCTGAGCTCCGGGCATTCATCATATGCCAT
CGCATGGCATCACCAACAACCCGAGAAGGGACCACGATATCTCATGAAGCTAAAC
TCCGACGGATCGCATTCGAAGGGGGATGGAATACCCGACCGATTTTCGGGATCA

TCGAGCGGGGCGGAGAGATATTTGACGATCTCCTCTCTGCAAAGCGAGGACGAG
GCGGACTACTATTGCCAAACCTGGGGCACGGGAATGCTATGGTTTGGAGGAGGC
ACACAACTGACGGCGCTGGGCCAACCG (SEQ ID NO. 114)

TEO3

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAAGTAGTCCTGACTCAAAGCCCCCCGGCGAGCGCATCATTGG

GGGCGAGCGTCAAGCTGACATGCACGCTATCGAGCGGGCACTCTAGCTACGCGA
TAGCATGGCACCAACAACAACCGGAAAAGGGACCCCGATACTTGATGAAATTAAA
TAGCGACGGATCGCACTCTAAGGGAGACGGAATACCTGATAGATTTAGCGGGAG

CTCATCGGGGGCGGAGAGATACTTGACGATTAGCTCACTGCAATCGGAGGATGA

GGCGGACTACTATTGCCAAACATGGGGGACGGGATGCTGCTTCGGAGGAGGCAC
GCAACTGACCGCATTGGGACAACCA (SEQ ID NO. 115)

TE04

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAAACCGTGGTGACACAAGAATCAAGTTTTAGCGTATCGCCGGG
AGGGACGGTGACGCTGACCTGCGGGCTATCATCTGGATCGGTATCAACATCCTA

CAATCCGAGCTGGTATCAACAAACGCCCGGACAAGCGCCACGAACCCTGATATAT
TCGACAAATACCCGATCATCTGGGGTGCCGGATAGATTTTCCGGCTCGATTCTGG
GAAACAAGGCTGCGCTGACGATAACCGGAGCTCAAGCCGACGATGAGAGCGATT
ATTATTGCGTGCTATACATGGGGAGCGGGATTATATTCGGATCTGGAACGAAAGT
CACGGTGCTAGGACAACCG (SEQ ID NO. 116)

TEO7

GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAAACGGTCGTCACGCAAGAGCCATCCTTCTCGGTCTCGCCGG
GGGGGACGGTCACACTGACATGCGGGCTGAGCTCGGGATCGGTCTCAACGAGC
TACTACCCGAGCTGGTATCAACAAACACCGGGGCAAGCACCGCGGACGCTGATA
TATTCCACAAATACACGGAGCTCCGGTGTCCCGGAGAGATTCTCGGGATCAATAC
TGGGGAACAAGGCGGCTCTGACGATAACCGGAGCCCAAGCGGATGACGAATCG
GACTATTACTGCGTCCTATACATGGGCTCCGGCACATGCTGCTTTGGAGGAGGCA
CACAACTGACGGCGCTGGGACAACCT (SEQ ID NO. 117)
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GCGGCCGCCATGAATTTTGGACTGAGGCTGATTTTCCTGGTGCTGACCCTGAAAG
GCGTCCAGTGTCAGCCGGTTTTGACGCAATCTAGCAGCGCATCCGCTAGTCTTGG
AAGCTCCGTGAAGCTGACATGCACACTATCATCGGGGCATTCCTCCTACATAATT
GCATGGCATCAACAACAACCCGGCAAGGCCCCGAGATACTTAATGAAACTGGAAG
GATCGGGATCATATAACAAAGGATCGGGGGTGCCGGATAGATTTAGCGGATCTAG
CTCTGGGGCTGACCGATACCTGACGATCTCTAATCTGCAATTTGAGGACGAGGCC
GATTACTACTGCGAAACATGGGATAGCAACACCCCACACGCGGTATTTGGAGGAG
GCACCCAATTGACCGCGCTAGGCCAACCA (SEQ ID NO. 118)
GTCATCCAGATGACCCAGTCTCCATCCTCCCTGTCTGCATCTGTAGGAGACAGAG
TCACCATCACTTGCCGGGCAAGTCAGGGCATTAGAAATGATTTAGGCTGGTATCT
GCAGAAACCAGGGAAAGCCCCTGAGCTCCTGATCTATCCTGCATCCAGTTTACAA
™1 AGTGGGGTCCCGTCAAGGTTCAGCGGCAGTGGATCTGGCACAGATTTCACTCTC
ACCATCAGCAGCCTGCAGCCTGAAGATTTTGCAACTTATTACTGTCTACAAGATTA
CAATTACCCGTTCACTTTTGGCCAGGGGACCAAGCTGGAGATCAAA (SEQ ID NO.
119)

TE10

Further antibodies

IgG production
Amino acid sequences were reverse translated into DNA and codon optimized for HEK

expression. The optimized DNA sequences were chemically synthesized and cloned
into a human IgG4 (S228P L235E mutant) expression vector. Transfection-grade DNA
was prepared and used for the transient transfection of HEK cells. Produced antibodies
were purified from the HEK culture supernatant by affinity chromatography (Protein A).
The protein concentration was determined by UV/VIS spectrometry and purity was
checked by reducing SDS-PAGE analysis.

Table 14: VH CDR Sequences of exemplified antibodies

Antibody | CDR1 CDR2 CDR3

TCO3 SYGI (SEQ ID NO. | WISAYNGNTNYAQKLQG | WGRWLAHDY
4) (SEQ ID NO. 5) (SEQ ID NO. 6)

TCO4 SYGI (SEQ ID NO. | WISAYNGNTNYAQKLQG | WGRWLAHDY
4) (SEQ ID NO. 5) (SEQ ID NO. 6)

TCO5 SYGI (SEQ ID NO. | WISAYNGNTNYAQKLQG | WGRWLAHDY
4) (SEQ ID NO. 5) (SEQ ID NO. 6)

Table 15: VL CDR Sequences of exemplified antibodies

Antibody | CDR1 CDR2 CDR3

TCO3 SGDKLGNKNAY QSTRRPS QAWLSSSGWEV
(SEQ ID NO. 17) (SEQ ID NO. 18) (SEQ ID NO. 166)

TCO4 SGDKLGNKNAY QSTRRPS QAWDSSSGWEV
(SEQ ID NO. 17) (SEQ ID NO. 18) (SEQ ID NO. 167)
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TCOS

SGDKLGNKNAY | QSTRRPS QAWDSSSGWEV
(SEQIDNO.17) |(SEQIDNO.18) |(SEQ ID NO. 19)

Table 16: VH amino acid sequences of exemplified antibodies

Antibody

AA of VH

TCO3

QIQLVQSGAEVKQPGASVSVSCAASGYTFTSYGISVWWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELSSLRSDDTA
VYYCARWGRWLAHDYWGQGTLVTVSS (SEQ ID NO. 168)

TCO4

QIQLVQSGAEVKQPGASVSVSCAASGYTFTSYGISVWWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELSSLRSDDTA
VYYCARWGRWLAHDYWGQGTLVTVSS (SEQ ID NO. 169)

TCO5

QIQLVQSGAEVKQPGASVSVSCAASGYTFTSYGISVWWRQAPGQGLE
WMGWISAYNGNTNYAQKLQGRVTMTTDTSTSTAYMELSSLRSDDTA
VYYCARWGRWLAHDYWGQGTLVTVSS (SEQ ID NO. 170)

Table 17: VL amino acid sequences of exemplified antibodies

Antibody

AA of VL

TCO3

QAVLTQPPSVSVSPGQTASITCSGDKLGNKNAYWYQQKPGQSPVLVM
YQSTRRPSGIPERFSASNSGNTATLTISGTQAMDEADYYCQAWLSSSG
WEVFGGGTKLTVL (SEQ ID NO. 171)

TCO4

QAVLTQPPSVSVSPGQTASITCSGDKLGNKNAYWYQQKPGQSPVLVM
YQSTRRPSGIPERFSASNSGNTATLTISGTQAEDEADYYCQAWDSSSG
WEVFGGGTKLTVL (SEQ ID NO. 172)

TCO5

QAVLTQPPSVSVSPGQTASITCSGDKLGNKNAYWYQQKPGQSPVLVM
YQSTRRPSGIPERFSASNSGNTATLTISGTQAMDEADYYCQAWDSSSG
WEVFGGGTKLTVL (SEQ ID NO. 173)

Table 18: VH nucleotide sequences of exemplified antibodies

Antibody

DNA of VH

TCO3

CAGATCCAGTTGGTGCAAAGTGGGGCTGAGGTAAAGCAGCCGGGT
GCAAGTGTGTCCGTAAGTTGTGCAGCCAGTGGCTACACCTTTACTA
GTTACGGAATTTCATGGGTGCGGCAAGCTCCCGGTCAGGGATTGG
AATGGATGGGATGGATTTCAGCATACAACGGGAACACAAATTACGC
TCAAAAATTGCAGGGTCGAGTTACCATGACTACAGACACGTCTACG
TCTACAGCTTACATGGAACTTTCCAGCCTGCGGTCCGACGACACCG
CAGTTTATTATTGCGCCCGCTGGGGGAGATGGCTCGCGCATGACT
ACTGGGGGCAGGGCACGCTGGTTACCGTTTCCTCAGCCTCCACCA
AGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCT
CCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCC
CCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC
GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACT
CCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGA
AGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGT

GGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTG
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CCCAGCACCTGAGTTCGAGGGGGGACCATCAGTCTTCCTGTTCCC
CCCAAAACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTC
ACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCA
GTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAGAC
AAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAG
CGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTA
CAAGTGCAAGGTGTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTAC
ACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGC
CTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGG
CTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCA
TGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGA
GTCTCTCCCTGTCTCTGGGTAAA (SEQ ID NO. 174)

TCO4

CAGATCCAGTTGGTGCAAAGTGGGGCTGAGGTAAAGCAGCCGGGT
GCAAGTGTGTCCGTAAGTTGTGCAGCCAGTGGCTACACCTTTACTA
GTTACGGAATTTCATGGGTGCGGCAAGCTCCCGGTCAGGGATTGG
AATGGATGGGATGGATTTCAGCATACAACGGGAACACAAATTACGC
TCAAAAATTGCAGGGTCGAGTTACCATGACTACAGACACGTCTACG
TCTACAGCTTACATGGAACTTTCCAGCCTGCGGTCCGACGACACCG
CAGTTTATTATTGCGCCCGCTGGGGGAGATGGCTCGCGCATGACT

ACTGGGGGCAGGGCACGCTGGTTACCGTTTCCTCAGCCTCCACCA
AGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCT
CCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCC
CCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACT
CCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGA
AGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGT
GGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTG

CCCAGCACCTGAGTTCGAGGGGGGACCATCAGTCTTCCTGTTCCC

CCCAAAACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTC
ACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCA

GTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAGAC

AAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAG
CGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTA
CAAGTGCAAGGTGTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTAC
ACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGC
CTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG

GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGG

CTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCA
TGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGA
GTCTCTCCCTGTCTCTGGGTAAA (SEQ ID NO. 175)

TCO0S

CAGATCCAGTTGGTGCAAAGTGGGGCTGAGGTAAAGCAGCCGGGT
GCAAGTGTGTCCGTAAGTTGTGCAGCCAGTGGCTACACCTTTACTA
GTTACGGAATTTCATGGGTGCGGCAAGCTCCCGGTCAGGGATTGG
AATGGATGGGATGGATTTCAGCATACAACGGGAACACAAATTACGC
TCAAAAATTGCAGGGTCGAGTTACCATGACTACAGACACGTCTACG
TCTACAGCTTACATGGAACTTTCCAGCCTGCGGTCCGACGACACCG
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CAGTTTATTATTGCGCCCGCTGGGGGAGATGGCTCGCGCATGACT

ACTGGGGGCAGGGCACGCTGGTTACCGTTTCCTCAGCCTCCACCA
AGGGCCCATCCGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCT
CCGAGAGCACAGCCGCCCTGGGCTGCCTGGTCAAGGACTACTTCC
CCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCAGC

GGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACTCTACT
CCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGGGCACGA
AGACCTACACCTGCAACGTAGATCACAAGCCCAGCAACACCAAGGT
GGACAAGAGAGTTGAGTCCAAATATGGTCCCCCATGCCCACCCTG

CCCAGCACCTGAGTTCGAGGGGGGACCATCAGTCTTCCTGTTCCC

CCCAAAACCCAAGGACACTCTCATGATCTCCCGGACCCCTGAGGTC
ACGTGCGTGGTGGTGGACGTGAGCCAGGAAGACCCCGAGGTCCA

GTTCAACTGGTACGTGGATGGCGTGGAGGTGCATAATGCCAAGAC

AAAGCCGCGGGAGGAGCAGTTCAACAGCACGTACCGTGTGGTCAG
CGTCCTCACCGTCCTGCACCAGGACTGGCTGAACGGCAAGGAGTA
CAAGTGCAAGGTGTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAA
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAGCCACAGGTGTAC
ACCCTGCCCCCATCCCAGGAGGAGATGACCAAGAACCAGGTCAGC
CTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCGCCGTG

GAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAGG

CTAACCGTGGACAAGAGCAGGTGGCAGGAGGGGAATGTCTTCTCA
TGCTCCGTGATGCATGAGGCTCTGCACAACCACTACACACAGAAGA
GTCTCTCCCTGTCTCTGGGTAAA (SEQ ID NO. 176)

Table 19: VL nucleotide sequences of exemplified antibodies

Antibody

DNA of VH

TCO03

CAGGCGGTGCTTACTCAGCCCCCAAGTGTGTCTGTTTCCCCCGGT
CAGACTGCGTCTATAACCTGCTCCGGGGATAAACTCGGCAACAAGA
ATGCGTACTGGTACCAACAGAAGCCGGGACAGAGCCCAGTCTTGG
TCATGTACCAATCCACCCGGAGACCTAGCGGCATTCCAGAGCGCTT
TAGTGCATCTAATTCTGGCAATACGGCGACGTTGACCATCAGTGGT
ACACAAGCGATGGACGAGGCAGATTACTACTGTCAGGCATGGCTG
TCATCATCCGGGTGGGAGGTGTTTGGCGGCGGAACAAAACTCACT
GTCCTAGGTCAGCCCAAGGCTGCACCAAGTGTCACTCTGTTCCCG
CCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGT
CTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAG
GCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACC
CTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAG
CCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCA
GGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTAC
AGAATGTTCA (SEQ ID NO. 177)

TC04

CAGGCCGTCTTGACTCAACCACCCTCCGTTAGTGTCTCCCCCGGC
CAGACGGCGAGTATCACCTGTAGTGGTGATAAGCTGGGCAATAAG
AATGCTTACTGGTACCAGCAAAAACCCGGACAGAGCCCAGTGCTG
GTGATGTATCAGTCTACAAGACGACCTAGCGGCATCCCAGAAAGGT
TTTCTGCCAGCAATTCTGGCAATACGGCGACGCTGACTATTAGTGG
CACACAAGCAGAGGATGAGGCGGACTATTACTGCCAAGCATGGGA
CAGTAGTAGTGGTTGGGAAGTCTTCGGGGGCGGCACTAAGCTCAC
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CGTCCTAGGTCAGCCCAAGGCTGCACCAAGTGTCACTCTGTTCCC

GCCCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTG

TCTCATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAA

GGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACAC

CCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGA

GCCTGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCC
AGGTCACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTA
CAGAATGTTCA (SEQ ID NO. 178)

TCO05

CAAGCTGTATTGACACAACCTCCTAGTGTCAGTGTAAGCCCTGGTC
AAACTGCCTCCATTACTTGCTCTGGCGACAAGCTCGGAAATAAGAA
CGCGTACTGGTACCAACAGAAGCCCGGACAGTCACCTGTGCTTGT
TATGTATCAAAGCACCAGGAGACCTTCAGGGATACCAGAAAGGTTT
AGTGCGTCTAATTCCGGGAATACCGCGACACTGACGATAAGCGGC
ACTCAGGCTATGGACGAAGCGGATTACTACTGTCAGGCATGGGATT
CATCATCAGGTTGGGAAGTATTCGGGGGCGGTACAAAATTGACGG
TCCTAGGTCAGCCCAAGGCTGCACCAAGTGTCACTCTGTTCCCGC
CCTCCTCTGAGGAGCTTCAAGCCAACAAGGCCACACTGGTGTGTCT
CATAAGTGACTTCTACCCGGGAGCCGTGACAGTGGCCTGGAAGGC
AGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACCACCACACCCTC
CAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTATCTGAGCCT
GACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGT
CACGCATGAAGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGA
ATGTTCA (SEQ ID NO. 179)

Table 20: Constant region amino acid sequences

Constant region AA

Human

chain

P01861 .1

IgG4 heavy | ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSG

VHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRVE
SKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQE
DPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVSLTC
LVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSR
WQEGNVFSCSVMHEALHNHYTQKSLSLSLGK (SEQ ID NO:120)

Human

[gG2 heavy | ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSG
chain P01859

VHTFPAVLQSSGLYSLSSVWTVPSSNFGTQTYTCNVDHKPSNTKVDKTVE
RKCCVECPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVQFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKE
YKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLTCL

VKGFYPSDISVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRW
QQGNVFSCSVMHEALHNHYTQKSLSLSPGK

(SEQ ID NO. 121)

Human

lambda 1

POCG04

light chain, | GQPKANPTVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADGSPVK

AGVETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKT
VAPTECS (SEQ ID NO. 122)
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Human light chain, | GQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVK
lambda 2 AGVETTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKT
PODOY2 VAPTECS (SEQ ID NO. 123)

Human light chain, | RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQS

kappa GNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPV
P01834 TKSFNRGEC (SEQ ID NO. 124)

All studies were performed using the fully human 1gG4 antibodies.

Example 1: Affinity measurement
Octet BLI-based analysis
Antibodies possessed high affinity to the target, TMEM. The binding affinity

measurements were performed using an Octet instrument (Octet BMIA), which is a
Biolayer Interferometry (BLI) platform based on Biomolecular Interaction Analysis. To
establish the assay, the target monoclonal antibody (30 pug/ml in PBS) was immobilized
via Fc on the Anti-Mouse IgG Fc Capture (AMC) or Anti-Human IgG Fc Capture (AMC)
biosensors and the interaction with the antigen, human and murine Ecto-TMEM219
(Genescript’s customized protein service) at 150 nM was measured.

The affinity measurement of the anti-TMEM mAbs for the target human and murine Ecto-

TMEM219 are reported in Table 21.

Table 21: Affinity measurement of exemplified antibodies
hEcto-TMEM mEcto-TMEM
Antibody KD (M) KD (M)
TCO1 2x108 3x108
T™1 <1012 <1012
TEOS8 <1012 Not done
TEO9 <1012 Not done
TE10 <1012 Not done

Newly generated anti-TMEM mAbs show good human antigen binding affinity with KD
below 2 x 108 M. The antibodies also show murine cross reactivity. This data confirmed
that mice can be considered a relevant animal species for testing of the monoclonal

antibodies during preclinical development.

Measurement of the antibody binding activity by ELISA
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The binding activity of the purified 1gG4 (TC03, TC04, TC05) to the recombinant
ectoTMEM protein was measured by ELISA. In brief, ectoTMEM was diluted in PBS to
5 pg/ml and coated onto 96-well ELISA plates (100 pl/well) for 1 h at RT. After blocking
and washing of the plates, an antibody dilution series was added to the plates and
incubated for 1 h at RT. After washing of the plates, bound antibodies were detected via
a secondary anti-human-Fc HRP-conjugated antibody. After another washing step, TMB
reaction was performed, stopped with sulfuric acid and absorbance was measured.
Based on the absorbance readings, an EC50 of the saturating antibodies was
calculated.

The EC50 of the anti-TMEM mAbs for the target human Ecto-TMEM219 are reported in
Table 22.

Table 22: EC50 of exemplified antibodies
. hEcto-TMEM
Antibody EC50 (ng/mL)
TCO3 64,7
TCO4 89,8
TCO5 79,1

Example 2: Anti-TMEM mAbs efficacy in IBD mouse model following
intraperitoneal (IP) administration

The model of colitis induced by Dextran sulfate sodium (DSS) in C57BL/6J mice is a
validated animal model to evaluate and also to confirm the anti-inflammatory and wound
healing properties of drugs in IBD. DSS (oral administration in the drinking water)
induces prominent diarrhea followed by inflammation. This model is well characterized,
reliable, reproducible and accepted by regulatory authorities. [See, e.g., Eichele and
Kharbanda, “Dextran sodium sulfate colitis murine model: an indispensable tool for
advancing our understanding of inflammatory bowel disease pathogenesis,” World J.
Gastroenterol. 23(33):6016-6028 (2017)]. This study was performed in C57BL/6J mice.
In this particular genetic background, mice develop acute colitis when analyzed 3 days
after the last DSS administration or a chronic-like inflammation when analyzed 7 days
after the last DSS administration.

The anti-inflammatory and wound healing effects were evaluated at the clinical and
histological levels using a validated clinical score, the Disease Activity Index (DAI) (table

23) and a validated score for histological analysis (Table 24).

Animals
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Male C57BL/6J mice were supplied by Charles River Laboratories, I'Arbresle, France.
The mice were housed at 20 £ 5°C and provided with water and food ad libitum. All
experimental protocols were performed in accredited facilities at Institut Pasteur from

Lille according to governmental guidelines.

Establishment of DSS-Induced Mice Colitis Model and Treatment
Acute colitis was induced by feeding mice with 2.5% (w/v) DSS (45kD; TDB Consultancy
AB, Uppsala, Sweden, Batch number DB001-41) dissolved in drinking water for 5 days.

The mice were randomly divided into five groups: control group; DSS + vehicle; DSS +
Humira (adalimumab) 0.3mg/mouse (Abbvie, 1108722), DSS +TM1 0.5mg/mice and
DSS + TCO1 0.5mg/mouse. To assess the effects of anti-TMEM mAb on DSS-induced
acute colitis in C57BL/6J mice, the mice were treated daily by intraperitoneal
administration with indicated dose of anti-TMEM mAbs starting 3 days before colitis
induction and were performed until euthanasia occurring 7 days after the last DSS
administration. The experimental timelines of the animal model are described in Figure
1.

The therapeutic properties of the TMEM mAbs were compared to those of positive
control Humira (adalimumab) which is approved for treatment of both Crohn's disease
and ulcerative colitis. (Taghipour N. et al Gastroenterol Hepatol Bed Bench
2016;9(1):45-52).

Because the DSS murine model requires that each of the antibodies — TMEM mAbs and
positive control Humira — cross-react with the murine ortholog of its cognate human
antigen (TMEM219 and TNFa, respectively) — relative efficacy in humans cannot be

gauged.

Clinical Scoring

In all groups, mice weight, stool consistency and blood in stool were recorded daily. The
disease activity index (DAI) scores were based on changes in body weight, consistency
of stool, and hemoccult bleeding according to a standard scoring system. These
parameters were assessed on a scale as described in the Table 23. The DAI data are
presented as an average score of these parameters taken daily. Animals were sacrificed
by cervical dislocation under anesthesia. At euthanasia, colons were carefully dissected,
and colon weight and size were measured. The presence of Occult Blood (OB) is

recorded using the hemoccult method.
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Table 23: Parameters assessed for DAI score

Disease Activity Index Parameters Scores
(DAI) Weight loss 0: no; 1: <10%; 2: 210%
(0-5) Stool consistency | O: regular; 1: soft; 2: diarrhea

Blood occurrence | O: absence; 1: presence

As shown on Fig. 2A, seven days after the last administration of DSS, the DAI score was
significantly increased compared to healthy control group (group receiving vehicle only)
in the group of DSS mice receiving the vehicle (p value=0.0012), indicating the severity
of the colitis. A significant decrease in the DAl score was recorded in colitic mice
receiving TCO1 (p value=0.002), TM1 (p value=0.05) and Humira (p value=0.02)
compared to DSS mice receiving only the vehicle. This result indicates a strong anti-

inflammatory effect of the newly generated anti-TMEM mAbs.

Assessment of histological colon lesions

To assess the level of inflammation and the tissue regeneration, the colon samples were
embedded in paraffin and analyzed. For the histological evaluation, sections of colonic
tissues (4um) were stained with May-Grunwald-Giemsa and evaluated. A
multiparametric scoring (O to 18), as described in Dieleman et al. 1998 (Table 24), was
performed blindly by two investigators. The histological examination graded the severity
and extent of inflammation, the intensity of cellular infiltrate in the mucosa, its extension
in sub-mucosa layers, the presence of epithelial lesions and the tissue regeneration.
Paraffin-embedded colon samples were further examined to detect apoptosis by
immunofluorescence staining of deoxynucleotidyl transferase—mediated deoxyuridine
triphosphate (TUNEL) using the TUNEL Assay Kit (Sigma, ref 11684795910) according
to the manufacturer's protocol. The TUNEL method is an effective method for measuring
the DNA fragments resulting from the apoptotic activation of intracellular endonucleases.
Whilst, to determine the level of cell proliferation an immunofluorescence staining of
Proliferating cell nuclear antigen (PCNA) was performed using the PCNA assay kit
(Novus, NB600-1331) according to the manufacturer's protocol. PCNA is a cell cycle
related protein that is maximally elevated in late G1 and S-phase of proliferating cells.
The sections were counterstained by nuclear staining using DAPI. The localized

fluorescence was detected by fluorescence microscopy.
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Table 24: Multiparametric scoring system for histological assessment
colonic lesions

Parameter Score Description

None
Slight

Moderate

Severity of inflammation

Severe

Extent None

Mucosa

Mucosa and submucosa

Transmural

Regeneration No tissue repair

Surface epithelium not intact

Regeneration with crypt

Almost complete regeneration

Complete regeneration or

Crypt damage None

Basal 1/3 damaged

Basal 2/3 damaged

Only surface epithelium intact

Entire crypt and epithelium lost
1-25%

26-50%

51-75%

76-100%

= Al W N = O O = N W & W N = O W N —=O

Percentage involvement

Bl WON

As shown on Fig. 2B, seven days after the last DSS administration, the histological score
in each group was quantified from May-Grunwald-Giemsa stained sections (Fig 3A). A
sustained and significant colonic inflammation was still recorded at histological level in
the groups of DSS mice receiving the vehicle compared to the healthy control group
without colitis (p value=0.002). Following IP administration of TC0O1 at 0.5 mg/mice a
significant improvement (p value=0.01) of the level of inflammation and mucosa
regeneration at the histological level compared to colitic mice receiving the vehicle was
observed. Besides, the IP administration of TM1 at 0.5 mg/mice showed an improvement
of the level of inflammation and mucosa regeneration at the histological level compared
to colitic mice receiving the vehicle.

TCO1 and TM1 inhibits DSS-induced intestinal cells apoptosis in mice as shown in

sections from colonic tissue stained with TUNEL staining kit, a method for detecting DNA



10

15

20

25

30

WO 2021/094620 66 PCT/EP2020/082292

fragmentation generated during apoptosis (Fig 3B). The sections were counterstained
with DAPI to provide nuclear staining. TUNEL positive cells in TC01 and TM1 group were
lower compared to the DSS group.

The expression of PCNA was inhibited in the group of mice treated with DSS, indicating
the severity of the colitis. Whilst, in the TCO1 and TM1 treated group, the expression of
PCNA in the colon is maintained and is comparable to the expression in the control
group control that did not received DSS, as shown in sections from colonic tissue stained
with PCNA staining kit (Fig 3C).

The sections were counterstained with DAPI to provide nuclear staining.

Statistical Analysis

All comparisons were analysed using the Permutation Test for two independent
samples. Statistics have been calculated using the GraphPad Prism version 7.0
(GraphPad Software, San Diego, CA). Differences were considered statistically

significant if the p value was <0.05.

Example 3: Anti-TMEM mAbs efficacy in T1ID mouse model following
intraperitoneal (IP) administration

Animals

Female non-obese diabetic (NOD) mice (10 weeks old) were obtained from the Charles
River Laboratories, Calco, Varese, ltaly (stock# 613). All mice were cared for and used
in accordance with Italian law on animal care N° 116/1992 and the European
Communities Council Directive EEC/609/86.

Diabetes Monitoring and Treatment

Overt diabetes (the most advanced stage, characterized by elevated fasting blood
glucose concentration and classical symptoms) was defined as blood glucose levels
above 250 mg/dL for three consecutive measurements. Glycemia was monitored twice
a week. We set up the following treatment groups:

1) Untreated

2) Ecto-TMEM219 0.1 mg/day (i.p) for 10 days

3) Anti-TMEM219 TM1 0.5 mg/day (i.p) for 10 days

4) Anti-TMEM219 TCO1 0.5 mg/day (i.p) for 10 days

Ecto-TMEM and antibody were dissolved in PBS.
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N=10 mice were included in each group of treatment. Treatment started when mice were
10 weeks old at day 1. Mice were followed up for up to 22 weeks of age.Mice were
harvested when diabetes was assessed or at week 22. Plasma samples and pancreas
were collected for ex vivo analysis. The experimental timelines are described in Figure
1.

Insulitis scoring and pancreatic islet histopathology

Insulitis scoring was performed on 5-um-thick formalin-fixed, paraffin-embedded,
hematoxylin and eosin (H&E) and Insulin stained pancreatic sections as previously
described (Vergani A et al. Diabetes 2010; Ben Nasr M et al. Sci Transl Med 2017).
Insulitis scoring was performed on hematoxylin and eosin (H&E)-stained pancreatic
sections. A score of 0 to 4 was assigned based on islet infiltration by an experienced
pathologist. Insulitis scores were graded as follows: grade 0, normal islets; grade 1, mild
mononuclear infiltration (25%) at the periphery; grade 2, 25-50% of the islets infiltrated;
grade 3, (50% of the islets infiltrated); grade 4, islets completely infiltrated with no
residual parenchyma remaining. At least 30 islets per group were analyzed and pooled

from sections obtained from different mice.

Statistical Analysis

Data are presented as mean and standard error of the mean (SEM) unless otherwise
reported. The statistical significance of differences was tested with two-tailed t-test
(Mann- Whitney test). Diabetes incidence among different groups was analyzed with
the log-rank (Mantel-Cox) test. Statistical analysis was conducted using GraphPad
Prism version 7.0 (GraphPad Software, La Jolla, CA). All statistical tests were performed

at the 5% significance level.

As shown in Figures 4 and 5, the inventors assessed whether 10 day-administration of
newly generated anti-TMEM219 mAbs prevent clinical diabetes onset in NOD mice, a
mouse model selective to study autoimmune type 1 diabetes (T1D). Remarkably, Anti-
TMEM219 mAbs maintain blood glucose level under control over time and are effective
in preventing diabetes onset in T1D NOD mouse model. Interestingly, 100% of mice
treated with the antibodies TM1 and TCO1 were free from diabetes at week 22 as

compared to 50% of untreated controls (p<0.05 all vs. untreated).
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Next, pancreatic tissue sections of NOD mice obtained from untreated mice, TM1-
treated, TCO1-treated and Ecto-TMEM219-treated mice were analyzed for islet
infiltration (insulitis), islet area and morphology (Fig. 6A) and insulin staining (Fig.7). Both
TM1 and TCO1-treated groups showed good islet morphology, in addition, area
appeared slightly increased in TM1-treated mice, suggesting that treatment with anti-
TMEM mAbs prevents islet destruction, enabling normal function of beta cells. Moreover,
TM1 and TCO1-treated mice showed a well-preserved insulin positivity as compared to
untreated controls, further supporting that the function of the islets was preserved.
Indeed, islet infiltration was strikingly decreased in treated mice, as compared to
untreated mice, thus supporting the protective role of the antibodies (Fig. 7).

Then the present data show the efficacy of anti-TMEM monoclonal antibodies for the

prevention and/or treatment of diabetes.

Example 4: Newly generated monoclonal anti-TMEM219 antibodies inhibits
apoptosis in a human beta cell line

In order to confirm that the newly generated monoclonal anti-TMEM219 antibodies may
prevent the pro-apoptotic effects of IGFBP3 on TMEM219-expressing cells within the
pancreas, we further tested them in vitro in a beta cell line, the Betalox-5. Upregulation
of CASP8 induced by IGFBP3 exposure was counteracted by the newly generated anti-
TMEM219 mADb, with nearly 30% of CASP8 reduction. Moreover, exposure of beta cells to
pooled T1D serum enriched in IGFBP3 increased CASP8 expression and anti-
TMEM219 mAb was able to counterbalance this effect by reducing CASP8 of at least 30%,
thus supporting the beneficial effects of these newly generated monoclonal anti-

TMEM219 antibodies in preventing pancreatic beta cells apoptosis (Figures 8 and 9).

Example 5: Newly generated monoclonal anti-TMEM219 antibodies inhibits
apoptosis in human islets

In order to confirm that the newly generated monoclonal anti-TMEMZ219 antibodies may
prevent the pro-apoptotic effects of IGFBP3 on TMEMZ219-expressing cells within the
pancreas, we further tested them in vitro in human islets (Celprogen). Upregulation of
CASP8 as well as apoptosis induced by IGFBP3 exposure were counteracted by the
newly generated anti-TMEM219 mAb (Figures 10 and 11), with a reduction of 40% of
CASP8 and 30% of apoptosis. Interestingly, exposure of human islets to pooled T1D serum

naturally enriched in IGFBP3 increased CASP8 expression and apoptosis and anti-
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TMEM219 mAb was able to counterbalance this effect by decreasing both CASP8 and
apoptosis by nearly 50%, thus supporting the beneficial effects of the newly generated

monoclonal anti-TMEM219 antibodies in preventing islets apoptosis (Figures 12 e 13).

Example 6: Newly generated monoclonal anti-TMEM219 antibodies are not toxic
for beta cells

To demonstrate that the newly generated monoclonal anti-TMEM219 antibodies do not
activate TMEM219 downstream signaling thus inducing cell apoptosis in absence of
IGFBP3 ligation, we performed two major assays. First, we demonstrated that
antiTMEM219-treated beta cells do not undergo apoptosis as compared to those
challenged with IGFBP3, which induces an increase of nearly 30 % of cell death (Figure 14).
Next, we assessed CASP8 mRNA expression and demonstrated an upregulation in beta
cells cultured with IGFBP3 as expected (nearly 70 %) while CASP8 remained unaltered
in anti-TMEM219-cultured beta cells (Figure 15). These data altogether support the
absence of any toxic/apoptotic effect of anti-TMEM219 mAbs.

Example 7: Anti-TMEM219 mAbs effects in Streptozotocin-induced beta cell death
diabetes model

We further tested the effect of IGFBP3/TMEM219 pharmacological blockade through
anti-TMEM219 mAbs in a second model of beta cell destruction and diabetes, a multiple
low dose of streptozotocin (IdSTZ, 50mg/Kg for 5 days).

The chemically induced diabetes with Streptozotocin injection is employed to assess the
effects of a targeting strategy primarily on the beta cell mass. It is associated with the
development of mild inflammation but no autoimmune response such as that observed
in the NOD mouse occurs. Therefore, the success of a compound in preserving the
blood glucose level resides mainly in preserving the beta cell mass from damage and in
maintaining insulin secretion.

Streptozotocin induces beta cell death such as that observed in diabetes when
administered by using a low-dose regimen of 50 mg/Kg for 5 consecutive days and
diabetes/hyperglycemia usually develop within the first 2 weeks from the administration
(Figure 16). Therefore, we administered low-dose STZ for 5 days to B6 mice, who
simultaneously received anti-TMEMZ219 mAbs at a dose of 0.5 mg/day for 10 days. Anti-
TMEM219 mAbs treatment successfully preserved blood glucose levels in treated mice
as compared to untreated animals (Figure 17), with an improvement also of the blood

glucose level detected at 60 minutes during the intraperitoneal glucose tolerance test
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(IPGTT), (Figure 18). Morphology analysis also revealed that islet number and area was
well-preserved in animals treated with anti-TMEM219 mAbs as compared to untreated
mice (Figure 19). Overall, this confirms that anti-TMEM219 may preserve beta cell mass
and maintain blood glucose level also in a model of beta cell destruction thus highlighting
the benefit of this strategy in protecting islets from diabetes-induced beta cell loss and
dysfunction.

The anti-TMEMZ219 antibodies such as TCO1 are effective in protecting beta cell from
injury and preventing their loss, further preserving their ability to respond to glucose
stimulation. Also, no inflammation is detectable in islets of mice treated with anti-

TMEM219 TCO1, thus confirming the protective effect on islet morphology.

METHODS FOR EXAMPLES 4-7
Recombinant proteins and interventional studies
Recombinant human IGFBP3 (Life Technologies, 10430H07HS5), 50 ng/ml (IGFBP3)

and ecto-TMEM219, 130 ng/ml were added to cultures at day +1 from mini-guts culture.

Newly generated anti-TMEMZ219 monoclonal antibodies were added at 1:1 molecular

ratio as compared to IGFBP3 at 10 ug/ml concentration.

Beta cell line (Beta-lox5)
Cells were cultured with DMEM 10%FBS, 0.02%BSA, 15mM HEPES, NEA 1x, 1g/L
Glucose, PEN/STREP. Cells are usually seeded into 35-mm wells at a density of 10,000

cells/well. Cells are passaged at 80% confluency. Cells were cultured cultured for 3 days
with/without recombinant proteins/Antibodies as described in the Recombinant proteins

and interventional studies section.

Human lIslets

Human pancreatic islets of Langherans (#35002-04) isolated from healthy subjects were
also purchased from a commercial source (Celprogen, Torrance, CA) and cultured with
standard medium and 10% FBS as per the manufacturer's instructions. To mimic
diabetic conditions, human diabetic serum obtained from established T1D (n=5/group)
was added in place of regular FBS at a concentration of 10% to human islets/beta cell

lines.

Islet/Beta cells Cell death
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To assess apoptosis/cell death in purified human islets and in beta cell lines we
employed a photometric enzyme immunoassay (Roche Diagnostics GmbH,
11544675001, Mannheim, Germany), which quantifies in vitro the histone-associated
DNA fragments after induced cell stress on cell cytoplasmic lysates and cell

supernatants.

STZ-induced diabetes studies

Diabetes was chemically induced by injecting low dose streptozotocin (50 mg/Kg,

administered i.p.; Sigma Aldrich S0130) for 5 consecutive days, and glycemia was
monitored for the next 15 days. A control group consisting of wild-type B6 mice was
injected with low dose streptozotocin as well and monitored accordingly. Anti-TMEM219
mAbs and ecto-TMEM219 were also administered i.p. from day O to day 10 at a dose of
0.5 mg/day and 0.1 mg/day respectively, and glycemia was monitored for the following
15 days. An intraperitoneal glucose tolerance test (IPGTT) was performed at the end by
injecting glucose 1 Kg/g in mice after overnight starvation and glycemia was monitored
at 0, 30, 60 and 120 minutes.

Statistical analysis

Data are presented as mean and standard error of the mean (SEM). The statistical
significance of differences was tested with two-tailed t-test. Significance between the
two groups was determined by two-tailed unpaired Student’s t test. For multiple
comparisons, the ANOVA test with Bonferroni correction was employed. Graphs were
generated using GraphPad Prism version 5.0 (GraphPad Software, La Jolla, CA). All

statistical tests were performed at the 5% significance level.
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