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ABSTRACT 

Disclosed are binding proteins, or fragments thereof, that 
specifically binds to a cancer-specific glycosylation variant 
of a protein and to a second epitope on the same protein, to 
a different protein presented on the same cell, or to a 
different protein presented on a different cell, such as an 
encoded polypeptide binding to both a cancer cell and an 
activated T cell. Also disclosed are polynucleotides encod
ing such binding proteins, including polynucleotides com
prising codon-optimized coding regions and polynucleotides 
comprising coding regions that are not codon-optimized for 
expression in a particular host cell. Also disclosed are 
methods of making the encoded polypeptide and methods of 
using the polypeptide to treat, prevent or ameliorate the 
symptom of a disease such as cancer. 



Patent Application Publication May 25, 2017 Sheet 1 of 21 US 2017/0145108 Al 

FIGURE 1 



Patent Application Publication May 25, 2017 Sheet 2 of 21 US 2017/0145108 Al 

!··~1 cs ,~.~~·p68 .. i·~····Kl;Dt;~ji~:···· 
I treated vv i th 
I □ 1D9 

I ~ 2C .. I 
i - not treated ! 
l ........... ~······~················································~·······~·····························J 

FIGURE 2 



Patent Application Publication May 25, 2017 Sheet 3 of 21 US 2017/0145108 Al 

237 

·~~ 
74ERGTKlPlPlEELS85 

\JV\4 murine podoplanin (OTS8/T1 a-2/gp36/PA2.26)rvv' 

(PAP ·· ·-, • · -AHGVSTSAPDTR).--x40.1ooJ 
· human MUC1 . -·_·. _ .. -· 

FIGURE 3 



Patent Application Publication May 25, 2017 Sheet 4 of 21 US 2017/0145108 Al 

* = GalNAc 

FIGURE 4 



Patent Application Publication May 25, 2017 Sheet 5 of 21 US 2017/0145108 Al 

fv1lJC1 (SE:10) Tn-!V1UC1 (SES) 

FIGURE 5 



Patent Application Publication May 25, 2017 Sheet 6 of 21 US 2017/0145108 Al 

FIGURE 6A Tn1ns-
Antigen binding rnembrane ............ §ignt.1H~£L ~--

I 237VL I I 237VH I 1 CD28 TM I CD28 Cyt I CD3~ Cyt I 
I 237 VL 11237 VH I I CD28 TM 14-1 BB Cyt I CD3~ Cyt I 

• • GS linker COB hinge 

FIGURE 68 AG104A 

parental +Kti+SIY 

◊ 237 C.AR-transduced 
□ non transduced 

Effector-to-target ratio 



Patent Application Publication May 25, 2017 Sheet 7 of 21 US 2017/0145108 Al 

......., -
0.5 

E ~-
c 0.4 

0 
l() 

-.::t" -(/) 0.3 
.0 
<( ........ 
C 

2 0.2 
0 
::::l 

"C 
0 
!.... 

a. 0.1 
>z 

LL 

T cells reisolated 
35 days after transfer of: 

D CAR-transduced CD4 + 
[II] CAR-transduced coa+ 
E3 non-transduced CD4+/CD8+ 

~ 
t:::= ..:c.. '" E J.. 

I 

t:::= foe- r--~lffll"TI-!-- ::iii:: 

E E E = 
~ ~ ~ == 
~ ~ ~ == 0 -1--,1-....u.i..i.111,1,,1,11;=-.,......1,-....u.i..i.111,1,,1,11;=-.......... ..11,1,,1,1,ll,l,,l,,lli=-,....i....,11,1,,1,11,l.l.l,,lli;;;---,1 

AG 104A AG 104A- no anti-CD3 
wt-Cosme stimulation 

FIGURE 7 



Patent Application Publication May 25, 2017 Sheet 8 of 21 US 2017/0145108 Al 

FIGURE 8 



Patent Application Publication May 25, 2017 Sheet 9 of 21 US 2017/0145108 Al 

Q) 
(.) 

I-

0) 

w 
0::: 
::J 
C) 

LL 



Patent Application Publication May 25, 2017 Sheet 10 of 21 US 2017/0145108 Al 

FIGURE 10A FIGURE 10B FIGURE 10C 



Patent Application Publication May 25, 2017 Sheet 11 of 21 US 2017/0145108 Al 

r,, 

i 3000 2C 
.._.,.. 

~2000 
:::t 

g 1000 

FIGURE 11 



Patent Application Publication May 25, 2017 Sheet 12 of 21 US 2017/0145108 Al 

FIGURE 12A 

A!exaF!uor 647 

FIGURE i2C 

GS 
Hnker (GGS)"GG 

l_!L~i5R~~li IL-15 II EGFP 

PZAt 
intracel!ular!y 

cleaved 

lfJ-K !0ack1r 

jJOE cells l , 
237i 

~uper! 
ftll:l!Of!! 

Ale;;,aFluor 647 

FIGURE i2D 

FIGURE 128 
o,e------. 

,- 'L2 
C'. 
C: 

0 • 

O c~o:n :rst none 
tro! 

supertusion 

~i3*12 * 
Concentration protein (HJ Ml 

FIGURE 12E 



Patent Application Publication May 25, 2017 Sheet 13 of 21 

cc 
('() 
~ 

UJ 
0:: 
:J 
(9 

LL 

<{ 
('() 
~ 

UJ 
0:: 
:J 
(9 
LL 

{,,,~ 

1::lli,,, 
L . ._ .................. ' .. , .... , ;; :".iJO~~ f ·~~~:: 

'-e:t' ~·~ {,_"_,'!, 

'lo.'-'-'''''''''''''''''''''''''''''''''''''''''"''''''''' 

() J2 m 
; ~ § :ii 
& ~ $ g ~ma ls~ @-~ 

~•<iii 

~'-, ~. 
. ·, '\. 

'
i ··------~-·~ 

~ ~--•-- '"? \ ~~-"<j 

''

,:~ %~W -

• • ,, 
~ ~k 
' ·'® "-' 
! 1 L ...... L ....... • ......... , ...... , ..... fo : :-,~. 

~i-
\,,~~ ., . ·-

US 2017/0145108 Al 

UJ 
('() 
~ 

UJ 
0:: 
:J 
(9 
LL 

0 
('() 
~ 

UJ 
0:: 
:J 
(9 

LL 

() 
('() 
~ 

UJ 
0:: 
:J 
(9 
LL 



T47D and T47D-ko sta.ined for 

Tn-MUC1 (5E5) MUC1 Tn STn 

surface 
only 

r
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~:: 

surface+ 
intracellular 

···-"(.h-?">'."/t....,~ 

!'\~ 
......... ~:~~~:;;'fx,u..-..-;.,;.;.;-;-r:-~ 

?4k,. 1• ···~4,~- ) 
.0, 
fft ~tt ![ 

-:/%~•·:Z•·. 
] 

........... r· 

<.f ~i ?ft 'f;,: 
\( ___ ~ - .. ' 

. z . 
./·,,, P-&, 1· 
~ ?~½~ .. ✓ \ : w-&, --,,~%.@J 

?. 
~ 
~ 
~ 
~ 
~ 
~ 
~ A✓ I 
~ 
~ 
~ 

/$'#..,%¾;(,w--.=~ 

wmmn ~!?!,niJl,9 ,,mmi: -,mmmmnT47Pmmmnm, I ••mm T4 7J?4¥~9 mm 
spec+ Ab ! ~. ~ t&Mf1 

iSotype contr. i ~• I -
r 1 

FIGURE 14 

T 

J ¾: . 

't"'" 
~/4 

""O 
~ ..... 
('D 

= ..... 

t 
"e -.... (') 

~ ..... .... 
0 = 
""O = O" -.... (') 

~ ..... .... 
0 = 
~ 
~ 
N 

~Ul 
N 
0 .... 
-....J 

rJ'1 
=('D 
('D ..... .... 
.i;... 

0 .... 
N .... 

c 
rJ'1 
N 
0 .... 
~ 
0 .... 
.i;... 
Ul .... 
0 
QO 

> .... 



Patent Application Publication May 25, 2017 Sheet 15 of 21 US 2017/0145108 Al 

5E5 tn.Ab 3H4 rnAh 

ffi: 
c 

FIGURE 15 



Patent Application Publication May 25, 2017 Sheet 16 of 21 US 2017/0145108 Al 

co 
....... 
w 
0::: 
::J 
(9 

LL 



Patent Application Publication May 25, 2017 Sheet 17 of 21 

lgG 

FIGURE 17 

US 2017/0145108 Al 

pre-stimulation 



Patent Application Publication May 25, 2017 Sheet 18 of 21 US 2017/0145108 Al 

-~-

~ 0 -V} 

1.11 
>.. 
0 
+"" 
>.. u 

so 
40 

30 

20 

10 

0 

0.75 3 12.5 50 

Effector-to-target cell ratio 

FIGURE 18 



Patent Application Publication May 25, 2017 Sheet 19 of 21 US 2017/0145108 Al 

('t') 
,~ 0 

'Ii"" 

~ 

·~ 

0 
~ 

0 
0 

°" ,...-1 

~ 
~ 
~ 
0 
1--1 
~ 



Patent Application Publication May 25, 2017 Sheet 20 of 21 US 2017/0145108 Al 

I 

4 
10 · 

CJ 2 
(Yj 10. 
0 
u 

I 101 ·. 
4.J 
C 

T cells without 
pre-stimulation 

20.o'}h 

<( 0-+--,,..,..,.,.,.,.,.--,-,-,.,...,.,,._,...,,..,.,.,..,.,,_,...,..,.,.,,,,.,! 
10 (} .. ''1. '"".'2 ,, '3 ... ·4 

10 10 !'.--1 10 10 

Anti-lgG-Alexa647 

T cells with 
pre-stimulation 

4 ............. _., __ ............................................... . 
iO 

u 
..._ 3 71.3% u::: iO 

1 

QJ 
m ,..2 
011) 

u 
•~10L 
C ... · 
<( 0 . 

10 +,-,0-...,..,.,,,.,,,...1.,...., .,..,.,.,.=, ,-2.--,-,-,,-,,,,,,-~....,....,...,.,.,u-mf, 

10 10 10 10 'HJ 

Anti-lgG-Alexa64 7 

FIGURE 20 



Patent Application Publication May 25, 2017 Sheet 21 of 21 US 2017/0145108 Al 

100 
A J urkat E6-1 

80 CosmcKO 

- i1Jurkat E6-1 
~ 60 0 Cos_mcWT -en 

40 (/) 
>. 
0 

20 +-' 
>. 
u 

0 

0.2 0.4 0.8 1.6 3.1 6.3 12.5 25 

E_ffe:ctQI to target eel I ratio 

FIGURE 21 



US 2017/0145108 Al 

CHIMERIC ANTIGEN RECEPTORS 
RECOGNIZING CANCER-SPECIFIC TN 

GLYCOPEPTIDE VARIANTS 

[0001] This application claims the priority benefit of pro
visional U.S. patent application No. 61/936,307, filed Feb. 5, 
2014, which is incorporated herein by reference in its 
entirety. 

INCORPORATION BY REFERENCE OF 
MATERIAL SUBMITTED ELECTRONICALLY 

[0002] This application contains, as a separate part of the 
disclosure, a Sequence Listing in computer-readable form 
which is incorporated by reference in its entirety and iden
tified as follows: Filename: 47860A_SeqListing.txt; 34,303 
bytes, created Feb. 4, 2015. 

FIELD OF THE DISCLOSURE 

[0003] The disclosure relates generally to the fields of 
cancer biology and to molecular antibody-receptor technol
ogy. 

BACKGROUND 

[0004] Cancer is a major threat to human and non-human 
animal health, leading to reduced quality of life and, in too 
many cases, death. The burden placed on national, regional 
and local healthcare organizations to treat and prevent the 
various forms of cancer is significant in terms of the 
resources and manpower required. One of the main weapons 
vertebrates, including humans, have to combat disease is a 
functioning immune system. A brief consideration of immu
notherapies to treat or prevent cancer might lead one to 
conclude that the effort held out little hope of success 
because immune systems guard against foreign, or non-self, 
materials and cancer cells arise from within, i.e., they are 
self materials. Continued progress in our understanding of 
cancer and immunology is modifying that view, however. 
[0005] Mutant antigens are powerful targets for tumor 
destruction, e.g., in mice, and tumor-infiltrating lympho
cytes targeting these mutations cause durable tumor regres
sion in patients. Nevertheless, non-mutant antigens have 
been presumed by many scientists to be cancer-specific or 
"relatively cancer-specific" and safe antigens for vaccine 
approaches. However, adoptively transferred T cells can be 
orders of magnitude more effective and destructive than 
vaccinations. As a result, targeting MAGE-A3, HER-2 or 
CEA with T cells has caused death or serious toxicity in 
clinical trials now halted (8-11 ). As was shown in 2002, 
cancer cells with extremely high or very low expression 
levels of a target antigen differ only in the induction of 
immune responses, but not at the effector phase (15). 
[0006] A publication in 1995 (6) established that somatic 
tumor-specific mutations resulting in mutant peptides are the 
cause of unique antigens, which are recognized by tumor
specific T cells. This was subsequently confirmed by many 
independent laboratories in studies on human and mice ( e.g., 
23-25). There it was shown that the unique immunodomi
nant antigen on the UV-induced tumor 8101 was caused by 
a single base-pair substitution in the p68 oncogenic RNA 
helicase, a critical microRNA regulator protein (26-28). 
[0007] Non-mutant antigens can nevertheless be cancer
specific antigens and safe targets for adoptive T cell transfer, 
and this realization involves a shift in focus from previous 
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work caused by the discovery that Tn-O-glycopeptides 
occur as cancer-specific antigens, as disclosed in Science in 
2006 (16). Tn antigen (1, 2) is expressed by a majority of 
common cancers of diverse origin and it is one of the earliest 
antigens identified on human tumors (FIG. 4) (18-20). 
Importantly, the peptide sequence is not part of the Tn 
antigen and not recognized by anti-Tn antibodies (for review 
see (12)). Antibodies that specifically bind only Tn are 
usually IgM and of limited use, i.e., for histochemistry but 
probably not CARs (Table 2). Occasional IgG-class anti-Tn 
antibodies are of poor specificity and affinity, and may 
slightly delay the outgrowth of Tn-expressing transplanted 
cancer cells when used in animals (54, 55). 

[0008] It is likely that about 70-90% of common human 
cancers, such as breast, colon, prostate, ovary, lung, bladder 
and cervix cancers, express Tn (12). Conflicting data on the 
magnitude of expression ofTn on human tumors (56) can be 
largely explained by differences in affinities of the large 
number of different antibodies that have been experimen
tally produced most of them of very poor quality (with very 
few exceptions such as the IgM 5F4). Apparently, it is 
difficult for the epitope binding site of antibodies to bind the 
single sugar molecule with high affinity and specificity. 
While TF antigen (FIG. 1) is an oncofetal antigen highly 
expressed in the embryo and fetus (57), there is less evi
dence that Tn is also an oncofetal antigen (12), even though 
Tn antigens have been reported to be expressed perinatally 
in the brain but rapidly declining after birth (58). Most adults 
naturally have anti-Tn as well as anti-TF antibodies, prob
ably due to antigenic stimulation by Tn and TF antigens 
expressed on the bacterial flora (13, 14); Tn antigen is also 
expressed on HIV-1 and pathogenic parasites (12). 

[0009] Even though Tn was discovered by Dausset half a 
century ago (2) and Tn-expression on cancer cells over 40 
years ago (18-21), technological advances that allowed the 
sophistication and rapid expansion of glyco-chemistry and 
glycobiology were only made in the last decade. There are 
still huge defects in our understanding of this field. As a 
further point on specificity, there is longstanding evidence 
for tolerance to many cancer testis antigens, HER-2 and 
CEA, indicating their expression on normal tissues and 
ultimately absence of true cancer specificity. By contrast, 
Tn-O-glycopeptides consistently have given the opposite 
result. 

[0010] Most human cancers lack specific antigens that are 
predictably present and serve as effective targets for eradi
cation by T cells. Every cancer cell type harbors a unique set 
of mutations causing different tumor-specific antigens. Iden
tifying an effective unique antigen and isolating an appro
priate TCR for transduction of autologous T cells for adop
tive immunotherapy is still difficult despite the enormous 
technological progress being made. Adoptive immuno
therapy using antibodies or T cells is clinically as well as 
experimentally the most effective immunotherapy, at least 
when clinically relevant cancers are considered (22). The 
remarkable success of adoptive immunotherapy with chi
meric antibody receptors (CARs) and bispecific T cell 
engaging proteins (BiTEs) is, however, largely restricted to 
those specific for CD19/CD20-eradicating B cell malignan
cies and normal B cells in patients, i.e., hematopoietic 
cancers. Thus, there is a need to identify shared, yet tumor
specific, antigens on a wide range of solid tumors, and a 
concomitant need to develop prophylactics and therapeutics 
that can diagnose, prevent, treat or ameliorate a symptom of 
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these cancers, along with methods for diagnosing, prevent
ing and treating various cancers. 

SUMMARY 

[0011] The disclosure captures the tumor specificity of 
glycopeptide variants by providing protein binding partners 
specific for cancer-specific moieties. In addition, the disclo
sure provides a polynucleotide encoding one of these can
cer-specific Tn glycopeptide binding partners, including 
polynucleotides comprising codon-optimized coding 
regions for binding partners specific for an epitope of one of 
these variant glycopeptides, which are not found at detect
able levels in the wild-type counterpart to the variant gly
copeptide. Expressly contemplated are fusion proteins or 
chimeras that comprise a binding partner as defined above in 
operable linkage to a peptide providing a second function, 
such as a signaling function of the signaling domain of a T 
cell signaling protein, a peptide modulator of T cell activa
tion or an enzymatic component of a labeling system. 
Exemplary T cell signaling proteins include 4-lBB, CD3s, 
and fusion peptides, e.g., CD28-CD3s and 4-1BB-CD3s. 
4-lBB, or CD137, is a co-stimulatory receptor of T cells; 
CD3s is a signal-transduction component of the T-cell 
antigen receptor. The peptide providing a second function 
may provide a modulator of T cell activation such as IL-15 
IL-15Ra, of an IL-15/IL-15Ra fusion, or i; may encode~ 
label or an enzymatic component of a labeling system useful 
in monitoring the extent and/or location of binding, in vivo 
or in vitro. Constructs encoding these prophylactically and 
therapeutically active biomolecules placed in the context of 
T cells, such as autologous T cells, provide a powerful 
platform for recruiting adoptively transferred T cells to 
prevent or treat a variety of cancers in some embodiments of 
the disclosure. Codon optimization of the coding regions for 
binding partners specific for epitopes found on cancer cells 
provides an efficient approach to delivery of the diagnostic, 
prophylactic, and/or therapeutic proteins disclosed herein. 
[0012] In one aspect, the disclosure provides a codon
optimized polynucleotide encoding a cancer-specific Tn 
glycopeptide binding partner comprising a coding region for 
a cancer-specific Tn glycopeptide binding partner that binds 
a cancer-specific Tn glycopeptide, such as MUCl, the 
binding partner comprising the antibody heavy chain vari
able fragment (VH) sequence set forth in SEQ ID N0:3 or 
the antibody light chain variable fragment (VL) sequence set 
forth in SEQ ID N0:5. In some embodiments, the Tn 
glycopeptide is MUCl. In some embodiments of the poly
nucleotide according to the disclosure, the coding region is 
codon-optimized for expression in a human cell. In some 
embodiments, the encoded cancer-specific Tn glycopeptide 
binding partner comprises the antibody heavy chain variable 
fragment (VH) of SEQ ID N0:3 or a humanized derivative 
thereof and the antibody light chain variable fragment (VL) 
of SEQ ID N0:5 or a humanized derivative thereof. Some 
embodiments provide the polynucleotide wherein the can
cer-specific Tn glycopeptide binding partner comprises the 
antibody heavy chain variable fragment (VH) of SEQ ID 
N0:3 and the antibody light chain variable fragment (VL) of 
SEQ IDN0:5. 
[0013] Any of the polynucleotides according to the dis
closure may encode a cancer-specific Tn glycopeptide bind
ing partner, wherein the cancer-specific Tn glycopeptide 
binding partner is a single-chain variable fragment (scFv). In 
some embodiments, the encoded scFv comprises the heavy 
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chain variable fragment N-terminal to the light chain vari
able fragment, such as an scFv wherein the scFv heavy chain 
variable fragment and light chain variable fragment are 
covalently bound to a linker sequence of 4-15 amino acids. 
In some embodiments, the polynucleotide encodes an scFv 
wherein the scFv heavy chain variable fragment comprises 
SEQ ID N0:3 and the light chain variable fragment com
prises SEQ ID N0:5. In some embodiments, the encoded 
single-chain variable fragment is contained within a bi
specific T-cell engager. The disclosure also provides 
embodiments of the polynucleotide wherein the encoded 
single-chain variable fragment is contained within a chime
ric antigen receptor. 
[0014] The disclosure contemplates polynucleotides as 
described above, wherein the coding region is codon-opti
mized for expression in a mammalian cell such as a human 
cell. In some embodiments, the polynucleotide disclosed 
herein encodes a cancer-specific Tn glycopeptide binding 
partner selected from the group consisting of a single-chain 
variable fragment, a multimer of a single-chain variable 
fragment, a bi-specific single-chain variable fragment and a 
multimer of a bi-specific single-chain variable fragment. 
Such a polynucleotide may encode a multimer of a single
chain variable fragment that is selected from the group 
consisting of a divalent single-chain variable fragment, a 
tribody and a tetrabody. In some embodiments, the poly
nucleotide may encode a multimer of a bi-specific single
chain variable fragment that is a bi-specific T-cell engager. 
Some embodiments of the polynucleotide according to the 
disclosure further comprise a coding region for a peptide 
selected from the group consisting of a peptide signaling 
domain of a T cell signaling protein, a peptide modulator of 
T cell activation, and an enzymatic component of a labeling 
system. In some embodiments, the polynucleotide encodes a 
peptide signaling domain of a T cell signaling protein that is 
selected from the group consisting of a 4-lBB cytosolic 
signaling domain, a CD3s cytosolic signaling domain, a 
cytosolic domain of CD28-CD3s fusion and a cytosolic 
domain of a 4-1BB-CD3s. fusion. In some embodiments, 
the polynucleotide encodes a peptide modulator of T cell 
activation that is selected from the group consisting ofIL15, 
ILi 5Ra and an ILi 5/ILl 5Ra fusion peptide. 
[0015] The polynucleotides according to the disclosure 
may further comprise a coding region for a linker peptide, 
such as a codon-optimized coding region for a linker peptide 
as set forth in SEQ ID N0:14 (the codon optimization may 
be for any desired host cell expressing the polynucleotide, 
such as a human cell). In some embodiments, a polynucle
otide as described herein may further comprise a coding 
region for a signal peptide, such as a codon-optimized signal 
peptide as set forth in SEQ ID NO: 1 (the codon optimization 
may be for any desired host cell expressing the polynucle
otide, such as a human cell). Some embodiments of the 
polynucleotide according to the disclosure further comprise 
a sequence encoding a transmembrane domain, such as the 
transmembrane domain of CD28. 
[0016] Another aspect of the disclosure is a vector com
prising the polynucleotide as disclosed herein. In some 
embodiments, the vector is a viral vector, such a lentiviral 
vector. Yet another aspect according to the disclosure is a 
host cell comprising the polynucleotide as disclosed herein 
or a vector as disclosed herein. 
[0017] Still another aspect of the disclosure is a pharma
ceutical composition comprising the polynucleotide dis-
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closed herein, or a vector as disclosed herein, or the host cell 
as disclosed herein, and a physiologically suitable buffer, 
adjuvant or diluent. 
[0018] Yet another aspect of the disclosure is drawn to a 
method of making a chimeric antigen receptor comprising 
incubating a cell comprising a polynucleotide according to 
the disclosure or a vector according to the disclosure under 
conditions suitable for expression of the coding region and 
collecting the chimeric antigen receptor. 
[0019] Another aspect according to the disclosure is a 
method of preventing, treating or ameliorating a symptom of 
a cancer comprising administering a prophylactically or 
therapeutically effective amount of a polynucleotide accord
ing to the disclosure or a vector according to the disclosure 
to a subject in need. 
[0020] Other features and advantages of the present dis
closure will become apparent from the following detailed 
description, including the drawing. It should be understood, 
however, that the detailed description and the specific 
examples, while indicating preferred embodiments, are pro
vided for illustration only, because various changes and 
modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from the 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro
vided by the Office upon request and payment of the 
necessary fee. 
[0022] FIG. 1. Tn-expression is a transient stage in intra
cellular biosynthesis of any glycopeptide when GalNAc is 
linked to the nascent polypeptide chain. This step is differ
entially regulated by 20 distinct polypeptide GalNAc trans
ferases that are selectivity expressed in certain cell-types and 
have different specificity for proteins and sites of glycosy
lation. Tn will, however, be exposed on the cell surface if the 
extension ofTn is inhibited: through, as indicated by purple 
arrows (i) dysfunctional single pathway/single gene trans
ferases: Corel ~ 1,3-galactosyltransferase (ClGa!T or T syn
thase) and/or Core3 ~1,3-N-acetylglucosaminyltransferase 
(C3GlcNAcT), (ii) dysfunctional chaperone Cosme that 
prevents degradation ofClGa!T by endoplasmic reticulum
associated degradation (ERAD), (iii) low levels of the 
substrate UDP-Gal and (iv) higher activity of the ST6 
N-acetylgalactosaminide a-2,6-sialyltransferase 1 
(ST6GalNAc-I). 
[0023] FIG. 2. Large, established tumors are eradicated in 
the absence of any cross-presentation by the host. MC57-
mp6S-Hi cancer cells were grown in Rag-1- Kb-I-Db-I- mice 
(that lack MHC Class I molecules needed for cross-presen
tation) and treated on day 15 (arrow) with cognate (1D9-
transduced OT-1) or non-cognate (2C-transduced) T cells, or 
left untreated. 
[0024] FIG. 3. The Tn-O-Glycopeptide antigen recog
nized by the high affinity 237 IgG2a antibody contains the 
Tn hapten, but the antibody does not bind Tn alone (3). Tn 
(yellow box with black star; T nouvelle (1, 2)) is N-acetyl
galactosamine (GalNAc) linked by an (al-O-) linkage to 
threonine or serine on the peptide chain of any protein (see 
FIG. 4). By contrast, the Tn-glycopeptide epitope is highly 
defined as N-acetylgalactosamine (GalNAc) at position 77 
and the specific amino acid of murine podoplanin/OTSS 
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surrounding this position (4). X-ray crystallography shows 
that the antibody completely engulfs the carbohydrate moi
ety itself while interacting with the unique sequence of the 
peptide moiety in a shallow groove (3). The relevant amino 
acid contact residues were identified by X-ray crystallogra
phy (green letters, (3)). Appearance of the antigen in the 
AG104A cancer is caused by a tumor-specific somatic 
mutation that destroys the chaperone Cosme, essential for 
functioning of the Corel ~1,3-galactosyl-transferase, 
(ClGa!Tor T-synthase) (see FIG. 1). Like 237, the anti
human MUCl antibody 5E5 (U.S. Pat. No. S,440,79S, 
incorporated herein by reference) also lacks demonstrable 
reactivity with the naked MUCl peptide. However, the 5E5 
antibody-recognized antigen is also expressed by human 
OVCAR-3 ovarian, NNP4 ovarian and MCF-7 breast cancer 
cells, and the like, that have normal Cosmc/ClGa!T func
tion. Thus, the appearance of this epitope has a different 
mechanism (see FIG. 1). The minimal epitope of 5E5 was 
characterized by alanine replacement scans (green letters, 
(5)). 5E5 and 237 are being developed into CARs and 
bispecific fusion proteins. 

[0025] FIG. 4. Many common cancers express Tn antigen 
(1, 2). Tn antigen is one of the earliest identified on human 
tumors. Chemically, Tn is N-acetylgalactosamine (GalNAc) 
linked by an (al-O-) linkage to threonine or serine on the 
peptide chain of any protein. Importantly, the peptide 
sequence is not part of the Tn antigen and not recognized by 
anti-Tn antibodies. Unlike 237 or 5E5 antibodies binding 
Tn-O-glycopeptide epitopes, these anti-Tn antibodies (FIG. 
3) bind only to the linked sugar without recognizing any 
neighboring amino acid and are regularly of very low 
affinity. Nevertheless, it is very likely that, as originally 
found by Georg Springer, - 70-90% of common human 
cancers breast, colon, prostate, ovary, lung, bladder and 
cervix express Tn antigen (12). Tn antigen is also on the 
bacterial flora, HIV-1 and pathogenic parasites (13, 14). 

[0026] FIG. 5. The 5E5 Tn-MUCl glycopeptide epitope is 
recognized in breast cancer but absent from normal breast 
tissue in which the 5E10 monoclonal antibody recognizes 
normal MUCl. 

[0027] FIG. 6. 237 CAR-expressing CDS+ T cells kill 
cancer cells expressing the Cosme-dependent Tn-O-glyco
peptide target. (A) Diagram of two variants of second
generation CAR vectors. TM, trans-membrane; Cyt, cyto
plasmic domain. (B) 2C TCR-transgenic T cells transduced 
to express the 237 CAR kill AG104A cancer cells, unless 
they have (wt) Cosme activity. As expected, transduced and 
non-transduced 2C T cells killed AG104A cells expressing 
Kb and SIY. 

[0028] FIG. 7. CAR-transduced T cells survive in vivo and 
maintain 237 CAR-mediated specificity. Rag_;_ mice 
received 237 CAR-transduced CD4+ or CDS+ T cells ofB6 
mice. T cells were isolated 35 days after transfer and 
cultured with different stimuli. IFNy secretion was measured 
after 24 hours. 

[0029] FIG. 8. Perforin is not needed for the rejection of 
established tumors in normal mice. 2C prf-1

- or 2C wt T 
cells activated in vitro, were adoptively transferred into 
MC57-SIY tumor bearing mice when tumors reached about 
500 mm3 (between days 13-17 as indicated by the horizontal 
bars). The number of rejected tumors per total number of 
tumors is indicated. Data are pooled from 5 independent 
experiments. 
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[0030] FIG. 9. Vessel destruction in large solid tumors 
following T cell transfer. Activated 2C T cells were adop
tively transferred into 18 day established MC57-SIY-EGFP
bearing DsRed-Rag-1

- hosts. The same tumor area was 
imaged at the indicated time points (day 2-5 post T cell 
transfer). Antigen-positive cancer cells are green, 2C T cells 
yellow (EYFP) and antigen-negative MC57 cells (18% of 
the inoculum) cerulean-blue as model of variants. The blue 
"variants" die inside the necrotizing tumor due to stromal 
antigen cross-presentation. Similar variant destruction is not 
expected in the Kb-1

- Db-1
- mice in which variants, when 

present, escape treatment of MC57-mp68-EGFP tumors 
with 1D9TCR-transduced T cells. 
[0031] FIG. 10. Adoptive transfer ofRag1-1

- bone marrow 
(BM) cells prevents cancer development and can also eradi
cate established M-IL-15 tumors. A. Recipient Rag2-1

- yc-1
-

mice received BM from Rag! -I- donors 2 months before 
challenge with M-IL-15 cells. B. Rag2-1

- ye_;_ mice were 
challenged s.c. with M-control (black) or M-IL-15 (red) 
cells. Mice were injected with Rag1-1

- BM cells i.v. at day 
12 to 14. Numbers indicate eradicated tumors per number of 
tumors treated (P<0.02). C. Infiltrates of densely granulated 
leukocytes resembling uterine NK cells are found in M-IL-
15 tumors in Rag2-1

- ye_;_ mice that received Rag1-1
- BM. 

Tumor sections were stained with PAS and diastase. For 
comparison, an untreated M-IL-15 tumor grown in a 
Rag2-1

- ye_;_ mouse is shown. Scale bar, 100 µm. Adapted 
from (7). 
[0032] FIG. 11. IL15 can induce CDS+ T cell-dependent 
eradication of tumors that lack cognate antigen. Rag_;_ yc-1

-

mice received s.c. ILi 5-secreting, control vector-transduced 
or parental MC57 (M) cells, all lacking the SIY antigen 
recognized by adoptively transferred 2C or 2C/Rag_;_ sple
nocytes. T cells rejected tumors that secreted IL15. Deple
tion with anti-CDS abrogated this effect. 
[0033] FIG. 12. 237-superfusion protein is functional in 
vitro. A. Schematic diagrams of the superfusion proteins 
guided to cancer cells by the 23 7 receptor or by transduction 
and secretion. The lower construct is cleaved while being 
translated; IL15/IL15Ra is secreted due to the Ig-K leader 
while EGFP is retained in the cytoplasm. B. 237-superfusion 
was produced in HEK-293F cells and purified by size 
exclusion. Purification pools were tested by ELISA using 
immobilized OTSS glycopeptide and detecting ILi 5Ra. C. 
237-superfusion competes 237 antibody binding on 
AG 104A cells. Superfusion was incubated 30 min on ice, 
then 23 7 antibody was added and incubated for additional 90 
min. 237 was detected using an Alexa Fluor 647 labeled 
anti-mouse secondary antibody. Black: secondary only, red: 
237, blue: 237+1 µM superfusion, green: 237+5 µM super
fusion. A control superfusion could not compete 237 bind
ing. D. Specific binding of 237-superfusion to Jurkat trans
duced with OTSS (JOE). E. 237 superfusion stimulated 
IL15-dependent CTLL-2 cell proliferation more potently 
than recombinant murine. 
[0034] FIG. 13. Superfusion constructs are functional in 
vivo. A IL-15Ra deficient cancer cells secreting the trans
duced (TR) superfusion do not grow in Rag_;_ mice while 
non-transduced cancer cells grow out. B Splenocytes 
expressing TR-superfusion expand in vivo. Wild-type sple
nocytes were transduced to express the TR-superfusion or a 
mock protein and transferred in Rag_;_ mice. After 29 days 
spleens were analyzed regarding numbers on CD4+, CDS+ 
and NK cells. C-E 237-superfusion induces densely granu-
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lated NK cells in vivo. C3H mice received an osmotic pump 
delivering 237-superfusion or PBS s.c. (150 µg/kg per day) 
and an inoculum of AG 104A two days later. Tumors formed 
in both mice but induction of highly granulated NK cells was 
detected in the skin surrounding the pump outlet (C, D) and 
in the tumor (green arrows, E) of the mouse receiving 
237-superfusion. 

[0035] FIG. 14: Glycophenotype of wild-type (T47D, 
pink) and Cosme-knockout T47D (T47D-ko, blue). Wild
type T47D cells express 5E5, and Tn on their surface 
(non-permeabilized; surface only), while more Tn is detect
able when Cosme is knocked out (T47D-ko). Permeabiliza
tion (surface+intracellular) of the cells exposes Tn and 
especially MUCl epitopes. Flow cytometry analysis of wt 
and Cosmc-ko T47D cancer cells using antibodies for Tn
MUCl (5E5), MUCl (HMFG-2), Tn (5F4), STn (3Fl) and 
T (3C9) with the respective isotype controls. 

[0036] FIG. 15. Antibodies 5E5 and 3H4 detect epitopes 
on two independent proteins. Monoclonal antibodies were 
used to stain the human colon cancer line LSC (red lines). 
LSC was analyzed before (unsorted) or after a sort for cells 
expressing high levels of the 3H4 epitope. Sorted cells were 
additionally transduced to express wt-Cosme, whereby both 
5E5 and 3H4 binding is lost. Red tracing-experimental 
condition containing secondary APC-antibody and either 
5E5 or 3H4 primary antibody; blue tracing-control con
taining secondary APC-antibody only. 

[0037] FIG. 16. Expression of two different Tn-glycopep
tide antigens on human ovarian cancer cells isolated from an 
effusion. NNP4 cancer cells were isolated 2 years after 
diagnosis from the third relapse following various chemo
therapies. Left panel-staining by 5E5 monoclonal antibody 
(mAb); right panel-staining by the 3H4 mAb (dark, granu
lar staining). Nuclei are also labeled. Control stainings were 
negative. 

[0038] FIG. 17. Flow cytometry plots of 5E5 CAR expres
sion level (represented by IgG staining) in transduced OT-1 
T cells that were pre-stimulated with or without cognate 
antigen SIINFEKL for 24 hours. Data show that pre-stimu
lation increases transfection rate from 5.88% to 46.7% (red 
arrows). 

[0039] FIG. 18. Jurkat E6-l or Ag104A cell lines that are 
either naturally Cosme knockout or wild-type Cosme gene 
transfected were used as target cells against the 5E5CAR 
transduced OT-1 effector T cells. The level of target lysis 
was measured by 51Cr release. 

[0040] FIG. 19. The 5E5CAR expression level (repre
sented by anti-IgG staining) in transduced OT-1 T cells that 
are with or without cognate antigen SIINFEKL pre-stimu
lation for 24 hours. Data show pre-stimulation leads to a 
shift of 5E5CAR-positive peak of around 71.3% cells. 

[0041] FIG. 20. The 5E5CAR expression level (repre
sented by anti-IgG staining) in transduced OT-1 T cells that 
are with or without cognate antigen SIINFEKL pre-stimu
lation for 24 hours. Data show pre-stimulation increases the 
transduction rate from 20.6% to 71.3%. 

[0042] FIG. 21. Jurkat E6-l cell lines that are either 
naturally Cosme knockout or that transduced with wild-type 
Cosme gene were incubated with 5E5CAR-transduced OT-1 
T cells for 4.5 hours. The level of target lysis was measured 
by Cr51 release. 
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DETAILED DESCRIPTION 

[0043] The disclosure provides protein binding partners 
specific for glycopeptide variants associated with cancers, 
e.g., tumors. In addition, the disclosure provides a poly
nucleotide encoding one of these cancer-specific Tn glyco
peptide binding partners, including polynucleotides com
prising codon-optimized coding regions for binding partners 
specific for an epitope of one of these variant glycopeptides, 
which are not found at detectable levels in the wild-type 
counterpart to the variant glycopeptide. The disclosure pro
vides binding partners specific for a cancer-specific Tn 
glycopeptide, such as MUCl, as well as polynucleotides 
encoding such binding partners, including codon-optimized 
polynucleotides. The polynucleotides of the disclosure 
encode bi-functional polypeptides of the disclosure useful in 
preventing, treating, or ameliorating a symptom of cancer, 
such as any of a variety of human cancers, including those 
forming solid tumors. 
[0044] Some embodiments of the disclosure provide an 
unexpected variation on codon optimization in slower-grow
ing higher eukaryotes such as vertebrates, e.g., humans, that 
is focused on translation optimization (maximizing high
fidelity translation rates) rather than the typical codon opti
mization used in such organisms, which is designed to 
accommodate mutational bias and thereby minimize muta
tion. Also disclosed are the methods of diagnosing, treating 
or ameliorating a symptom of a cancer. Schematically 
described, the polynucleotides comprise a codon-optimized 
coding region for an antigen receptor specifically recogniz
ing a tumor-specific Tn-O-glycopeptide epitope linked to 
any one of the following: a coding region for a T cell 
signaling domain involved in T cell activation, a gene 
product that affects or modulates an immunological response 
to cancer cells such as an ILi 5/ILl 5Ra fusion, or a labeling 
component such as an enzymatic component of a labeling 
system. The linked coding regions result in polynucleotides 
encoding chimeric antigen receptors, or CARs. 
[0045] The terms used throughout this disclosure are given 
their ordinary and accustomed meanings in the art, unless a 
different meaning is made clear from the text when consid
ered in the context of the disclosure as a whole. 
[0046] The technology addresses the most serious obstacle 
to progress in immunotherapy, i.e., the virtual absence of 
defined, truly tumor-specific antigens that can be predictably 
found on at least a larger subgroup of human cancers and 
that can serve as effective targets for cancer eradication. 
Finding such antigens would move the field beyond the 
methods for treating CD19/CD20-expressing B cell malig
nancies. 
[0047] The disclosure is based, at least in part, on the 
discovery that a tumor-specific defect in O-linked glycosy
lation in spontaneous human as well as murine cancers 
converts a wild-type protein into a tumor-specific antigen, 
e.g., a Tn-O-linked glycopeptide recognized by high-affinity 
IgG antibody 237. This prototype antigen is used as a target 
in experiments disclosed herein. Also disclosed is evidence 
that analogous tumor-specific Tn-O-glycopeptide epitopes 
are expressed on common human cancers, which are Tn
positive due to deglycosylation, essential for aggressive 
malignant growth and caused by several independent 
mechanisms (including, but not dependent on, Cosme muta
tions). The VL and VH variable regions of the 237 antibody 
have been engineered into a single chain (sc) variable 
fragment (scFv) to generate chimeric antigen receptors (i.e., 
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CARs) for introduction into T cells for adoptive transfer. 
Thus, CAR-transduced T cells are expected to target a 
tumor-specific Tn-O-glycopeptide epitope, leading to eradi
cation of solid non-hematopoietic tumors in a syngeneic 
mouse model. It is believed that CAR-transduced T cells 
recognizing Tn-O-glycopeptide epitopes will destroy large 
solid non-hematopoietic tumors. CAR-transduced T cells, 
however, target cancer cells only directly and antigen
negative cancer cells may escape. Disclosed herein is evi
dence that, under certain conditions, exquisitely antigen
specific TCR-transduced T cells eliminate antigen-negative 
cancer cells as bystanders, even in the absence of cross
presentation. It is expected that CAR-transduced T cells will 
be equally effective in eliminating antigen-negative cancer 
cells via the bystander effect. Moreover, it is expected that 
fusion proteins bearing the coding regions for ILi 5 linked to 
IL15Ra can be delivered to large solid tumors in order to 
activate T cells and NK cells. We show that NK cells alone, 
i.e., without T cells, can eradicate large solid tumors when 
they are activated by ILi 5 presented by ILi 5Ra in the tumor 
nm. 

[0048] The developments disclosed herein include the 
discovery that a mutant chaperone, Cosme, converts a 
wild-type protein into a truly tumor-specific Tn-O-glyco
peptide antigen on a murine tumor. Cosme mutations are 
found in other spontaneous tumors, not only from mice but 
also humans (leukemia and solid cancers). Other mecha
nisms also frequently cause Tn-glycopeptide epitopes that 
are recognized by the 5E5 or 3H4 monoclonal antibodies on 
common human cancers. 
[0049] Important to the anti-cancer effects of the gene 
products encoded by the polynucleotides of the disclosure is 
the ability of the encoded bivalent binding proteins to 
specifically bind to cancer-specific epitopes, such as the 
Tn-O-glycopeptide epitopes detectably unique to cancer 
cells. Facilitating presentation of Tn-O-glycopeptide 
epitopes on cancer cells are mutant Cosme (core 1 ~3-Gal
T-specific molecular chaperone), a chaperone protein 
required for core 1 ~3-galactosyltransferase (Cl ~3Gal-T) 
activity. Cl ~3Gal-T catalyzes formation of the T antigen 
(core 1 O-glycan Gal~l-3GalNAcal-Ser/Thr). Cosme 
mutations, however, are only one of several mechanisms 
causing the frequent appearance of Tn-O-glycopeptide 
epitopes on human cancers (FIG. 1). The disclosure provides 
compositions that bind specifically to Tn-O-glycopeptide 
epitopes unique to cancer cells, including but not limited to 
cancer cells lacking wild-type Cosme function. Such cancer
specific epitopes have been found on the human protein 
MUCl and are expected to exist on homologous proteins in 
other vertebrate cells, including mammalian cells like mouse 
cells. 

[0050] As noted above, the chaperone, Cosme (Corel 
~1,3-galactosyl-transferase-specific molecular chaperone), 
is essential for the function of the Corel ~1.3-galactosyl
transferase (ClGa!T or T-synthase) (FIG. 1)(32). Mutations 
in Cosme are also found in other spontaneous tumors in mice 
(16) and humans (leukemia and solid tumors) (17) and in 
premalignant crypts in ulcerative colitis patients (33). Thus, 
the inference is that defined, truly tumor-specific antigens 
are predictably found on at least the subgroup of common 
human cancers that lack Cosme function due to mutations. 
While there is no reliable information on how frequently 
human tumors have mutational loss of Cosme/Cl Ga!T func
tion, lower levels of Tn-O-glycopeptide antigens are fre-
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quently expressed in many common cancer cells due to 
impaired regulation of glycosylation pathways (FIG. 1). 
Therefore, other changes in cancer appear to "substitute" for 
a mutational loss of Cosme. For example, the high affinity 
Tn-O-glycopeptide antibody 5E5 binds to over 80% of 
human breast cancers and over 85% of human ovarian 
cancers. Knocking out Cosme from cancer cells strongly 
up-regulates the expression of Tn-O-glycopeptide epitopes. 
Furthermore, cancer cells lacking Cosme are highly immu
nogenic and can elicit cancer-specific antibodies (16, 34). 
This observation led to the use of Cosme gene-deleted 
cancer cells (SimpleCells) for immunization to induce 
monoclonal antibodies against Tn-O-glycopeptides that can 
be targeted by CARs. It is expected that antibodies identified 
by immunizing with Cosme-negative cancer cells will also 
be useful for a majority of cancer cells that have other 
mechanisms of defective glycosylation leading to the 
expression of Tn. Certainly, the prototype epitope recog
nized by the 237 monoclonal is an exquisitely specific 
Tn-O-glycopeptide in position 77 of murine podoplanin/ 
OTSS ( 4, 16), but this epitope is always present in cancers 
if cancer cells are Tu-positive and express the specific 
protein providing the appropriate peptide sequence ( e.g., 
murine OTSS/podoplanin). 

[0051] The disclosure provides technology that incorpo
rates recognition of, and binding to, highly specific Tn-O
glycopeptide epitopes. This includes, but is not restricted to, 
Tn-O-glycopeptide epitopes caused by Cosme mutations 
that convert wild-type proteins in cancers to tumor-specific 
antigens, because Tn-O-glycopeptide epitopes are also 
found in common cancers lacking Cosme mutations. It is 
expected that common solid cancers of diverse origin will 
share highly tumor-specific and molecularly predictable 
Tn-O-glycopeptide epitopes, which can be treated with 
CARs or fusion proteins specifically recognizing and bind
ing to such epitopes. 

[0052] The disclosure provides exquisitely cancer- as well 
as protein-specific antibody receptors incorporated into 
CARs as well as providing the binding specificity of fusion 
proteins. Tn alone is a poor target detected by IgM of low 
affinity, while Tn-glycopeptide epitopes are strong targets 
detected by high-affinity IgG antibodies. These IgG anti
bodies engulf the single sugar GalNAc and gain their affinity 
and specificity from "reading" the specific amino acid 
sequence of the protein surrounding the single sugar. Thus, 
Tn-O-glycopeptide epitopes can be targeted with exquisitely 
cancer- as well as protein-specific antibody receptors that 
can be used for making CARs as well as fusion proteins. 

[0053] The various forms of bivalent binding proteins 
known in the art are contemplated by the disclosure. Exem
plary bivalent binding proteins of the disclosure include 
chimeric antigen receptors ( CARs ), fusion proteins, includ
ing fusions comprising single-chain variable (antibody) 
fragment (scFv) multimers or scFv fusions to coding regions 
encoding products useful in treating cancer, e.g., IL-15, 
ILi 5Ra, or IL-15/ILl 5Ra constructs, diabodies, tribodies, 
tetrabodies, and bispecific bivalent scFvs, including bispe
cific tandem bivalent scFvs, also known as bispecific T cell 
engagers, or BiTEs. Any of these bivalent binding protein 
forms, moreover, may exhibit any of various relative struc
tures, as it is known in the art that different domain orders 
(e.g., H2N-VH-linker-VL-CO2H and H2N-VL-linker-VH
CO2H) are compatible with specific binding. Higher order 
forms of the bivalent binding proteins described herein are 
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also contemplated, such as peptibodies comprising at least 
one form of the bivalent binding protein disclosed herein. 
The bivalent binding proteins of the disclosure specifically 
bind to a cancer-specific epitope (e.g., a glycopeptide) and 
the polynucleotides encoding them are codon-optimized, 
e.g., for maximal translation, for expression in the targeted 
cells ( e.g., human or mouse cells). Codon optimization in the 
context of expressing the bivalent binding proteins of the 
disclosure, such as CARs, is important to ensuring that 
production of the protein is both efficient and robust enough 
to be useful as a source of therapeutic. 
[0054] The disclosure also contemplates any one of these 
bivalent binding proteins linked to a peptide providing a 
second function such as a T cell signaling domain involved 
in T cell activation, a peptide that affects or modulates an 
immunological response to cancer cells, or an enzymatic 
component of a labeling system results in a CAR encoded by 
a polynucleotide according to the disclosure, if the coding 
region for the bivalent binding protein is codon-optimized 
for expression in a target cell. 
[0055] In methods of preventing, treating or ameliorating 
a symptom of a cancer, the compositions of the disclosure 
are typically administered in the form of bivalent binding 
protein-transduced T cells, although administration of a 
vector comprising a polynucleotide of the disclosure or 
administration of a polynucleotide of the disclosure are also 
contemplated, depending on the functionalities of the biva
lent binding protein. Combining a polynucleotide, vector or 
host cell of the disclosure with a physiologically suitable 
buffer, adjuvant or diluent yields a pharmaceutical compo
sition according to the disclosure, and these pharmaceutical 
compositions are suitable for administration to diagnose, 
prevent, treat, or ameliorate a symptom of, a cancer. 
[0056] CARs targeting Tn-O-glycopeptide epitopes on 
human cancers with normal or mutant Cosme genes are also 
expected to yield additional antibodies. It is expected that 
Tn-O-glycopeptide epitopes are tumor-specific when 
detected on human cancers that have normal Cosme function 
but aberrant glycosylation, as is frequently seen in common 
human cancers. All such antibodies, regardless of the engi
neered form (e.g., a CAR), are examined for toxicity to 
normal tissues using mice expressing the human target. 
[0057] An anti-Tn glycopeptide CAR receptor has been 
constructed and inserted into a lentiviral vector for trans
duction into human T cells to be tested in vitro and in human 
xenograft mouse models, to confirm that the composition 
could be used to effectively treat common human cancers of 
the breast or ovary. Undiminished high expression levels of 
Tn-O-glycopeptide antigen were demonstrated in cancer 
cells isolated from repeated relapses in an ovarian cancer 
patient who does not have a Cosme mutation, consistent 
with such mutations not being crucial for Tn expression. 
[0058] A fusion protein composed of the scFv-receptor 
237 for the Tn-O-glycopeptide epitope fused to IL15-
IL15Ra also has been constructed. It is expected that the 
fusion protein will eliminate clinical size tumors or only 
incipient and microdisseminated cancer cells, that the 
microenvironment of established tumors prevents T cell 
activation by the fusion protein, and that the fusion protein 
causes the appearance of densely granulated NK cells in and 
around tumors and rescues tolerant tumor-infiltrating T cells. 
[0059] Studies with newly generated tumor lines from 
IL-15Ra KO mice showed that this construct will likely be 
effective in treating or preventing human cancers, many of 
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which may lack ILi 5Ra. A second monoclonal antibody has 
been made against a surface Tn-O-glycopeptide that is also 
expressed in several ovarian and other human cancers. 
Simultaneous targeting of independently expressed Tn-O
glycopeptides by CARs should reduce the chance of escape 
of a cancer subpopulation, which provides a strong reason 
for identifying additional Tn-O-glycopeptide targets. 
[0060] The disclosure further contemplates the simultane
ous targeting of two independent Tn-O-glycopeptide 
epitopes on a human cancer, which may be essential for 
preventing escape from CAR treatment, as noted above. 
Therefore, human cancer cells lacking Cosme function will 
be used as highly effective inducers of Tn-O-glycopeptide
specific antibodies to select for Tn-O-glycopeptide epitopes 
on proteins of common human cancer cells. 
[0061] The technology moves the field forward on three 
fronts by: (i) translating knowledge of how to destroy large, 
solid, non-hematopoietic tumors with TCR-transduced T 
cells to optimize the design and use of CAR-transduced T 
cells using the very same tumors, (ii) expanding the usage of 
Tn-O-glycopeptide antigens caused by Cosme mutations to 
Tn-O-glycopeptide epitopes caused by other mechanisms 
and commonly observed in a variety of cancers, including 
breast, ovarian, colon and pancreatic cancers, and (iii) 
generating new antibodies ( e.g., monoclonal antibodies) that 
recognize Tn-O-glycopeptide epitopes that are either 
Cosme-mutation-dependent or caused by other mechanisms. 
For this effort, a panel ofisogenic Cosme-KO cell lines from 
common human cancers is used. These are highly immuno
genic and are used for immunization, while techniques 
exploiting genetics, proteomics and glycomics are used for 
screening and analysis of the target structure as well as its 
genetic origin. 
[0062] Consistent with the spirit of the foregoing, the 
following provides a description of the materials and meth
ods provided herein. 
[0063] In exemplary embodiments, the binding agent pro
vided herein comprises a constant region of a heavy chain 
and/or a constant region of a light chain of an immuno
globulin. Sequences for heavy and light chain constant 
regions are publically available. For example, the National 
Center of Biotechnology Information (NCBI) nucleotide 
database provides a sequence of the constant region of the 
IgGl kappa light chain. See GenBank Accession No. 
DQ381549.1, incorporated herein by reference. Also, the 
NCBI nucleotide database provides a sequence of the con
stant region of the Mus mus cul us IgG 1. See GenBank 
Accession No. DQ381544.1. 
[0064] In exemplary aspects, the Tn glycopeptide binding 
agent is an antibody, or an antigen-binding fragment thereof. 
In exemplary aspects, a linker comprising a short amino acid 
sequence of about 5 to about 25 amino acids, e.g., about 10 
to about 20 amino acids, is provided. In exemplary aspects, 
the linker comprises the amino acid sequence of EEGEF
SEAR (SEQ ID NO: 25). In exemplary aspects, the linker 
comprises the amino acid sequence of AKTTPPKLEEGEF
SEARV (SEQ ID NO: 26). 
[0065] In exemplary aspects, the antibody can be any type 
of immunoglobulin that is known in the art. For instance, the 
antibody can be of any isotype, e.g., IgA, IgD, IgE, IgG, 
IgM. The antibody can be monoclonal or polyclonal. The 
antibody can be a naturally occurring antibody, i.e., an 
antibody isolated and/or purified from a mammal, e.g., 
mouse, rabbit, goat, horse, chicken, hamster, human, and the 
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like. In this regard, the antibody may be considered to be a 
mammalian antibody, e.g., a mouse antibody, rabbit anti
body, goat antibody, horse antibody, chicken antibody, ham
ster antibody, human antibody, and the like. The term 
"isolated" as used herein means having been removed from 
its natural environment. The term "purified," as used herein 
relates to the isolation of a molecule or compound in a form 
that is substantially free of contaminants normally associ
ated with the molecule or compound in a native or natural 
environment and means having been increased in purity as 
a result of being separated from other components of the 
original composition. It is recognized that "purity" is a 
relative term, and not to be necessarily construed as absolute 
purity or absolute enrichment or absolute selection. In some 
aspects, the purity is at least or about 50%, is at least or about 
60%, at least or about 70%, at least or about 80%, or at least 
or about 90% (e.g., at least or about 91%, at least or about 
92%, at least or about 93%, at least or about 94%, at least 
or about 95%, at least or about 96%, at least or about 97%, 
at least or about 98%, at least or about 99% or is approxi
mately 100%. 
[0066] In exemplary aspects, the antibody comprises a 
constant region of an IgG. In exemplary aspects, the anti
body comprises a constant region of an IgG 1 . In exemplary 
aspects, the antibody comprises a constant region of an IgG 
kappa light chain. 
[0067] In exemplary aspects, the antibody comprises a 
constant region of a Mus mus cul us IgG 1 . 

[0068] The anti-Tn glycopeptide antibodies and fragments 
thereof of the disclosure can have any level of affinity or 
avidity for Tn glycopeptide. The dissociation constant (Kn) 
may be any of those exemplary dissociation constants 
described herein with regard to binding units. Binding 
constants, including dissociation constants, are determined 
by methods known in the art, including, for example, 
methods that utilize the principles of surface plasmon reso
nance, e.g., methods utilizing a Biacore™ system. In accor
dance with the foregoing, in some embodiments, the anti
body is in monomeric form, while in other embodiments, the 
antibody is in polymeric form. In certain embodiments in 
which the antibody comprises two or more distinct antigen 
binding regions or fragments, the antibody is considered 
bispecific, trispecific, or multi-specific, or bivalent, trivalent, 
or multivalent, depending on the number of distinct epitopes 
that are recognized and bound by the binding agent. 
[0069] In exemplary aspects, the Kn of binding of Tn 
glycopeptide to a Tn glycopeptide binding agent is between 
about 0.0001 nM and about 100 nM. In some embodiments, 
the Kn is at least or about 0.0001 nM, at least or about 0.001 
nM, at least or about 0.01 nM, at least or about 0.1 nM, at 
least or about 1 nM, or at least or about 10 nM. In some 
embodiments, the Kn is no more than or about 100 nM, no 
more than or about 75 nM, no more than or about 50 nM, or 
no more than or about 25 nM. In exemplary aspects, the 
antibody has a Kn for human Tn glycopeptide that is no 
greater than about 1.39xl0-9 M. 
[0070] In exemplary embodiments, the antibody is a 
genetically engineered antibody, e.g., a single chain anti
body, a humanized antibody, a chimeric antibody, a CDR
grafted antibody, an antibody that includes portions ofCDR 
sequences specific for Tn glycopeptide (e.g., an antibody 
that includes the six CDR sequences of an anti-Tn glyco
peptide antibody, a humaneered or humanized antibody, a 
bispecific antibody, a trispecific antibody, and the like, as 
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defined in greater detail herein. Genetic engineering tech
niques also provide the ability to make fully human anti
bodies in a non-human. 
[0071] In some aspects, the antibody is a chimeric anti
body. The term "chimeric antibody" is used herein to refer 
to an antibody containing constant domains from one spe
cies and the variable domains from a second, or more 
generally, containing stretches of amino acid sequence from 
at least two species. 
[0072] In some aspects, the antibody is a humanized 
antibody. The term "humanized" when used in relation to 
antibodies, is used to refer to antibodies having at least CDR 
regions from a nonhuman source that are engineered to have 
a structure and immunological function more similar to true 
human antibodies than the original source antibodies. For 
example, humanizing can involve grafting CDR from a 
non-human antibody, such as a mouse antibody, into a 
human antibody. Humanizing also can involve select amino 
acid substitutions to make a non-human sequence look more 
like a human sequence, as would be known in the art. 
[0073] Use of the terms "chimeric or humanized" herein is 
not meant to be mutually exclusive; rather, is meant to 
encompass chimeric antibodies, humanized antibodies, and 
chimeric antibodies that have been further humanized. 
Except where context otherwise indicates, statements about 
(properties of, uses of, testing, and the like) chimeric anti
bodies apply to humanized antibodies, and statements about 
humanized antibodies pertain also to chimeric antibodies. 
Likewise, except where context dictates, such statements 
also should be understood to be applicable to antibodies and 
antigen binding fragments of such antibodies. 
[0074] In some aspects of the disclosure, the binding agent 
is an antigen binding fragment of an antibody that specifi
cally binds to an Tn glycopeptide in accordance with the 
disclosure. The antigen binding fragment (also referred to 
herein as "antigen binding portion") may be an antigen 
binding fragment of any of the antibodies described herein. 
The antigen binding fragment can be any part of an antibody 
that has at least one antigen binding site, including, but not 
limited to, Fab, F(ab')2 , dsFv, sFv, diabodies, triabodies, 
bis-scFvs, fragments expressed by a Fab expression library, 
domain antibodies, VhH domains, V-NAR domains, VH 
domains, VL domains, and the like. Antibody fragments of 
the invention, however, are not limited to these exemplary 
types of antibody fragments. 
[0075] In exemplary aspects, the Tn glycopeptide binding 
agent is an antigen binding fragment. In exemplary aspects, 
the antigen binding fragment is a single-chain antibody 
fragment such as an scFv. Such aspects embrace the further 
inclusion of a linker that comprises a short amino acid 
sequence of about 5 to about 25 amino acids, e.g., about 10 
to about 20 amino acids. In exemplary aspects, the linker 
comprises the amino acid sequence of EEGEFSEAR (SEQ 
ID NO: 25). In exemplary aspects, the linker comprises the 
amino acid sequence of AKTTPPKLEEGEFSEARV (SEQ 
ID NO: 26). 
[0076] In exemplary aspects, the antigen binding fragment 
comprises a leader sequence. Optionally, the leader 
sequence, in some aspects, is located N-terminal to the 
heavy chain variable region. In exemplary aspects, the 
antigen binding fragment comprises an lg kappa leader 
sequence. Suitable leader sequences are known in the art, 
and include, for example, an lg kappa leader sequence of 
METDTLLLWVLLLWVPGSTGD (SEQ ID NO: 27). 
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[0077] In exemplary aspects, an antigen binding fragment 
comprises one more tag sequences. Tag sequences may 
assist in the production and characterization of the manu
factured antigen binding fragment. In exemplary aspects, the 
antigen binding fragment comprises one or more tag 
sequences C-terminal to the light chain variable region. 
Suitable tag sequences are known in the art and include, but 
are not limited to, Myc tags, His tags, and the like. In 
exemplary aspects, an antigen binding fragment comprises a 
Myc tag of GGPEQKLISEEDLN (SEQ ID NO: 28). In 
exemplary aspects, an antigen binding fragment comprises a 
His tag sequence of HHHHHH (SEQ ID NO: 29). 
[0078] In exemplary aspects, the antigen binding fragment 
of the disclosures comprises, from the N- to the C-terminus, 
a leader sequence, a heavy chain variable region, a linker 
sequence, a light chain variable region, a Myc tag ( e.g., SEQ 
ID NO: 28), and a His tag (e.g., SEQ ID NO: 29). 
[0079] In exemplary aspects, the antigen binding fragment 
is a domain antibody. A domain antibody comprises a 
functional binding unit of an antibody, and can correspond 
to the variable regions of either the heavy (V H) or light (V L) 
chains of antibodies. A domain antibody can have a molecu
lar weight of approximately 13 kDa, or approximately 
one-tenth the weight of a full antibody. Domain antibodies 
may be derived from full antibodies, such as those described 
herein. The antigen binding fragments in some embodiments 
are monomeric or polymeric, bispecific or trispecific, and 
bivalent or trivalent. 
[0080] Antibody fragments that contain the antigen bind
ing, or idiotope, of the antibody molecule share a common 
idiotype and are contemplated by the disclosure. Such 
antibody fragments may be generated by techniques known 
in the art and include, but are not limited to, the F(ab')2 

fragment which may be produced by pepsin digestion of the 
antibody molecule; the Fab' fragments which may be gen
erated by reducing the disulfide bridges of the F(ab')2 

fragment, and the two Fab' fragments which may be gener
ated by treating the antibody molecule with papain and a 
reducing agent. 
[0081] In exemplary aspects, the binding agent provided 
herein is a single-chain variable region fragment (scFv) 
antibody fragment. An scFv may consist of a truncated Fab 
fragment comprising the variable (V) domain of an antibody 
heavy chain linked to a V domain of an antibody light chain 
via a synthetic peptide, and it can be generated using routine 
recombinant DNA technology techniques (see, e.g., 
Janeway et al., Immunobiology, rd Edition, Garland Pub
lishing, New York, (1996)). Similarly, disulfide-stabilized 
variable region fragments ( dsFv) can be prepared by recom
binant DNA technology (see, e.g., Reiter et al., Protein 
Engineering, 7, 697-704 (1994)). 
[0082] Recombinant antibody fragments, e.g., scFvs of the 
disclosure, can also be engineered to assemble into stable 
multimeric oligomers of high binding avidity and specificity 
to different target antigens. Such diabodies (dimers), tria
bodies (trimers) or tetrabodies (tetramers) are well known in 
the art. See e.g., Kortt et al., Biomol Eng. 2001 18:95-108, 
(2001) and Todorovska et al., J Immunol Methods. 248:47-
66, (2001). 
[0083] In exemplary aspects, the binding agent is a bispe
cific antibody (bscAb). Bispecific antibodies are molecules 
comprising two single-chain Fv fragments joined via a 
glycine-serine linker using recombinant methods. The V 
light-chain (VL) and V heavy-chain (V H) domains of two 
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antibodies of interest in exemplary embodiments are isolated 
using standard PCR methods. The V L and V H cDNAs 
obtained from each hybridoma are then joined to form a 
single-chain fragment in a two-step fusion PCR. Bispecific 
fusion proteins are prepared in a similar manner. Bispecific 
single-chain antibodies and bispecific fusion proteins are 
antibody substances included within the scope of the present 
invention. Exemplary bispecific antibodies are taught in 
U.S. Patent Application Publication No. 2005-0282233Al 
and International Patent Application Publication No. WO 
2005/087812, both of which are incorporated herein by 
reference in their entireties. 
[0084] In exemplary aspects, the binding agent is a bispe
cific T-cell engaging antibody (BiTE) containing two scFvs 
produced as a single polypeptide chain. Methods of making 
and using BiTE antibodies are described in the art. See, e.g., 
Cioffi et al., Clin Cancer Res 18: 465, Brischwein et al., Mal 
Immunol 43:1129-43 (2006); Amann Metal., Cancer Res 
68:143-51 (2008); Schlereth et al., Cancer Res 65: 2882-
2889 (2005); and Schlereth et al., Cancer Immunol Immu
nother 55:785-796 (2006). 
[0085] In exemplary aspects, the binding agent is a dual 
affinity re-targeting antibody (DART). DARTs are produced 
as separate polypeptides joined by a stabilizing interchain 
disulfide bond. Methods of making and using DART anti
bodies are described in the art. See, e.g., Rossi et al., MAbs 
6: 381-91 (2014); Fournier and Schirrmacher, BioDrugs 
27:35-53 (2013); Johnson et al., J Mal Biol 399:436-449 
(2010); Brien et al., J Viral 87: 7747-7753 (2013); and 
Moore et al., Blood 117:4542 (2011). 
[0086] In exemplary aspects, the binding agent is a tet
ravalent tandem diabody (TandAbs) in which an antibody 
fragment is produced as a non-covalent homodimer folder in 
a head-to-tail arrangement. TandAbs are known in the art. 
See, e.g., McA!eese et al., Future Oncol 8: 687-695 (2012); 
Portner et al., Cancer Immunol Immunother 61:1869-1875 
(2012); and Reusch et al., MAbs 6:728 (2014). 
[0087] Suitable methods of making antibodies are known 
in the art. For instance, standard hybridoma methods are 
described in, e.g., Harlow and Lane (eds.), Antibodies: A 
Laboratory Manual, CSH Press (1988), and CA. Janeway et 
al. ( eds.), Immunobiology, 5th Ed., Garland Publishing, New 
York, N.Y. (2001)). 
[0088] Monoclonal antibodies for use in the invention may 
be prepared using any technique that provides for the 
production of antibody molecules by continuous cell lines in 
culture. These include, but are not limited to, the hybridoma 
technique originally described by Koehler and Milstein 
(Nature 256: 495-497, 1975), the human B-cell hybridoma 
technique (Kosbor et al., Immunol Today 4:72, 1983; Cote 
et al., Proc Natl Acad Sci 80: 2026-2030, 1983) and the 
EBV-hybridoma technique (Cole et al., Monoclonal Anti
bodies and Cancer Therapy, Alan R Liss Inc, New York N.Y., 
pp 77-96, (1985). 
[0089] Briefly, a polyclonal antibody is prepared by 
immunizing an animal with an immunogen comprising a 
polypeptide of the present invention and collecting antisera 
from that immunized animal. A wide range of animal species 
can be used for the production of antisera. In some aspects, 
an animal used for production of anti-antisera is a non
human animal including rabbits, mice, rats, hamsters, goat, 
sheep, pigs or horses. Because of the relatively large blood 
volume of rabbits, a rabbit, in some exemplary aspects, is a 
preferred choice for production of polyclonal antibodies. In 
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an exemplary method for generating a polyclonal antisera 
immunoreactive with the chosen Tn glycopeptide epitope, 
50 µg ofTn glycopeptide antigen is emulsified in Freund's 
Complete Adjuvant for immunization of rabbits. At intervals 
of, for example, 21 days, 50 µg of epitope are emulsified in 
Freund's Incomplete Adjuvant for boosts. Polyclonal anti
sera may be obtained, after allowing time for antibody 
generation, simply by bleeding the animal and preparing 
serum samples from the whole blood. 

[0090] Briefly, to generate monoclonal antibodies, a 
mouse is injected periodically with recombinant Tn glyco
peptide against which the antibody is to be raised (e.g., 
10-20 µg Tn glycopeptide emulsified in Freund's Complete 
Adjuvant). The mouse is given a final pre-fusion boost of a 
Tn glycopeptide polypeptide containing the epitope that 
allows specific recognition of lymphatic endothelial cells in 
PBS, and four days later the mouse is sacrificed and its 
spleen removed. The spleen is placed in 10 ml serum-free 
RPMI 1640, and a single cell suspension is formed by 
grinding the spleen between the frosted ends of two glass 
microscope slides submerged in serum-free RPMI 1640, 
supplemented with 2 mM L-glutamine, 1 mM sodium pyru
vate, 100 units/ml penicillin, and 100 µg/ml streptomycin 
(RPMI) (Gibco, Canada). The cell suspension is filtered 
through sterile 70-mesh Nitex cell strainer (Becton Dickin
son, Parsippany, N.J.), and is washed twice by centrifuging 
at 200 g for 5 minutes and resuspending the pellet in 20 ml 
serum-free RPMI. Splenocytes taken from three naive 
Balb/c mice are prepared in a similar manner and used as a 
control. NS-1 myeloma cells, kept in log phase in RPMI 
with 11 % fetal bovine serum (FBS) (Hyclone Laboratories, 
Inc., Logan, Utah) for three days prior to fusion, are cen
trifuged at 200 g for 5 minutes, and the pellet is washed 
twice. 

[0091] Spleen cells (lxl08
) are combined with 2.0xl07 

NS-1 cells and centrifuged, and the supernatant is aspirated. 
The cell pellet is dislodged by tapping the tube, and 1 ml of 
37° C. PEG 1500 (50% in 75 mM Hepes, pH 8.0) (Boeh
ringer Mannheim) is added with stirring over the course of 
1 minute, followed by the addition of 7 ml of serum-free 
RPMI over 7 minutes. An additional 8 ml RPMI is added and 
the cells are centrifuged at 200 g for 10 minutes. After 
discarding the supernatant, the pellet is resuspended in 200 
ml RPMI containing 15% FBS, 100 µM sodium hypoxan
thine, 0.4 µM aminopterin, 16 µM thymidine (HAT) (Gibco ), 
25 units/ml IL-6 (Boehringer Mannheim) and 1.5xl 06 sple
nocytes/ml and plated into 10 Coming flat-bottom 96-well 
tissue culture plates (Coming, Corning N.Y.). 

[0092] On days 2, 4, and 6, after the fusion, 100 µI of 
medium is removed from the wells of the fusion plates and 
replaced with fresh medium. On day 8, the fusion is screened 
by ELISA, testing for the presence of mouse IgG binding to 
Tn glycopeptide as follows. Immulon 4 plates (Dynatech, 
Cambridge, Mass.) are coated for 2 hours at 37° C. with 100 
ng/well ofTn glycopeptide diluted in 25 mM Tris, pH 7.5. 
The coating solution is aspirated and 200 µI/well of blocking 
solution (0.5% fish skin gelatin (Sigma) diluted in CMF
PBS) is added and incubated for 30 minutes at 37° C. Plates 
are washed three times with PBS containing 0.05% Tween 
20 (PBST) and 50 µI culture supernatant is added. After 
incubation at 37° C. for 30 minutes, and washing as above, 
50 µI of horseradish peroxidase-conjugated goat anti-mouse 
IgG(Fc) (Jackson ImmunoResearch, West Grove, Pa.) 
diluted 1 :3500 in PBST is added. Plates are incubated as 
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above, washed four times with PBST, and 100 µI substrate, 
consisting of 1 mg/ml o-phenylene diamine (Sigma) and 0.1 
µI/ml 30% H2 O2 in 100 mM citrate, pH 4.5, are added. The 
color reaction is stopped after 5 minutes with the addition of 
50 µI of 15% H2 SO4 . The A490 absorbance is determined 
using a plate reader (Dynatech). 
[0093] Selected fusion wells are cloned twice by dilution 
into 96-well plates and visual scoring of the number of 
colonies/well after 5 days. The monoclonal antibodies pro
duced by hybridomas are isotyped using the Isostrip system 
(Boehringer Mannheim, Indianapolis, Ind.). 
[0094] When the hybridoma technique is employed, 
myeloma cell lines may be used. Such cell lines suited for 
use in hybridoma-producing fusion procedures preferably 
are non-antibody-producing, have high fusion efficiency, 
and enzyme deficiencies that render them incapable of 
growing in certain selective media that support the growth of 
only the desired fused cells (hybridomas). For example, 
where the immunized animal is a mouse, one may use 
P3-X63/Ag8, P3-X63-Ag8.653, NSl/1.Ag 4 1, Sp210-
Ag14, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and 
Sl 94/15XX0 Bui; for rats, one may use R21 0.RCY3, Y3-Ag 
1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, 
LICR-LON-HMy2 and UC729-6 are all useful in connection 
with cell fusions. It should be noted that the hybridomas and 
cell lines produced by such techniques for producing the 
monoclonal antibodies are contemplated to be compositions 
of the disclosure. 
[0095] Depending on the host species, various adjuvants 
may be used to increase an immunological response. Such 
adjuvants include, but are not limited to, Freund's, mineral 
gels such as aluminum hydroxide, and surface active sub
stances such as lysolecithin, pluronic polyols, polyanions, 
peptides, oil emulsions, keyhole limpet hemocyanin, and 
dinitrophenol. BCG (bacilli Calmette-Guerin) and Coryne
bacterium parvum are potentially useful human adjuvants. 
[0096] Alternatively, other methods, such as EBV-hy
bridoma methods (Haskard and Archer, J. Immunol. Meth
ods, 74(2), 361-67 (1984), and Roder et al.5 Methods Enzy
mol., 121, 140-67 (1986)), and bacteriophage vector 
expression systems (see, e.g., Huse et al., Science, 246, 
1275-81 (1989)) that are known in the art may be used. 
Further, methods of producing antibodies in non-human 
animals are described in, e.g., U.S. Pat. Nos. 5,545,806, 
5,569,825, and 5,714,352, and U.S. Patent Application Pub
lication No. 2002/0197266 Al), each incorporated herein by 
reference. 
[0097] Antibodies may also be produced by inducing in 
vivo production in the lymphocyte population or by screen
ing recombinant immunoglobulin libraries or panels of 
highly specific binding reagents as disclosed in Orlandi et al. 
(Proc. Natl. Acad. Sci. 86: 3833-3837; 1989), and Winter 
and Milstein (Nature 349: 293-299, 1991), each incorpo
rated herein by reference. 
[0098] Furthermore, phage display can be used to generate 
an antibody of the disclosure. In this regard, phage libraries 
encoding antigen-binding variable (V) domains of antibod
ies can be generated using standard molecular biology and 
recombinant DNA techniques (see, e.g., Sambrook et al. 
(eds.), Molecular Cloning, A Laboratory Manual, 3rd Edi
tion, Cold Spring Harbor Laboratory Press, New York 
(2001)). Phage encoding a variable region with the desired 
specificity are selected for specific binding to the desired 
antigen, and a complete or partial antibody is reconstituted 
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comprising the selected variable domain. Nucleic acid 
sequences encoding the reconstituted antibody are intro
duced into a suitable cell line, such as a myeloma cell used 
for hybridoma production, such that antibodies having the 
characteristics of monoclonal antibodies are secreted by the 
cell (see, e.g., Janeway et al., supra, Huse et al., supra, and 
U.S. Pat. No. 6,265,150). Related methods also are 
described in U.S. Pat. Nos. 5,403,484; 5,571,698; 5,837, 
500; and 5,702,892. The techniques described in U.S. Pat. 
Nos. 5,780,279; 5,821,047; 5,824,520; 5,855,885; 5,858, 
657; 5,871,907; 5,969,108; 6,057,098; and 6,225,447, are 
also contemplated as useful in preparing antibodies accord
ing to the disclosure. 
[0099] Antibodies can be produced by transgenic mice 
that are transgenic for specific heavy and light chain immu
noglobulin genes. Such methods are known in the art and 
described in, for example U.S. Pat. Nos. 5,545,806 and 
5,569,825, and Janeway et al., supra. 
[0100] Methods for generating humanized antibodies are 
well known in the art and are described in detail in, for 
example, Janeway et al., supra, U.S. Pat. Nos. 5,225,539; 
5,585,089; and 5,693,761; European Patent No. 0239400 Bl; 
and United Kingdom Patent No. 2188638. Humanized anti
bodies can also be generated using the antibody resurfacing 
technology described in U.S. Pat. No. 5,639,641 and Ped
ersen et al., J. Mo!. Biol., 235:959-973 (1994). 
[0101] Techniques developed for the production of "chi
meric antibodies," the splicing of mouse antibody genes to 
human antibody genes to obtain a molecule with appropriate 
antigen specificity and biological activity, can be used 
(Morrison et al., Proc. Natl. Acad. Sci. 81: 6851-6855, 1984; 
Neuberger et al., Nature 312: 604-608, 1984; and Takeda et 
al., Nature 314: 452-454; 1985). Alternatively, techniques 
described for the production of single-chain antibodies (U.S. 
Pat. No. 4,946,778) can be adapted to produce Tn glyco
peptide-specific single chain antibodies. 
[0102] A preferred chimeric or humanized antibody has a 
human constant region, while the variable region, or at least 
a CDR, of the antibody is derived from a non-human 
species. Methods for humanizing non-human antibodies are 
well known in the art. (see U.S. Pat. Nos. 5,585,089, and 
5,693,762). Generally, a humanized antibody has one or 
more amino acid residues introduced into a CDR region 
and/or into its framework region from a source which is 
non-human. Humanization can be performed, for example, 
using methods described in Jones et al. (Nature 321: 522-
525, 1986), Riechmann et al., (Nature, 332: 323-327, 1988) 
and Verhoeyen et al. (Science 239:1534-1536, 1988), by 
substituting at least a portion of a rodent complementarity
determining region (CDR) for the corresponding region of a 
human antibody. Numerous techniques for preparing engi
neered antibodies are described, e.g., in Owens and Young, 
J. Immunol. Meth., 168:149-165 (1994). Further changes 
can then be introduced into the antibody framework to 
modulate affinity or immunogenicity. 
[0103] Consistent with the foregoing description, compo
sitions comprising CDRs may be generated using, at least in 
part, techniques known in the art to isolate CDRs. Comple
mentarity-determining regions are characterized by six poly
peptide loops, three loops for each of the heavy or light chain 
variable regions. The amino acid position in a CDR is 
defined by Kabat et al., "Sequences of Proteins of Immu
nological Interest," U.S. Department of Health and Human 
Services, (1983 ), which is incorporated herein by reference. 
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For example, hypervariable regions of human antibodies are 
roughly defined to be found at residues 28 to 35, from 49-59 
and from residues 92-103 of the heavy and light chain 
variable regions [Janeway et al., supra]. The murine CDRs 
also are found at approximately these amino acid residues. 
It is understood in the art that CDR regions may be found 
within several amino acids of the approximated amino acid 
positions set forth above. An immunoglobulin variable 
region also consists of four "framework" regions surround
ing the CDRs (FRl-4). The sequences of the framework 
regions of different light or heavy chains are highly con
served within a species, and are also conserved between 
human and murine sequences. 

[0104] Compositions comprising one, two, and/or three 
CDRs of a heavy chain variable region or a light chain 
variable region of a monoclonal antibody are generated. 
Polypeptide compositions comprising one, two, three, four, 
five and/or six complementarity-determining regions of an 
antibody are also contemplated. Using the conserved frame
work sequences surrounding the CDRs, PCR primers 
complementary to these consensus framework sequences are 
generated to amplify the CDR sequence located between the 
primer regions. Techniques for cloning and expressing 
nucleotide and polypeptide sequences are well-established 
in the art [see e.g., Sambrook et al., Molecular Cloning: A 
Laboratory Manual, rd Edition, Cold Spring Harbor, N.Y. 
(1989)]. The amplified CDR sequences are ligated into an 
appropriate plasmid. The plasmid comprising one, two, 
three, four, five and/or six cloned CDRs optionally contains 
additional polypeptide encoding regions linked to the CDR. 

[0105] It is contemplated that modified polypeptide com
positions comprising one, two, three, four, five, or six CDRs 
of a heavy or light chain of an antibody according to the 
disclosure are generated, wherein a CDR is altered to 
provide increased specificity or affinity or avidity to the 
target Tn glycopeptide. Sites at locations in the CDRs are 
typically modified in series, e.g., by substituting first with 
conservative choices (e.g., hydrophobic amino acid substi
tuted for a non-identical hydrophobic amino acid) and then 
with more dissimilar choices (e.g., hydrophobic amino acid 
substituted for a charged amino acid), and then deletions or 
insertions may be made at the target site. 

[0106] Framework regions (FR) of a murine antibody are 
humanized by substituting compatible human framework 
regions chosen from a large database of human antibody 
variable sequences, including over twelve hundred human 
V H sequences and over one thousand V L sequences. The 
database of antibody sequences used for comparison is 
downloaded from Andrew C. R. Martin's KabatMan web 
page (http://www.rubic.rdg.ac.uk/abs/). The Kabat method 
for identifying CDRs provides a means for delineating the 
approximate CDR and framework regions of any human 
antibody and comparing the sequence of a murine antibody 
for similarity to determine the CD Rs and FRs. Best matched 
human V Hand V L sequences are chosen on the basis of high 
overall framework matching, similar CDR length, and mini
mal mismatching of canonical and V EIVL contact residues. 
Human framework regions most similar to the murine 
sequence are inserted between the murine CDRs. Alterna
tively, the murine framework region may be modified by 
making amino acid substitutions of all or part of the native 
framework region that more closely resemble a framework 
region of a human antibody. 
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[0107] "Conservative" amino acid substitutions are made 
on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipathic 
nature of the residues involved. For example, nonpolar 
(hydrophobic) amino acids include alanine (Ala, A), leucine 
(Leu, L), isoleucine (Ile, I), valine (Val, V), praline (Pro, P), 
phenylalanine (Phe, F), tryptophan (Trp, W), and methio
nine (Met, M); polar neutral amino acids include glycine 
(Gly, G), serine (Ser, S), threonine (Thr, T), cysteine (Cys, 
C), tyrosine (Tyr, Y), asparagine (Asn, N), and glutamine 
(Gin, Q); positively charged (basic) amino acids include 
arginine (Arg, R), lysine (Lys, K), and histidine (His, H); and 
negatively charged (acidic) amino acids include aspartic 
acid (Asp, D) and glutamic acid (Glu, E). "Insertions" or 
"deletions" are preferably in the range of about 1 to 20 
amino acids, more preferably 1 to 10 amino acids. The 
variation may be introduced by systematically making sub
stitutions of amino acids in a polypeptide molecule using 
recombinant DNA techniques and assaying the resulting 
recombinant variants for activity. Nucleic acid alterations 
can be made at sites that differ in the nucleic acids from 
different species (variable positions) or in highly conserved 
regions ( constant regions). Methods for expressing polypep
tide compositions useful in the invention are described in 
greater detail below. 
[0108] Additionally, another useful technique for generat
ing antibodies for use in the methods of the disclosure may 
be one which uses a rational design-type approach. The goal 
of rational design is to produce structural analogs of bio
logically active polypeptides or compounds with which they 
interact (agonists, antagonists, inhibitors, peptidomimetics, 
binding partners, and the like). By creating such analogs, it 
is possible to fashion additional antibodies that are more 
immunoreactive than the native or natural molecule. In one 
approach, one would generate a three-dimensional structure 
for the antibodies or an epitope binding fragment thereof. 
This could be accomplished by x-ray crystallography, com
puter modeling or by a combination of both approaches. An 
alternative approach, "alanine scan," involves the random 
replacement of residues throughout a molecule with alanine, 
and the resulting effect on function is determined. 
[0109] It also is possible to solve the crystal structure of 
the specific antibodies. In principle, this approach yields a 
pharmacore upon which subsequent drug design can be 
based. It is possible to bypass protein crystallography alto
gether by generating anti-idiotypic antibodies to a func
tional, pharmacologically active antibody. As a mirror image 
of a mirror image, the binding site of anti-idiotype antibody 
is expected to be an analog of the original antigen. The 
anti-idiotype antibody is then be used to identify and isolate 
additional antibodies from banks of chemically- or biologi
cally-produced peptides. 
[0110] Chemically synthesized bispecific antibodies may 
be prepared by chemically cross-linking heterologous Fab or 
F(ab')2 fragments by means of chemicals such as heterobi
functional reagent succinimidyl-3-(2-pyridyldithiol)-propi
onate (SPDP, Pierce Chemicals, Rockford, Ill.). The Fab and 
F(ab')2 fragments can be obtained from intact antibody by 
digesting it with papain or pepsin, respectively (Karpovsky 
et al., J. Exp. Med. 160:1686-701, 1984; Titus et al., J. 
Immunol., 138:4018-22, 1987). 
[0111] Methods of testing antibodies for the ability to bind 
to the epitope of the Tn glycopeptide, regardless of how the 
antibodies are produced, are known in the art and include 
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any antibody-antigen binding assay such as, for example, 
radioimmunoassay (RIA), ELISA, Western blot, immuno
precipitation, and competitive inhibition assays (see, e.g., 
Janeway et al., infra, and U.S. Patent Application Publica
tion No. 2002/0197266 Al). 

[0112] Selection of antibodies from an antibody popula
tion for purposes herein also include using blood vessel 
endothelial cells to "subtract" those antibodies that cross
react with epitopes on such cells other than Tn glycopeptide 
epitopes. The remaining antibody population is enriched in 
antibodies preferential for Tn glycopeptide epitopes. 

[0113] Aptamers 

[0114] Recent advances in the field of combinatorial sci
ences have identified short polymer sequences ( e.g., oligo
nucleic acid or peptide molecules) with high affinity and 
specificity to a given target. For example, SELEX technol
ogy has been used to identify DNA and RNA aptamers with 
binding properties that rival mammalian antibodies, the field 
of immunology has generated and isolated antibodies or 
antibody fragments which bind to a myriad of compounds, 
and phage display has been utilized to discover new peptide 
sequences with very favorable binding properties. Based on 
the success of these molecular evolution techniques, it is 
certain that molecules can be created which bind to any 
target molecule. A loop structure is often involved with 
providing the desired binding attributes as in the case of 
aptamers, which often utilize hairpin loops created from 
short regions without complementary base pairing, naturally 
derived antibodies that utilize combinatorial arrangement of 
looped hypervariable regions and new phage-display librar
ies utilizing cyclic peptides that have shown improved 
results when compared to linear peptide phage display 
results. Thus, sufficient evidence has been generated to 
indicate that high affinity ligands can be created and iden
tified by combinatorial molecular evolution techniques. For 
the present disclosure, molecular evolution techniques can 
be used to isolate binding agents specific for a Tn glyco
peptide disclosed herein. For more on aptamers, see gener
ally, Gold, L., Singer, B., He, Y. Y., Brody. E., "Aptamers As 
Therapeutic And Diagnostic Agents," J. Biotechnol. 7 4: 5-13 
(2000). Relevant techniques for generating aptamers are 
found in U.S. Pat. No. 6,699,843, which is incorporated 
herein by reference in its entirety. 

[0115] In some embodiments, the aptamer is generated by 
preparing a library of nucleic acids; contacting the library of 
nucleic acids with a growth factor, wherein nucleic acids 
having greater binding affinity for the growth factor (relative 
to other library nucleic acids) are selected and amplified to 
yield a mixture of nucleic acids enriched for nucleic acids 
with relatively higher affinity and specificity for binding to 
the growth factor. The processes may be repeated, and the 
selected nucleic acids mutated and rescreened, whereby a 
growth factor aptamer is identified. Nucleic acids may be 
screened to select for molecules that bind to more than one 
target. Binding more than one target can refer to binding 
more than one simultaneously or competitively. In some 
embodiments, a binding agent comprises at least one 
aptamer, wherein a first binding unit binds a first epitope of 
an Tn glycopeptide and a second binding unit binds a second 
epitope of the Tn glycopeptide. 

[0116] As used herein, the term "reduce" as well as like 
terms, e.g., "inhibit," do not necessarily imply 100% or a 
complete reduction or inhibition. Rather, there are varying 
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degrees of reduction or inhibition of which one of ordinary 
skill in the art recognizes as having a potential benefit or 
therapeutic effect 
[0117] Chimeric Antigen Receptors (CARs) 
[0118] In exemplary aspects, the effector domain is a 
T-cell signaling domain. In exemplary aspects, the conjugate 
is a chimeric antigen receptor (CAR). Chimeric antigen 
receptors ( CARs) are engineered transmembrane proteins 
that combine the specificity of an antigen-specific antibody 
with a T-cell receptor's function. In general, CARs comprise 
an ectodomain, a transmembrane domain, and an endodo
main. The ectodomain of a CAR in exemplary aspects 
comprises an antigen recognition region, which may be an 
scFV of an antigen-specific antibody. The ectodomain also 
in some embodiments comprises a signal peptide which 
directs the nascent protein into the endoplasmic reticulum. 
In exemplary aspects, the ectodomain comprises a spacer 
which links the antigen recognition region to the transmem
brane domain. The transmembrane (TM) domain is the 
portion of the CAR which traverses the cell membrane. In 
exemplary aspects, the TM domain comprises a hydropho
bic alpha helix. In exemplary aspects, the TM domain 
comprises all or a portion of the TM domain of CD28. In 
exemplary aspects, the TM domain comprises all or a 
portion of the TM domain of CD8a. The endodomain of a 
CAR comprises one or more signaling domains. In exem
plary aspects, the endodomain comprises the zeta chain of 
CD3, which comprises three copies of the Immunoreceptor 
Tyrosine-based Activation Motif (ITAM). An ITAM gener
ally comprises a Tyr residue separated by two amino acids 
from a Leu or Ile. In the case of immune cell receptors, e.g., 
the T cell receptor and the B cell receptor, the ITAMs occur 
in multiples ( at least two) and each ITAM is separated from 
another by 6-8 amino acids. The endodomain of CARs may 
also comprises additional signaling domains, e.g., portions 
of proteins that are important for downstream signal trans
duction. In exemplary aspects, the endodomain comprises 
signaling domains from one or more of CD28, 41BB or 
4-lBB (CD137), ICOS, CD27, CD40, OX40 (CD134), or 
Myd88. Methods of making CARs, expressing them in cells, 
e.g., T-cells, and utilizing the CAR-expressing T-cells in 
therapy, are known in the art. See, e.g., International Patent 
Application Publication Nos. WO2014/208760, WO2014/ 
190273, WO2014/186469, WO2014/184143, 
WO2014180306, WO2014/179759, WO2014/153270, U.S. 
Application Publication Nos. US20140369977, 
US20140322212, US20140322275, US20140322183, 
US20140301993, US20140286973, US20140271582, 
US20140271635, US20140274909, European Application 
Publication No. 2814846, each of which are incorporated by 
reference in their entirety. 
[0119] In exemplary aspects, the conjugate of the disclo
sure is a Tn glycopeptide-specific chimeric antigen receptor 
(CAR) comprising a Tn glycopeptide binding agent 
described herein, a hinge region, and an endodomain com
prising a signaling domain of a CD3 zeta chain and a 
signaling domainofCD28, CD134, and/or CD 137. In exem
plary aspects, the CAR further comprises a transmembrane 
(TM) domain based on the TM domain of CD28. In exem
plary aspects, the CAR further comprises a transmembrane 
(TM) domain based on the TM domain of CD8a. 
[0120] In exemplary aspects, the endodomain further com
prises a signaling domain of one or more of: CD 13 7, CD 134, 
CD27, CD40, ICOS, and Myd88. For example, the disclo-
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sure contemplates a sequence comprising a CD27 signaling 
domain, a sequence comprising a CD40 signaling domain, a 
sequence comprising a CD134 signaling domain, a sequence 
comprising a CD137 signaling domain, a sequence com
prising an ICOS signaling domain, and/or a sequence com
prising a Myd88 signaling domain, respectively. 
[0121] In exemplary aspects, the CAR comprises (A) a Tn 
glycopeptide binding agent sequence, (B) a hinge region; 
(C) an endodomain comprising a signaling domain of a CD3 
zeta chain and a signaling domain of CD28 and at least one 
other signaling domain. In exemplary aspects, the CAR 
comprises an endodomain comprising a signaling domain of 
41BB (CD137). In exemplary aspects, the CD137 signaling 
is N-terminal to a CD3 zeta chain signaling chain. 
[0122] In exemplary aspects, the CAR comprises an 
endodomain comprising a signaling domain of OX40 
(CD134). In exemplary aspects, the CD137 signaling is 
N-terminal to a CD3 zeta chain signaling chain. 
[0123] In exemplary aspects, the CAR comprises (A) a Tn 
glycopeptide binding agent sequence, (B) a hinge region; 
(C) a transmembrane domain of CD8a chain, and (D) an 
endodomain comprising a signaling domain of a CD3 zeta 
chain, and, optionally, at least one other signaling domain. In 
exemplary aspects, the CAR further comprises a CD137 
signaling domain and a CD3 zeta chain signaling domain. 
[0124] Nucleic Acids, Vectors, Host Cells 
[0125] Further provided by the disclosures is a nucleic 
acid comprising a nucleotide sequence encoding any of the 
binding agents and conjugates ( e.g., chimeric proteins, 
fusion proteins, CARs) described herein. The nucleic acid 
may comprise any nucleotide sequence which encodes any 
of the binding agents or conjugates described herein. 
[0126] By "nucleic acid" as used herein includes "poly
nucleotide," "oligonucleotide," and "nucleic acid mol
ecule," and generally means a polymer of DNA or RNA, 
which may be single-stranded or double-stranded, synthe
sized or obtained ( e.g., isolated and/or purified) from natural 
sources, which may contain natural, non-natural or altered 
nucleotides, and which may contain a natural, non-natural or 
altered intemucleotide linkage, such as a phosphoroamidate 
linkage or a phosphorothioate linkage, instead of the phos
phodiester found between the nucleotides of an unmodified 
oligonucleotide. It is generally preferred that the nucleic acid 
does not comprise any insertions, deletions, inversions, 
and/or substitutions. However, it may be suitable in some 
instances, as discussed herein, for the nucleic acid to com
prise one or more insertions, deletions, inversions, and/or 
substitutions. 
[0127] In exemplary aspects, the nucleic acids of the 
disclosures are recombinant. As used herein, the term 
"recombinant" refers to (i) molecules that are constructed 
outside living cells by joining natural or synthetic nucleic 
acid segments to nucleic acid molecules that may replicate 
in a living cell, or (ii) molecules that result from the 
replication of those described in (i) above. For purposes 
herein, the replication may be in vitro replication or in vivo 
replication. 
[0128] The nucleic acids in exemplary aspects are con
structed based on chemical synthesis and/or enzymatic liga
tion reactions using procedures known in the art. See, for 
example, Sambrook et al., supra, and Ausubel et al., supra. 
For example, a nucleic acid may be chemically synthesized 
using naturally occurring nucleotides or variously modified 
nucleotides designed to increase the biological stability of 
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the molecules or to increase the physical stability of the 
duplex formed upon hybridization ( e.g., phosphorothioate 
derivatives and acridine substituted nucleotides). Examples 
of modified nucleotides that may be used to generate the 
nucleic acids include, but are not limited to, 5-fluorouracil, 
5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
xanthine, 4-acetylcytosine, 5-( carboxyhydroxymethyl) ura
cil, 5-carboxymethylaminomethy 1-2-thiouridme, 5-car
boxymethylaminomethy luracil, dihydrouracil, beta-D-ga
lactosylqueosine, inosine, N6-isopentenyladenine, 
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 
5-methylcytosine, N-substituted adenine, 7-methylguanine, 
5-methy lammomethy !uracil, 5-methoxyaminomethy 1-2-
thiouracil, beta-D-mannosy lqueosine, 5'-methoxycar
boxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-iso
pentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, 
pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thioura
cil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxy
acetic acid methylester, 3-(3-amino-3-N-2-carboxypropyl) 
uracil, and 2,6-diaminopurine. Alternatively, one or more of 
the nucleic acids of the disclosures may be purchased from 
companies, such as Macromolecular Resources (Fort Col
lins, Colo.) and Synthegen (Houston, Tex.). 

[0129] The nucleic acids of the disclosures in exemplary 
aspects are incorporated into a recombinant expression 
vector. In this regard, the disclosures provides recombinant 
expression vectors comprising any of the nucleic acids of the 
disclosures. For purposes herein, the term "recombinant 
expression vector" means a genetically-modified oligo
nucleotide or polynucleotide construct that permits the 
expression of an mRNA, protein, polypeptide, or peptide by 
a host cell, when the construct comprises a nucleotide 
sequence encoding the mRNA, protein, polypeptide, or 
peptide, and the vector is contacted with the cell under 
conditions sufficient to have the mRNA, protein, polypep
tide, or peptide expressed within the cell. The vectors of the 
disclosures are not naturally occurring as a whole. Parts of 
the vectors, however, may be naturally occurring. The 
recombinant expression vectors of the disclosure may com
prise any type of nucleotides, including, but not limited to 
DNA and RNA, which may be single-stranded or double
stranded, synthesized or obtained in part from natural 
sources, and which may contain natural, non-natural or 
altered nucleotides. The recombinant expression vectors 
may comprise naturally occurring or non-naturally occur
ring intemucleotide linkages, or both types of linkages. In 
exemplary aspects, the altered nucleotides or non-naturally 
occurring intemucleotide linkages do not hinder the tran
scription or replication of the vector. 

[0130] The recombinant expression vector of the disclo
sure may be any suitable recombinant expression vector, and 
may be used to transform or transfect any suitable host. 
Suitable vectors include those designed for propagation and 
expansion or for expression or both, such as plasmids and 
viruses. The vector may be selected from the group consist
ing of the pUC series (Fermentas Life Sciences), the pB!ue
script series (Stratagene, LaJolla, Calif.), the pET series 
(Novagen, Madison, Wis.), the pGEX series (Pharmacia 
Biotech, Uppsala, Sweden), and the pEX series (Clontech, 
Palo Alto, Calif.). Bacteriophage vectors, such as AGTIO, 
AGTI 1, AZapII (Stratagene), AEMBL4, and ANMI 149, also 
may be used. Examples of plant expression vectors include 
pBIOI, pBil0l.2, pBil0l.3, pBI121 and pBIN19 (Clan-
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tech). Examples of animal expression vectors include 
pEUK-Cl, pMAM and pMAMneo (Clontech). Preferably, 
the recombinant expression vector is a viral vector, e.g., a 
retroviral vector. 
[0131] The recombinant expression vectors of the disclo
sures may be prepared using standard recombinant DNA 
techniques described in, for example, Sambrook et al., 
supra, and Ausubel et al., supra. Constructs of expression 
vectors, which are circular or linear, may be prepared to 
contain a replication system functional in a prokaryotic or 
eukaryotic host cell. Replication systems may be derived, 
e.g., from CoIEl, 2µ plasmid, A, SV 40, bovine papilloma 
virus, and the like. 
[0132] In exemplary aspects, the recombinant expression 
vector comprises regulatory sequences, such as transcription 
and translation initiation and termination codons, which are 
specific to the type of host ( e.g., bacterium, fungus, plant, or 
animal) into which the vector is to be introduced, as appro
priate and taking into consideration whether the vector is 
DNA- or RNA-based. 
[0133] The recombinant expression vector may include 
one or more marker coding regions, which allow for selec
tion of transformed or transfected hosts. Marker coding 
regions include biocide resistance, e.g., resistance to antibi
otics, heavy metals, and the like, complementation in an 
auxotrophic host to provide prototrophy, and the like. Suit
able marker coding regions for the expression vectors of the 
disclosure include, for instance, neomycin/G418 resistance 
coding regions, hygromycin resistance coding regions, his
tidinol resistance coding regions, tetracycline resistance 
coding regions, and ampicillin resistance coding regions. 
[0134] The recombinant expression vector may comprise 
a native or normative promoter operably linked to the 
nucleotide sequence encoding the binding agent or conju
gate or to the nucleotide sequence which is complementary 
to or which hybridizes to the nucleotide sequence encoding 
the binding agent or conjugate. The selection of promoters, 
e.g., strong, weak, inducible, tissue-specific and develop
mental-specific, is within the ordinary skill of the artisan. 
[0135] Similarly, the combining of a nucleotide sequence 
with a promoter is also within the skill of the artisan. The 
promoter may be a non-viral promoter or a viral promoter, 
e.g., a cytomegalovirus (CMV) promoter, an SV40 pro
moter, an RSV promoter, or a promoter found in the long
terminal repeat of the murine stem cell virus. 
[0136] The inventive recombinant expression vectors may 
be designed for either transient expression, for stable expres
sion, or for both. Also, the recombinant expression vectors 
may be made for constitutive expression or for inducible 
expression. Further, the recombinant expression vectors may 
be made to include a suicide gene or coding region. 
[0137] As used herein, the term "suicide gene" refers to a 
gene that causes the cell expressing the suicide gene to die. 
The suicide gene may be a gene that confers sensitivity to an 
agent, e.g., a drug, upon the cell in which the gene is 
expressed, and causes the cell to die when the cell is 
contacted with or exposed to the agent. Suicide genes are 
known in the art (see, for example, Suicide Gene Therapy: 
Methods and Reviews. Springer, Caroline J. (Maycer 
Research UK Centre for Maycer Therapeutics at the Institute 
of Maycer Research, Sutton, Surrey, UK), Humana Press, 
2004) and include, for example, the Herpes Simplex Virus 
(HSY) thymidine kinase (TK) gene, cytosine deaminase, 
purine nucleoside phosphorylase, and nitroreductase. The 
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description of the characteristics, properties, and behavior of 
suicide genes also applies to the use of suicide coding 
regions. 

[0138] The disclosures further provides a host cell com
prising any of the nucleic acids or vectors described herein. 
As used herein, the term "host cell" refers to any type of cell 
that may contain the nucleic acid or vector described herein. 
In exemplary aspects, the host cell is a eukaryotic cell, e.g., 
plant, animal, fungi, or algae, or may be a prokaryotic cell, 
e.g., bacterium or protozoan. In exemplary aspects, the host 
cell is a cell originating or obtained from a subject, as 
described herein. In exemplary aspects, the host cell origi
nates from or is obtained from a mammal. As used herein, 
the term "mammal" refers to any mammal, including, but 
not limited to, mammals of the order Rodentia, such as mice 
and hamsters, and mammals of the order Lagomorpha, such 
as rabbits. The mammals may be from the order Camivora, 
including Felines (cats) and Canines (dogs). Alternatively, 
the mammals are from the order Artiodactyla, including 
bovine (cow) and swine (pig) or of the order Perssodactyla, 
including equine (horse). Other alternatives include mam
mals of the order Primates, Ceboids, or Simoids (monkeys) 
or of the order Anthropoids (humans and apes). An espe
cially preferred mammal is the human. 

[0139] In exemplary aspects, the host cell is a cultured cell 
or a primary cell, such as a cell isolated directly from an 
organism, e.g., a human. The host cell in exemplary aspects 
is an adherent cell or a suspended cell, i.e., a cell that grows 
in suspension. Suitable host cells are known in the art and 
include, for instance, DH5a E. coli cells, Chinese hamster 
ovarian (CHO) cells, monkey VERO cells, T293 cells, COS 
cells, HEK293 cells, and the like. For purposes of amplify
ing or replicating the recombinant expression vector, the 
host cell is preferably a prokaryotic cell, e.g., a DH5a cell. 
For purposes of producing a binding agent or a conjugate, 
the host cell is in some aspects a mammalian cell. In 
exemplary aspects, the host cell is a human cell. While the 
host cell may be of any cell type, the host cell may originate 
from any type of tissue, and may be of any developmental 
stage. In exemplary aspects, the host cell is a hematopoietic 
stem cell or progenitor cell. See, e.g., Nakamura De Oliveira 
et al., Human Gene Therapy 24:824-839 (2013). The host 
cell in exemplary aspects is a peripheral blood lymphocyte 
(PBL). In exemplary aspects, the host cell is a natural killer 
cell. In exemplary aspects, the host cell is a T cell. 

[0140] For purposes herein, the T cell may be any T cell, 
such as a cultured T cell, e.g., a primary T cell, or a T cell 
from a cultured T cell line, e.g., Jurkat, SupTl, or a T cell 
obtained from a mammal. If obtained from a mammal, the 
T cell may be obtained from numerous sources, including 
but not limited to blood, bone marrow, lymph node, the 
thymus, or other tissues or fluids. T cells may also be 
enriched for or purified. The T cell may be obtained by 
maturing hematopoietic stem cells, either in vitro or in vivo, 
into T cells. In exemplary aspects, the T cell is a human T 
cell. In exemplary aspects, the T cell is a T cell isolated from 
a human. The T cell may be any type of T cell or a NK cell, 
and may be of any developmental stage, including but not 
limited to, CD4+/CD8+ double positive T or NK cells, 
CDA+ helper T cells, e.g., Thi and Th2 cells, CDS+ T cells 
(e.g., cytotoxic T cells), peripheral blood mononuclear cells 
(PBMCs), peripheral blood leukocytes (PBLs), tumor infil-
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trating cells (TILs ), memory T cells, naive T cells, and the 
like. Preferably, the T or NK cell is a CDS+ T cell or a CD4+ 
T cell. 
[0141] Also provided by the disclosures is a population of 
cells comprising at least one host cell described herein. The 
population of cells may be a heterogeneous population 
comprising the host cell comprising any of the recombinant 
expression vectors described, in addition to at least one other 
cell, e.g., a host cell ( e.g., a T cell), which does not comprise 
any of the recombinant expression vectors, or a cell other 
than a T cell, e.g., a B cell, a macrophage, a neutrophil, an 
erythrocyte, a hepatocyte, an endothelial cell, an epithelial 
cells, a muscle cell, a brain cell, and the like. Alternatively, 
the population of cells may be a substantially homogeneous 
population, in which the population comprises mainly host 
cells comprising the recombinant expression vector. The 
population also may be a clonal population of cells, in which 
all cells of the population are clones of a single host cell 
comprising a recombinant expression vector, such that all 
cells of the population comprise the recombinant expression 
vector. In exemplary embodiments of the disclosures, the 
population of cells is a clonal population comprising host 
cells expressing a nucleic acid or a vector described herein. 
[0142] Pharmaceutical Compositions and Routes of 
Administration 
[0143] In some embodiments of the disclosure, the bind
ing agents, conjugates, nucleic acids, vectors, host cells, or 
populations of cells, are admixed with a pharmaceutically 
acceptable carrier. Accordingly, pharmaceutical composi
tions comprising any of the binding agents, conjugates, 
nucleic acids, vectors, host cells, or populations of cells 
described herein and comprising a pharmaceutically accept
able carrier, diluent, or excipient are contemplated. 
[0144] The pharmaceutically acceptable carrier is any of 
those conventionally used and is limited only by physico
chemical considerations, such as solubility and lack of 
reactivity with the active binding agent(s), and by the route 
of administration. The pharmaceutically acceptable carriers 
described herein, for example, vehicles, adjuvants, excipi
ents, and diluents, are well-known to those skilled in the art 
and are readily available to the public. In one aspect the 
pharmaceutically acceptable carrier is one that is chemically 
inert to the active ingredient(s) of the pharmaceutical com
position, e.g., the first binding agent and the second binding 
agent, and one which has no detrimental side effects or 
toxicity under the conditions of use. The carrier in some 
embodiments does not produce adverse, allergic, or other 
untoward reactions when administered to an animal or a 
human. The pharmaceutical composition in some aspects is 
free of pyrogens, as well as other impurities that could be 
harmful to humans or animals. Pharmaceutically acceptable 
carriers include any and all solvents, dispersion media, 
coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like; the use of which are 
well known in the art. 
[0145] Acceptable carriers, excipients or stabilizers are 
nontoxic to recipients and are preferably inert at the dosages 
and concentrations employed, and include buffers such as 
phosphate, citrate, or other organic acids; antioxidants such 
as ascorbic acid; low molecular weight polypeptides; pro
teins, such as serum albumin, gelatin, or immunoglobulins; 
hydrophilic polymers such as polyvinylpyrrolidone; amino 
acids such as glycine, glutamine, asparagine, arginine or 
lysine; monosaccharides, disaccharides, and other carbohy-
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drates including glucose, mannose, or dextrins; chelating 
agents such as EDTA; sugar alcohols such as mannitol or 
sorbitol; salt-forming counterions such as sodium; and/or 
nonionic surfactants such as Tween, Pluronics or polyeth
ylene glycol (PEG). 
[0146] Therapeutic formulations of the compositions use
ful for practicing the methods disclosed herein, such as 
polypeptides, polynucleotides, or binding agents such as 
antibodies, CARs, BiTEs and the like, may be prepared for 
storage by mixing the selected composition having the 
desired degree of purity with optional physiologically and 
pharmaceutically acceptable carriers, excipients, or stabiliz
ers (Remington's Pharmaceutical Sciences, 18th edition, A. 
R. Gennaro, ed., Mack Publishing Company (1990)) in the 
form of a lyophilized cake or an aqueous solution. Pharma
ceutical compositions may be produced by admixing with 
one or more suitable carriers or adjuvants such as water, 
mineral oil, polyethylene glycol, starch, talcum, lactose, 
thickeners, stabilizers, suspending agents, and the like. Such 
compositions may be in the form of solutions, suspensions, 
tablets, capsules, creams, salves, ointments, or other con
ventional forms. 
[0147] Non-living compositions of the disclosure to be 
used for in vivo administration should be sterile. This is 
readily accomplished by filtration through sterile filtration 
membranes, prior to or following lyophilization and recon
stitution. Such therapeutic compositions generally are 
placed into a container having a sterile access port, for 
example, an intravenous solution bag or vial having a 
stopper pierceable by a hypodermic injection needle. The 
pharmaceutical forms suitable for injectable use include 
sterile aqueous solutions or dispersions and sterile powders 
for the extemporaneous preparation of sterile injectable 
solutions or dispersions. In some cases the form should be 
sterile and should be fluid to the extent that easy syringabil
ity exists. It should be stable under the conditions of 
manufacture and storage and should be preserved against the 
contaminating action of microorganisms, such as bacteria 
and fungi. The composition for parenteral administration 
ordinarily will be stored in lyophilized form or in solution. 
For living compositions according to the disclosure, such as 
CARs expressed in a host cell such as a T cell, the above
described technologies are adapted to the characteristics of 
a living therapeutic. For example, sterilization would not be 
relevant and the use of techniques to preserve compositions 
against microorganisms would be adjusted or avoided. 
[0148] The carrier can be a solvent or dispersion medium 
containing, for example, water, ethanol, polyol (for example, 
glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), suitable mixtures thereof, and vegetable oils. 
The proper fluidity can be maintained, for example, by the 
use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion, and/or by the 
use of surfactants. The prevention of the action of microor
ganisms can be brought about by various antibacterial and/or 
antifungal agents, for example, parabens, chlorobutanol, 
phenol, sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, 
sugars or sodium chloride. Prolonged absorption of the 
injectable compositions can be brought about by the inclu
sion in the compositions of agents delaying absorption, for 
example, aluminum monostearate and gelatin. 
[0149] The choice of carrier will be determined in part by 
the particular type of binding agents of the pharmaceutical 
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compos1t10n, as well as by the particular route used to 
administer the pharmaceutical composition. Accordingly, 
there are a variety of suitable formulations of the pharma
ceutical composition. 
[0150] The pharmaceutical composition of the present 
disclosures can comprise any pharmaceutically acceptable 
ingredient including, for example, acidifying agents, addi
tives, adsorbents, aerosol propellants, air displacement 
agents, alkalizing agents, anticaking agents, anticoagulants, 
antimicrobial preservatives, antioxidants, antiseptics, bases, 
binders, buffering agents, chelating agents, coating agents, 
coloring agents, desiccants, detergents, diluents, disinfec
tants, disintegrants, dispersing agents, dissolution-enhanc
ing agents, dyes, emollients, emulsifying agents, emulsion 
stabilizers, fillers, film-forming agents, flavor enhancers, 
flavoring agents, flow enhancers, gelling agents, granulating 
agents, humectants, lubricants, mucoadhesives, ointment 
bases, ointments, oleaginous vehicles, organic bases, pastille 
bases, pigments, plasticizers, polishing agents, preserva
tives, sequestering agents, skin penetrants, solubilizing 
agents, solvents, stabilizing agents, suppository bases, sur
face active agents, surfactants, suspending agents, sweeten
ing agents, therapeutic agents, thickening agents, tonicity 
agents, toxicity agents, viscosity-increasing agents, water
absorbing agents, water-miscible cosolvents, water soften
ers, or wetting agents. 
[0151] The pharmaceutical compositions may be formu
lated to achieve a physiologically compatible pH. In some 
embodiments, the pH of the pharmaceutical composition 
may be at least 5, at least 5.5, at least 6, at least 6.5, at least 
7, at least 7.5, at least 8, at least 8.5, at least 9, at least 9.5, 
at least 10, or at least 10.5 up to and including pH 11, 
depending on the formulation and route of administration. In 
certain embodiments, the pharmaceutical compositions may 
comprise buffering agents to achieve a physiologically com
patible pH. The buffering agents may include any com
pounds capable of buffering at the desired pH such as, for 
example, phosphate buffers (e.g., PBS), triethanolamine, 
Tris, bicine, TAPS, tricine, HEPES, TES, MOPS, PIPES, 
cacodylate, MES, and others known in the art. 
[0152] In some embodiments, the pharmaceutical compo
sition comprising the binding agents described herein is 
formulated for parenteral administration, subcutaneous 
administration, intravenous administration, intramuscular 
administration, intraarterial administration, intrathecal 
administration, or intraperitoneal administration. In other 
embodiments, the pharmaceutical composition is adminis
tered via nasal, spray, oral, aerosol, rectal, or vaginal admin
istration. The compositions may be administered by infu
sion, bolus injection or by implantation device. 
[0153] The following discussion on routes of administra
tion is merely provided to illustrate exemplary embodiments 
and should not be construed as limiting the scope of the 
disclosed subject matter. 
[0154] Formulations suitable for oral administration can 
consist of (a) liquid solutions, such as an effective amount of 
the composition of the disclosure dissolved in diluents, such 
as water, saline, a beverage such as coffee, tea, milk, soda, 
or fruit juice, a biocompatible buffer; (b) capsules, sachets, 
tablets, lozenges, and troches, each containing a predeter
mined amount of the active ingredient, as solids or granules; 
( c) powders; ( d) suspensions in an appropriate liquid; and ( e) 
suitable emulsions. Liquid formulations may include 
diluents, such as water and alcohols, for example, ethanol, 
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benzyl alcohol, and the polyethylene alcohols, either with or 
without the addition of a pharmaceutically acceptable sur
factant. Capsule forms can be of the ordinary hard- or 
soft-shelled gelatin type containing, for example, surfac
tants, lubricants, and inert fillers, such as lactose, sucrose, 
calcium phosphate, and com starch. Tablet forms can 
include one or more of lactose, sucrose, marmitol, com 
starch, potato starch, alginic acid, microcrystalline cellulose, 
acacia, gelatin, guar gum, colloidal silicon dioxide, croscar
mellose sodium, talc, magnesium stearate, calcium stearate, 
zinc stearate, stearic acid or other excipients, as well as 
colorants, diluents, buffering agents, disintegrating agents, 
moistening agents, preservatives, flavoring agents, and other 
pharmacologically compatible excipients. Lozenge forms 
can comprise a composition of the disclosure in a flavor, 
usually sucrose and acacia or tragacanth, as well as pastilles 
comprising a composition of the disclosure in an inert base, 
such as gelatin and glycerin, or sucrose and acacia, emul
sions, gels, and the like, optionally also containing such 
excipients as are known in the art. 
[0155] The compositions of the disclosure, alone or in 
combination with other suitable components, can be deliv
ered via pulmonary administration and can be made into 
aerosol formulations to be administered via inhalation. 
These aerosol formulations can be placed into pressurized 
acceptable propellants, such as dichlorodifluoromethane, 
propane, nitrogen, and the like. They also may be formulated 
as pharmaceuticals for non-pressurized preparations, such as 
in a nebulizer or an atomizer. Such spray formulations also 
may be used to spray mucosa. In some embodiments, the 
composition is formulated into a powder blend or into 
microparticles or nanoparticles. Suitable pulmonary formu
lations are known in the art. See, e.g., Qian et al., Int J Phann 
366: 218-220 (2009); Adjei and Garren, Pharmaceutical 
Research, 7(6): 565-569 (1990); Kawashima et al., J Con
trolled Release 62(1-2): 279-287 (1999); Liu et al., Phann 
Res 10(2): 228-232 (1993); International Patent Application 
Publication Nos. WO 2007/133747 and WO 2007/141411. 
[0156] Topical formulations are well-known to those of 
skill in the art. Such formulations are particularly suitable in 
the context of the disclosure for application to the skin. 
[0157] In some embodiments, the pharmaceutical compo
sition described herein is formulated for parenteral admin
istration. For purposes herein, parenteral administration 
includes, but is not limited to, intravenous, intraarterial, 
intramuscular, intracerebral, intracerebroventricular, intrac
ardiac, subcutaneous, intraosseous, intradermal, intrathecal, 
intraperitoneal, retrobulbar, intrapulmonary, intravesical, 
and intracavemosal injections or infusions. Administration 
by surgical implantation at a particular site is contemplated 
as well. 
[0158] Formulations suitable for parenteral administration 
include aqueous and non-aqueous, isotonic sterile injection 
solutions, which can contain anti-oxidants, buffers, bacte
riostats, and solutes that render the formulation isotonic with 
the blood of the intended recipient, and aqueous and non
aqueous sterile suspensions that can include suspending 
agents, solubilizers, thickening agents, stabilizers, and pre
servatives. The term, "parenteral" means not through the 
alimentary canal but by some other route such as subcuta
neous, intramuscular, intraspinal, or intravenous delivery. 
The composition of the present disclosure can be adminis
tered with a physiologically acceptable diluent in a pharma
ceutical carrier, such as a sterile liquid or mixture of liquids, 
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including water, saline, aqueous dextrose and related sugar 
solutions, an alcohol, such as ethanol or hexadecyl alcohol, 
a glycol, such as propylene glycol or polyethylene glycol, 
dimethylsulfoxide, glycerol, ketals such as 2,2-dimethyl-1, 
5,3-dioxolane-4-methanol, ethers, poly( ethyleneglycol) 400, 
oils, fatty acids, fatty acid esters or glycerides, or acetylated 
fatty acid glycerides with or without the addition of a 
pharmaceutically acceptable surfactant, such as a soap or a 
detergent, a suspending agent, such as pectin, carbomers, 
methylcellulose, hydroxypropylmethylcellulose, or car
boxymethylcellulose, or emulsifying agents and other phar
maceutical adjuvants. 
[0159] Oils, which can be used in parenteral formulations 
include petroleum, animal, vegetable, or synthetic oils. 
Specific examples of oils include peanut, soybean, sesame, 
cottonseed, com, olive, petrolatum, and mineral. Suitable 
fatty acids for use in parenteral formulations include oleic 
acid, stearic acid, and isostearic acid. Ethyl oleate and 
isopropyl myristate are examples of suitable fatty acid 
esters. 
[0160] The parenteral formulations in some embodiments 
contain preservatives or buffers. In order to minimize or 
eliminate irritation at the site of injection, such compositions 
optionally contain one or more nonionic surfactants having 
a hydrophile-lipophile balance (HLB) of from about 12 to 
about 17. The quantity of surfactant in such formulations 
will typically range from about 5% to about 15% by weight. 
Suitable surfactants include polyethylene glycol sorbitan 
fatty acid esters, such as sorbitan monooleate and the high 
molecular weight adducts of ethylene oxide with a hydro
phobic base, formed by the condensation of propylene oxide 
with propylene glycol. The parenteral formulations can be 
presented in unit-dose or multi-dose sealed containers, such 
as ampoules and vials, and can be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the 
sterile liquid excipient, for example water, immediately 
prior to use. Extemporaneous injection solutions and sus
pensions can be prepared from sterile powders, granules, 
and tablets of the kind previously described and known in 
the art. 
[0161] Injectable formulations are in accordance with the 
invention. The requirements for effective pharmaceutical 
carriers for injectable compositions are well-known to those 
of ordinary skill in the art (see, e.g., Pharmaceutics and 
Pharmacy Practice, J.B. Lippincott Company, Philadelphia, 
Pa., Banker and Chalmers, eds., pages 238-250 (1982), and 
ASHP Handbook on Injectable Drugs, Toissel, 4th ed., pages 
622-630 (1986)). 
[0162] It will be appreciated by one of skill in the art that, 
in addition to the above-described pharmaceutical compo
sitions, the composition of the disclosure can be formulated 
as inclusion complexes, such as cyclodextrin inclusion com
plexes, or liposomes. 
[0163] Dose 
[0164] For purposes herein, the amount or dose of the 
pharmaceutical composition administered is sufficient to 
effect, e.g., a therapeutic or prophylactic response or symp
tom amelioration, in the subject or animal, over a reasonable 
time frame. For example, the dose of the pharmaceutical 
composition is sufficient to treat or prevent a disease or 
medical condition in a period of from about 12 hours, about 
18 hours, about 1 to 4 days or longer, e.g., 5 days, 6 days, 
1 week, 10 days, 2 weeks, 16 to 20 days, or more, from the 
time of administration. In certain embodiments, the time 
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period is even longer. The dose is determined by the efficacy 
and toxicity of the particular pharmaceutical composition 
and the condition of the animal (e.g., human), as well as the 
body weight of the animal ( e.g., human) to be treated. 
[0165] The dose of the pharmaceutical composition also 
will be determined by toxicity, as shown by the existence, 
nature and extent of any adverse side effects that might 
accompany the administration of a particular pharmaceutical 
composition. Typically, the attending physician will decide 
the dosage of the pharmaceutical composition with which to 
treat each individual patient, taking into consideration a 
variety of factors, such as age, body weight, general health, 
diet, sex, binding agents of the pharmaceutical composition 
to be administered, route of administration, and the severity 
of the condition being treated. 
[0166] By way of example, the dose of the binding agent 
can be about 0.0001 to about 1 g/kg body weight of the 
subject being treated/day, from about 0.0001 to about 0.001 
g/kg body weight/day, or about 0.01 mg to about 1 g/kg body 
weight/day. The pharmaceutical composition in some 
aspects comprises the binding agent at a concentration of at 
least A, wherein A is about 0.001 mg/ml, about 0.01 mg/ml, 
about 1 mg/ml, about 0.5 mg/ml, about 1 mg/ml, about 2 
mg/ml, about 3 mg/ml, about 4 mg/ml, about 5 mg/ml, about 
6 mg/ml, about 7 mg/ml, about 8 mg/ml, about 9 mg/ml, 
about 10 mg/ml, about 11 mg/ml, about 12 mg/ml, about 13 
mg/ml, about 14 mg/ml, about 15 mg/ml, about 16 mg/ml, 
about 17 mg/ml, about 18 mg/ml, about 19 mg/ml, about 20 
mg/ml, about 21 mg/ml, about 22 mg/ml, about 23 mg/ml, 
about 24 mg/ml, about 25 mg/ml or higher. In some embodi
ments, the pharmaceutical composition comprises the bind
ing agent at a concentration of at most B, wherein B is about 
30 mg/ml, about 25 mg/ml, about 24 mg/ml, about 23, 
mg/ml, about 22 mg/ml, about 21 mg/ml, about 20 mg/ml, 
about 19 mg/ml, about 18 mg/ml, about 17 mg/ml, about 16 
mg/ml, about 15 mg/ml, about 14 mg/ml, about 13 mg/ml, 
about 12 mg/ml, about 11 mg/ml, about 10 mg/ml, about 9 
mg/ml, about 8 mg/ml, about 7 mg/ml, about 6 mg/ml, about 
5 mg/ml, about 4 mg/ml, about 3 mg/ml, about 2 mg/ml, 
about 1 mg/ml, or about 0.1 mg/ml. In some embodiments, 
the compositions may contain an analog at a concentration 
range of A to B mg/ml, for example, about 0.001 to about 
30.0 mg/ml. 
[0167] Additional dosing guidance can be gauged from 
other antibody therapeutics, such as bevacizumab (Avas
tin™ Genentech); Cetuximab (Exbitux™ Imclone), Panitu
mumab (Vectibix™ Amgen), and Trastuzumab (Herceptin™ 
Genentech). 
[0168] Timing of Administration 
[0169] The disclosed pharmaceutical formulations may be 
administered according to any regimen including, for 
example, daily (1 time per day, 2 times per day, 3 times per 
day, 4 times per day, 5 times per day, 6 times per day), every 
two days, every three days, every four days, every five days, 
every six days, weekly, bi-weekly, every three weeks, 
monthly, or bi-monthly. Timing, like dosing can be fine
tuned based on dose-response studies, efficacy, and toxicity 
data, and initially gauged based on timing used for other 
antibody therapeutics. 
[0170] Controlled Release Formulations 
[0171] The pharmaceutical composition is in certain 
aspects modified into a depot form, such that the manner in 
which the active ingredients of the pharmaceutical compo
sition (e.g., a binding agent) is released into the body to 
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which it is administered is controlled with respect to time 
and location within the body (see, for example, U.S. Pat. No. 
4,450,150). Depot forms in various aspects include, for 
example, an implantable composition comprising a porous 
or non-porous material, such as a polymer, wherein the 
binding agents are encapsulated by, or diffused throughout, 
the material and/or degradation of the non-porous material. 
The depot is then implanted into the desired location within 
the body and the binding agent is released from the implant 
at a predetermined rate. 
[0172] Accordingly, the pharmaceutical composition in 
certain aspects is modified to have any type of in vivo 
release profile. In some aspects, the pharmaceutical compo
sition is an immediate release, controlled release, sustained 
release, extended release, delayed release, or bi-phasic 
release formulation. Methods of formulating peptides ( e.g., 
peptide binding agents) for controlled release are known in 
the art. See, for example, Qian et al., J Pharm 374: 46-52 
(2009) and International Patent Application Publication Nos. 
WO 2008/130158, WO2004/033036; WO2000/032218; and 
WO 1999/040942. Suitable examples of sustained-release 
preparations include semi-permeable polymer matrices in 
the form of shaped articles, e.g., films, or microcapsules. 
Sustained-release matrices include polyesters, hydrogels, 
polylactides (U.S. Pat. No. 3,773,919, EP 58,481), copoly
mers of L-glutamic acid and gamma ethyl-L-glutamate 
(Sidman, et al., Biopolymers, 22: 547-556 (1983)), poly 
(2-hydroxyethyl-methacrylate) (Langer, et al., J. Biomed. 
Mater. Res., 15:167-277 (1981) and Langer, Chem. Tech., 
12:98-105 (1982)), ethylene vinyl acetate (Langer, et al, 
supra) or poly-D(-)-3-hydroxybutyric acid (EP 133,988). 
Sustained-release compositions also may include liposomes, 
which can be prepared by any of several methods known in 
the art (e.g., DE 3,218,121; Epstein, et al., Proc. Natl. 
[0173] Combinations 
[0174] The compositions of the disclosures may be 
employed alone, or in combination with other agents. In 
some embodiments, more than one type of binding agent is 
administered. For example, the administered composition, 
e.g., pharmaceutical composition, may comprise an anti
body as well as an scFv. In some embodiments, the com
positions of the disclosure are administered together with 
another therapeutic agent or diagnostic agent, including any 
of those described herein. Certain diseases, e.g., cancers, or 
patients may lend themselves to a treatment of combined 
agents to achieve an additive or even a synergistic effect 
compared to the use of any one therapy alone. 
[0175] Uses 
[0176] Based in part on the data provided herein, the 
binding agents, conjugates, host cells, populations of cells, 
and pharmaceutical compositions are useful for treating a 
neoplasm, tumor, or a cancer. 
[0177] For purposes of the present disclosure, the term 
"treat" and "prevent" as well as words stemming therefrom, 
as used herein, do not necessarily imply 100% or complete 
treatment ( e.g., cure) or prevention. Rather, there are varying 
degrees of treatment or prevention that one of ordinary skill 
in the art recognizes as having a benefit or therapeutic effect. 
In this respect, the methods of the present disclosures can 
provide any amount or any level of treatment or prevention 
of a cancer in a patient, e.g., a human. Furthermore, the 
treatment or prevention provided by the method disclosed 
herein can include treatment or prevention of one or more 
conditions or symptoms of the disease, e.g., cancer, being 
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treated or prevented. Also, for purposes herein, "prevention" 
can encompass delaying the onset of the disease, or a 
symptom or condition thereof. 

[0178] The materials and methods described herein are 
especially useful for inhibiting neoplastic cell growth or 
spread; particularly neoplastic cell growth for which the Tn 
glycopeptide targeted by a binding agent of the disclosure 
plays a role. 

[0179] Neoplasms treatable by the binding agents, conju
gates, host cells, populations of cells, and pharmaceutical 
compositions of the disclosures include solid tumors, for 
example, carcinomas and sarcomas. Carcinomas include 
malignant neoplasms derived from epithelial cells which 
infiltrate, for example, invade, surrounding tissues and give 
rise to metastases. Adenocarcinomas are carcinomas derived 
from glandular tissue, or from tissues that form recognizable 
glandular structures. Another broad category of cancers 
includes sarcomas and fibrosarcomas, which are tumors 
whose cells are embedded in a fibrillar or homogeneous 
substance, such as embryonic connective tissue. The inven
tion also provides methods of treatment of cancers of 
myeloid or lymphoid systems, including leukemias, lym
phomas, and other cancers that typically are not present as 
a tumor mass, but are distributed in the vascular or lym
phoreticular systems. Further contemplated are methods for 
treatment of adult and pediatric oncology, growth of solid 
tumors/malignancies, myxoid and round cell carcinoma, 
locally advanced tumors, cancer metastases, including lym
phatic metastases. The cancers listed herein are not intended 
to be limiting. Age (child and adult), sex (male and female), 
primary and secondary, pre- and post-metastatic, acute and 
chronic, benign and malignant, and variously localized 
cancers and variations are contemplated targets. Cancers are 
grouped by embryonic origin ( e.g., carcinoma, lymphomas, 
and sarcomas), by organ or physiological system, or by 
miscellaneous grouping. Particular cancers may overlap in 
their classification, and their listing in one group does not 
exclude them from another. 

[0180] Carcinomas that may be targeted include adreno
cortical, acinar, acinic cell, acinous, adenocystic, adenoid 
cystic, adenoid squamous cell, cancer adenomatosum, 
adenosquamous, adnexel, cancer of adrenal cortex, adreno
cortical, aldosterone-producing, aldosterone-secreting, 
alveolar, alveolar cell, ameloblastic, ampullary, anaplastic 
cancer of thyroid gland, apocrine, basal cell, basal cell, 
alveolar, comedo basal cell, cystic basal cell, morphea-like 
basal cell, multicentric basal cell, nodulo-ulcerative basal 
cell, pigmented basal cell, sclerosing basal cell, superficial 
basal cell, basaloid, basosquamous cell, bile duct, extrahe
patic bile duct, intrahepatic bile duct, bronchioalveolar, 
bronchiolar, bronchioloalveolar, bronchoalveolar, broncho
alveolar cell, bronchogenic, cerebriform, cholangiocellular, 
chorionic, choroids plexus, clear cell, cloacogenic anal, 
colloid, comedo, corpus, cancer of corpus uteri, cortisol
producing, cribriform, cylindrical, cylindrical cell, duct, 
ductal, ductal cancer of the prostate, ductal cancer in situ 
(DCIS), eccrine, embryonal, cancer en cuirasse, endome
trial, cancer of endometrium, endometroid, epidermoid, can
cer ex mixed tumor, cancer ex pleomorphic adenoma, exo
phytic, fibrolamellar, cancer fibrosum, follicular cancer of 
thyroid gland, gastric, gelatinoform, gelatinous, giant cell, 
giant cell cancer of thyroid gland, cancer gigantocellulare, 
glandular, granulose cell, hepatocellular, Hurthle cell, hyper
nephroid, infantile embryonal, islet cell carcinoma, inflam-
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matory cancer of the breast, cancer in situ, intraductal, 
intraepidermal, intraepithelial, juvenile embryonal, 
Kulchitsky-cell, large cell, leptomeningeal, lobular, infiltrat
ing lobular, invasive lobular, lobular cancer in situ (LCIS), 
lymphoepithelial, cancer medullare, medullary, medullary 
cancer of thyroid gland, medullary thyroid, melanotic, men
ingeal, Merkel cell, metatypical cell, micropapillary, cancer 
molle, mucinous, cancer muciparum, cancer mucocellulare, 
mucoepidermoid, cancer mucosum, mucous, nasopharyn
geal, neuroendocrine cancer of the skin, noninfiltrating, 
non-small cell, non-small cell lung cancer (NSCLC), oat 
cell, cancer ossificans, osteoid, Paget's disease of the bone 
or breast, papillary, papillary cancer of thyroid gland, peri
ampullary, preinvasive, prickle cell, primary intraosseous, 
renal cell, scar, schistosomal bladder, Schneiderian, scir
rhous, sebaceous, signet-ring cell, cancer simplex, small 
cell, small cell lung cancer (SCLC), spindle cell, cancer 
spongiosum, squamous, squamous cell, terminal duct, ana
plastic thyroid, follicular thyroid, medullary thyroid, papil
lary thyroid, trabecular cancer of the skin, transitional cell, 
tubular, undifferentiated cancer of thyroid gland, uterine 
corpus, verrucous, villous, cancer villosum, yolk sac, 
squamous cell particularly of the head and neck, esophageal 
squamous cell, and oral cancers and carcinomas. 

[0181] Sarcomas that may be targeted include adipose, 
alveolar soft part, ameloblastic, avian, botryoid, sarcoma 
botryoides, chicken, chloromatous, chondroblastic, clear 
cell sarcoma of kidney, embryonal, endometrial stromal, 
epithelioid, Ewing's, fascia!, fibroblastic, fowl, giant cell, 
granulocytic, hemangioendothelial, Hodgkin's, idiopathic 
multiple pigmented hemorrhagic, immunoblastic sarcoma of 
B cells, immunoblastic sarcoma of T cells, Jensen's, Kapo
si's, Kupffer cell, leukocytic, lymphatic, melanotic, mixed 
cell, multiple, lymphangio, idiopathic hemorrhagic, multi
potential primary sarcoma of bone, osteoblastic, osteogenic, 
parosteal, polymorphous, pseudo-Kaposi, reticulum cell, 
reticulum cell sarcoma of the brain, rhabdomyosarcoma, 
Rous, soft tissue, spindle cell, synovial, telangiectatic, sar
coma ( osteosarcoma)/malignant fibrous histiocytoma of 
bone, and soft tissue sarcomas. 

[0182] Lymphomas that may targeted include AIDS-re
lated, non-Hodgkin's, Hodgkin's, T-cell, T-cell leukemia/ 
lymphoma, African, B-cell, B-cell monocytoid, bovine 
malignant, Burkitt's, centrocytic, lymphoma cutis, diffuse, 
diffuse, large cell, diffuse, mixed small and large cell, 
diffuse, small cleaved cell, follicular, follicular center cell, 
follicular, mixed small cleaved and large cell, follicular, 
predominantly large cell, follicular, predominantly small 
cleaved cell, giant follicle, giant follicular, granulomatous, 
histiocytic, large cell, immunoblastic, large cleaved cell, 
large non-cleaved cell, Lennert's, lymphoblastic, lympho
cytic, intermediate; lymphocytic, intermediately differenti
ated, plasmacytoid; poorly differentiated lymphocytic, small 
lymphocytic, well differentiated lymphocytic, lymphoma of 
cattle; MALT, mantle cell, mantle zone, marginal zone, 
Mediterranean lymphoma mixed lymphocytic-histiocytic, 
nodular, plasmacytoid, pleomorphic, primary central ner
vous system, primary effusion, small b-cell, small cleaved 
cell, small non-cleaved cell, T-cell lymphomas; convoluted 
T-cell, cutaneous t-cell, small lymphocytic T-cell, undefined 
lymphoma, u-cell, undifferentiated, aids-related, central ner
vous system, cutaneous T-cell, effusion (body cavity-based), 
thymic lymphoma, and cutaneous T cell lymphomas. 
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[0183] Leukemias and other blood cell malignancies that 
may be targeted include acute lymphoblastic, acute myeloid, 
lymphocytic, chronic myelogenous, hairy cell, lymphoblas
tic, myeloid, lymphocytic, myelogenous, leukemia, hairy 
cell, T-cell, monocytic, myeloblastic, granulocytic, gross, 
hand mirror-cell, basophilic, hemoblastic, histiocytic, leu
kopenic, lymphatic, Schilling's, stem cell, myelomonocytic, 
prolymphocytic, micromyeloblastic, megakaryoblastic, 
megakaryoctytic, Rieder cell, bovine, aleukemic, mast cell, 
myelocytic, plasma cell, subleukemic, multiple myeloma, 
nonlymphocytic, and chronic myelocytic leukemias. 
[0184] Brain and central nervous system (CNS) cancers 
and tumors that may be targeted include astrocytomas (in
cluding cerebellar and cerebral), gliomas (including malig
nant gliomas, glioblastomas, brain stem gliomas, visual 
pathway and hypothalamic gliomas ), brain tumors, 
ependymoma, medulloblastoma, supratentorial primitive 
neuroectodermal tumors, primary central nervous system 
lymphoma, extracranial germ cell tumor, myelodysplastic 
syndromes, oligodendroglioma, myelodysplastic/myelopro
liferative diseases, myelogenous leukemia, myeloid leuke
mia, multiple myeloma, myeloproliferative disorders, neu
roblastoma, plasma cell neoplasm/multiple myeloma, 
central nervous system lymphoma, intrinsic brain tumors, 
astrocytic brain tumors, and metastatic tumor cell invasion 
in the central nervous system. 
[0185] Gastrointestinal cancers that may be targeted 
include extrahepatic bile duct cancer, colon cancer, colon 
and rectum cancer, colorectal cancer, gallbladder cancer, 
gastric (stomach) cancer, gastrointestinal carcinoid tumor, 
gastrointestinal carcinoid tumors, gastrointestinal stromal 
tumors, bladder cancers, islet cell carcinoma ( endocrine 
pancreas), pancreatic cancer, islet cell pancreatic cancer, 
prostate cancer rectal cancer, salivary gland cancer, small 
intestine cancer, colon cancer, and polyps associated with 
colorectal neoplasia. A discussion of colorectal cancer is 
described in Barderas et al., Cancer Research 72: 2780-2790 
(2012). 
[0186] Bone cancers that may be targeted include osteo
sarcoma and malignant fibrous histiocytomas, bone marrow 
cancers, bone metastases, osteosarcoma/malignant fibrous 
histiocytoma of bone, and osteomas and osteosarcomas. 
Breast cancers that may be targeted include small cell 
carcinoma and ductal carcinoma. 
[0187] Lung and respiratory cancers that may be targeted 
include bronchial adenomas/carcinoids, esophagus cancer 
esophageal cancer, esophageal cancer, hypopharyngeal can
cer, laryngeal cancer, hypopharyngeal cancer, lung carcinoid 
tumor, non-small cell lung cancer, small cell lung cancer, 
small cell carcinoma of the lungs, mesothelioma, nasal 
cavity and paranasal sinus cancer, nasopharyngeal cancer, 
nasopharyngeal cancer, oral cancer, oral cavity and lip 
cancer, oropharyngeal cancer; paranasal sinus and nasal 
cavity cancer, and pleuropulmonary blastoma. 
[0188] Urinary tract and reproductive cancers that may be 
targeted include cervical cancer, endometrial cancer, ovarian 
epithelial cancer, extragonadal germ cell tumor, extracranial 
germ cell tumor, extragonadal germ cell tumor, ovarian 
germ cell tumor, gestational trophoblastic tumor, spleen, 
kidney cancer, ovarian cancer, ovarian epithelial cancer, 
ovarian germ cell tumor, ovarian low malignant potential 
tumor, penile cancer, renal cell cancer (including carcino
mas), renal cell cancer, renal pelvis and ureter (transitional 
cell cancer), transitional cell cancer of the renal pelvis, and 
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ureter, gestational trophoblastic tumor, testicular cancer, 
ureter and renal pelvis, transitional cell cancer, urethral 
cancer, endometrial uterine cancer, uterine sarcoma, vaginal 
cancer, vulvar cancer, ovarian carcinoma, primary peritoneal 
epithelial neoplasms, cervical carcinoma, uterine cancer and 
solid tumors in the ovarian follicle), superficial bladder 
tumors, invasive transitional cell carcinoma of the bladder, 
and muscle-invasive bladder cancer. 
[0189] Skin cancers and melanomas (as well as non
melanomas) that may be targeted include cutaneous t-cell 
lymphoma, intraocular melanoma, tumor progression of 
human skin keratinocytes, basal cell carcinoma, and 
squamous cell cancer. Liver cancers that may be targeted 
include extrahepatic bile duct cancer, and hepatocellular 
cancers. Eye cancers that may be targeted include intraocu
lar melanoma, retinoblastoma, and intraocular melanoma 
Hormonal cancers that may be targeted include: parathyroid 
cancer, pineal and supratentorial primitive neuroectodermal 
tumors, pituitary tumor, thymoma and thymic carcinoma, 
thymoma, thymus cancer, thyroid cancer, cancer of the 
adrenal cortex, and ACTH-producing tumors. 
[0190] Miscellaneous other cancers that may be targeted 
include advanced cancers, AIDS-related, anal cancer adrenal 
cortical, aplastic anemia, aniline, betel, buyo cheek, cere
briform, chinmey-sweeps, clay pipe, colloid, contact, cystic, 
dendritic, cancer a deux, duct, dye workers, encephaloid, 
cancer en cuirasse, endometrial, endothelial, epithelial, glan
dular, cancer in situ, kang, kangri, latent, medullary, mel
anotic, mule-spinners', non-small cell lung, occult cancer, 
paraffin, pitch workers', scar, schistosomal bladder, scir
rhous, lymph node, small cell lung, soft, soot, spindle cell, 
swamp, tar, and tubular cancers. 
[0191] Miscellaneous other cancers that may be targeted 
also include carcinoid (gastrointestinal and bronchial) 
Castleman's disease chronic myeloproliferative disorders, 
clear cell sarcoma of tendon sheaths, Ewing's family of 
tumors, head and neck cancer, lip and oral cavity cancer, 
Waldenstrom's macroglobulinemia, metastatic squamous 
neck cancer with occult primary, multiple endocrine neo
plasia syndrome, multiple myeloma/plasma cell neoplasm, 
Wilms' tumor, mycosis fungoides, pheochromocytoma, 
Sezary syndrome, supratentorial primitive neuroectodermal 
tumors, unknown primary site, peritoneal effusion, malig
nant pleural effusion, trophoblastic neoplasms, and heman
giopericytoma. 
[0192] In exemplary aspects, the cancer is any one of the 
foregoing cancers in which Tn glycopeptide is expressed on 
the cells of the cancer. In exemplary aspects, the method of 
treating cancer in a subject in need thereof comprises 
administering to the subject any of the binding agents, 
conjugates, nucleic acids, vectors, host cells, cell popula
tions, or pharmaceutical compositions described herein, in 
an amount effective to treat the cancer. In exemplary aspects, 
the method comprises administering a conjugate described 
herein. In exemplary aspects, the method comprises admin
istering host cells of the disclosure wherein the host cells are 
autologous cells in relation to the subject being treated. In 
exemplary aspects, the method comprises administering host 
cells of the disclosure wherein the host cells are cells 
obtained from the subject being treated. In exemplary 
aspects, the cells are T-lymphocytes. In alternative aspects, 
the cells are natural killer cells. 
[0193] The disclosure provides materials and methods that 
are adaptable and can serve as the basis for a platform 
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technology with considerable growth potential. The cancer
specific nature of Tn-glycopeptides are expected to provide 
targets for cancer prophylactics and therapeutics that offer 
major advantages over previously and presently used tar
gets. 

[0194] The disclosure also provides a method of glycoen
gineering cancer cells by knocking out Cosme using zinc
finger nucleases (SimpleCells ). The same cancer cells are 
used in direct comparative analyses of TCR- and CAR
transduced T cells targeting peptide-MHC and Tn-glycopep
tides, respectively. In addition, Tn-glycopeptide-specific 
CARs are tested for toxicity to normal tissues in fully 
syngeneic systems. Further, a panel of isogenic Cosme
deleted cell lines from common human cancers are used for 
generating important new sets of monoclonal antibodies to 
human cancers, including those that are deficiently glyco
sylated due to mechanisms other than Cosme mutation. 
These antibodies are used for making new CARs and fusion 
proteins for human therapy. As disclosed herein, high local 
levels of ILl 5/ILl 5Ra at the tumor margin and around the 
tumor vessels empower NK cells to eradicate large, solid, 
long-established tumors by delivering an scFv-IL15/ 
IL15Ra fusion protein into and around the tumor. 

[0195] Additional data disclosed herein establish the role 
of stromal cells in cancer eradication, the mechanism of 
destruction of antigen-loss variants, and whether cross
presentation of tumor antigen by vessels is essential for 
tumor destruction. The results establish a coherent picture: 
stromal cross-presentation, including cross-presentation by 
vessels or other stromal components, is not required for 
eradication of large solid tumors when using TCR-trans
duced CDS+ T cells that target cancer cells only directly. 
These results provide strong basis for expecting CAR
transduced T cells to also target cancer cells directly. But for 
eradication, it is necessary that cancers not escape by loss of 
antigen. When cancers do contain antigen-loss, or epitope
loss (used synonymously with antigen-loss in this context), 
variants, the situation is different. Now, cross-presentation 
of the tumor antigen by tumor stroma (both hematopoietic 
and sessile compartments) becomes important. Furthermore, 
these stromal cells must express the cross-presenting MHC 
Class I molecule, as well as the receptors for IFNy and TNF. 
Surprisingly, the transferred T cells must produce TNF and 
IFNy, while perforin production is not required for tumor 
eradication by these T cells (see FIG. 8). 

[0196] An example of the tumor specificity that can be 
achieved via mutation is presented by the cloned mutant p68 
(mp68)-specific TCR (1D9). The peptide binds with sub
nanomolar affinity to the MHC Class I molecule Kb 
expressed by the cancer cells (29). T cells transduced with 
this TCR are extremely powerful (FIG. 2) and eradicate 
large solid tumors expressing the Kb-restricted mutant p68 
peptide through direct recognition of the cancer cells in the 
absence of any cross-presentation. Because the antigenic 
structure that anti-Tn-O-glycopeptide CARs recognize is 
destroyed when cross-presented on the MHC of host anti
gen-presenting cells (3, 30, 31 ), T cells transduced with such 
CARs must also eradicate tumors by direct recognition only. 
Thus, 1D9-transduced T cells are used as a guide for what 
is needed to make T cells transduced with CARs equally 
effective in eradicating the same tumor. As briefly noted 
above, one approach to expanding the collection of tumor
specific antigens is based on the mutational loss-of-function 
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of a chaperone that converts a wild-type protein into a 
tumor-specific Tn-O-glycopeptide antigen on a murine 
tumor (16). 
[0197] CAR-transduced T cells have eradicated large solid 
tumors in humans and mice (49-52), But all of these CARs 
were specific for antigens also expressed on normal human 
cells and tissues (CD19/CD20, HER2, CEA, mesothelin) 
and, without exception, caused destruction (CD19+ B cells 
( 49, 50)), serious toxicity (9), or death (8) (unless, experi
mentally tested in mice lacking expression of the targeted 
antigen on normal tissues, e.g., human HER2 or human 
mesothelin (51-53)). Basically, all Tn-O-glycopeptide 
epitopes, whether caused by loss ofCosmc/ClGa!T function 
or not, are chemically the same (FIG. 4). Also any cell, with 
or without Cosme/Cl Ga!T function, synthesizes these struc
tures as an intermediate step of further glycosylation. Thus, 
even Tn-O-glycopeptide epitopes dependent on loss of 
Cosmc/ClGa!T function are not strictly tumor-specific 
because they must exist as intermediate stages in the Golgi 
apparatus of healthy/non-tumor cells. However, this stage 
must be so transient and/or so inaccessible to the immune 
system that it is neither detected by antibodies nor respon
sible for inducing tolerance. 
[0198] The disclosure will be more fully understood by 
reference to the following examples, which detail exemplary 
embodiments of the disclosure. The examples should not, 
however, be construed as limiting the scope of the disclo
sure. 

Example 1 

[0199] Materials and Methods 
[0200] Female or male mice 6-10 weeks old are used. 
Regular and Rag1-1

- C67BL/6 mice, OT! and 2C TCR
transgenic mice on Ragl -I- or regular B6 background and 
C3H/HeN (wild-type and Rag2-1

-) and C3B6Fl mice are 
used for tumor experiments, the derivation of immune cells 
and as a source of T cells for transduction with CARs and 
TCRs. Furthermore, Perforin-1

-, IFNy-1
-, TNF-1

-, and 
FasL-1

- (Fas! gld) mice are used for transfer experiments. 
DsRed, EYFP, IFNy-EYFP "Yeti" and NKp46 iCre R26R 
eYFP mice are used for in vivo imaging experiments. 
C57BL/6 MDCI-transgenic mice and PymT MDCI-trans
genic mice are used for SES-CAR-treated MC38 tumor 
grafts and autochthonous mammary carcinomas. BALB/c 
mice will be used for immunizations. 
[0201] A longitudinal optical imaging approach was used 
that allows us to follow the localization and action of 
CAR-transduced T cells and fusion proteins in solid tumors 
in situ. Using the conditions that previously allowed direct 
targeting by T cells to cause bystander elimination of 
potential escape variants in the absence of cross-presenta
tion, guides and aids the construction of CAR vectors, as 
well as developing methods oftransducing CARs and acti
vating CAR-transduced T cells. Also the design of fusion 
proteins and the mode of administration to achieve optimal 
efficacy are evaluated by imaging. 
[0202] The statistics disclosed herein vary by type of 
experiment. Experiment type I: The frequency of tumor 
eradication, i.e., the percentage of animals tumor- or metas
tasis-free for 6 months in CAR- or fusion protein (FU
SION)-treated versus control mice is compared using Fish
er's exact test. Assuming a rate in the control group of 10%, 
N=16 animals per group provides 80% power to detect an 
increase to 61 % in treated animals, based on a two-sided test 
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at the alpha=0.05 significance level. Experiment type II: 
Average tumor size at 4 weeks after treatment with CAR/ 
FUSION versus control mice is compared using a two
sample t-test. N=16 animals per group provides 80% power 
(alpha=0.05) to detect a 1.0 standard deviation (SD) differ
ence in means. For normally distributed data, this effect size 
would correspond to 84% of the animals in the treated group 
having final tumor volumes below the median of the con
trols. Tumor eradication rates in mice deficient in effector 
molecules versus normal mice is compared using Fisher's 
exact test; N=16 animals per group is evaluated. Experiment 
type III: Imaging experiments are performed using N=l0 
mice per group (CAR/FUSION versus control) with 3 
spatial points evaluated per mouse. Outcome measures are 
quantitative in nature and are analyzed using a mixed effects 
analysis of variance model to account for the potential 
within-animal correlation across spatial regions. For count 
data (e.g., number of YFP+ cells per optical field and 
number of T cells killing more than one target per field), a 
square root transformation is applied, if required, to stabilize 
variances. The sample size will provide 80% power (al
pha=0.05) to detect a 0.9 SD difference in means if the 
within animal correlation, p, is 0.25 (Donner, et al., Am J 
Epidemiology 114:906-914, 1981). If the correlation 1s 
higher, p=0.50, the detectable effect size is 1.1 SD. 

Example 2 

[0203] CAR-Transduced T Cells Target a Tumor-Specific 
Tn-O-Glycopeptide Epitope to Eradicate Solid Non-He
matopoietic Tumors 
[0204] For this experiment, a completely syngeneic model 
of clinical-size tumors was used. AG104A is an osteosar
coma that developed spontaneously in an old mouse and 
naturally expresses the tumor-specific Tn-O-glycopeptide, 
which is targeted with CARs (16). The tumor grows aggres
sively in normal syngeneic mice and metastasizes sponta
neously, i.e., seeds from the primary tumor to the lungs and 
other organs without intravenous inoculation of cancer cells. 
The "237 CAR" (59) (FIG. 6A) is based on the syngeneic 
antibody PW237, derived from B cells ofa syngeneic mouse 
immunized with irradiated AG104A cancer cells (60). 237 
CAR-transduced peripheral CDS+ T cells killed very effec
tively the parental AG 104A cancer cells at very low effector 
to target cell ratios (FIG. 6B and (59)). Repair of the Cosme 
mutation completely abrogated the killing (FIG. 6B, middle 
panel). The 237 CAR-transduced (CAR+) T cells survived 
long-term after adoptive transfer and maintained function 
(FIG. 7). T cells that express CARs with a 4-lBB signaling 
domain (FIG. 6A lower construct) have been used clinically 
to eradicate large bulky B cell malignancies (49, 50) and 
have been found to survive better in vivo than CARs lacking 
this domain (61) (for review see (62)). Thus, this CAR is 
expected to have advantages over the CD28-containing 
CAR (FIG. 6A). 
[0205] The 4- lBB CAR is being generated to test its 
efficacy in the syngeneic tumor model. lxl05 AG104A 
cancer cells are injected s.c. into normal C3H mice. 
AG104A-wtCosmc (AG104A with the repaired mutation) is 
injected into the control group. Once tumors have reached 
500 mm3

, mice are treated with lymphodepleting irradiation 
(4.5 Gy), a dose that has no measurable effect on tumor 
growth. 
[0206] Fefer and coworkers found that lymphodepletion is 
important for effective expansion and function of transferred 
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T cells in mice (63). 24 hours after lymphodepletion, 5xl06 

237 CAR-transduced sorted CDS+ wild-type C3H T cells are 
transferred. Tumor size is monitored every three to four days 
after adoptive T cell transfer. Data on TCR-transduced T 
cells show that CDS+ cells alone eradicated large solid 
tumors, if the tumors contain no antigen-loss variants (FIG. 
2). The splenic T cells that were transduced contain CDS+ as 
well as CD4+ T cells. This is expected to be important 
because CAR-transduced CDS+ T cells may not succeed in 
rejecting AG104A tumors without help from CAR-trans
duced CD4 + T cells. CD4 + T cells may provide help to CDS+ 
T cells or collaborate in the effector phase (64, 65). Rejec
tion of MC57 tumors by adoptive transfer of TCR-trans
genic T cells did not require perforin but IFNy and TNFa 
were necessary (FIG. 8 and (66)). It has been shown that 
CAR-transduced T cells express high amounts of perforin 
(67). 
[0207] In order to understand mechanistically the basis of 
rejection, CARs are transduced into T cells of several 
knockout mice to determine the effector molecules required 
(e.g., perforin, IFNy, TNFa and FasL). Should tumors be 
rejected, mice will be kept for at least 3 additional months, 
and if no relapse occurs, at least one cage of mice will be 
monitored for at least one year. With the other mice, the 
existence of the CAR+ memory T cells will be examined by 
secondary challenge with AG104A tumors. Repeated 
attempts to isolate 237-negative variants for the AG104A 
tumor by stringent sorting have been unsuccessful in the 
past. 
[0208] Microdisseminated AG104A cancer cells are 
expected to be more susceptible to CAR+ T cells than cancer 
cells in solid AG104A tumors in which tumor-induced 
immunosuppression may be stronger. 
[0209] Studies on adoptive transfer of 237 CAR-trans
duced CDS+ and CD4+ T cells revealed no graft versus host 
disease (GVHD). Any normal cell must express the 237 
CAR-targeted epitope during biosynthesis of normal OTSS/ 
podoplanin. This, however, should not be detected by 237 
CAR+ T cells because expression will be transient and 
intracellular. As one measure of GVHD, body weight was 
monitored daily for each treated mouse in which tumors 
were being eradicated by the 237 CAR+ T cells. Further
more, histological analyses of skin and gut is performed at 
one month after T cell transfer, at the end of the experiment, 
and/or when mice should become moribund. 
[0210] An AG104A line transduced to express K6 as well 
as mp68 provided the opportunity to compare both mp68-
specific 1D9TCR-transduced T cells and 237 CAR-trans
duced T cells using the exact same model. It is already 
known that adoptive transfer of T cells transduced with the 
SIYRYYGL-specific TCR 2C (SEQ ID NO:22) can destroy 
large solid K6/SIYRYYGL expressing AG104A tumors 
growing in Rag! -I- C57BL/6 mice. To obtain detailed 
information on differences in the kinetics of T cell infiltra
tion, target cell engagement, vascular and cancer cell 
destruction, longitudinal high-resolution optical imaging of 
the AG104A tumor growing behind a dorsal skin fold glass 
window was used (71 ). This technology allowed us to follow 
the precise sequence of destruction of a long-established 
solid tumor for weeks. In this, the transfer ofT cells to tumor 
destruction, eradication or relapse was followed. Continuous 
analysis of the same tumor and even localization of the same 
spot of the tumor was made possible by a specially engi
neered frame/stage holder and computerized coordinates, 
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and by improved imaging and anesthesia conditions (for 
example, see FIG. 9). Imaging was done continuously for 
many hours a day without noticeable effects ofphotobleach
ing/phototoxicity. 
[0211] Thus, 237 CAR-transduced or 1D9 TCR-trans
duced CDS+ EYFP B6C3Fl T cells will be transferred into 
DsRed B6C3Fl Rag_;_ hosts bearing AG104A-K6 -mp68-
Cerulean tumors. In both settings, measurements will be 
taken of (i) when and where the T cells start to infiltrate 
( day/hour after transfer and number of cells/area) and (ii) the 
sequence of destruction of cancer, vascular and stromal 
cells. As a second cancer model, MC57 fibrosarcoma will be 
used, which can be eradicated by transfer of cancer-specific 
T cells (FIG. 1). The cell line will be transduced to express 
mp68 and the 23 7 epitope ( expression of OTSS and disrup
tion of Cosme by zinc-finger nuclease (68)). While tumor 
eradication by 1D9-transduced T cells seems to be relatively 
unaffected by the type ofT cell transduced, the CAR+ T cells 
might only be effective in localizing and/or functioning if 
central or effector memory T cells are transduced (72). 
[0212] The two Tn-O-glycopeptide-specific antibodies 
used in the studies disclosed herein, 237 and 5E5, are high 
affinity antibodies recognizing defined Tn-O-glycopeptide 
epitopes on cancers (FIG. 3). Importantly, the Tn-O-glyco
peptide epitope 5E5 is widely expressed on several common 
types of human cancers without requiring them to have lost 
Cosme function. Also, no reactivity to normal tissues has 
been shown for 5E5 (FIG. 5) (35-38). Mutational deletion of 
Cosme (39) or Cl Ga!T ( 40) is embryonically lethal, and it 
is expected that CARs targeting Tn-O-glycopeptides in 
cancers cause no toxicity in normal tissues of the host. 
Furthermore it is unlikely that there is neonatal or peripheral 
tolerance to Tn-O-glycopeptide epitopes before the host is 
exposed to them following somatic mutational loss of 
Cosme or Cl Ga!T function ( 41 ). Consistent with this notion, 
the "Tn syndrome" (1, 2) caused by a somatic Cosme 
mutation in bone marrow stem cells (42) is a spontaneous 
hemolytic autoimmune disorder. Similarly, deletion of the 
Cosmc/ClGa!T gene in intestinal mucosa causes spontane
ous immune responses and spontaneous severe ulcerative 
type colitis in mice (33). Consistent with this finding, 
patients with ulcerative colitis harbor spontaneous somatic 
loss mutations of Cosme in affected colonic mucosa (33). 
This is in line with the tight linkage between inflammation 
and colon and many other types of cancers ( 43, 44 ). Indeed, 
mutational loss of Cosme occurs in colon cancer, such as in 
the line LSC (17, 45). It is expected that the basis for 
mutational deletion of Cosmc/ClGa!T causing such strong 
spontaneous immune responses is that the mutation leads to 
exposure of a vast number ofTn-peptide epitopes, with such 
epitopes being recognized by helper T cells (46, 47). Lack 
of tolerance to these epitopes ( 41) is consistent with the 
spontaneous anti-Tn-O-glycopeptide immune responses in 
cancer patients against the cancer-associated glycoforms of 
these proteins ( 48). Apparently, medullary thymic epithelial 
cells present only fully glycosylated forms of a protein, but 
not the cancer-associated forms of the protein ( 41 ). 

Example 3 

[0213] Fusion Proteins Specific for a Tumor-Specific 
Tn-O Glycopeptide Epitope that Also Express ILi 5/ILl 5Ra 
[0214] Cell-based therapies using T cells transduced with 
CARs or TCRs require ex vivo manipulation of autologous 
lymphocytes that must be isolated from each individual 
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patient and transduced before re-infusion. Alternatively, 
fusion proteins that use specific epitope recognition domains 
from antibodies (73) or TCRs (74) can be given to patients 
as "off-the-shelf' drugs. Local expression of IL15 and 
ILi 5Ra in solid tumors induced the rejection of established 
tumors by densely granular NK cells in a T cell-free model 
(FIG. 10 and (7)). Further studies showed that high local 
levels of IL15 enabled adoptively transferred T cells to 
eradicate established solid tumors expressing IL15Ra in an 
antigen-independent fashion (FIG. 11). Therefore, a "BiTE
like" superfusion protein, i.e., 23 7-ILl 5/ILl 5Ra, which 
uses IL15/IL15Ra instead of anti-CD3 to engage the effec
tor cells, was constructed. The versatility ( effects on T cells 
as well as NK cells) as well as the safety ofIL15 makes this 
cytokine extraordinarily relevant therapeutically. 

[0215] The 237-IL15/IL15Ra superfusion construct (237-
superfusion) contains four folded domains: 237 VL, 237 
VH, IL15Ra sushi domain, and IL15 (N- to C-terminus) 
linked by Gly-Ser-based linkers (FIG. 12). Existing studies 
provide evidence of the effects of two IL15/IL15Ra con
structs in vitro as well as in vivo. In vitro, the 237-
superfusion showed (i) specific binding to immobilized 
OTSS glycopeptide, (ii) effective displacement of 237 anti
body binding to AG 104A cells in competition assays (by 
FACS), (iii) specific binding to Jurkat cells transduced with 
the OTSS protein, and (iv) potent stimulation of prolifera
tion ofCTLL-2 cells when compared to soluble IL15 (FIG. 
12). Thus, it is expected that delivery ofIL15 and IL15Ra 
into the tumor by 237-superfusion proteins will strongly 
stimulate both adaptive and innate immune cells. In vivo, the 
IL15/IL15Ra superfusion protein overcomes the common 
problem of targeting cancers expressing little or no detect
able IL15Ra (a recent study established that IL15Ra 
expression by the cancer is important for the tumor-destruc
tive effects of ILi 5 by NK cells (7) ). The 8215 cell line, a 
newly induced cancer line from ILi 5Ra-deficient mice, was 
eradicated when transduced to express the superfusion pro
tein (FIG. 13A). 
[0216] In addition, the superfusion construct causes sub
stantial and durable in vivo expansion of T and NK cells in 
the spleen of mice that received superfusion-transduced 
spleen cells 29 days earlier (FIG. 13B). Yet another effect of 
the 237-superfusion construct is that delivery of IL15/ 
L15Ra to the tumor led to the generation of densely 
granulated NK cells, such as those observed in tumors 
overexpressing IL15, including AG104A (FIG. 13E, and 
(7)). Additionally, subcutaneous implantation of an osmotic 
pump releasing the 237-superfusion protein caused massive 
local tissue-destructive densely granulated NK cell infil
trates similar to those that destroy very large established 
cancers (FIG. 13C, D and (7)). The main effect of the 
23 7-superfusion protein was massive local tissue destruction 
at the site where the superfusion protein was released from 
the pump, causing rupture of the skin over the implanted 
pump and termination of the experiment. While there was no 
evidence for systemic toxicity, there was a systemic effect on 
the Tn-glycopeptide expressing AG104A tumor growing on 
the contralateral side relative to the pump (induction of 
granulated NK cells), and this effect is expected to increase 
dramatically when the fusion protein is released using an 
intravenous catheter in combination with the osmotic pump. 

[0217] These in vivo and in vitro results have led to the 
design of experiments investigating the antitumoral effects 
of 237-IL15/IL15Ra superfusion in three AG104A tumor 
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models: prevention of tumor outgrowth, treatment of estab
lished solid tumors, and microdisseminated disease. Experi
ments are performed to study the pharmacokinetics of the 
fusion protein to find the optimal dose that effectively 
prevents tumor outgrowth in immunocompetent C3H mice. 
Towards this end, 450, 150, 45, 15, and 5 µg/kg are tested 
in 2-week daily treatment courses. The most effective dose 
is used to treat established AG104A tumors and microdis
seminated disease. Given the data on the in vivo effects of 
the fusion protein, anti-tumor effects are expected in each of 
the three models. Rag_;_ mice (containing only NK cells) are 
used as hosts to distinguish between NK- and T cell
mediated effects. Groups of Rag_;_ mice bearing AG104A 
are treated with: (i) 237-superfusion, (ii) T cells specific for 
an irrelevant antigen (2CRag-1

-), or (iii) 237-superfusion+ 
2CRag_1

_ T cells. Because the delivery of ILi 5/ILl 5Ra to 
the tumor is already known to lead to the generation of 
densely granulated NK cells, optical imaging will be helpful 
to analyze the mechanisms and kinetics of T cell- and NK 
cell-mediated tumor destruction. The granulation of NK 
cells is visible in the transmitted light channel at high 
magnification (40x), so NK cells will be tracked using 
NKp46 iCre R26R eYFP NK-reporter mice (75). Thus, 
DsRed+ 2 CRag_;_ T cells will be transferred into NKp46 
iCre R26R eYFP Rag_;_ mice bearing AG104A-Cerulean 
tumors. YFP NK/DsRed T cell infiltration kinetics and 
cancer cell destruction are compared in 237-superfusion
treated versus untreated mice. 
[0218] While the above experiments test a 237-IL15/ 
IL15Ra superfusion protein targeting a murine Tn-O-gly
copeptide, a IL15/IL15Ra fusion protein in which the 237 
domain is replaced with the 5E5 receptor is also generated. 
It is expected that the results observed following adminis
tration of the 5E5-IL15/IL15Ra superfusion protein in 
humans will be analogous to the results seen upon admin
istration of the 237-IL15/IL15Ra superfusion protein to 
mice. 

Example 4 

[0219] CARs Targeting Tn-O-Glycopeptide Epitopes on 
Human Cancers with Normal or Mutant Cosme Genes 
[0220] The influence of Cosme on the anti-cancer effects 
of CARs targeting Tn-O-glycopeptide epitopes on human 
cancer cells is assessed using wild-type, or normal, Cosme 
competent to chaperone and mutant Cosme lacking this 
capacity. Two complementary approaches are available. 
Data show that the 5E5 antibody recognizes human ovarian 
and breast cancers but neither non-lactating nor lactating 
normal human breast (FIG. 5). 
[0221] The 5E5 anti-Tn-MUCl antigen-receptor gene, 
optimized for expression (see Example 5), is ligated into a 
lentiviral vector for insertion into human T cells. The 
transduced T cells are then tested in standardized in vitro 
assays to provide required preclinical safety information. In 
addition, the in vivo efficacy of 5E5 CAR-transduced human 
T cells is examined following infusion of the transduced T 
cells into mice bearing human tumor xenografts. 
[0222] The complementary approach uses a fully synge
neic model to test the efficacy and potential toxicities of the 
5E5 CAR. Complementing the above xenograft testing (76) 
with a fully syngeneic system is important because xeno
graft models have been reported to pose problems (77), 
which include evidence from our data that infusing human 
T cells into mice can have not only graft-versus-tumor but 
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also graft-versus-stroma (without evidence of weight loss) 
and systemic graft-versus-host effects. The latter often only 
occurs once the tumor xenograft has been rejected. The aim 
is to examine whether 5E5 CAR-transduced T cells can 
eradicate the cancer without causing toxicity to the host 
expressing the same, but fully glycosylated, protein on 
normal tissues. For the experiment, human MUCl-trans
genic mice that express human MUCl similarly to humans 
are used, which provide an important control to ensure the 
cancer-specificity of the 5E5 CARs. It has been shown that 
the C57BL/6-derived MC38 colon cancer transfected to 
express human MUCl is deficiently glycosylated and will 
grow progressively in human MDCI-transgenic mice. Vac
cination can be protective but is not therapeutic once tumors 
develop (78). To generate T cell effectors, the 5E5 receptor 
cloned, optimized for expression and verified, and a 5E5 
CAR y-retroviral vector is under construction. Thus, T cells 
from human MUCl-transgenic mice will be transduced to 
treat murine MC38 colon cancer transfected to express 
human MUCl. 
[0223] In the first round of experiments, MC38 cells in 
which the Cosme gene is deleted by zinc-finger targeting 
(68), are used. These cells, referred to as MC38sc (sc refers 
to SimpleCells), express Tn-glycopeptides at the highest 
levels, similar to human cancers with a tumor-specific 
mutational Cosme deletion. Human MUCl expression vec
tors allow the expression of (i) the wild-type form, which is 
largely transmembrane but partially shed, (ii) a secreted 
form that contains no transmembrane domain, and (iii) both 
wild-type and secreted forms. The separation between the 
form that is only secreted and the wild-type form facilitates 
determining whether expression ofMUCl on the cancer cell 
membrane is essential and also whether the secreted protein 
elicits tumor rejection (when expressed exclusively) or 
whether it has an inhibitory effect on tumor rejection (when 
co-expressed with the wild-type form). The results will 
guide the selection of the most appropriate Tn-glycopeptide 
epitopes (i.e., exclusively transmembrane and/or also 
secreted). In addition to the transplanted MC38 tumor 
model, established autochthonous marmnary tumors devel
oping in PymT/human MUCl-double transgenic mice will 
also be targeted to determine whether 5E5 CAR-transduced 
T cells destroy established autochthonous (non-trans
planted) marmnary tumors, as well as prevent their devel
opment. The autochthonous model will allow the use of 
immunocompetent mice that will be conditioned before T 
cell transfer. 
[0224] Disclosed herein is the observation that immuni
zation of mice with murine or human cancer cells that lack 
Cosme is a highly effective way to induce Tn-O-glycopep
tide-specific, cancer-specific antibodies (16, 34 ), because 
Tn-O-glycopeptide epitopes are strongly upregulated by 
deletion of Cosme (FIG. 14). To induce such antibodies that 
are reactive with common cancers, we used three i.p. inocu
lations of viable human colon cancer LSC that lacks Cosme 
(17). To prove that Tn-O-glycopeptides are being targeted, 
the positive staining by the antibody must be abrogated 
when the glycosylation defect of LSC has been "repaired" 
by transduction with wild-type Cosme (wt Cosme), see FIG. 
15. This dependable indicator was already used in the initial 
screening and only wells whose positive staining reaction 
was fully abrogated were retained. 

[0225] Using this approach, the 3H4 monoclonal IgG 
antibody was recently selected. LSC cells sorted for high 
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expression of 3H4 show no upregulation of 5E5 (FIG. 15), 
thereby indicating that 3H4 recognizes a Tn-O-glycopeptide 
epitope on a protein other than MUCl. 3H4 also binds to the 
human ovarian cancer cells NNP4 that do not have a Cosme 
mutation (FIG. 16). The choice of targets will be extended 
to additional common cancers of other organs such as breast, 
ovary and prostate using the T47D, OVCAR-3 and LNCaP 
cell lines, respectively (68). Using the SimpleCell approach, 
variants of the three cancer cell lines with and without 
knocked-out Cosme have been generated. Additional engi
neered KO-lines for pancreas (Capan-I) and colon 
(Colo205) are also available and contemplated for use in the 
methods according to the disclosure. 

[0226] To get B cells expressing high levels of an anti
MUCl monoclonal antibody, BALB/c mice are immunized 
with viable human Cosme-mutant cancer cells of several 
histological origins and boosted twice. The spleen cells are 
then fused with SP2/O myeloma cells for generation of 
hybridomas. As done with 3H4, primary selection of anti
bodies is based on a strong differential reactivity between 
Cosme-deficient and Cosme-functional lines detected by 
flow cytometry (optional methods have been described (5, 
34-36, 38)). Among the selected antibodies, we expect some 
antibodies that, like 3H4, also react with Tu-positive but 
Cosme wild-type cancer cells. The next step of selection is 
based on reactivity with specific Tn-O-glycopeptides from 
extracts of SimpleCells by Western blot analysis (68). Anti
bodies without glycopeptide specificity will react with many 
or all glycopeptides expressing Tn. 

[0227] Further selection is based on a requirement for Tn 
glycosylation. This will be tested as (i) lack of binding to 
non-glycosylated peptide, (ii) loss of binding after enzy
matic extension of Tn on target glycopeptides by ~1,3Gal 
(ClGa!T) or a2,6NeuAc (ST6GalNAc-I) transferases (36) 
and (iii) loss of binding to the target Tn-glycopeptide after 
enzymatic removal of the Tn structure (exo-N-acetyl-galac
tosaminidase treatment) (79). Selection for Tn-glycopeptide 
specific antibodies is expected to eliminate a major fraction 
of self-reactive hybridomas lacking tumor-specificity. This 
will be followed by testing on various nonmalignant human 
cells and tissues by histo- and cytochemistry and flow 
cytometry. Once the bulk of unwanted hybridomas is 
excluded, the targeted proteins are identified by immuno
precipitation and amino acid micro-sequencing. 

[0228] To pinpoint the Tn-O-glycopeptide epitopes for 
selected antibodies, two strategies are envisioned: 1) a 
one-bead-one-compound (OBOC) containing about 16,000 
unique Tn peptides composed of randomized amino acids, 
which can define the minimum epitope and flexibility of the 
peptide sequence recognized, and 2) chemo-enzymatically 
produced glycopeptide scans for identified glycopeptide 
targets, which will allow specific assignment of the reactive 
glycopeptide epitope (5, 34, 48, 80). Initially, the focus is on 
Tn-O-glycopeptide epitopes shared and most highly 
expressed by several types of cancers. Ideally, the Tn-O
glycopeptide epitopes are also part of cell-surface glycopep
tides that are essential for cell survival or malignancy, which 
reduces the ability of the cancer cells to escape CAR attack 
by losing the expression of the glycopeptide. Alternatively, 
simultaneous targeting of Tn-O-glycopeptide epitopes on 
two independent cell surface molecules, such as those rec
ognized by 5E5 and 3H4, is expected to greatly reduce the 
rate of cancer escape from CAR therapy. 
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Example 5 

[0229] CARs and Other Receptor Constructs Containing 
Codon-Optimized Coding Regions 
[0230] CARs comprising the coding region for an a chi
meric antigen receptor against cancer-specific Tn-glycopep
tides were constructed using codons optimized for expres
sion in humans or mouse ( e.g., 5E5 CAR (SEQ ID NO:7) 
and 3H4 CAR (SEQ ID NO:13)). Optimization was aided by 
analytical software provided by GeneArt®. Codon optimi
zation reflects a balance between accommodating muta
tional biases and facilitating the translational aspect of 
protein expression. In vertebrates such as man, mouse, 
domesticated animals and pets, the relatively slow rate of 
growth of the organisms has led to codon optimizations that 
largely reflect minimization of the probability of mutation. 
In faster growing organisms such as prokaryotes and lower 
eukaryotes (e.g., yeast), the rapid growth rates of the organ
isms has led to codon optimizations that maximize transla
tion by selecting for codons recognized by the most abun
dant tRNAs. 
[0231] This aspect of the disclosure contemplates codon 
optimizations reflecting any balance between accommodat
ing mutational biases and facilitating protein translation. In 
some particular embodiments, the disclosure provides unex
pected codon optimizations that facilitate translation in 
higher eukaryotes such as vertebrates, e.g., man, mouse, 
domesticated animals and pets. Optimizing codons in these 
animals by selecting codons on the basis of relative tRNA 
abundances involves a dramatic shift in the approach to 
codon optimization in higher eukaryotes, yielding a surpris
ingly beneficial effect on CAR expression and the associated 
anti-cancer effects of CAR proteins. Optimization of the 
codons encoding a CAR by any means is expected to 
improve translation efficiency and/or accuracy, thereby lead
ing to greater production of high-quality CARs. An example 
of a codon-optimized construct, in which the target-binding 
variable regions of the CAR are codon-optimized to maxi
mize translation, is provided below. 
[0232] The codon-optimized coding regions were 
bounded by 5'-GCGGCCGCCACC-3' (SEQ ID NO:23) at 
the 5' end and 5'-CTCGAG-3' (SEQ ID NO:24) at the 3' end 
to provide a 5'-terminal Natl site and a 3'-terminal XhoI site 
to facilitate the cloning of the 5E5 polynucleotides accord
ing to the disclosure into lentiviral vectors known in the art. 
An exemplary lentiviral system suitable for such cloning is 
the ViraSafe™ Lentiviral Expression System (Cell Biolabs, 
Inc.). The lentiviral clones are suitable for use in transducing 
human or mouse T cells. 
[0233] Given the variety of bivalent binding proteins 
disclosed herein and known in the art, it is useful to have 
codon-optimized polynucleotides encoding discrete ele
ments of the coding region of such a protein. To facilitate the 
process of engineering such polynucleotides, the disclosure 
provides polynucleotides comprising the variable region of 
the heavy (gamma) chain of an antibody against a cancer
specific Tn-glycopeptide, codon-optimized for expression in 
human or mouse (SEQ ID NO:3 for the 5E5 VH; SEQ ID 
NO:9 for the 3H4 VH). Other polynucleotides comprise the 
variable region of the light (kappa) chain of an antibody 
against a cancer-specific Tn-glycopeptide, codon-optimized 
for expression in human or mouse (SEQ ID NO:5 for the 
5E5 VL; SEQ ID NO: 11 for the 3H4 VL). A linker suitable 
for joining these variable regions in scFvs comprises the 
codon-optimized sequence provided in SEQ ID NO:14, 
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which is expected to be expressed without difficulty in most 
vertebrate animals, including humans. A signal peptide 
useful in maximizing the presentation of a bivalent binding 
protein by a transduced cell such as a T cell is the codon
optimized polynucleotide comprising SEQ ID NO: 1 (the 
5E5 CAR construct) or SEQ ID NO:8 (the 3H4 construct), 
which are expected to function in most vertebrate animals, 
including humans. 
[0234] In one embodiment, the lentiviral clone comprising 
SEQ ID NO:7 (the 5E5 CAR construct) or SEQ ID NO:13 
(the 3H4 construct) is transduced into autologous T cells 
obtained from a human patient suffering from cancer using 
conventional transduction methodologies. The transduced T 
cells are then cultured to allow expression of the CAR and 
to expand the transduced T cell population using conven
tional culturing techniques. 
[0235] Autologous CAR-transduced T cells are adminis
tered to the patient, with the dosage being optimized for 
efficacy and non-toxicity on a case-by-case basis, as is 
routine in the medical arts. Effect on an existing cancer, e.g., 
a cancer forming a solid tumor, is monitored until the patient 
is in remission. Prophylactic doses of CAR-transduced T 
cells may be administered to patients in remission, or to 
human subjects at risk of developing cancer, such as a cancer 
forming solid tumors. 
[0236] In an analogous manner, an anti-cancer-specific Tn 
glycopeptide CAR is constructed comprising SEQ ID NO:7 
(the 5E5 CAR construct) or SEQ ID NO:13 (the 3H4 
construct), with codons optimized for maximal translation in 
mouse cells. The codon-optimized polynucleotide of SEQ 
ID NO:7 (5E5) contains the coding region for a chimeric 
antigen receptor having the structure ofNH2 -signal peptide
anti-Tn glycopeptide VH-linker-anti-Tn glycopeptide 
VL-CO2 H. The codon-optimized polynucleotide of SEQ ID 
NO:13 (3H4) contains the coding region for a chimeric 
antigen receptor having the structure ofNH2 -signal peptide
anti-Tn glycopeptide VL-linker-anti-Tn glycopeptide 
VH-CO2 H. The polynucleotide of SEQ ID NO:13 may be 
bounded by a Natl site at the 5' end of the polynucleotide 
and by an XhoI site at the 3' end of the polynucleotide. These 
restriction endonuclease sites facilitate cloning the poly
nucleotide into a vector, and one of skill in the art could 
readily substitute adaptors providing other restriction sites 
compatible with cloning sites on a vector of choice. A 
comparison of the structure of the 5E5 and 3H4 CAR 
constructs reveals the flexible nature of the organization in 
terms of the relative positioning of variable regions. The VH 
can be N-terminal or C-terminal to the VL. Moreover, any 
linker or linkers known in the art are contemplated. These 
linkers may vary in length and/or sequence. As noted above, 
moreover, various signal peptides known in the art may be 
used in CAR constructs. More generally, any of the above
noted bispecific binding partner forms is contemplated by 
the disclosure. 
[0237] The polynucleotide of SEQ ID NO: 13, also con
taining terminal adaptors, is then cloned into a vector, e.g., 
a lentiviral vectors such as is found in the above-noted 
ViraSafe™ Lentiviral Expression System (Cell Biolabs, 
Inc.). The lentiviral clone comprising SEQ ID NO:13 is then 
transduced into mouse T cells and the CAR-transduced T 
cells are administered to mice harboring cancers, e.g., solid 
tumors, such as mouse tumors or human tumor xenografts. 
[0238] In like manner, it becomes apparent that the com
positions and methods of the disclosure are readily adaptable 



US 2017/0145108 Al 

to any animal species with a functioning immune system, 
including humans, other mammals, and other vertebrates. 
Moreover, the specific binding of the bivalent binding 
protein, e.g., CAR, to Tn-O-glycopeptides unique to cancer 
cells, but not limited to particular types of cancer cells, 
establishes the versatility of the compositions and methods 
in treating, preventing, or ameliorating any of a wide variety 
of cancers. The disclosures herein establish the efficacy and 
specificity of the Tn-O-glycopeptide binding proteins, such 
as CARs or BiTEs, both in vitro and in vivo. There can be 
little doubt that CARs or BiTEs exemplified by the 5E5 and 
3H4 CARs will be very useful in cancer therapy particularly 
in the treatment of cancers with a Cosme mutation. 
[0239] In addition, the specific binding of the bivalent 
binding protein, e.g., an anti-cancer-specific glycopeptide 
CAR, to the Tn-O-glycopeptide epitope characteristic of a 
cancer cell indicates that the compositions are useful in 
diagnosing cancer and in providing prognoses by monitor
ing cancer progression. Such diagnostic methods would 
involve administration of bivalent binding proteins that 
would typically contain a label or an enzymatic component 
of a labeling system. 
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<160> NUMBER OF SEQ ID NOS, 29 
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<212> TYPE, DNA 

SEQUENCE LISTING 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
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[0320] Each of the references cited herein is incorporated 
by reference in its entirety or in relevant part, as would be 
apparent from the context of its usage. 

[0321] From the disclosure herein it will be appreciated 
that, although specific embodiments of the disclosure have 
been described herein for purposes of illustration, various 
modifications may be made without deviating from the spirit 
and scope of the disclosure. 

<223> OTHER INFORMATION, 5E5 signal sequence, optimized 

<400> SEQUENCE, 1 

atggaatggt cttgggtgtt cctgttcttc ctgagcgtga ccaccggcgt gcacagc 57 

<210> SEQ ID NO 2 
<211> LENGTH, 57 
<212> TYPE, DNA 
<213> ORGANISM, Mus musculus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<223> OTHER INFORMATION, 5E5 signal sequence, original 

<400> SEQUENCE, 2 

atggaatgga gctgggtctt tctcttcttc ctgtcagtaa ctacaggtgt ccactcc 57 

<210> SEQ ID NO 3 
<211> LENGTH, 348 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 5E5 heavy chain, optimized 

<400> SEQUENCE, 3 

caggtgcagc tgcagcagtc tgatgccgag ctcgtgaagc ctggcagcag cgtgaagatc 60 
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-continued 

agctgcaagg ccagcggcta caccttcacc gaccacgcca tccactgggt caagcagaag 120 

cctgagcagg gcctggaatg gatcggccac ttcagccccg gcaacaccga catcaagtac 180 

aacgacaagt tcaagggcaa ggccaccctg accgtggaca gaagcagcag caccgcctac 240 

atgcagctga acagcctgac cagcgaggac agcgccgtgt acttctgcaa gaccagcacc 300 

ttctttttcg actactgggg ccagggcaca accctgacag tgtctagc 348 

<210> SEQ ID NO 4 
<211> LENGTH, 348 
<212> TYPE, DNA 
<213> ORGANISM, Mus musculus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<223> OTHER INFORMATION, 5E5 heavy chain, original 

<400> SEQUENCE, 4 

caggttcagc tgcagcagtc tgacgctgag ttggtgaaac ctgggtcttc agtgaagata 60 

tcctgcaagg cttctggcta caccttcact gaccatgcta ttcactgggt gaagcagaag 120 

cctgaacagg gcctggaatg gattggacat ttttctcccg gaaatactga tattaagtac 180 

aatgacaagt tcaagggcaa ggccacactg actgtagaca gatcctccag cactgcctac 240 

atgcagctca acagcctgac atctgaggat tctgcagtgt atttctgtaa aacgagtacg 300 

tttttctttg actactgggg ccaaggcacc actctcacag tctcctca 348 

<210> SEQ ID NO 5 
<211> LENGTH, 339 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 5E5 light chain, optimized 

<400> SEQUENCE, 5 

gaactcgtga tgacccagag ccccagctct ctgacagtga cagccggcga gaaagtgacc 60 

atgatctgca agtcctccca gagcctgctg aactccggcg accagaagaa ctacctgacc 120 

tggtatcagc agaaacccgg ccagcccccc aagctgctga tcttttgggc cagcacccgg 180 

gaaagcggcg tgcccgatag attcacaggc agcggctccg gcaccgactt taccctgacc 240 

atcagctccg tgcaggccga ggacctggcc gtgtattact gccagaacga ctacagctac 300 

cccctgacct tcggagccgg caccaagctg gaactgaag 339 

<210> SEQ ID NO 6 
<211> LENGTH, 339 
<212> TYPE, DNA 
<213> ORGANISM, Mus musculus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<223> OTHER INFORMATION, 5E5 light chain, original 

<400> SEQUENCE, 6 

gagctcgtca tgacccagtc tccatcctcc ctgactgtga cagcaggaga gaaggtcact 60 

atgatctgca agtccagtca gagtctatta aacagtggag atcaaaagaa ctacttgacc 120 

tggtaccagc agaaaccagg gcagcctcct aaacttttga tcttctgggc atcaacaagg 180 

gagtctgggg tccctgatcg cttcacaggc agtggatctg gaacagattt cactctcacc 240 

atcagcagtg tacaggctga agacctggca gtttattact gtcagaatga ttatagttat 300 
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-continued 

ccgctcacgt tcggtgctgg gaccaaactg gagctgaaa 

<210> SEQ ID NO 7 
<211> LENGTH, 789 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 5E5 construct 

<400> SEQUENCE, 7 

atggaatggt cttgggtgtt 

gtgcagctgc agcagtctga 

tgcaaggcca gcggctacac 

gagcagggcc tggaatggat 

gacaagttca agggcaaggc 

cagctgaaca gcctgaccag 

tttttcgact actggggcca 

ggcggcggag gatctggggg 

ctgacagtga cagccggcga 

aactccggcg accagaagaa 

aagctgctga tcttttgggc 

agcggctccg gcaccgactt 

gtgtattact gccagaacga 

gaactgaag 

<210> SEQ ID NO 8 
<211> LENGTH, 57 
<212> TYPE, DNA 

cctgttcttc ctgagcgtga 

tgccgagctc gtgaagcctg 

cttcaccgac cacgccatcc 

cggccacttc agccccggca 

caccctgacc gtggacagaa 

cgaggacagc gccgtgtact 

gggcacaacc ctgacagtgt 

aggcggctct gaactcgtga 

gaaagtgacc atgatctgca 

ctacctgacc tggtatcagc 

cagcacccgg gaaagcggcg 

taccctgacc atcagctccg 

ctacagctac cccctgacct 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

ccaccggcgt 

gcagcagcgt 

actgggtcaa 

acaccgacat 

gcagcagcac 

tctgcaagac 

ctagcggcgg 

tgacccagag 

agtcctccca 

agaaacccgg 

tgcccgatag 

tgcaggccga 

tcggagccgg 

<223> OTHER INFORMATION, 3H4 signal sequence, optimized 

<400> SEQUENCE, 8 

gcacagccag 

gaagatcagc 

gcagaagcct 

caagtacaac 

cgcctacatg 

cagcaccttc 

aggcggatct 

ccccagctct 

gagcctgctg 

ccagcccccc 

attcacaggc 

ggacctggcc 

caccaagctg 

atgggctggt cctgcatcat cctgtttctg gtggccacag ccaccggcgt gcacagc 

<210> SEQ ID NO 9 
<211> LENGTH, 342 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 3H4 heavy chain, optimized 

<400> SEQUENCE, 9 

caggtgcagc tggaagaatc tggccctggc ctggtggccc ctagccagag 

acatgcaccg tgtccggctt ctccctgacc tcctatggcg tgtcatgggt 

ccaggcaagg gcctggaatg gctgggagtg atttggggcg acggcagcac 

agcgccctga tcagcagact gagcatctcc aaggacaaca gcaagagcca 

aagctgaaca gcctgcagac cgacgacaca gccacatatt actgcgccaa 

ttcgactact ggggccaggg cacaaccctg accgtgtcta gt 

cctgagcatc 

gcgacagcct 

caactaccac 

ggtgttcctg 

gggcggctac 
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339 

60 

120 

180 

240 

300 

360 

420 

480 

540 

600 

660 

720 

780 

789 

57 

60 

120 

180 

240 

300 

342 
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<210> SEQ ID NO 10 
<211> LENGTH, 342 
<212> TYPE, DNA 
<213> ORGANISM, Mus musculus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 
<223> OTHER INFORMATION, 3H4 heavy chain, original 

<400> SEQUENCE, 10 

caggtgcagc tcgaggagtc 

acatgcactg tctcagggtt 

ccaggaaagg gtctggagtg 

tcagctctca tatccagact 

aaactgaaca gtctgcaaac 

tttgactact ggggccaagg 

<210> SEQ ID NO 11 
<211> LENGTH, 318 
<212> TYPE, DNA 

aggacctggc ctggtggcgc 

ctcattaacc agctatggtg 

gctgggagta atatggggtg 

gagcatcagc aaggataact 

tgatgacaca gccacgtact 

caccactctc acagtctcct 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

cctcacagag 

taagctgggt 

acgggagcac 

ccaagagcca 

actgtgccaa 

ca 

<223> OTHER INFORMATION, 3H4 light chain, optimized 

<400> SEQUENCE, 11 

cagattgtgc tgacacagag 

atcacctgta gcgccagcag 

accagcccca agctgtggat 

ttttctggca gcggctctgg 

gacgccgcca cctactactg 

accaagctgg aaatcaag 

<210> SEQ ID NO 12 
<211> LENGTH, 318 
<212> TYPE, DNA 

ccccgccatc 

cagcgtgtcc 

ctacagcacc 

caccagctac 

ccagcagaga 

<213> ORGANISM, Mus musculus 
<220> FEATURE, 
<221> NAME/KEY, misc_feature 

atgagcgcta gccctggcga 

tacatgcact ggttccagca 

agcaacctgg ccagcggcgt 

agcctgacca tcagcagaat 

agcagctacc ccttcacctt 

<223> OTHER INFORMATION, 3H4 light chain, original 

<400> SEQUENCE, 12 

cctgtccatc 

tcgccagcct 

aaattatcat 

agttttctta 

aggggggtac 

gaaagtgacc 

gaagcccggc 

gcccgctaga 

ggaagccgag 

cggcagcggc 

60 

120 

180 

240 

300 

342 

60 

120 

180 

240 

300 

318 

caaattgttc tcacccagtc tccagcaatc atgtctgcat ctccagggga gaaggtcacc 60 

ataacctgca gtgccagctc aagtgtaagt tacatgcact ggttccagca gaagccaggc 120 

acttctccca aactctggat ttatagcaca tccaacctgg cttctggagt ccctgctcgc 180 

ttcagtggca gtggatctgg gacctcttac tctctcacaa tcagccgaat ggaggctgaa 240 

gatgctgcca cttattactg ccagcaaagg agtagttacc cattcacgtt cggctcgggg 300 

acaaagttgg aaataaaa 318 

<210> SEQ ID NO 13 
<211> LENGTH, 762 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 3H4 construct 

<400> SEQUENCE, 13 
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-continued 

atgggctggt cctgcatcat 

attgtgctga cacagagccc 

acctgtagcg ccagcagcag 

agccccaagc tgtggatcta 

tctggcagcg gctctggcac 

gccgccacct actactgcca 

aagctggaaa tcaagggcgg 

caggtgcagc tggaagaatc 

acatgcaccg tgtccggctt 

ccaggcaagg gcctggaatg 

agcgccctga tcagcagact 

aagctgaaca gcctgcagac 

ttcgactact ggggccaggg 

<210> SEQ ID NO 14 
<211> LENGTH, 45 
<212> TYPE, DNA 

cctgtttctg gtggccacag 

cgccatcatg agcgctagcc 

cgtgtcctac atgcactggt 

cagcaccagc aacctggcca 

cagctacagc ctgaccatca 

gcagagaagc agctacccct 

aggcggatct ggcggcggag 

tggccctggc ctggtggccc 

ctccctgacc tcctatggcg 

gctgggagtg atttggggcg 

gagcatctcc aaggacaaca 

cgacgacaca gccacatatt 

cacaaccctg accgtgtcta 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Linker 

<400> SEQUENCE, 14 

ccaccggcgt 

ctggcgagaa 

tccagcagaa 

gcggcgtgcc 

gcagaatgga 

tcaccttcgg 

gatctggggg 

ctagccagag 

tgtcatgggt 

acggcagcac 

gcaagagcca 

actgcgccaa 

gt 

ggcggaggcg gatctggcgg cggaggatct gggggaggcg gctct 

<210> SEQ ID NO 15 
<211> LENGTH, 19 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 5E5 signal peptide 

<400> SEQUENCE, 15 

gcacagccag 

agtgaccatc 

gcccggcacc 

cgctagattt 

agccgaggac 

cagcggcacc 

aggcggctct 

cctgagcatc 

gcgacagcct 

caactaccac 

ggtgttcctg 

gggcggctac 

Met Glu Trp Ser Trp Val Phe Leu Phe Phe Leu Ser Val Thr Thr Gly 
1 5 10 15 

Val His Ser 

<210> SEQ ID NO 16 
<211> LENGTH, 116 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 5E5 heavy chain 

<400> SEQUENCE, 16 

Gln Val Gln Leu Gln Gln Ser Asp Ala Glu Leu Val Lys Pro Gly Ser 
1 5 10 15 

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp His 
20 25 30 

Ala Ile His Trp Val Lys Gln Lys Pro Glu Gln Gly Leu Glu Trp Ile 
35 40 45 

Gly His Phe Ser Pro Gly Asn Thr Asp Ile Lys Tyr Asn Asp Lys Phe 
50 55 60 
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Lys Gly Lys Ala Thr Leu Thr Val Asp Arg 
65 

Met Gln Leu Asn 

Lys Thr Ser Thr 
100 

Thr Val Ser Ser 
115 

Ser 
85 

Phe 

<210> SEQ ID NO 17 
<211> LENGTH, 113 
<212> TYPE, PRT 

70 

Leu Thr Ser Glu 

Phe Phe Asp Tyr 
105 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 

Asp 
90 

Trp 

<223> OTHER INFORMATION, 5E5 light chain 

<400> SEQUENCE, 17 

34 

-continued 

Ser Ser Ser Thr Ala Tyr 
75 80 

Ser Ala Val Tyr Phe Cys 
95 

Gly Gln Gly Thr Thr Leu 
110 

Glu Leu Val Met Thr Gln Ser Pro Ser Ser Leu Thr Val Thr Ala Gly 
1 5 10 15 

Glu Lys Val Thr Met Ile Cys Lys Ser Ser Gln Ser Leu Leu Asn Ser 
20 25 30 

Gly Asp Gln Lys Asn Tyr Leu Thr Trp Tyr Gln Gln Lys Pro Gly Gln 
35 40 45 

Pro Pro Lys Leu Leu Ile Phe Trp Ala Ser Thr Arg Glu Ser Gly Val 
50 55 60 

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 
65 70 75 80 

Ile Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Asn 
85 90 95 

Asp Tyr Ser Tyr Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu 
100 105 110 

Lys 

<210> SEQ ID NO 18 
<211> LENGTH, 19 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 3H4 signal peptide, optimized 

<400> SEQUENCE, 18 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr Gly 
1 5 10 15 

Val His Ser 

<210> SEQ ID NO 19 
<211> LENGTH, 114 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 3H4 heavy chain 

<400> SEQUENCE, 19 

Gln Val Gln Leu Glu Glu Ser Gly Pro Gly Leu Val Ala Pro Ser Gln 
1 5 10 15 

Ser Leu Ser Ile Thr Cys Thr Val Ser Gly Phe Ser Leu Thr Ser Tyr 
20 25 30 
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35 

-continued 

Gly Val Ser Trp Val Arg Gln Pro Pro Gly Lys Gly Leu Glu Trp Leu 
35 40 45 

Gly Val Ile Trp Gly Asp Gly Ser Thr Asn Tyr His Ser Ala Leu Ile 
50 55 60 

Ser Arg Leu Ser Ile Ser Lys Asp Asn Ser Lys Ser Gln Val Phe Leu 
65 70 75 80 

Lys Leu Asn Ser Leu Gln Thr Asp Asp Thr Ala Thr Tyr Tyr Cys Ala 
85 90 95 

Lys Gly Gly Tyr Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val 
100 105 110 

Ser Ser 

<210> SEQ ID NO 20 
<211> LENGTH, 106 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, 3H4 light chain 

<400> SEQUENCE, 20 

Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser Pro Gly 
1 5 10 15 

Glu Lys Val Thr Ile Thr Cys Ser Ala Ser Ser Ser Val Ser Tyr Met 
20 25 30 

His Trp Phe Gln Gln Lys Pro Gly Thr Ser Pro Lys Leu Trp Ile Tyr 
35 40 45 

Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ala Arg Phe Ser Gly Ser 
50 55 60 

Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu 
65 70 75 80 

Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Arg Ser Ser Tyr Pro Phe Thr 
85 90 95 

Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys 
100 105 

<210> SEQ ID NO 21 
<211> LENGTH, 15 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Linker 

<400> SEQUENCE, 21 

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser 
1 5 10 15 

<210> SEQ ID NO 22 
<211> LENGTH, 8 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide 

<400> SEQUENCE, 22 

Ser Ile Tyr Arg Tyr Tyr Gly Leu 
1 5 

<210> SEQ ID NO 23 
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36 

-continued 

<211> LENGTH, 12 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic polynucleotide 

<400> SEQUENCE, 23 

gcggccgcca cc 

<210> SEQ ID NO 24 
<211> LENGTH, 6 
<212> TYPE, DNA 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic polynucleotide 

<400> SEQUENCE, 24 

ctcgag 

<210> SEQ ID NO 25 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide linker 

<400> SEQUENCE, 25 

Glu Glu Gly Glu Phe Ser Glu Ala Arg 
1 5 

<210> SEQ ID NO 26 
<211> LENGTH, 18 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic peptide linker 

<400> SEQUENCE, 26 

Ala Lys Thr Thr Pro Pro Lys Leu Glu Glu Gly Glu Phe Ser Glu Ala 
1 5 10 15 

Arg Val 

<210> SEQ ID NO 27 
<211> LENGTH, 21 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 27 

Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro 
1 5 10 15 

Gly Ser Thr Gly Asp 
20 

<210> SEQ ID NO 28 
<211> LENGTH, 14 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic Myc tag 

<400> SEQUENCE, 28 

Gly Gly Pro Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu Asn 
1 5 10 
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-continued 

<210> SEQ ID NO 29 
<211> LENGTH, 6 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic His tag 

<400> SEQUENCE, 29 

His His His His His His 
1 5 

What is claimed is: 
1. A codon-optimized polynucleotide encoding a cancer

specific Tn glycopeptide binding partner that binds a cancer
specific Tn glycopeptide, the binding partner comprising the 
antibody heavy chain variable fragment (VH) sequence set 
forth in SEQ ID N0:3 or the antibody light chain variable 
fragment (VL) sequence set forth in SEQ ID N0:5. 

2. The polynucleotide of claim 1 wherein the cancer
specific Tn glycopeptide is MUCl. 

3. The polynucleotide of claim 1 wherein the cancer
specific Tn glycopeptide binding partner comprises the 
antibody heavy chain variable fragment (VH) of SEQ ID 
N0:3 or a humanized derivative thereof and the antibody 
light chain variable fragment (VL) of SEQ ID N0:5 or a 
humanized derivative thereof. 

4. The polynucleotide of claim 1 wherein the cancer
specific Tn glycopeptide binding partner comprises the 
antibody heavy chain variable fragment (VH) of SEQ ID 
N0:3 and the antibody light chain variable fragment (VL) of 
SEQ IDN0:5. 

5. The polynucleotide of any of claims 1-4 wherein the 
cancer-specific Tn glycopeptide binding partner is a single
chain variable fragment (scFv). 

6. The polynucleotide of claim 5 wherein the scFv com
prises the heavy chain variable fragment N-terminal to the 
light chain variable fragment. 

7. The polynucleotide of claim 5 wherein the scFv heavy 
chain variable fragment and light chain variable fragment 
are covalently bound to a linker sequence of 4-15 amino 
acids. 

8. The polynucleotide of claim 5 wherein the scFv heavy 
chain variable fragment comprises SEQ ID N0:3 and the 
light chain variable fragment comprises SEQ ID N0:5. 

9. The polynucleotide of claim 5 wherein the single-chain 
variable fragment is contained within a bi-specific T-cell 
engager. 

10. The polynucleotide of claim 5 wherein the single
chain variable fragment is contained within a chimeric 
antigen receptor. 

11. The polynucleotide according to claim 1, wherein the 
coding region is codon-optimized for expression in a human 
cell. 

12. The polynucleotide according to claim 1 wherein the 
polynucleotide encodes a cancer-specific Tn glycopeptide 
binding partner selected from the group consisting of a 
single-chain variable fragment, a multimer of a single-chain 
variable fragment, a bi-specific single-chain variable frag
ment and a multimer of a bi-specific single-chain variable 
fragment. 

13. The polynucleotide according to claim 12 wherein the 
multimer of a single-chain variable fragment is selected 
from the group consisting of a divalent single-chain variable 
fragment, a tribody and a tetrabody. 

14. The polynucleotide according to claim 12 wherein the 
multimer of a bi-specific single-chain variable fragment is a 
bi-specific T-cell engager. 

15. The polynucleotide according to claim 1 further 
comprising a coding region for a peptide selected from the 
group consisting of a peptide signaling domain of a T cell 
signaling protein, a peptide modulator of T cell activation, 
and an enzymatic component of a labeling system. 

16. The polynucleotide according to claim 15 wherein the 
peptide signaling domain of a T cell signaling protein is 
selected from the group consisting of a 4-lBB cytosolic 
signaling domain, a CD3s cytosolic signaling domain, a 
cytosolic domain of CD28-CD3s fusion and a cytosolic 
domain of a 4-1BB-CD3s. fusion. 

17. The polynucleotide according to claim 15 wherein the 
peptide modulator of T cell activation is selected from the 
group consisting of IL15, IL15Ra and an IL15/IL15Ra 
fusion peptide. 

18. The polynucleotide according to any one of claims 
1-17 further comprising a coding region for a linker peptide 
as set forth in SEQ ID N0:14. 

19. The polynucleotide according to any one of claims 
1-18 further comprising a coding region for a signal peptide 
as set forth in SEQ ID NO: 1. 

20. The polynucleotide according to any one of claims 
1-19 further comprising a sequence encoding a transmem
brane domain. 

21. The polynucleotide according to claim 20 wherein the 
transmembrane domain is the transmembrane domain of 
CD28. 

22. A vector comprising the polynucleotide of any one of 
claims 1-21. 

23. The vector according to claim 22 wherein the vector 
is a viral vector. 

24. The vector according to claim 23 wherein the viral 
vector is a lentiviral vector. 

25. A host cell comprising the polynucleotide of any one 
of claims 1-21 or a vector of any one of claims 22-24. 

26. A pharmaceutical composition comprising the poly
nucleotide of any one of claims 1-21, or a vector of any one 
of claims 22-24, or the host cell of claim 25, and a physi
ologically suitable buffer, adjuvant or diluent. 

27. A method of making a chimeric antigen receptor 
comprising incubating a cell comprising a polynucleotide 
according to any one of claims 1-21 or a vector according to 
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any one of claims 22-24 under conditions suitable for 
expression of the coding region and collecting the chimeric 
antigen receptor. 

28. A method of preventing, treating or ameliorating a 
symptom of a cancer comprising administering a prophy
lactically or therapeutically effective amount of a polynucle
otide according to any one of claims 1-21 or a vector 
according to any one of claims 22-24 to a subject in need. 

* * * * * 
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