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ABSTRACT

In various embodiments methods of producing a cell popu-
lation enriched for CLEC9A+ dendritic cells are provided
where the methods involve culturing stem cells and/or

progenitor cells 1n a cell culture comprising culture medium,
a notch ligand, stem cell factor (SCF), FLLT3 ligand (FLT3L);

thrombopoietin (TPO); and IL-3 and/or GMCSF.



Patent Application Publication Jan. 4, 2024 Sheet 1 of 4 US 2024/0002799 Al

L

"h"h"h"h"ﬂ'ﬂ'ﬂ:i

MR

A
’r’r’r’r’r’r
L

d
r:r:r:r:r’r’
P
-

A
%

:-:-

b
l:_‘ ‘1‘
'E_!'E_!'H
k. ] "!

i i
i dp
g
"d
'!

o
e
o
i

o

tfti’i’ti’fi’tttft{.ttffttftftttft:.'

X,
N

i
r-r-rrr-:r:'
x .
]
L

X
1
E'E'E'!'E'E'E'E'E

o
LR
L

r 4
e

PP

x

ftttftttfftttfl&'
Pl el it e e e e T T T el el i Rl il i il il Rt il el Rl Rl Tl i .

L]

i‘i’ti'ti’i'i'tffi’tt"{'ftftffftfftttf:’

- ‘r
y
.
o
o
e
v
o
e
v
iy
Ny i:
:.
. e -
. ﬂ'
. :r .
LI | LI | . -
P
* :Jr*_dr* wox lr*#*%#‘fr . "
* XK X vl P N T
-
l-: :Jr*#*a-*dr:dr: 3 rr:q-:#:dr:q-:#. . :Jr: * : :-
* X X xR Cal ol o ol -##&#-
Pl Xk W
* N KRR N TR TN
Pl sl aly Ealal sl sl ol Cal el ol el )
" N N T ax T .
r el et Wodr i
* Ealal ol ol Y Ol o ol STy Ty Ty T
Pl Pl Ol
. N N R R R TR RTE .
r Sl ol il ol oty Ol als
* Pl o) wa Sl o
Pl el WA kR kR
* N N N FaTa 'y x N N
Pl Xk o
iy TR RN FEE R R TR
L AT A b#*#*#*lr*#*i{ At
ored R_h_h_&K_§ L] h_h_h_ &
e .hi.ip.ﬂi.t.i.'l‘.‘i.‘l. .ﬂ%‘.ﬂ'. LUV o o -..?-.- A KV AR RN, iy
.- '-'
-
LR e e e e e e e e e e e e R e e e e e e e e e e e e e e e e e e e e e e e e e e e e
: "
.
i)
T .
*-
‘-
‘l

L]

SR RERIE

;.a-..u.ig

.
>

PR REFY |

Ll L]

L]

L

L]

PYee: S

<

-

- '
:4 EX R _-’q X _;4 _4'.

L]

L]

E> S TR IO, A LY. SR IR re

-

i:-'r."i:

Lk X2
e

k.

L]

i *-:-.*;-A:

”
>
‘.
o’
‘I

B i il i i i i i ol e e il

b.

o

-l
'

-.-
'

R R I A

;‘;’#'}; oy . ‘;‘t‘#ﬂ't‘

ﬁ:.
2
3




Patent Application Publication Jan. 4, 2024 Sheet 2 of 4 US 2024/0002799 Al

L]
¥,
‘J
‘J
¥,
‘J
‘J
¥,
‘J
. . ‘j IIIIIIIIIIIIII -
I « ¢ 7 o1 o7 o7 o a0
. P = : : 1 1 1 .
[ © = 1 1 o7 o1 o
- & & ) - 4
L] 'I':‘ ################## "
: : i LN
M sﬁ -%. S .. |
. . . .
a . . . . - . .
- . - -
- - - a -
. . ' - .
iy - - ] r r
- . . ! -
. - . -
. . - '

L .

L .
L . .
. I

L . .
- *-

¥

L .
. *l.

T

et . .

- ‘-
aaaaaaaaa )
lll‘l'l‘ll‘l‘:"

1'.

DLLA

Fig. 3




Jan. 4, 2024 Sheet 3 of 4 US 2024/0002799 Al

Patent Application Publication

. ......-_..-_.__l_.__..-..l.-.l.__l-.
P

.‘.- [
)

L

Lt
Ll

e
&

5
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3

T
:
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*
*
I3
*

. 1—.—.—.111..”

+..r.i.i.i*i.i'l...l.4.}.}...r'wi.i.i..rﬁ.i..r.i.ﬁ..r..r..r+.r..r.i.i#i.i.i.i*.}.i.i.«.i.i.i+i..r.i...lﬁ.i.i.i -

El |

LA

r F
. LI T N

Eal ol al
T N

ol

- F ¥ FHE
i L L ._-_-__...4_4...*.4......444._,.._._4 LAl a
3 ._.“... I i i M
- . L e N e e
N
e e e e e e e
L ot e e e S
- ~ o noa ol e e L kel
|||-_-.ul4&4&4*...&4&4*4&4...44 ol Ul a0l ksl
- B L o e e e e e el
P e e el
s ..___.-_I-."44444444444444444444444-"-44444444
W dr Ly b Sl iy b dp b ey b el e ey i iy
- “L-..4.4.4.4....4.4.4.4.4.4.4.4....4.4.4.4.4....4.4....4 E ol k3l o
Ll 30 30 aE E 3 aE Ll 30 3 AE E M3 aE U R 3l a2l
- L e e e e e Wl ke
e T P P,
s a3 E 0 3 aE B 3 aE B S aC al W E Al aE al
Ll e e e el sl el N Ll ol
- P T N N
r
i L h .q.-_.4.4.q.4._...4.q._..4.4.q.44.4.q444&444...444*444&444...44..._-_4 Al

! .-1|.-...__.”.-H-.“HH4.__.4”4”4H._..H&H;H...H#H;H&H#H;H&H&Hﬂ.—t 4.4“._..
. l.".-_-..__-i...n.a .44...4.4&.44.44.4....44...4.4_...444&.-"-. 3

Ll L L NN -H_._.q Ap A A AL

i ..-.. P

,.-_-_.4.4

F)

L]
\
)

)
o

*
*
*
*
*
*
*
*
*
*
*
*
*
-
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

L
..
A

LA A A
.

LA A A

1'

lt_

1'

q". . i
- . ol M

¥ o

¥ A E N Al Ml

[ dr i dp o dp e e i

" M

- Tyt P AN

- O 'Iu-_l_-_-_ Pl e v

e LT R 1-_.__..__-_.-&_ ARt
- VR ar

> Pl

1‘ T-.'

" J

1‘.

1'

lt_

[ ]

L

1'

1?

- i
- +

y A

*

lt_

"

lt_

l'

X,

__..t....-_...-_...-_...-_...-_...-....-_...-_...-....-_...-_...-_...-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-_...-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-_...-_...-_...-....-_...-_...-....-_...-_...-....-_”

‘aw
L3 ...TH&H#H#H&H...H#H&H...H#H#H# ;
WA R R

.- i
. w _-.-Jt.qr“-“-_“-“.l“.-ull._.l._.ll W W i i ”I"I-.
.. N L A e
.ttiﬂl"-.q.q.q.q.q...q.qﬂ.q.q...ﬂ.q..a; ol )

;
]
;
:
Ty
.||
l‘I
'i
*
%
[ ]
;
b
o

“m , o 5,

el e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e T e e Y

&

P T T T T T T e Y e S S T B T T T PR, |
ir#-fi.ﬁ._,i.%.ﬁi,il:ri.ﬁ..firﬁf4‘..,.._14!.._,.._1-_,...5.-ir#f.—_ﬁ.-im.ﬂ_i,.._l-_ri_..ﬂ-._._r#,._._-1.,._._,{,Jﬁrirﬁir«fiﬁ-i,.ﬂ',rﬂr LN

__...
.. )
__...
&
__.l
oy X, KM,
i . P o
¥ ke L el e o
[
¥ e T T N w -
. Sl A L A ) T i e e e i W
- L A L L s el
* P el M s
¥ e e, ....4”...4.4H4”...”4H4H “.4”4”...”4...
* N Al sl al sl el
. L R M Sy
* P A W A )
- Pl s el el sl o s al}
* Ea s sl el
" . x 4.4.__..4.4.__.4.4.__..4.4...4.4"-4...4.44.44...4.44.44.44.44.-
- L g A L M
* . .4....4.4...4.4...4.4...4”-'.4.4....4.4....4.4...
. N A e e s el sl s a2l
* - L A et N A A ey
- o A A A A e
* S el e s e s e sl el e s s al ol U s sl el
. . S A A A e et e e e el et sl el el sl
" ....l.-....-_-_._..a.q....a.q....a.q... L I
- R RN N At s st el sl e e al sl o s st ol al a3 sl al s sl Ul s o el 2l
* —_— P I gy iy i
. e T T T T T T N
k e e e 44444445--.44444444444...
- B S L N A e . Ml St et sl sl alal sl e A A L
* T o e o My e,
. e A a aa a a a  a a a a a a a a a a a aa a al a a al a a Al ol S e el e e a2l
* qht.q.4....44....44444#444444444444444 44.444441""4444...44...44...v
- L N I A o At ) P T A L
* ,lﬂ-_4.__..44...44.__..44....44444.__..44.__..44.__..44....44...44....44..._-"-_444...44...44...v
. N s A e st a s P At Al
* e g g g g e T a ey P Py S e,
- ottt el sl al Ut At Al Ul 0 Ul el Al nUCalal Al 2l el
* . e a a  aa a a  a a a a  a a a a a a )
S e e U Al et bl 2l et aCal a s bl Ml
N N N e s N
L )
. ,_-.'_-__._-__.lt.-.-.n...n.q-...n.q...&.........inli&....q...* A
. Skl N O WA
R ™ »
- L '-..'

1
w0 L o L R T S

| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]
| ]

F]

g A g S S S :

|

¥ . 1.. o 1.. o 1.. . 1...|

. %

| | | L | | g
i B Gt i i o e T S ol e R S e

. L el ol
L R R S R N el " Ex
. L S 2 3 B S a0 o 2 T R R -
_.-.__._._l.q-“. o A AE E MR A DE NN A A NN A A MR B e, X J .
T R R AR AR AR AR S
t”nn L e kB S A aE Al aC 3 3l 3 L aE aE aE Ml a2l al M o
e e e e e e
dp e e d T dr e dt dr el dp ok dr e de ke d k& ke ke d & de kd ok d
- L C 3 3 3 E Sl E aE E 3 a0 3 3E E 2 aE aE al al 2l
e e et e el
" L
r dp e e e il e d e i e i i i
. e e e e e al al al a
A Nl )
Lo el 3 ik aE a aE Al al
Lol dp e e ek iy
L L N A l  alaly
o A MM nC M Al M N AL
R N N N
A A A a RN R B
Ll E aE Bk E E 0 330 E B M C a0 2l ol n W W Al )
L3 dr i Al Bl
R l_..|_-_|1_-_l_.__-_ P MMM MM MM MMM R
PUMCE R R A A kA kR
Eon ol N e il
L LN NN M L A AL LM
ML N
B ]
.—_' —.'.‘

R R X
a

.
'L H Y
. y
. ",
; .
. T
; .
L
; =
'l L
.

.
by

.
;
.
;
*
s
.
;
.
;
*
s
.
;
. .
;
*
s
.
;
.
;
L - a4
s
.
;
.
-
a Pl ]
L] DL N I T O -
pe [l T Sl .-...-......_..._.v.-..-..-..-..._ln..__.l..__. o .
- R . . L .
. F]
a . e e e e n '
L R R N | IIIII.II‘I_.-..# ir & |
_-__-Ilml.q-_-. ot 0 A *
™ .E.....I__.._.___.Ja...._._ o, e 'y
P s ) L N A A A et e el s e u
* L at B Bl e e W e e i i
a HUw LIV AL LAl al M) AL LA E LAl Al aL L Al ML al)
. B LN et pt Pl ol Pl .
' 1 F PR LI N N N N ) ] et
. A ....-..-..-....l..-.....
¥ roa ey
. o
‘l r B
*
s
.
;
. .
;
* .
s
. s
;
.
;
*
s
.
;
.
;
*
s ;
. -
; .
. et
Fl -
*
. x

-

o o g i o g R e g e e o A

L
F

.._._.__..t_._.___....___.h_-.r._..._._._._#.._._._._._..._.E-_.__.._._.___.H...___._._._...-r._._._..._._“..._._._._.__.ﬁ_.___._..._._ir._..._._;.Jl;iiﬁii;ﬁ,.i;i.ﬂ#ii{iii1.
- . . r ' . -
; . . . .

*

.-'.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-'.- ‘.-'.-. ..-.

0 0 0 - = ) °
- . n .-_.__.-_l-.-.-.l.

o atatg Ty R

..-.....-.....-_.__-.....r.-..._ . N W |

[ .
e f
[ o e .
.__r..-..._..-_.._..-.._.-.......-...._1 ERE T
__.__....._.-..-......_.-. e e l.rr.“i“-_“l“.l“.-”..”._.........................
...q...lﬂlmlu-_lll-.-_-_-_ P )
.. 1 —.l—.l-ll‘.-.

' Cla

.ﬂlnlu;n!ﬂ..-maulnlunnﬂn..ﬁauln .._!n.__u.__ﬂ...u.!ﬁ.|”.__u.__ﬂ.__-11n.__u.__”.__u.__n_ﬁ..__ﬂ.__u.__”.__..Alu.__ﬂ.__u.__u*u.ﬁlﬂlu_ﬁlu.__n.__u.__ﬂ.ﬁ_..”.__u.__n.__q.ﬁlu.__”.__ulq ”

A e e e e e e e e e T e e T e T e e T e e e e e e e e e e e habul

e

e e e .._..__..._.........r..r..r...-..._..-..__..-..r__l_......-..-. '

T R T R T I L i i ..

-I.._..-..I.-..__._.I_....—.......r..-..-..-. Ll T

- . . .

E L S I I T T T

A N e e R R N NI
'

FFFFFER &
.I.'

)

et
B e

L )

................-...........................j...-.....—...........-.... b,
-..'..._...._..___J.._._...._......‘-...._._....i-.._.._._....___5..__.........!..........._..“....___.._.-_..._.._._....!-....i&.ft.i&t*&iift&;iﬁ.&i&lrii&”.

L]

Fig. 4



Jan. 4, 2024 Sheet 4 of 4 US 2024/0002799 Al

Patent Application Publication

et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

_}-$w R _?-

o

. -
A el g A N
b 1....”.-.... \‘1.”..”- .1.|-. it

ﬂﬁx;ﬂ._ﬂ.‘

£

e

S T Sy

-

ot
Ti
)

.nhu...%u.-.n_,ﬂu-.....u................ .nﬁ..-”ﬂ..,u-..-ﬁ......-..u-........-... : . .n.uﬂ:u.vﬂ..n.-.u....u..i.ﬂ..ﬁ-ﬁ%“ﬂ.-ﬂ-u.n.m.

L N L N N N L N L L L N N N N N N L N N L N L N L N N N N N N L L L N N I N N L L L N L L L L L L L L T L N T
- E FEFEFRESFERESFEREEBSER S ESESBSERSESESESERESERESESERESERESERESRESESERSRERSESESESERESFESESERESESESEBSERSESESFESRESFERESFEREESRESFEREES

R STy Sal

i.i"i.iﬂ%i"i{

[l

g

i"i.ig

'r‘l‘l"l‘b

ﬂﬁfﬁﬁbﬂ@!ﬁﬁﬁﬁﬁﬁ

- s a2 a2 a2 5 3 a2 &2 4 = &2 a2 = a

LEEE s

L]

L T T o T T T L N TR S A e T N T W

L T o T S T T O T A A T T ¥

L T o o o o T o o T o T T T N T T T T T T S A

R e R N R N N

trt ettt e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e gt e e e e e e e e e e e e e e e e e

- - . 4
» - .—.w » i% Pl e a
.-.. - . i ”ﬂl-_—.hn . Lr " lvq.
. . r e . . .
» o - . - . L] .
*, . . -, 7 ™
* . » . “a
* e - .y ' » - ' L e L " 3
. - N
¥, " -_..__ .-! a - T ' -t . am ..l..____ ) L N - "
* bl = " b R s * =T - -..-.. - * » .ﬁtll. L . " '
» et - e . o a T . > u - - Lo e ' -
» » " ] M . . LU ; . Ly
. - . . . u . A
.-.. ............... __.-. ............... o = N A
.i- K, ! L L ! T L ! L Ryl | ~ ~ L L ! ! L L L ] - lI‘
- ol bl il R RTE R R R Lt PR e e e N -y ; M
. co ' o R, .-.l - o . X e o . -
. % Py ¥ N I ' i e oy [ P R L
» . x . e . » i He e e - w
Il - . * - X - » L . s oy 1 ™
» .- n - X ¥ . - -
.-.. ._.l_lt [ ] lr. .-.. . [ . - ;_..-. ._.i.
N . » . . - ‘m A R e W LD ]
Y P l_-.-. [ .F..& n - & a a Jl.. . ¥ r & N [ ] ra
.-.“ e 1.__._. ' l" . l“ K }- .-.1.-_- .._l_.l.-. . 17K h. . ™ r -” Y ..-..IF.. .....l. - . l”
H. . e L _-..-._ L. - " Ay e = . "
. . . .
p qul o R T ot o, ,a . oy - - K
. - . . F R T Y B I ] Ak ma ko o w kA . B PEPI Pl T l*
. . - - . . .
* » T P -”._-. - a 1lrI"I1.-._l.__ e 1...‘1.1 .-...ul”.__.. - k. SR - ._._-..-. . 8 -
» - Fr P e e e ST e s L VO W A 3 A e
L] - L ] a4 a ...l r ¥ = . a a4 H & = = & . lu L] - o PR | - | [
» N - - e - [T " N a mn a - . - X -
] . - F r e . 1.... l.... ra ¥ " B 1
H. - . " __.IL.-_ " . . - oy wn - ._.tl.__.. .
.y " r % " - .
d TI‘. ] ] - o - - L
» [l .ﬁ.....-q_.l-.-.._.._. . v ...l__..- “ua . ) . »' - . ui_
. . T AL N R R N AR s AR ; o Bl ", -
* . ?_ w FoaTh * A ..I.II.__. a . o . e e 4 e e aa N
» - ' - . - - N w
. . . . - r » o Y r s nr ™
Y [ ] a F i a Fa | - L
i hJ . . W - ARk 3
P o r a - - I~
v X S o 0
Il - “.'-. - ! " . s . -7 o ™
f d L] L] L} n i - I. n -
. - ] = h w - A e -
* P T e omT W Y w T A "
» [ - 1 1 v w4
» -k o " ™, k
* i = A * T '
e . .
'

I*l.*l*
i

o
.—
o
4
»
¥
o
R
w,
oo
'i
'iil'-r
¥
_. '.
x
x
Il ]
'J
5
L ] ﬁ l‘l‘l'l‘

F . » o« k@ Fl q

F ] [N ] -

5 RS e

& . .

: T d qm..
LAY

.-.. Ew

.-.- -

H” B T T e e o el i e e e e .-.

H. r# F ]

.-_“ il

. e

% g
-

._..“ iy

B I

.-.“ i l_..

.-.- L) .

.-..

& 4

Py -~

* ra

&

wuu..__ﬂ..-u...,w_........ﬁ..........-. u.,.uu.h.ﬂw.,u-....np-.....,ur....-.-.........ﬁ_—u-u.u-...-n.ﬂ..-.Hq,ﬂ,%qui..rvluﬂru..uﬂnhrvuﬂﬁ%.

Sy

[Nl il it

4 = & a

LREE TEARE

G R AR




US 2024/0002799 Al

METHOD FOR GENERATING HUMAN
DENDRITIC CELLS FOR
IMMUNOTHERAPY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation application of
U.S. patent application Ser. No. 15/575,073, filed Nov. 17,
2017, which 1s a national phase application under 35 U.S.C.
§ 371 of International Application No. PCT/US2016/
033339, filed May 19, 2019, which claims benefit of and
priority to USSN U.S. Provisional Application No. 62/164,
368, filed on May 20, 2015, the contents of which applica-
tions are incorporated herein by reference in their entirety
tor all purpose.

STATEMENT OF GOVERNMENTAL SUPPORT

[0002] This invention was made with government support
under Grant No. NIH T32HL066992 and NIH POl
HI.0O73104 awarded by the National Institutes of Health. The

Government has certain rights in this mvention.

BACKGROUND

[0003] The use of dendritic cells (DCs) to present tumor-
associated antigens to autologous T cells (so-called “den-
dritic cell vaccines” or “cancer vaccines™) has been widely
investigated as an approach to cancer immunotherapy, and
has led to one FDA-approved therapy (sipuleucel-T). Over-
all, however, this approach has demonstrated only modest
climcal eflicacy, which may be due to multiple factors
including DC-intrinsic properties, tumor antigen properties,
activation of endogenous T cell checkpoints, and 1 vivo
adaptive tumor responses (reviewed in Palucka and
Banchereau (2012) Nat. Rev. Cancer, 12: 265-277). Of these,
DC-1intrinsic properties may present a critical initial barrier
to developing effective DC vaccines, as adequate T cell
priming 1s a requisite for subsequent eflicacy.

[0004] A key determinant of DC-intrinsic properties 1s the
source and type of DC used. Clinical DC vaccines have
relied almost exclusively on monocyte-derived DC (MoDC,
also known as “inflammatory DC”), which are typically
CD14+ DC-SIGN+ antigen presenting cells generated from
either blood monocytes or CD34+ HSPC by culture 1n
stroma-Iree conditions in the presence of GM-CSF and 1L.-4,
followed by “maturation” with pro-inflammatory stimuli
such as interferon-gamma, TNF-alpha, LPS, or poly I.C.
MoDC have several limitations: Firstly, they are relatively
ineflicient at cross-presenting cellular antigens to CD8+ T
cells and priming cytotoxic T cell (CTL) responses, and thus
must be loaded with exogenous peptides. This has required
prior knowledge and synthesis of epitopes with HL A speci-
ficity, and depending on the peptide may restrict antigen
presentation to an MHC class I context. Class I restriction
may preclude induction of Th1l/Th2 responses, which are
required for durable cytotoxic and T memory responses in
vivo. Furthermore, the requirement for exogenous peptide
loading limits the use of MoDC vaccines to patients with
HILA haplotypes for which there are known immunodomi-
nant HLA-binding peptide sequences. Electroporation of
MoDCs with tumor-derived mRNA or mRNA encoding
tumor associated antigens 1s an experimental approach to
promote class and haplotype non-restricted antigen presen-
tation; however this approach may still result 1n varying
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cllicacy depending on the efliciency of mRNA transcription
and antigen presentation via Class I and Class II pathways,
and also comes at the cost of decreased cell viability due to
clectroporation. Finally, upon adoptive transier, in vitro
derived MoDCs are relatively ineflicient at homing to sec-
ondary lymphoid organs (SLOs), which may critically limait
their 1n vivo activity.

SUMMARY

[0005] In various embodiments methods of efliciently
generating and/or expanding large number of human
CLEC9A+ dendritic cells are provided. Additionally, 1n
certain embodiments, CLEC9A+ dendritic cells and popu-
lations of CLEC9A+ dendntic cells produced by these
methods are provided.

[0006] CLEC9A+ DCs are a naturally occurring type of
DC that exhibits potent cross-presenting and ClL-priming
ability, as well as the potential to elicit Thl and Th2 T cell
responses 1n vivo (reviewed in van der Aa et al. (2014)
Semin. Cell Dev. Biol. PMID: 24910448; and Tullett et al.
(2014) Front Immunol. 22(5): 239). These cell-intrinsic
properties permit the processing and cross-presentation of
global epitopes from ntact tumor cells or tumor cell prepa-
rations, obviating the need for 1n vitro loading with defined
HL A-targeted peptides or mRNA electroporation. It 1s
believed that provision of large quantities of CLEC9A+ DCs
as described herein permits the development of cancer
“vaccines” without the need for identification and synthesis
of tumor-specific epitopes. The CLEC9A+ DCs permit
antigen processing and presentation via both MHC class 1
and class II pathways; and allow their use in patients of any

HLA haplotype.

[0007] As naturally occurring CLEC9A+ DCs physiologi-
cally circulate 1n the blood and tratiic to SLOs, 1t 1s believed
the DCs generated as described herein will prove to be
superior to MoDCs 1n homing to SLOs. Thus, using the
methods described herein, CLEC9A+ DCs present a unique
opportunity for developing better DC immunotherapies. It 1s
believed that this has not previously been possible due to the
rarity of CLEC9A+ DCs 1n the blood, and the iability in
vitro to generate or expand suilicient quantities for use in
human studies.

[0008] Various embodiments contemplated herein may
include, but need not be limited to, one or more of the
following:

[0009] Embodiment 1: A method of producing a cell
population enriched for CLEC9A+ dendritic cells, said
method comprising culturing stem cells and/or progenitor
cells mm a cell culture comprising: culture medium; and a
notch ligand.

[0010] Embodiment 2: The method of embodiment 1,
wherein said cell culture comprises stem cell factor (SCF).
[0011] Embodiment 3: The method according to any one
of embodiments 1-2, wherein said cell culture comprises
FL'T3 ligand (FLT3L).

[0012] Embodiment 4: The method according to any one
of embodiments 1-3, wherein said cell culture comprises
thrombopoietin (TPO).

[0013] Embodiment 5: The method according to any one

of embodiments 1-4, wherein said cell culture comprises
IL-3 and/or GM-CSF.

[0014] Embodiment 6: The method according to any one
of embodiments 1-35, wherein said notch ligand comprises a
canonical notch ligand, or a fragment thereof.
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[0015] Embodiment 7: The method of embodiment 6,
wherein said canonical notch ligand is selected from the
group consisting ol Delta-like ligand 4 (DLL4), Delta-like
ligand 1 (DLL1), Jagged 1 (JAG1), Jagged 2 (JAG2),
Delta-like ligand 3 (DLL3), and X-delta 2.

[0016] Embodiment 8: The method of embodiment 7,
wherein said canonical notch ligand 1s DLLA.

[0017] Embodiment 9: The method of embodiment 7,
wherein said canonical notch ligand 1s DLL]1.

[0018] Embodiment 10: The method of embodiment 1,
wherein said notch ligand comprises a non-canonical notch
ligand.

[0019] Embodiment 11: The method of embodiment 10,
wherein said non-canonical notch ligand 1s selected from the
group consisting of Contactin-1, NOV/CCN3, Contactin-6,
Periostin/OSF-2, DLK2/EGFL9, Pref-1/DLK1/FA1, DNER,
Thrombospondin-2, MAGP-1/MFAP2, Thrombospondin-3,
MAGP-2/MFAPS, Thrombospondin-4, and Netrin-1.

[0020] Embodiment 12: The method according to any one
of embodiments 1-11, wherein said stem cells and/or pro-
genitor cells do not include human embryonic stem cells.

[0021] Embodiment 13: The method according to any one
of embodiments 1-11, wherein said stem cells and/or pro-

genitor cells comprise hematopoietic stem cell and/or pro-
genitor cells (HSPCs).

[0022] Embodiment 14: The method of embodiment 13,
wherein said cells comprise a cell population enriched for
CD34+ cells.

[0023] Embodiment 135: The method according to any one
of embodiments 13-14, wherein said cells are derived from
bone marrow, umbilical cord, peripheral blood, or mobilized
peripheral blood.

[0024] FEmbodiment 16: The method according to any one
of embodiments 13-15, wherein said cells are not derived
from human embryonic tissue.

[0025] Embodiment 17: The method according to any one
of embodiments 1-11, wherein said stem cells and/or pro-
genitor cells comprise stem cells.

[0026] Embodiment 18: The method of embodiment 17,

wherein said stem cells comprise embryonic stem cells,
adult stem cells, or induced pluripotent stem cells.

[0027] Embodiment 19: The method according to any one
of embodiments 1-18, wherein said notch ligand 1s provided
by co-culture with a stromal cell line, primary stromal and/or
mesenchymal cells, or ES or 1PSC-derived stromal/mesen-
chymal cells transfected with a nucleic acid construct that
encodes and expresses said notch ligand.

[0028] Embodiment 20: The method of embodiment 19,

wherein said nucleic acid construct encodes a mammalian
notch ligand or a fragment thereof.

[0029] Embodiment 21: The method of embodiment 20,

wherein said nucleic acid encodes a human or murine notch
ligand or a fragment thereof.

[0030] Embodiment 22: The method according to any one
of embodiments 19-21, wherein said notch ligand 1s pro-
vided by co-culture with a human or murine stromal cell
line.

[0031] Embodiment 23: The method of embodiment 22,
wherein said notch ligand 1s provided by co-culture a cell

line selected from the group consisting of MS5, OP9, S17,
HS-35, and HS-27A.

[0032] Embodiment 24: The method of embodiment 19,
wherein said stroma cells comprise stem cells.
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[0033] Embodiment 25: The method of embodiment 24,
wherein said stroma cells comprise stem cells autologous to
the source of said stem cells and/or progenitor cells.

[0034] Embodiment 26: The method according to any one

of embodiments 24-25, wherein said stem cells are mesen-
chymal stem cells (IMSCs).

[0035] Embodiment 27: The method of embodiment 24,

wherein said stroma cells comprise induced pluripotent stem
cells (IPSCs) or denivatives of IPSCs, or human embryonic
stem cells.

[0036] Embodiment 28: The method of embodiment 27,
wherein said stroma cells do not include human embryonic
stem cells.

[0037] Embodiment 29: The method of embodiment 27,
wherein said stroma cells comprise IPSCs or derivatives of
IPSCs autologous to the source of said stem cells and/or
progenitor cells.

[0038] FEmbodiment 30: The method according to any one
of embodiments 1-18, wherein said notch ligand 1s provided
as an 1immobilized ligand in the absence of stromal cells.

[0039] Embodiment 31: The method of embodiment 30,

wherein said notch ligand 1s a mammalian notch ligand or a
fragment thereof.

[0040] FEmbodiment 32: The method according to any one
of embodiments 30-31, wherein said notch ligand 1s a human
or murine notch ligand or a fragment thereof.

[0041] Embodiment 33: The method according to any one
of embodiments 30-32, wherein said notch ligand 1s pro-
vided as a ligand attached to a surface 1n a cell culture vessel
or attached to a bead or other solid substrate 1n said culture.

[0042] Embodiment 34: The method of embodiment 33,

wherein said notch ligand 1s attached to a surface using
fibronectin or other extracellular matrix protein/s.

[0043] Embodiment 35: The method according to any one
of embodiments 1-34, wherein said cell culture medium
comprises a medium selected from the group consisting of
MEM (Minimal Essential Medium), DMEM (Dulbecco’s

odified Fagle’s Medium), BME (Basal Medium FEagle),
RPMI 1640, DMEM/F-12 (Dulbecco’s Modified Eagle’s
Medium: Nutrient Mixture F-12), DMEM/F-10 (Dulbecco’s
Modified Eagle’s Medium: Nutrient Mixture F-10), o-MEM
(o.-Minimal essential Medium), G-MEM (Glasgow’s Mini-
mal Essential Medium), IMDM (Isocove’s Modified Dul-
becco’s Medium), essential 8 (E8) medium, KnockOut
DMEM, AIM V, X-VIVO-15, StemSpan, and CellGro Den-
dritic Cell Medium.

[0044] Embodiment 36: The method of embodiment 35,
wherein said cell culture medium comprises MEM.

[0045] Embodiment 37: The method according to any one

of embodiments 1-36, wherein said culture contains IL.-3
and GMCSEF.

[0046] Embodiment 38: The method according to any one

of embodiments 1-36, wherein said culture contains 11.-3,
but not GMCSF.

[0047] Embodiment 39: The method according to any one
of embodiments 1-36, wherein said culture contains
GMCSF, but not IL-3.

[0048] Embodiment 40: The method according to any one
of embodiments 1-39, wherein said culture does not contain
IL-7.

[0049] Embodiment 41: The method according to any one
of embodiments 1-40, whereimn said medium 1s supple-
mented with L-alanyl-L-glutamine dipeptide.
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[0050] Embodiment 42: The method of embodiment 41,
wherein said L-alanyl-L-glutamine dipeptide 1s provided as
GlutaMax.

[0051] Embodiment 43: The method according to any one
of embodiments 1-42, wherein said culture comprises:
MEM medium with L-alanyl-L-glutamine dipeptide (e.g.,
Glutamax); fetal calf serum or human AB serum; recombi-
nant SCF; recombinant FILT3L; and IL-3 or GM-CSF.

[0052] Embodiment 44: The method of embodiment 43,
wherein said culture comprises: about 5% human AB serum;
about 5 ng/ml SCF; about 5 ng/ml FLLI3L; and about 5 ng/ml
IL-3 or about 10 ng/ml GM-CSF.

[0053] Embodiment 45: The method of embodiment 43,
wherein said culture comprises: about 20% defined fetal calf
serum; about 5 ng/ml SCF; about 5 ng/ml FL'I3L; and about
5 ng/ml IL-3 or about 10 ng/ml GM-CSF.

[0054] Embodiment 46: The method according to any one
of embodiments 43-45, wherein said culture comprises TPO.

[0055] Embodiment 47: The method of embodiment 46,
wherein said culture comprises about TPO at about 50
ng/mlL.

[0056] Embodiment 48: The method according to any one
of embodiments 1-4°7, wherein said method produces a cell
population wherein CLEC9A+ cells comprise at least 10%
of CD45+ cells 1n said culture, or at least 15% of CD45+
cells 1n said culture, or at least 20% of CD45+ cells 1n said
culture, or at least 25% of CD45+ cells 1n said culture, or at
least 30% of CD45+ cells 1n said culture, or at least 35% of
CDA45+ cells 1n said culture, or at least 40% of CD45+ cells
in said culture, or at least 45% of CD45+ cells 1n said
culture, or at least 50% of CD45+ cells 1n said culture, or at
least 60% of CD45+ cells 1n said culture, or at least 70% of
CD45+ cells 1n said culture, or at least 80% of CD435+ cells
in said culture, or at least 85% of CD45+ cells 1n said
culture, or about 90% of CD45+ cells 1n said culture.

[0057] Embodiment 49: The method of embodiment 48,
wherein said method produces a cell population wherein
CLEC9A+ cells comprise at least 85% of CD45+ cells 1n

said culture.

[0058] Embodiment 50: The method according to any one
of embodiments 1-49, wherein said method produces
CLEC9A+ cells competent at cross-presenting antigen with-
out adjuvant and/or without maturation.

[0059] Embodiment 51: The method of embodiment 50,
wherein said method produces CLEC9A+ cells competent at
cross-presenting antigen without adjuvant.

[0060] Embodiment 52: The method according to any one
of embodiments 50-351, wherein said method produces
CLEC9A+ competent at cross-presenting antigen without
maturation.

[0061] Embodiment 53: The method of embodiment 30,
wherein said method produces CLEC9A+ cells competent at
cross-presenting without TLR ligand and/or polyl:C (TLR3
agonist).

[0062] FEmbodiment 54: The method according to any one
of embodiments 1-53, wherein said method further com-
prises 1solating CLEC9A+ cells from said culture.

[0063] Embodiment 55: The method of embodiment 54,
wherein said 1solating by a method selected from the group
consisting of flow cytometry, or magnetic bead sorting, or
aflinity purification.

[006d] Embodiment 56: The method according to any one
of embodiments 54-535, wherein said 1solating utilizes an
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antibody that binds CLEC9A, CD141 (BDCA3), XCRI,
NECL-2 (CADM1), or other markers present on CL. JC9A+
DC.

[0065] Embodiment 57: A method of preparing a dendritic
cell vaccine for a subject, said method comprising: prepar-
ing a cell population enriched for CLEC9A+ dendritic cells
using the method according to any one of embodiments
1-56; and pulsing and/or loading said dendritic cells with a
tumor cell antigen and/or a tumor cell lysate or tumor cell
preparation.

[0066] Embodiment 58: The method of embodiment 57,

wherein said method further comprises providing a matu-
ration signal to said dendritic cells.

[0067] Embodiment 59: The method of embodiment 58,
wherein said maturation signal comprises a TLR3 agonist.

[0068] Embodiment 60: The method of embodiment 59,
wherein said TLR3 agonist comprises polyI:C.

[0069] Embodiment 61: The method according to any one
of embodiments 58-60 wherein said maturation signal com-
prises a TLR8 agonist.

[0070] Embodiment 62: The method of embodiment 61,
wherein said TLRS8 agonist 1s selected from the group
consisting of cpdl4b (Kokatla et al. (2014) Chem. Med.
Chem. 9: 719), imiquimod, N-{4-[4-amino-2-(2-methoxy-
ethyl)-1H-imidazo[4,5-c]quinolin-1-yl]butyl }quinolin-3-
carboxamide, N-{4-[4-amino-2-(2-methoxyethyl)-1H-imi-
dazo[4,5-c]quinolin-1-yl]butyl }qui-noxaline-2-
carboxamide, N-[4-(4-amino-2-propyl-1H-1imidazo[4,5-C]
quinolin-1-yl)butyl Jmorpholine-4-carboxamide,
2-propylthiazolo[4,5-c]quinolin-4-amine, N'-[2-(4-amino-
2-butyl-1H-1imidazo[4,5-c][1,5]naphthridin-1-yl)ethyl]-2-
amino-4-methylpentanamide, N'-[4-(4-amino-1H-imidazo
[4,5-c]quinolin-1-y])butyl]-2-phenoxy-benzamide, N'-[2-
(4-amino-2-butyl-1H-1imidazo[4,5-c]quinolin-1-yl)ethyl]-1-
propanesulfonamide, N-{2-[2-(4-amino-2-ethyl-1H-
imidazo[4,5-c]quinolin-1-yl)ethyoxyJethyl }-N'"-phenylurea,
1-{4-[3,5-dichlorophenyl)thio]butyl } -2-ethyl-1H-imidazo
[4,5-c]quinolin-4-amine, N-{2-[4-amino-2-(ethoxymethyl)-
1H-imidazo[4,5-c]quinolin-1-yl]ethyl}-N'-(-3-cyanophe-
nyl)urea, 4-amino-a, and o-dimethyl-2-methoxyethyl-1H-
imidazo[4,5-c]quinoline-1-ethanol, 2-propylthiazolo-4,5-C]
quinolin-4-amine.

[0071] Embodiment 63: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with a tumor cell
antigen selected from the group consist of W11, MUCI,
MP2, HPV E6 E7, EGFRvIII, HER-2/neu, dlotype MAGE
A3, p33 nonmutant, NY-ESO-1, PSMA, GD2, CEA,
MelanA/MARTl Ras mutant, gplOO,, p53 mutant, Protei-
nase3 (PR1), bcr-abl,, Tyrosinase, Survivin, PSA, hTERT,
Sarcoma translocation breakpoints, EphA2, PAP, ML-IAP,
AFP, EpCAM, ERG (TMPRSS2 ETS fusion), NA17, PAX3,
ALK, Androgen receptor, Cyclin Bl, Polysmhc ac1d
MYCN, RhoC, TRP-2, GD3, Fucosyl GMI Mesothelin,
PSCA, MAGE Al, sLe (ammal) CYPIBI, PLACl GM3,
BORIS, Tn, GloboH, ETV6-AML, NY—BR-LJ RGSS,,
SART3, STn, Carbonic anhydrase IX, PAX5, OY-TESI,
Sperm protemn 17, LCK, HMWMAA, AKAP-4, SSX2,
XAGE 1, B7H3, Legumain, Tie 2, Page4, VEGFR2, MAD-
C1-1, FAP, PDGFR-{3, MAD-CT-2, and Fos-related antigen
1.
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[0072] Embodiment 64: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with a tumor cell
neoantigen.

[0073] Embodiment 65: The method of embodiment 64,

wherein said tumor cell neoantigen 1s encoded by a mutated

gene selected from the group consisting of CDK4, MUMI,
CTNNBI1, CDC27, TRAPPC1, TPI, ASCC3, HHAT, FNI,

OS5-9, PIPRK, CDKN2ZA, HLA-A1l, GAS7, GAPDH,
SIRT2, GPNMB, SNRP116, RBAF600, SNRPD1, Prdx3,
CLPP, PPP1R3B, EF2, ACIN4, ME1, NF-YC, HLA-AZ2,
HSP70-2, KIAA1440, and CASPS.

[0074] Embodiment 66: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with a lysate or
tumor cell preparation from a cancer selected from the group
consisting of acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), Adrenocortical carcinoma,
AlIDS-related cancers (e.g., Kaposi sarcoma, lymphoma),
anal cancer, appendix cancer, astrocytomas, atypical tera-
toid/rhabdoid tumor, bile duct cancer, extrahepatic cancer,
bladder cancer, bone cancer (e.g., Ewing sarcoma, osteosar-
coma, malignant fibrous histiocytoma), brain stem glioma,
brain tumors (e.g., astrocytomas, brain and spinal cord
tumors, brain stem glioma, central nervous system atypical
teratoid/rhabdoid tumor, central nervous system embryonal
tumors, central nervous system germ cell tumors, cranio-
pharyngioma, ependymoma, breast cancer, bronchial
tumors, burkitt lymphoma, carcinoid tumors (e.g., child-
hood, gastrointestinal), cardiac tumors, cervical cancer,
chordoma, chronic lymphocytic leukemia (CLL), chronic
myelogenous leukemia (CML), chronic myeloproliferative
disorders, colon cancer, colorectal cancer, craniopharyn-
gioma, cutaneous t-cell lymphoma, duct cancers e.g. (bile,
extrahepatic), ductal carcinoma 1n situ (DCIS), embryonal
tumors, endometrial cancer, ependymoma, esophageal can-
cer, esthesioneuroblastoma, extracranial germ cell tumor,
extragonadal germ cell tumor, extrahepatic bile duct cancer,
eye cancer (e.g., intraocular melanoma, retinoblastoma),
fibrous histiocytoma of bone, malignant, and osteosarcoma,
gallbladder cancer, gastric (stomach) cancer, gastrointestinal
carcinoid tumor, gastrointestinal stromal tumors (GIST),
germ cell tumors (e.g., ovarian cancer, testicular cancer,
extracranial cancers, extragonadal cancers, central nervous
system), gestational trophoblastic tumor, brain stem cancer,
hairy cell leukemia, head and neck cancer, heart cancer,
hepatocellular (liver) cancer, histiocytosis, langerhans cell
cancer, Hodgkin Ilymphoma, hypopharyngeal cancer,
intraocular melanoma, 1slet cell tumors, pancreatic neuroen-
docrine tumors, kaposi sarcoma, kidney cancer (e.g., renal
cell, Wilm’s tumor, and other kidney tumors), langerhans
cell histiocytosis, laryngeal cancer, leukemia, acute lympho-
blastic (ALL), acute myeloid (AML), chronic lymphocytic
(CLL), chronic myelogenous (CML), hairy cell, lip and oral
cavity cancer, liver cancer (primary), lobular carcinoma 1n
situ (LCIS), lung cancer (e.g., childhood, non-small cell,
small cell), lymphoma (e.g., AIDS-related, Burkitt (e.g.,
non-Hodgkin lymphoma), cutaneous T-Cell (e.g., mycosis
fungoides, Sezary syndrome), Hodgkin, non-Hodgkin, pri-
mary central nervous system (CNS)), macroglobulinemia,
Waldenstrom, male breast cancer, malignant fibrous histio-
cytoma ol bone and osteosarcoma, melanoma (e.g., child-
hood, intraocular (eye)), merkel cell carcinoma, mesothe-
lioma, metastatic squamous neck cancer, midline tract
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carcinoma, mouth cancer, multiple endocrine neoplasia syn-
dromes, multiple myeloma/plasma cell neoplasm, mycosis
fungoides, myelodysplastic syndromes, Myelogenous Leu-
kemia, Chronic (CML), multiple myeloma, nasal cavity and
paranasal sinus cancer, nasopharyngeal cancer, neuroblas-
toma, oral cavity cancer, lip and oropharyngeal cancer,
osteosarcoma, ovarian cancer, pancreatic cancer, pancreatic
neuroendocrine tumors (1slet cell tumors), papillomatosis,
paraganglioma, paranasal sinus and nasal cavity cancer,
parathyroid cancer, penile cancer, pharyngeal cancer,
pheochromocytoma, pituitary tumor, plasma cell neoplasm,
pleuropulmonary blastoma, primary central nervous system
(CNS) lymphoma, prostate cancer, rectal cancer, renal cell
(kidney) cancer, renal pelvis and ureter, transitional cell
cancer, rhabdomyosarcoma, salivary gland cancer, sarcoma
(e.g., Ewing, Kaposi, osteosarcoma, rhabdomyosarcoma,
soft tissue, uterine), Seézary syndrome, skin cancer (e.g.,
melanoma, merkel cell carcinoma, basal cell carcinoma,
nonmelanoma), small mtestine cancer, squamous cell carci-
noma, squamous neck cancer with occult primary, stomach
(gastric) cancer, testicular cancer, throat cancer, thymoma
and thymic carcinoma, thyroid cancer, trophoblastic tumor,
ureter and renal pelvis cancer, urethral cancer, uterine can-
cer, endometrial cancer, uterine sarcoma, vaginal cancer,
vulvar cancer, Waldenstrom macroglobulinemia, and
Wilm’s tumor.

[0075] FEmbodiment 67: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with a lysate or a
tumor cell preparation from a cancer selected from the group
consisting of ovarian cancer, lung cancer, breast cancer,
bladder cancer, breast cancer (female-male), colon and rec-
tal cancer, endometrial cancer, kidney cancer (renal cell and
renal pelvis), leukemia (all types), lung cancer (including
bronchus), melanoma, non-hodgkin lymphoma, pancreatic
cancer, prostate cancer, and thyroid cancer.

[0076] Embodiment 68: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with tumor anti-
gen from a cancer selected from the group consisting of
acute lvmphoblastic leukemia (ALL), acute myeloid leuke-
mia (AML), Adrenocortical carcinoma, AIDS-related can-
cers (e.g., Kaposi sarcoma, lymphoma), anal cancer, appen-
dix cancer, astrocytomas, atypical teratoid/rhabdoid tumor,
bile duct cancer, extrahepatic cancer, bladder cancer, bone
cancer (e.g., Ewing sarcoma, osteosarcoma, malignant
fibrous histiocytoma), brain stem glioma, brain tumors (e.g.,
astrocytomas, brain and spinal cord tumors, brain stem
glioma, central nervous system atypical teratoid/rhabdoid
tumor, central nervous system embryonal tumors, central
nervous system germ cell tumors, craniopharyngioma,
ependymoma, breast cancer, bronchial tumors, burkitt lym-
phoma, carcinoid tumors (e.g., childhood, gastrointestinal),
cardiac tumors, cervical cancer, chordoma, chronic lympho-
cytic leukemia (CLL), chronic myelogenous leukemia
(CML), chronic myeloproliferative disorders, colon cancer,
colorectal cancer, craniopharyngioma, cutaneous t-cell lym-
phoma, duct cancers e.g. (bile, extrahepatic), ductal carci-
noma 1n situ (DCIS), embryonal tumors, endometrial cancer,
ependymoma, esophageal cancer, esthesioneuroblastoma,
extracranial germ cell tumor, extragonadal germ cell tumor,
extrahepatic bile duct cancer, eye cancer (e.g., intraocular
melanoma, retinoblastoma), fibrous histiocytoma of bone,
malignant, and osteosarcoma, gallbladder cancer, gastric




US 2024/0002799 Al

(stomach) cancer, gastrointestinal carcinoid tumor, gastro-
intestinal stromal tumors (GIST), germ cell tumors (e.g.,
ovarian cancer, testicular cancer, extracranial cancers,
extragonadal cancers, central nervous system), gestational
trophoblastic tumor, brain stem cancer, hairy cell leukemaa,
head and neck cancer, heart cancer, hepatocellular (liver)
cancer, histiocytosis, langerhans cell cancer, Hodgkin lym-
phoma, hypopharyngeal cancer, intraocular melanoma, islet
cell tumors, pancreatic neuroendocrine tumors, kaposi sar-
coma, kidney cancer (e.g., renal cell, Wilm’s tumor, and
other kidney tumors), langerhans cell histiocytosis, laryn-

geal cancer, leukemia, acute lymphoblastic (ALL), acute
myeloid (AML), chronic lymphocytic (CLL), chronic myel-
ogenous (CML), hairy cell, lip and oral cavity cancer, liver
cancer (primary), lobular carcinoma 1n situ (LCIS), lung
cancer (e.g., childhood, non-small cell, small cell), lym-
phoma (e.g., AIDS-related, Burkitt (e.g., non-Hodgkin lym-
phoma), cutaneous T-Cell (e.g., mycosis fungoides, Sezary
syndrome), Hodgkin, non-Hodgkin, primary central nervous
system (CNS)), macroglobulinemia, Waldenstrém, male
breast cancer, malignant fibrous histiocytoma of bone and
osteosarcoma, melanoma (e.g., childhood, intraocular
(eye)), merkel cell carcinoma, mesothelioma, metastatic
squamous neck cancer, midline tract carcinoma, mouth
cancer, multiple endocrine neoplasia syndromes, multiple
myeloma/plasma cell neoplasm, mycosis fungoides, myelo-
dysplastic syndromes, Myelogenous Leukemia, Chronic
(CML), multiple myeloma, nasal cavity and paranasal sinus
cancer, nasopharyngeal cancer, neuroblastoma, oral cavity
cancer, lip and oropharyngeal cancer, osteosarcoma, ovarian
cancer, pancreatic cancer, pancreatic neuroendocrine tumors
(1slet cell tumors), papillomatosis, paraganglioma, paranasal
sinus and nasal cavity cancer, parathyroid cancer, penile
cancer, pharyngeal cancer, pheochromocytoma, pituitary
tumor, plasma cell neoplasm, pleuropulmonary blastoma,
primary central nervous system (CNS) lymphoma, prostate
cancer, rectal cancer, renal cell (kidney) cancer, renal pelvis
and ureter, transitional cell cancer, rhabdomyosarcoma, sali-
vary gland cancer, sarcoma (e.g., Ewing, Kaposi, osteosar-
coma, rhabdomyosarcoma, soft tissue, uterine), Sezary syn-
drome, skin cancer (e.g., melanoma, merkel cell carcinoma,
basal cell carcinoma, nonmelanoma), small 1ntestine cancer,
squamous cell carcinoma, squamous neck cancer with occult
primary, stomach (gastric) cancer, testicular cancer, throat
cancer, thymoma and thymic carcinoma, thyroid cancer,
trophoblastic tumor, ureter and renal pelvis cancer, urethral
cancer, uterine cancer, endometrial cancer, uterine sarcoma.,
vaginal cancer, vulvar cancer, Waldenstrom macroglobu-
linemia, and Wilm’s tumor.

[0077] Embodiment 69: The method according to any one
of embodiments 57-62, wherein said method comprises
pulsing and/or loading said dendritic cells with tumor anti-
gen Ifrom a cancer selected from the group consisting of
ovarian cancer, lung cancer, breast cancer, bladder cancer,
breast cancer (female-male), colon and rectal cancer, endo-
metrial cancer, kidney cancer (renal cell and renal pelvis),
leukemia (all types), lung cancer (including bronchus),
melanoma, non-hodgkin lymphoma, pancreatic cancer,
prostate cancer, and thyroid cancer.

[0078] Embodiment 70: The method according to any one
of embodiments 57-69, wherein saidd CLEC9A+ cells are
autologous to a subject to whom said vaccine 1s to be
administered.
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[0079] Embodiment 71: The method according to any one
of embodiments 57-69, wherein said CLEC9A+ cells are

heterologous to a subject to whom said vaccine 1s to be
administered.

[0080] Embodiment 72: A dendritic cell vaccine, said
vaccine comprising: a population of dendritic cells enriched
for CLEC9A+ cells; where said cells are loaded with a tumor
cell antigen and/or have been loaded during incubation with
a tumor cell lysate or tumor cell preparation; and said cells
are 1n a pharmaceutically acceptable carrier or excipient.
[0081] Embodiment 73: The vaccine of embodiment 72,
wherein said excipient or carrier 1s suitable for parenteral
administration to a human.

[0082] Embodiment 74: The vaccine according to any one
of embodiments 72-73, wherein said vaccine 1s substantially
sterile.

[0083] Embodiment 75: The vaccine according to any one
of embodiments 72-74, wherein said cells are loaded with a
tumor cell antigen selected from the group consist of WTT,

MUCI1, MP2, HPV E6 E7, EGFRvIII, HER-2/neu, diotype,
MAGJAB» p53 nonmutant, NY-ESO-1, PSMA, GD2, CEA,
VelanA/MARTl Ras mutant, gp100, p53 mutant, Protei-
nase3 (PR1), bcr-abl Tyrosinase, Survivin, PSA, hTERT,
Sarcoma translocation breakpoints, EphA2, PAP, ML-IAP,
AFP, EpCAM, ERG (TMPRSS2 ETS fusion), NA17, PAX3,
ALK, Androgen receptor, Cyclin Bl, Polysmhc ac1d
MYCN, RhoC, TRP-2, GD3, Fucosyl GMI Mesothelin,
PSCA, MAGE Al, sLe (anlmal) CYPIBI, PLACI GM3,
BORIS, Tn, GloboH,, ETV6-AML, NY—BR-I,, RGSS,,
SART3, STn, Carbonic anhydrase IX, PAXS5, OY-TESI,
Sperm protemn 17, LCK, HMWMAA, AKAP-4, SSX2,
XAGE 1, B7H3, Legumain, Tie 2, Page4, VEGFR2, MAD-
C1-1, FAP, PDGFR-{3, MAD-CT-2, and Fos-related antigen
1.

[0084] Embodiment 76: The vaccine according to any one
of embodiments 72-74, wherein said cells are loaded with a

tumor cell neoantigen.

[0085] Embodiment 77: The vaccine of embodiment 76,
wherein said tumor cell neoantigen 1s encoded by a mutated

gene selected from the group consisting of CDK4, MUMI,
CTNNBI1, CDC27, TRAPPC1, TPI, ASCC3, HHAT, FNI,

OS-9, PTPRK, CDKN2A, HLA-A1l, GAS7, GAPDH,
SIRT2, GPNMB, SNRP116, RBAF600, SNRPD1, Prdx3,
CLPP, PPPIR3B, EF2, ACIN4, MEI1, NF-YC, HLA-A2,
HSP70-2, KIAA1440, and CASPS.

[0086] Embodiment 78: The vaccine according to any one
of embodiments 72-74, wherein said tumor antigen 1s from
a cancer selected from the group consisting of acute lym-
phoblastic leukemia (ALL), acute myeloid leukemia
(AML), Adrenocortical carcinoma, AIDS-related cancers
(c.g., Kaposi sarcoma, lymphoma), anal cancer, appendix
cancer, astrocytomas, atypical teratoid/rhabdoid tumor, bile
duct cancer, extrahepatic cancer, bladder cancer, bone can-
cer (e.g., Ewing sarcoma, osteosarcoma, malignant fibrous
histiocytoma), brain stem glioma, brain tumors (e.g., astro-
cytomas, brain and spinal cord tumors, brain stem glioma,
central nervous system atypical teratoid/rhabdoid tumor,
central nervous system embryonal tumors, central nervous
system germ cell tumors, craniopharyngioma, ependymoma,
breast cancer, bronchial tumors, burkitt lymphoma, carci-
noid tumors (e.g., childhood, gastrointestinal), cardiac
tumors, cervical cancer, chordoma, chronic lymphocytic
leukemia (CLL), chronic myelogenous leukemia (CML),
chronic myeloproliferative disorders, colon cancer, colorec-
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tal cancer, craniopharyngioma, cutanecous t-cell lymphoma,
duct cancers e.g. (bile, extrahepatic), ductal carcinoma 1n
situ  (DCIS), embryonal tumors, endometrial cancer,
ependymoma, esophageal cancer, esthesioneuroblastoma,
extracranial germ cell tumor, extragonadal germ cell tumor,
extrahepatic bile duct cancer, eye cancer (e.g., intraocular
melanoma, retinoblastoma), fibrous histiocytoma of bone,
malignant, and osteosarcoma, gallbladder cancer, gastric
(stomach) cancer, gastrointestinal carcinoid tumor, gastro-
intestinal stromal tumors (GIST), germ cell tumors (e.g.,
ovarian cancer, testicular cancer, extracranial cancers,
extragonadal cancers, central nervous system), gestational
trophoblastic tumor, brain stem cancer, hairy cell leukemua,
head and neck cancer, heart cancer, hepatocellular (liver)
cancer, histiocytosis, langerhans cell cancer, Hodgkin lym-
phoma, hypopharyngeal cancer, intraocular melanoma, islet
cell tumors, pancreatic neuroendocrine tumors, kaposi sar-
coma, kidney cancer (e.g., renal cell, Wilm’s tumor, and
other kidney tumors), langerhans cell histiocytosis, laryn-
geal cancer, leukemia, acute lymphoblastic (ALL), acute
myeloid (AML), chronic lymphocytic (CLL), chronic myel-
ogenous (CML), hairy cell, lip and oral cavity cancer, liver
cancer (primary), lobular carcinoma 1n situ (LCIS), lung
cancer (e.g., childhood, non-small cell, small cell), lym-
phoma (e.g., AIDS-related, Burkitt (e.g., non-Hodgkin lym-
phoma), cutaneous T-Cell (e.g., mycosis fungoides, Sezary
syndrome), Hodgkin, non-Hodgkin, primary central nervous
system (CNS)), macroglobulinemia, Waldenstrém, male
breast cancer, malignant fibrous histiocytoma of bone and
osteosarcoma, melanoma (e.g., childhood, intraocular
(eye)), merkel cell carcinoma, mesothelioma, metastatic
squamous neck cancer, midline tract carcinoma, mouth
cancer, multiple endocrine neoplasia syndromes, multiple
myeloma/plasma cell neoplasm, mycosis fungoides, myelo-
dysplastic syndromes, Myelogenous Leukemia, Chronic
(CML), multiple myeloma, nasal cavity and paranasal sinus
cancer, nasopharyngeal cancer, neuroblastoma, oral cavity
cancer, lip and oropharyngeal cancer, osteosarcoma, ovarian
cancer, pancreatic cancer, pancreatic neuroendocrine tumors
(1slet cell tumors), papillomatosis, paraganglioma, paranasal
sinus and nasal cavity cancer, parathyroid cancer, penile
cancer, pharyngeal cancer, pheochromocytoma, pituitary
tumor, plasma cell neoplasm, pleuropulmonary blastoma,
primary central nervous system (CNS) lymphoma, prostate
cancer, rectal cancer, renal cell (kidney) cancer, renal pelvis
and ureter, transitional cell cancer, rhabdomyosarcoma, sali-
vary gland cancer, sarcoma (e.g., Ewing, Kaposi, osteosar-
coma, rhabdomyosarcoma, soft tissue, uterine), Sézary syn-
drome, skin cancer (e.g., melanoma, merkel cell carcinoma,
basal cell carcinoma, nonmelanoma), small intestine cancer,
squamous cell carcinoma, squamous neck cancer with occult
primary, stomach (gastric) cancer, testicular cancer, throat
cancer, thymoma and thymic carcinoma, thyroid cancer,
trophoblastic tumor, ureter and renal pelvis cancer, urethral
cancer, uterine cancer, endometrial cancer, uterine sarcoma.,
vaginal cancer, vulvar cancer, Waldenstrém macroglobu-
linemia, and Wilm’s tumor.

[0087] Embodiment 79: The vaccine according to any one
of embodiments 72-74, wherein said tumor antigen 1s from
a cancer selected from the group consisting of ovarian
cancer, lung cancer, breast cancer, bladder cancer, breast
cancer (female-male), colon and rectal cancer, endometrial
cancer, kidney cancer (renal cell and renal pelvis), leukemia
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(all types), lung cancer (including bronchus), melanoma,
non-hodgkin lymphoma, pancreatic cancer, prostate cancer,
and thyroid cancer.

[0088] Embodiment 80: The vaccine according to any one
of embodiments 72-74, wherein said cells are loaded using
a lysate from a cancer selected from the group consisting of
acute lymphoblastic leukemia (ALL), acute myeloid leuke-
mia (AML), Adrenocortical carcinoma, AIDS-related can-
cers (e.g., Kaposi sarcoma, lymphoma), anal cancer, appen-
dix cancer, astrocytomas, atypical teratoid/rhabdoid tumor,
bile duct cancer, extrahepatic cancer, bladder cancer, bone
cancer (e.g., Ewing sarcoma, osteosarcoma, malignant
fibrous histiocytoma), brain stem glioma, brain tumors (e.g.,
astrocytomas, brain and spinal cord tumors, brain stem
glioma, central nervous system atypical teratoid/rhabdoid
tumor, central nervous system embryonal tumors, central
nervous system germ cell tumors, cranmiopharyngioma,
ependymoma, breast cancer, bronchial tumors, burkitt lym-
phoma, carcinoid tumors (e.g., childhood, gastrointestinal),
cardiac tumors, cervical cancer, chordoma, chronic lympho-
cytic leukemia (CLL), chronic myelogenous leukemia
(CML), chronic myeloproliferative disorders, colon cancer,
colorectal cancer, cramopharyngioma, cutaneous t-cell lym-
phoma, duct cancers e.g. (bile, extrahepatic), ductal carci-
noma 1n situ (DCIS), embryonal tumors, endometrial cancer,
ependymoma, esophageal cancer, esthesioneuroblastoma,
extracranial germ cell tumor, extragonadal germ cell tumor,
extrahepatic bile duct cancer, eye cancer (e.g., intraocular
melanoma, retinoblastoma), fibrous histiocytoma of bone,
malignant, and osteosarcoma, gallbladder cancer, gastric
(stomach) cancer, gastrointestinal carcinoid tumor, gastro-
intestinal stromal tumors (GIST), germ cell tumors (e.g.,
ovarlan cancer, testicular cancer, extracranial cancers,
extragonadal cancers, central nervous system), gestational
trophoblastic tumor, brain stem cancer, hairy cell leukemaa,
head and neck cancer, heart cancer, hepatocellular (liver)
cancer, histiocytosis, langerhans cell cancer, Hodgkin lym-
phoma, hypopharyngeal cancer, intraocular melanoma, islet
cell tumors, pancreatic neuroendocrine tumors, kaposi sar-
coma, kidney cancer (e.g., renal cell, Wilm’s tumor, and
other kidney tumors), langerhans cell histiocytosis, laryn-
geal cancer, leukemia, acute lymphoblastic (ALL), acute
myeloid (AML), chronic lymphocytic (CLL), chronic myel-
ogenous (CML), hairy cell, lip and oral cavity cancer, liver
cancer (primary), lobular carcinoma 1n situ (LCIS), lung
cancer (e.g., childhood, non-small cell, small cell), lym-
phoma (e.g., AIDS-related, Burkitt (e.g., non-Hodgkin lym-
phoma), cutaneous T-Cell (e.g., mycosis fungoides, Sezary
syndrome), Hodgkin, non-Hodgkin, primary central nervous
system (CNS)), macroglobulinemia, Waldenstrom, male
breast cancer, malignant fibrous histiocytoma of bone and
osteosarcoma, melanoma (e.g., childhood, intraocular
(eye)), merkel cell carcinoma, mesothelioma, metastatic
squamous neck cancer, midline tract carcinoma, mouth
cancer, multiple endocrine neoplasia syndromes, multiple
myeloma/plasma cell neoplasm, mycosis fungoides, myelo-
dysplastic syndromes, Myelogenous Leukemia, Chronic
(CML), multiple myeloma, nasal cavity and paranasal sinus
cancer, nasopharyngeal cancer, neuroblastoma, oral cavity
cancer, lip and oropharyngeal cancer, osteosarcoma, ovarian
cancer, pancreatic cancer, pancreatic neuroendocrine tumors
(1slet cell tumors), papillomatosis, paraganglioma, paranasal
sinus and nasal cavity cancer, parathyroid cancer, penile
cancer, pharyngeal cancer, pheochromocytoma, pituitary
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tumor, plasma cell neoplasm, pleuropulmonary blastoma,
primary central nervous system (CNS) lymphoma, prostate
cancer, rectal cancer, renal cell (kidney) cancer, renal pelvis
and ureter, transitional cell cancer, rhabdomyosarcoma, sali-
vary gland cancer, sarcoma (e.g., Ewing, Kaposi, osteosar-
coma, rhabdomyosarcoma, soft tissue, uterine), Sézary syn-
drome, skin cancer (e.g., melanoma, merkel cell carcinoma,
basal cell carcinoma, nonmelanoma), small 1ntestine cancer,
squamous cell carcinoma, squamous neck cancer with occult
primary, stomach (gastric) cancer, testicular cancer, throat
cancer, thymoma and thymic carcinoma, thyroid cancer,
trophoblastic tumor, ureter and renal pelvis cancer, urethral
cancer, uterine cancer, endometrial cancer, uterine sarcoma,
vaginal cancer, vulvar cancer, Waldenstrom macroglobu-
linemia, and Wilm’s tumor.

[0089] FEmbodiment 81: The vaccine according to any one
of embodiments 72-74, wherein said cells are loaded using
a lysate or cell preparation from a cancer selected from the
group consisting of ovarian cancer, lung cancer, breast
cancer, bladder cancer, breast cancer (female-male), colon
and rectal cancer, endometrial cancer, kidney cancer (renal
cell and renal pelvis), leukemia (all types), lung cancer
(including bronchus), melanoma, non-hodgkin lymphoma,
pancreatic cancer, prostate cancer, and thyroid cancer.

[0090] Embodiment 82: The vaccine according to any one
of embodiments 72-81, wherein said CLEC9A+ cells are
autologous to a subject to whom said vaccine 1s to be
administered.

[0091] FEmbodiment 83: The vaccine according to any one
of embodiments 72-81, wherein said CLEC9A+ cells are
heterologous to a subject to whom said vaccine i1s to be
administered.

[0092] Embodiment 84: The vaccine according to any one
of embodiments 72-83, wherein said CLEC9A+ cells are
competent at cross-presenting antigen without adjuvant and/
or without maturation.

[0093] Embodiment 85: The vaccine of embodiment 84,
wherein said CLEC9A+ cells are competent at cross-pre-
senting antigen without adjuvant.

[0094] Embodiment 86: The vaccine according to any one
of embodiments 84-85, wherein saidd CLEC9A+ cells are
competent at cross-presenting antigen without maturation.

[0095] Embodiment 87: The vaccine of embodiment 84,

wherein said CLEC9A+ cells are competent at cross-pre-
senting without TLR ligand and/or polyl:C (TLR3 agonist).

[0096] Embodiment 88: A population of cells enriched for
CLEC9A+ dendritic cells, wherein CLEC9A+ cells com-
prise at least 10% of CD45+ cells 1n said culture, or at least
15% of CD45+ cells 1n said population, or at least 20% of
CD45+ cells 1n said population, or at least 25% of CD45+
cells 1n said population, or at least 30% of CD45+ cells 1n
said population, or at least 35% of CD45+ cells 1n said
population, or at least 40% of CD45+ cells 1n said popula-
tion, or at least 45% of CD45+ cells 1n said population, or
about 50% of CD45+ cells 1n said population, or at least 50%
of CD45+ cells 1n said culture, or at least 60% of CD45+
cells 1n said culture, or at least 70% of CD45+ cells 1n said
culture, or at least 80% of CD45+ cells 1n said culture, or at
least 85% of CD45+ cells 1n said culture, or about 90% of
CD45+ cells 1n said culture without cell sorting or 1immu-
noathnity based purification; and/or a population of cells

enriched for CLEC9A+ dendritic cells, wherein CLEC9A+

Jan. 4, 2024

cells comprising said population are competent at cross-
presenting antigen without adjuvant and/or without matura-
tion.

[0097] Embodiment 89: The population of cells of
embodiment 88, wherein CLEC9A+ cells comprise at least
85% of CD45+ cells 1n said culture.

[0098] Embodiment 90: The population of cells according
to any one of embodiments 88-89, wherein CLEC9A+ cells
comprising said population are competent at cross-present-
ing antigen without adjuvant.

[0099] Embodiment 91: The population of cells according
to any one of embodiments 88-90, wherein CLECI9A+ cells
comprising said population are competent at cross-present-
ing antigen without maturation.

[0100] FEmbodiment 92: The population of cells according
to any one of embodiments 88-91, wherein said CLEC9A+

cells are competent at cross-presenting without TLR ligand
and/or polyl:C (TLR3 agonist).

Definitions

[0101] The “canonical notch ligands™ are characterized by
extracellular domains typically comprising an N-terminal
(NT) domain followed by a Delta/Serrate/LAG-2 (DSL)
domain and multiple tandemly arranged Epidermal Growth
Factor (EGF)-like repeats. The DSL domain together with
the flanking NT domain and the first two EGF repeats
containing the Delta and OSM-11-like proteins (DOS) motif
are typically required for canonical ligands to bind Notch.
The intracellular domains of some canonical ligands contain
a carboxy-terminal PSD-935/Dlg/Z0-1-ligand (PDZL) motif
that plays a role independent of Notch signaling. C. elegans
DSL ligands lack a DOS motif but have been proposed to
cooperate with DOS-only contaiming ligands to activate
Notch signaling. Illustrative canonical notch ligands
include, but are not limited to Delta-like ligand 4 (DLL4),
Delta-like ligand 1 (DLL1), Jagged 1 (JAGI1), Jagged 2
(JAG2), and the like.

[0102] ““Non-canonical notch ligands™ lack a DSL domain
(Delta/Serrate/[LAG-2), are structurally diverse and include
integral- and GPI-linked membrane proteins as well as
various secreted proteins.

[0103] Where a “notch ligand fragment” or a “canonical
notch ligand fragment™ 1s referenced herein, it 1s contem-
plated that the fragment 1s a fragment that binds notch.
[0104] ““Toll-like receptor 3 agonists (TLR3 agonists)” are
well known to those of skill in the art and include, but are
not limited to 1solated, naturally-occurring TLR3 agonists;
and synthetic TLR3 agomists. TLLR3 agonists 1solated from a
naturally-occurring source of TLR3 agonist are generally
purified, e.g., the purified TLR3 agonaist 1s at least about 80%
pure, at least about 90% pure, at least about 95% pure, at
least about 98% pure, at least about 99% pure, or more than
99% pure. Synthetic TLR3 agonists can be prepared by
standard methods, and are generally at least about 80% pure,
at least about 90% pure, at least about 95% pure, at least
about 98% pure, at least about 99% pure, or more than 99%
pure. TLR3 agonists include TLR3 agonists that are not
attached to any other compound. TLR3 agonists include
TLR3 agonists that are attached, covalently or non-cova-
lently, to a second compound. In some embodiments, a
TLR3 agonist 1s attached to another compound directly. In
other embodiments, a TLR3 agonist 1s attached to another
compound through a linker. In certain embodiments TLR3
agonists 1nclude naturally-occurring double-stranded RNA
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(dsRNA); synthetic ds RNA; and synthetic dsSRNA analogs;
and the like (Alexopoulou et al. (2001) Nature, 413: 732-
738). An exemplary, non-limiting example of a synthetic ds
RNA analog 1s poly(1:C). Other illustrative TLR3 agonists
include, but are not limited to stathmin (see, e.g., U.S. Patent

Pub. No: 2009/253622) and agonists described in PCT
Publication No: WO 2012027017 A2, which 1s incorporated

herein by reference for the TLR3 agonists described therein.

[0105] ““lToll-like receptor 8 agonists (TLR8 agonists)” are
well known to those of skill in the art and include, but are
not limited to, compounds such as R-848, and derivatives
and analogs thereof. Suitable TLR8 agonists include com-
pounds having a 2-aminopyridine fused to a five membered
nitrogen-containing heterocyclic ring. Such compounds
include, for example, imidazoquinoline amines including
but not limited to substituted imidazoquinoline amines such
as, for example, amide substituted imidazoquinoline amines,
sulfonamide substituted imidazoquinoline amines, urea sub-
stituted 1imidazoquinoline amines, aryl ether substituted 1mi-
dazoquinoline amines, heterocyclic ether substituted 1mida-
zoquinoline amines, amido cther substituted
imidazoquinoline amines, sulfonamido ether substituted
imidazoquinoline amines, urea substituted imidazoquinoline
cthers, thioether substituted imidazoquinoline amines, and
6-, 7-, 8-, or 9-aryl or heteroaryl substituted imidazoquino-
line amines; tetrahydroimidazoquinoline amines including
but not limited to amide substituted tetrahydroimidazoqui-
noline amines, sulfonamide substituted tetrahydroimidazo-
quinoline amines, urea substituted tetrahydroimidazoquino-
line amines, aryl cther substituted
tetrahydroimidazoquinoline amines, heterocyclic ether sub-
stituted tetrahydroimidazoquinoline amines, amido ether
substituted tetrahydroimidazoquinoline amines, sulfona-
mido ether substituted tetrahydroimidazoquinoline amines,
urea substituted tetrahydroimidazoquinoline ethers, and
thioether substituted tetrahydroimidazoquinoline amines;
imidazopyridine amines including but not limited to amide
substituted 1midazopyridine amines, sulfonamide substi-
tuted imidazopyridine amines, urea substituted imidazopyri-
dine amines, aryl ether substituted imidazopyridine amines,
heterocyclic ether substituted 1midazopyridine amines,
amido ether substituted 1midazopyridine amines, sulfona-
mido ether substituted imidazopyridine amines, urea substi-
tuted 1imidazopyridine ethers, and thioether substituted 1mi-
dazopyridine amines; 1,2-bridged imidazoquinoline amines;
6,7-fused cycloalkylimidazopyridine amines; imidazonaph-
thyridine amines; tetrahydroimidazonaphthyridine amines;
oxazoloquinoline amines; thiazoloquinoline amines; oxazo-
lopyridine amines; thiazolopyridine amines; oxazolonaph-
thyridine amines; thiazolonaphthyridine amines; and
1H-1imidazo dimers fused to pyridine amines, quinoline
amines, tetrahydroquinoline amines, naphthyridine amines,
or tetrahydronaphthyridine amines. In one particular
embodiment, the TLR8 agonist 1s an amide substituted
imidazoquinoline amine. In certain embodiments, the TLRS
agonist 15 a sulfonamide substituted 1midazoquinoline
amine. In certain embodiments, the TLR8 agonist 1s a urea
substituted 1midazoquinoline amine. In certain embodi-
ments, the TLR8 agonist 1s an aryl ether substituted 1mida-
zoquinoline amine. In certain embodiments, the TLLR8 ago-
nist 1s a heterocyclic ether substituted 1midazoquinoline
amine. In certain embodiments, the TLR8 agonist 1s an
amido ether substituted imidazoquinoline amine. In certain
embodiments, the TLR8 agonist 1s a sulfonamido ether
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substituted 1midazoquinoline amine. In certain embodi-
ments, the TLR8 agonist 1s a urea substituted 1imidazoqui-
noline ether. In certain embodiments, the TLR8 agonist 1s a
thioether substituted imidazoquinoline amine. In certain
embodiments, the TLR8 agonist 1s a 6-, 7-, 8-, or 9-aryl or
heteroaryl substituted 1midazoquinoline amine. In certain
embodiments, the TLR8 agonist 1s an amide substituted
tetrahydroimidazoquinoline amine. In certain embodiments,
the TLR8 agonist 1s a sulfonamide substituted tetrahydro-
imidazoquinoline amine. In certain embodiments, the TLRS
agonist 1s a urea substituted tetrahydroimidazoquinoline
amine. In certain embodiments, the TLRS8 agonist 1s an aryl
cther substituted tetrahydroimidazoquinoline amine. In cer-
tain embodiments, the TLRS8 agonist 1s a heterocyclic ether
substituted tetrahydroimidazoquinoline amine. In certain
embodiments, the TLR8 agonist 1s an amido ether substi-
tuted tetrahydroimidazoquinoline amine. In certain embodi-
ments, the TLR8 agonist 1s a sulfonamido ether substituted
tetrahydroimidazoquinoline amine. In certain embodiments,
the TLR8 agonist 1s a urea substituted tetrahydroimidazo-
quinoline ether. In certain embodiments, the TLR8 agonist 1s
a thioether substituted tetrahydroimidazoquinoline amine. In
certain embodiments, the TLRS8 agonist 1s an amide substi-
tuted imidazopyridine amines. In certain embodiments, the
TLRS8 agonist 1s a sulfonamide substituted imidazopyridine
amine. In certain embodiments, the TLR8 agonist 1s a urea
substituted imidazopyridine amine. In certain embodiments,
the TLRS8 agonist 1s an aryl ether substituted imidazopyri-
dine amine. In certain embodiments, the TLR8 agonist 1s a
heterocyclic ether substituted 1midazopyridine amine. In
certain embodiments, the TLRS8 agonist 1s an amido ether
substituted 1midazopyridine amine. In certain embodiments,
the TLR8 agonist 1s a sulfonamido ether substituted 1mida-
zopyridine amine. In certain embodiments, the TLR8 ago-
nist 1s a urea substituted 1midazopyridine ether. In certain
embodiments, the TLR8 agonist 1s a thioether substituted
imidazopyridine amine. In certain embodiments, the TLRS
agonist 1s a 1,2-bridged 1imidazoquinoline amine. In certain
embodiments, the TLR8 agonist 1s a 6,7-fused cycloal-
kylimidazopyridine amine. In certain embodiments, the
TLRS8 agonist 1s an imidazonaphthyridine amine. In certain
embodiments, the TLR8 agonist 1s a tetrahydroimida-
zonaphthyridine amine. In certain embodiments, the TLRS
agonist 15 an oxazoloquinoline amine. In certain embodi-
ments, the TLR8 agonist 1s a thiazoloquinoline amine. In
certain embodiments, the TLRS8 agonist 1s an oxazolopyri-
dine amine. In certain embodiments, the TLR8 agonist 1s a
thiazolopyridine amine. In certain embodiments, the TLRS
agonist 1s an oxazolonaphthyridine amine. In certain
embodiments, the TLRS8 agonist 1s a thiazolonaphthyridine
amine. In yet certain embodiments, the TLR8 agonist 1s a
1H-1imidazo dimer fused to a pyridine amine, quinoline
amine, tetrahydroquinoline amine, naphthyridine amine, or
a tetrahydronaphthyridine amine. In certain embodiments,
the TLR8 agonist 1s a selective TLR8 agonist, e.g., the
agonist modulates cellular activity through TLRS, but does
not modulate cellular activity through TLR7. TLR8-selec-
tive agonists include those 1 U.S. Patent Publication 2004/
0171086. Such TLRS selective agonist compounds include,
but are not limited to, the compounds shown 1n U.S. Patent
Publication No. 2004/0171086 that include N-{4-[4-amino-
2-(2-methoxyethyl)-1H-1midazo[4,5-c]quinolin-1-yl]

butyl }quinolin-3-carboxamide, N-{4-[4-amino-2-(2-
methoxyethyl)-1H-imidazo[4,5-c¢]quinolin-1-yl]butyl }qui-
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noxaline-2-carboxamide, and N-[4-(4-amino-2-propyl-1H-
imidazo[4,5-c]quinolin-1-yl)butylJmorpholine-4-
carboxamide. Other suitable TLRS8-selective agonists
include, but are not limited to, 2-propylthiazolo[4,5-c]qui-
nolin-4-amine (U.S. Pat. No. 6,110,929); N.sup.1-[2-(4-
amino-2-butyl-1H-1imidazo[4,5-c][1,5]naphthridin-1-y1)
cthyl]-2-amino-4-methylpentanamide (U.S. Pat. No. 6,194,
4235); N.sup.1-[4-(4-amino-1H-1midazo[4,5-c]quinolin-1-yl)
butyl]-2-phenoxy-benza-mide (U.S. Pat. No. 6,451,810);
N.sup.1-[2-(4-amino-2-butyl-1H-1imidazo[4,5-c]quinolin-1-
yDethyl]-1-propa-ne sulfon amide (U.S. Pat. No. 6,331,
539); N-{2-[2-(4-amino-2-ethyl-1H-imidazo[4,5-c]quino-
lin-1-yl)ethyoxy]ethyl }-N'-phenylurea (U.S. Patent
Publication 2004/0171086); 1-{4-[3,5-dichlorophenyl)thio]
butyl}-2-ethyl-1H-imidazo[4,5-c]quinolin-4-amine  (U.S.
Patent Publication 2004/0171086); N-{2-[4-amino-2-
(ethoxymethyl)-1H-imidazo[4,5-c]quinolin-1-yl]ethyl }-N'-
(—=3-cyanophenyl)urea (WO 00/76518 and U.S. Patent Pub-
lication No. 2004/0171086); and 4-amino-.alpha.,.alpha.-
dimethyl-2-methoxyethyl-1H-1imidazo[4,5-c]quinoli-ne-1-
cthanol (U.S. Pat. No. 5,389,640). Included for use as

TLRS8-selective agonists are the compounds 1n U.S. Patent
Publication No. 2004/0171086. Also suitable for use 1s the

compound 2-propylthiazolo-4,5-c]quinolin-4-amine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0106] FIG. 1 shows that differentiation of CLEC9A+ DC
from human cord blood CD34+ HSPCs 1s enhanced by
presentation of the notch ligand DLL4 on MS5 stroma.
Shown 1s data from cells harvested after 15 days of co-
culture on MS5 or MS5-hDLIL4 stromal cell monolayers 1n
MEMa20% FBS with 5 ng/ml SCF, 5 ng/ml FLT3L, 50
ng/ml TPO, and 10 ng/ml GM-CSF. CD14+ monocytes,
CDI1c+DC, and plasmacytoid DC (pDC) are shown {for
comparison. Frequencies are shown as a percentage of total
CD45+ cells 1solated from cultures. Error bars represent
standard dewviation of triplicate cultures wells.

[0107] FIG. 2 shows representative flow cytometry plots
from day 15 cultures as shown 1n FIG. 1), gated on total
CD45+ cells. CLEC9A+ DC are gated based on co-expres-
sion of CLEC9A and CD141 (BDCA-3).

[0108] FIG. 3 shows CLEC9A+ DC vyield from day 15
cultures, as shown 1n FIG. 1), expressed as absolute number
of CLEC9A+ DC per well on day 15 (seeded on day O with
5,000 CD34+ cells per well); and as CLEC9A+ DC yield
relative to mput number of CD34+ cells.

[0109] FIG. 4 shows basal and induced levels of co-
stimulatory, co-inhibitory, and chemokine receptors on
CLEC9A+ DC 1solated from day 15 CB CD34+ MS5-
hDLL4 cultures and stimulated for 12h with the indicated
ligands for TLR3, TLRS, or TLR4 (poly(I1:C), R848, or LPS,
respectively vs. unstimulated).

[0110] FIG. 5 shows the capacity of in vitro differentiated
CLEC9A+ DC to activate T cells. CLEC9A+ DC generated
in CB CD34+ MS5-hDLL4 cultures were isolated from
stromal cultures and co-cultured with CFSE-labeled alloge-
neic naive T cells 1n a 1:5 DC: T ratio for 5 days. CELC9A+
DCs were not treated with maturation stimuli prior to or
during assay. Plots are gated on CD3+CD4+ or CD3+CD8+

responder T cells.

DETAILED DESCRIPTION

[0111] In various embodiments methods of efliciently gen-
erating and/or expanding large number of human CLEC9A+

Jan. 4, 2024

dendritic cells are provided. Additionally, 1n certain embodi-
ments, CLEC9A+ dendntic cells and populations of
CLEC9A+ dendritic cells produced by these methods are
provided. In certain embodiments CLEC9A+ dendritic cells
loaded and/or pulsed with particular antigens (e.g., tumor
antigens) or with, inter alia, tumor lysates or tumor cell
preparations are provided. In certain embodiments the
CLEC9A+ DCs provide eflective tumor vaccines. The cells
also find utility 1n a number of other contexts including, but
not limited to regulating immune/autoimmune responses,
inhibiting grait versus host disease, and the like.

[0112] CLEC9A+ DC are specialized antigen-presenting
cells normally present in the human blood, lymph nodes,
spleen, and other organs. They are also known as BDCA3+
DC, CD141+ DC, XCR1+ DC, or BATF3+ DC, and can be
identified based on high mRNA or protein expression of
CLEC9A, CDI141 (BDCA3/thrombomodulin), XCRI,
BATF3, CADMI1 (NECL2), TLR3, or IDO1 (reviewed 1n
Vander Aa, et al. 2014).

[0113] CLEC9A+ DC are eflicient at cross-presenting
antigens from cellular sources to T cells, and thus are likely
involved 1n regulating immune responses to pathogens,
anti-tumor 1immunity and, in certain clinical settings, auto-
immunity, transplant rejection, and grait versus host disease
(reviewed 1n Tullett et al. (2014) Front Immunol. 22(5):
239). They are also present 1n the human thymus where they
may be mvolved 1n the negative selection of seli-reactive
thymocytes and/or generation of regulatory T cells (Le1 et al.
(2011) J. Exp. Med. 208(2): 383-394). The ability to gen-
erate large numbers of CLEC9A+ DC, as described herein,
1s believed to permit the development of immunotherapies
for the treatment of a wide range of diseases and other
pathologies.

[0114] In various embodiments the methods described
here provide 1n vitro cell culture methods that use a Notch
ligand to generate and expand large numbers of human
CLEC9A+ DC from hematopoietic (or other) stem and/or
progenitor cells (HSPC). Culture of HSPC 1n these condi-
tions results 1n an inhibition of myeloid cell generation and
selective generation/expansion of CLEC9A+ DC.

[0115] While the methods are described herein primarily
with respect to hematopoietic stem and/or progenitor cells,
it 1s believed that the methods can be utilized to expand/
generate CLEC9A+ dendritic cells from numerous other
sources, €.g., from embryonic stem cells, induced pluripo-
tent stem cells (IPSCs), malignant hematopoietic cells, and

the like.

[0116] In certain embodiments 1llustrative, but non-limait-
ing embodiments, the methods involve comprising culturing
stem cells and/or progenitor cells 1n a cell culture compris-

ing culture medium, one or more notch ligands; stem cell
factor (SCF); FL13 ligand (FLT3L); and IL-3 and/or

GMCSF.

[0117] Various culture media can be utilized. Illustrative,

but non-limiting culture media include, but are not limited to
MEM (Minimal Essential Medium), DMEM (Dulbecco’s

odified Fagle’s Medium), BME (Basal Medium FEagle),
RPMI 1640, DMEM/F-12 (Dulbecco’s Modified Eagle’s
Medium: Nutrient Mixture F-12), DMEM/F-10 (Dulbecco’s
Modified Eagle’s Medium: Nutrient Mixture F-10), a-MEM
(o.-Minimal essential Medium), G-MEM (Glasgow’s Mini-
mal Essential Medium), IMDM (Isocove’s Modified Dul-
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becco’s Medium), essential 8 (E8) medium, KnockOut
DMEM, AIM V, X-VIVO-13, StemSpan, CellGro Dendritic
Cell Medium and the like.

[0118] The cells are cultured with one or more notch
ligands which can include canonical notch ligands (e.g.,
Delta-like ligand 4 (DLL4), Delta-like ligand 1 (DLL1),
Jagged 1 (JAGI1), Jagged 2 (JAG2), Delta-like ligand 3

(DLL3), and X-delta 2, and the like) and/or one or more
non-canonical notch ligands (e.g., Contactin-1, NOV/

CCN3, Contactin-6, Periostin/OSF-2, DLK2/EGFL9, Pret-
1/DLK1/FA1, DNER, Thrombospondin-2, MAGP-1/
MFAP2, Thrombospondin-3, MAGP-2/MFAPS,
Thrombospondin-4, Netrin-1, and the like).

[0119] In certain embodiments the notch ligand(s) are
provided by co-culture with human or murine stromal cells
that express the notch ligand(s). In certain embodiments the
stromal cells comprise cells of a human or murine stromal
cell line (e.g. MS5, OP9, S17, HS-5, HS-27A) or human
stromal/mesenchymal cells (primary or derived from ES or
1PSCs) transduced or transfected with the cDNA or mRNA
for a human or murine Notch ligand.

[0120] In certain embodiments the notch ligand can be
provided as a ligand immobilized on a surface in the cell
culture (e.g., on a surface of the culture vessel, attached to
beads, and the like). In certain embodiments, particularly
where the notch ligand 1s provided immobilized on a sur-
face, the stromal cells may be omitted.

[0121] In one illustrative, but non-limiting embodiments,
optimized culture conditions are MEMa with Glutamax,
20% defined fetal calf serum, 5 ng/ml SCF, 3 ng/ml FLLT3L,
and 5 ng/ml IL-3 or 10 ng/ml GM-CSF, however variations
of these culture conditions are also eflective, e.g. serum free
conditions, substitution for human serum, minimal cytokine
conditions, etc.).

[0122] The stem and/or progenitor cells used 1n the meth-
ods described herein, can be provided using any of a number
of methods known to those of skill i the art. In certain
embodiments the cells are obtained from a commercial
provider. In certain embodiments the cells are derived from
a host to whom the CLEC9A+ cells are to be administered.
In certamn embodiments 1illustrative, but non-limiting
embodiments, the starting cells may be an enriched HSPC
population (e.g. defined as CD34+, CD34+ lineage—, or
lineage—) or fractions thereot, including hematopoietic stem
cells or hematopoietic progenitor cell populations. In certain
embodiments illustrative, but non-limiting embodiments,
the source of HSPC can be bone marrow, umbilical cord
blood, peripheral blood, or mobilized peripheral blood (e.g.
following treatment with G-CSF) from an autologous or
allogeneic donor, depending on the clinical setting.

[0123] The above-described methods produce a popula-
tion of cells highly enriched for CLEC9A+ cells. In certain
embodiments the CLEC9A+ DCs are 1dentified and/or 1so-
lated from the culture system. This 1s achieved through
commercially available immunological methods, such as
flow cytometry, magnetic-bead based cell sorting, and the
like. CLEC9A+ DC may readily be identified or 1solated
based on binding of one or more commercially available
antibody clones which recognize CLEC9A, CDI141
(BDCA3), XCR1, NECL-2 (CADMI1), or other markers
present on CLEC9A+ DC.

[0124] In certain embodiments, the CLEC9A+ dendritic
cells are loaded with and/or pulsed with tumor antigen,
and/or tumor lysates or tumor cell preparations to produce
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an anti-cancer ‘“vaccine”. Illustrative tumor antigens for use
in dendritic cell vaccine(s) include, but are not limited W1,
MUCI1, MP2, HPV E6 E7, EGFRvIII, HER-2/neu, diotype,
MAGE A3, p33 nonmutant, NY-ESO-1, PSMA, GD2, CEA,
MelanA/MART1, Ras mutant, gp100, p53 mutant, Protei-
nase3 (PR1), bcr-abl, Tyrosinase, Survivin, PSA, hTERT,
Sarcoma translocation breakpoints, EphA2, PAP, ML-IAP,
AFP, EpCAM, ERG (TMPRSS2 ETS fusion), NA17, PAX3,
ALK, Androgen receptor, Cyclin Bl, Polysialic acid,
MYCN, RhoC, TRP-2, GD3, Fucosyl GM1, Mesothelin,
PSCA, MAGE Al, sLe (animal), CYP1B1, PLAC1, GM3,
BORIS, Tn, GloboH, ETV6-AML, NY-BR-1, RGSS35,
SART3, STn, Carbonic anhydrase IX, PAXS5, OY-TESI,
Sperm protemn 17, LCK, HMWMAA, AKAP-4, SSX2,
XAGE 1, B7H3, Legumain, Tie 2, Page4, VEGFR2, MAD-
C1-1, FAP, PDGFR-p, MAD-CT-2, Fos-related antigen 1,
and the like (see, e.g., Cheever et al. (2009) Clin. Cancer
Res., 15(17): 5323-53377; Palucka and Banchereau (2012)
Nat. Rev. Cancer, 12: 265-277).

[0125] In certain embodiments, the CLEC9A+ dendritic
cells are loaded with and/or pulsed with tumor neoantigens.
Neoantigens are antigens encoded by tumor-specific
mutated genes antigen. In particular tumor-specific neoan-
tigens, typically arise via mutations that alter amino acid
coding sequences (non-synonymous somatic mutations).
Some of these mutated peptides can be expressed, processed
and presented on the cell surface, and subsequently recog-
nized by T cells. Because normal tissues do not possess these
somatic mutations, neoantigen-specific T cells are not sub-
ject to central and peripheral tolerance, and also lack the
ability to induce normal tissue destruction. As a result,
neoantigens appear to represent ideal targets for cancer
immunotherapy. Tumor cell neoantigens are well known to
those of skill 1n the art (see, e.g., Lu and Robbins (2016)
Seminars Immunol., 28(1): 22-277), and an illustrative, but
non-limiting list of neoantigens 1s shown in Table 1.

TABLE 1

Illustrative, but non-limiting human neoantigens.

Mutated
Cancer type gene name Reference
Melanoma CDK4 Woltel et al. (1995) Science, 269: 1281-1284
Melanoma MUMI Coulie et al. (1995) Proc. Nail. Acad. Sci.
USA, 92: 7976-7980
Melanoma CTNNB1 Robbins et al. (1996) J. Exp. Med., 183:
1185-1192
Melanoma CDC27 Wang et al. (1999) Science, 284: 1351-1354
Melanoma TRAPPC1 Chiarn et al. (1999) Cancer Res., 59: 5785-
5792
Melanoma TPI Pieper et al. (1999) J. Exp. Med., 189: 757-
766
Melanoma ASCC3 Baurain et al. (2000) J. Immunol., 164:
6057-6066
Melanoma HHAT Kawakami et al. (2001) J. Immunol., 166:
2871-2877
Melanoma FN1 Wang et al. (2002) J. Exp. Med., 195:
1397-1406
Melanoma OS-9 Vigneron et al. (2002) Cawncer Immunity,
2:9
Melanoma PTPRK Novellino et al. (2003) J. Iimmunol., 170:
6363-6370
Melanoma CDKNZ2A, Huang et al. 920035) J. Immunol. 172: 6057-
HLA-Al1l 6064
Melanoma GAS7, Zhou et al. (2005) J. Immunother., 28: 53-62
GAPDH
Melanoma SIRT?2, Lennerz et al. (2003) Proc. Natl. Acad. Sci.
GPNMB, US4, 102: 16013-16018



US 2024/0002799 Al

TABLE 1-continued

[llustrative, but non-limiting human neoantigens.

Mutated
Cancer type gene name Reference
SNRP116,
RBAF600,
SNRPDI1
Melanoma Prdx5 Sensi et al. (2005) Cancer Res. 65: 632-640
Melanoma CLPP Corbiere et al. (2011) Cancer Res., 71:
1253-1262
Melanoma PPP1R3B Lu et al. (2013) J. Immunol., 190: 6034-6042
Lung cancer ELF2 Hogan et al. (1998) Cancer Res., 58: 5144-
5150
Lung cancer ACTN4 Echchakir et al. (2001) Cancer Res. 61:
4078-4083
Lung cancer ME1 Karanikas et al. (2001) Cawncer Res., 61:
3718-3724
Lung Cancer  NF-YC M et al. (2006) Int. J. Cancer, 118: 1992-
1997
Renal cancer @ HLA-A2  Brandle et al. (1996) J. Exp. Med., 183:
2501-2508
Renal cancer  HSP70-2  Gaudin et al. (1999) J. Immunol., 162: 1730-
1738
Renal cancer  KIAA1440 Zhou et al. (2005) Cancer Res., 65 : 1079-
1088
Head and neck CASP¥ Mandruzzato et al. (1997) J. Exp. Med., 186:
squamous cell 785-793

carcinoma

[0126] Where the DCs are to be pulsed with (e.g., cultured

with) a tumor lysate or tumor cell preparation, illustrative
but non-limiting tumor/cancer types include acute lympho-
blastic leukemia (ALL), acute myeloid leukemia (AML),
Adrenocortical carcinoma, AIDS-related cancers (e.g.,
Kaposi sarcoma, lymphoma), anal cancer, appendix cancer,
astrocytomas, atypical teratoid/rhabdoid tumor, bile duct
cancer, extrahepatic cancer, bladder cancer, bone cancer
(e.g., Ewing sarcoma, osteosarcoma, malignant fibrous his-
tiocytoma), brain stem glioma, brain tumors (e.g., astrocy-
tomas, brain and spinal cord tumors, brain stem glioma,
central nervous system atypical teratoid/rhabdoid tumor,
central nervous system embryonal tumors, central nervous
system germ cell tumors, craniopharyngioma, ependymoma,
breast cancer, bronchial tumors, burkitt lymphoma, carci-
noid tumors (e.g., childhood, gastrointestinal), cardiac
tumors, cervical cancer, chordoma, chronic lymphocytic
leukemia (CLL), chronic myelogenous leukemia (CML),
chronic myeloproliferative disorders, colon cancer, colorec-
tal cancer, craniopharyngioma, cutaneous t-cell lymphoma,
duct cancers e.g. (bile, extrahepatic), ductal carcinoma 1n
situ  (DCIS), embryonal tumors, endometrial cancer,
ependymoma, esophageal cancer, esthesioneuroblastoma,
extracranial germ cell tumor, extragonadal germ cell tumor,
extrahepatic bile duct cancer, eye cancer (e.g., intraocular
melanoma, retinoblastoma), fibrous histiocytoma of bone,
malignant, and osteosarcoma, gallbladder cancer, gastric
(stomach) cancer, gastrointestinal carcinoid tumor, gastro-
intestinal stromal tumors (GIST), germ cell tumors (e.g.,
ovarian cancer, testicular cancer, extracranial cancers,
extragonadal cancers, central nervous system), gestational
trophoblastic tumor, brain stem cancer, hairy cell leukemua,
head and neck cancer, heart cancer, hepatocellular (liver)
cancer, histiocytosis, langerhans cell cancer, Hodgkin lym-
phoma, hypopharyngeal cancer, intraocular melanoma, islet
cell tumors, pancreatic neuroendocrine tumors, kaposi sar-
coma, kidney cancer (e.g., renal cell, Wilm’s tumor, and
other kidney tumors), langerhans cell histiocytosis, laryn-
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geal cancer, leukemia, acute lymphoblastic (ALL), acute
myeloid (AML), chronic lymphocytic (CLL), chronic myel-
ogenous (CML), hairy cell, lip and oral cavity cancer, liver
cancer (primary), lobular carcinoma 1n situ (LCIS), lung
cancer (e.g., childhood, non-small cell, small cell), lym-
phoma (e.g., AIDS-related, Burkitt (e.g., non-Hodgkin lym-
phoma), cutaneous T-Cell (e.g., mycosis fungoides, Sézary
syndrome), Hodgkin, non-Hodgkin, primary central nervous
system (CNS)), macroglobulinemia, Waldenstrom, male
breast cancer, malignant fibrous histiocytoma of bone and
osteosarcoma, melanoma (e.g., childhood, intraocular
(eye)), merkel cell carcinoma, mesothelioma, metastatic
squamous neck cancer, midline tract carcinoma, mouth
cancer, multiple endocrine neoplasia syndromes, multiple
myeloma/plasma cell neoplasm, mycosis Tungoides, myelo-
dysplastic syndromes, Myelogenous Leukemia, Chronic
(CML), multiple myeloma, nasal cavity and paranasal sinus
cancer, nasopharyngeal cancer, neuroblastoma, oral cavity
cancer, lip and oropharyngeal cancer, osteosarcoma, ovarian
cancer, pancreatic cancer, pancreatic neuroendocrine tumors
(1slet cell tumors), papillomatosis, paraganglioma, paranasal
sinus and nasal cavity cancer, parathyroid cancer, penile
cancer, pharyngeal cancer, pheochromocytoma, pituitary
tumor, plasma cell neoplasm, pleuropulmonary blastoma,
primary central nervous system (CNS) lymphoma, prostate
cancer, rectal cancer, renal cell (kidney) cancer, renal pelvis
and ureter, transitional cell cancer, rhabdomyosarcoma, sali-
vary gland cancer, sarcoma (e.g., Ewing, Kaposi, osteosar-
coma, rhabdomyosarcoma, soft tissue, uterine), Sezary syn-
drome, skin cancer (e.g., melanoma, merkel cell carcinoma,
basal cell carcinoma, nonmelanoma), small intestine cancer,
squamous cell carcinoma, squamous neck cancer with occult
primary, stomach (gastric) cancer, testicular cancer, throat
cancer, thymoma and thymic carcinoma, thyroid cancer,
trophoblastic tumor, ureter and renal pelvis cancer, urethral
cancer, uterine cancer, endometrial cancer, uterine sarcoma.,
vaginal cancer, vulvar cancer, Waldenstrom macroglobu-
linemia, Wilm’s tumor, and the like.

[0127] Methods of pulsing DCs with tumor lysate are
known to those of skill 1n the art (see, e.g., Lawman and

Lawman (eds.), Cancer Vaccines: Methods and Protocols,
Methods 1n Molecular Biology, vol. 1139, DOI 10.1007/

978-1-4939-0345-0, Springer, New York (2014)).

[0128] The foregoing methods are intended to be illustra-
tive and not limiting. Using the teachings provided herein
numerous methods of generating/expanding CLEC9A+ den-
dritic cells, CLEC9A+ dendritic cell populations, and modi-
fied CLEC9A+ dendrnitic cells will be available to one of
skill 1n the art.

EXAMPLES

[0129] The following examples are oflered to illustrate,
but not to limit the claimed invention.

Example 1

Generation and Expansion of CLEC9A+ Dendritic
Cells from Human Bone Marrow CD34+ Cells
Using a Notch Ligand

[0130] We have found that CD34+ hematopoietic stem
and progenitor cells (HSPC) cultured 1n the presence of
hematopoietic cytokines and a Notch ligand results 1 cul-
tures that are highly enriched for CLEC9A+ dendritic cells
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(DC). We show here a representative experiment using
primary human bone marrow CD34+ HSPCs cultured on
MS5 stromal cells transduced with human DLL4 i the
presence of SCF, FLT3L and either GM-CSF or IL-3.
Culture of HSPCs for 14 days under these conditions
resulted 1n cultures of CD45+ hematopoietic cells containing,
19% and 30% CLEC9A™ CD141™ DC, respectively, whereas
control cultures on MS5 cells not transduced with DLL4
generated 2-3% CLEC9A+ DC. We conclude that culture of
human HSPCs 1n the presence of a Notch ligand plus SCF,
FL'T3L, and IL-3 or GM-CSF 1s an efhcient method for
differentiating and expanding CLECI9A™ DC.

Materials and Methods

[0131] Isolation of BM CD34+ HSPC

[0132] Bone marrow aspirates were obtained from healthy
donors. Mononuclear cells were 1solated by density centrifu-
gation on Ficoll-Paque (GE Healthcare) per the manufac-
turer’s protocol. CD34™ HSPCs were magnetically isolated
using the CD34 Ultrapure Kit and a MACS LS column
(Milteny1) per the manufacturer’s protocol.

[0133] Stromal Cell Line Expressing DLIL4

[0134] Full-length human DLL4 was cloned from a uni-
versal human RINA preparation (Agilent) by RT-PCR and
ligated mto pCCL-c-MNDU3-x-IRES-GFP at the EcoR1
site. Lentiviral supernatant was prepared by co-transfection
of 293T cells with the DLL4 vector, pCMV-ARS8.9, and
pCAGGS-VSV-G using TransIT 293T (Mirus). Superna-
tants were harvested at 48h and concentrated using an
Amicon 100K filter (Millipore). Concentrated supernatant
was used to infect MS5 murine bone marrow stromal cells.
GFP” cells were sorted at 72h (MS5-hDLL4, hereafter).
[0135] Co-Cultures to Generate CLEC9A+ DC

[0136] MS5-hDLL4 cells were plated at 8-9x10° cells per
well of a 96-well plate the day before HSPC co-culture. For
HSPC co-cultures, supernatant was aspirated from MS35-
hDILL4 cells, and purified HSPCs were added at 5x10° cells
per well 1n 200 ul MEM-alpha with Glutamax (Life Tech-
nologies) supplemented with 20% fetal calf serum (Hy-
Clone), recombinant human SCF (5 ng/ml), FLT3L (5
ng/ml), and either IL-3 (5 ng/ml) or GM-CSF (10 ng/ml) (all
from Peprotech). Cells were incubated at 37° C./5% CO, for
15 days, during which half the media volume was replaced
every 3-4 days with fresh media contaiming a 2x concen-
tration of cytokines. At day 13, cells were harvested by
pipetting, and analyzed by tlow cytometry using the follow-

ing antibody clones: CD45 (HI30), CLEC9A (8F9), CD141
(M80), CD14 (MS5E2). CLEC9A™ DC were defined as
CD45" CD14~ CD1417 CLECS9A™.

Results

[0137] Culture of CB CD34" HSPCs for 15 days on
MS5-hDLL4 with SCF, FLT3L, and GM-CSF resulted in

cultures of CD45+ hematopoietic cells containing around
67% CLECO9A™ CD141" DC, whereas control cultures on

MS5 cells not transduced with DLL4 generated around 8%
CLECO9A™ DC (FIGS. 1-5).

CONCLUSIONS

[0138] Ex vivo culture of CD34" HSPCs with stromal
cells expressing the Notch ligand DLL4 1n the presence of
SCF, FLUT3L, and IL.-3 or GM-CSF 1s a novel method for the

generation and expansion of CLEC9A™ DC.
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1-92. (canceled)

93. A method of preparing a dendritic cell vaccine for a
subject, said method comprising:

preparing a cell population enriched for CLEC9A+ den-
dritic cells; and

pulsing or loading said dendritic cells with a tumor cell
antigen, a tumor cell lysate or tumor cell preparation,

wherein said cell population enriched for CLEC9A+
dendritic cells 1s produced by a method comprising
co-culturing stem cells or progenitor cells with stromal
cells transduced or transfected with a nucleic acid that
encodes and expresses a notch ligand,

wherein the notch ligand 1s DLL4, DLLI1, Jagged 1
(JAG1), or Jagged 2 (JAG2), or a Notch-binding frag-
ment of DLL4, DLL1, Jagged 1 (JAG1), or Jagged 2
(JAG2),
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wherein said co-culturing comprises culture medium
supplemented with L-alanyl-L-glutamine dipeptide.

94. The method of claim 93, wherein said method further
comprises providing a maturation signal to said dendritic
cells.

95. The method of claim 94, wherein said maturation
signal comprises a TLR3 agonist.

96. The method of claim 94, wherein said maturation
signal comprises a TLR8 agonist.

97. The method of claim 93, wherein said tumor cell
antigen 1s WT1, MUCI1, MP2, HPV E6 E7, EGFRvVIII,

HER-2/neu, dlotype MAGE A3, p53 nonmutant, NY-ESO-
1, PSMA, GD2, CEA, MelanA/MARTl Ras mutant, gp100,
p53 mutant, Proteinase3 (PR1), bcr-abl Tyrosinase, Sur-
vivin, PSA, hTERT, Sarcoma translocation breakpoints,
EphA2, PAP, ML-IAP, AFP, EpCAM, ERG (TMPRSS2 ETS
fusion), NA17, PAX3, ALK, Androgen receptor, Cyclin B1.
Polysialic acid, MYCN, RhoC, TRP-2, GD3, Fucosyl GM1,
Mesothelin, PSCA, MAGE Al, slLe (ammal) CYPI1BI,
PLACI1, GM3, BORIS, Thn, GloboH ETV6-AML, NY-BR-
1, RGSS, SART3, STn, Carbonic anhydrase IX, PAXS,
OY-TES1, Sperm protein 17, LCK, HMWMAA, AKAP-4,
SSX2, XAGE 1, B7H3, Legumain, Tie 2, Page4, VEGFR2,
MAD-CT-1, FAP, PDGFR-3, MAD-CT1-2, or Fos-related
antigen 1.

98. The method of claim 93, wherein said tumor cell
antigen, tumor cell lysate or tumor cell preparation 1is
derived from ovarian cancer, lung cancer, breast cancer,
bladder cancer, colon and rectal cancer, endometrial cancer,
kidney cancer, leukemia, lung cancer, melanoma, non-hodg-
kin lvmphoma, pancreatic cancer, prostate cancer, or thyroid
cancetr.

99. The method of claim 93, wherein method comprises
pulsing or loading said dendritic cells with a tumor cell
neoantigen.
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100. The method of claim 99, wherein said tumor cell
neoantigen 1s derived from CDK4, MUMI1, CINNBI,

CDC27, TRAPPC1, TPI, ASCC3, HHAT, FNI1, OS-9,
PTPRK, CDKN2A, HLA-A1l, GAS7, GAPDH, SIRT2,
GPNMB, SNRP116, RBAF600, SNRPDI1, Prdx3, CLPP,
PPP1R3B, EF2, ACTN4, ME1, NF-YC, HLA-A2, HSP70-
2, KIAA1440, or CASPS.

101. The method of claim 93, wherein said CLEC9A+
cells are autologous to a subject to whom said vaccine 1s to
be administered.

102. The method of claim 93, wherein said CLEC9A+
cells are heterologous to a subject to whom said vaccine 1s
to be administered.

103. The method of claim 93, wherein said CLEC9A+
cells are competent at cross-presenting antigen without
adjuvant or without maturation.

104. The method of claim 93, wherein said CLEC9A+
cells are competent at cross-presenting without TLR ligand.

105. The method of claim 93, wherein said stem cells or
progenitor cells comprise hematopoietic stem cells or hema-
topoietic progemtor cells.

106. The method of claim 93, wherein said stem cells or
progenitor cells are derived from bone marrow, umbilical
cord, peripheral blood, or mobilized peripheral blood.

107. The method of claim 93, wherein said stem cells
comprise embryonic stem cells, adult stem cells, or induced
pluripotent stem cells.

108. The method of claim 93, wherein said stromal cells
comprise stem cells.

109. The method of claim 108, wherein said stem cells are
mesenchymal stem cells.

110. The method of claim 108, wherein said stromal cells
comprise induced pluripotent stem cells (IPSCs), derivatives
of IPSCs, or human embryonic stem cells.
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