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F u n cti o n al  N K p 4 6  R e c e pt or
K er sti n  H. M air 1, 2 * ,  M ari a St a dl er 1 ,  M a h s a  A di b R a z a vi 2 ,  Ar mi n S a al m üll er 1

a n d  Wil h el m G er n er 1, 2 †

1 I n stit ut e of I m m u n ol o g y,  D e p art m e nt of  P at h o bi ol o g y,  U ni v er sit y of V et eri n ar y  M e di ci n e Vi e n n a, Vi e n n a,  A u stri a,
2 C hri sti a n  D o p pl er ( C D) L a b or at or y f or  O pti mi z e d  Pr e di cti o n of V a c ci n ati o n  S u c c e s s i n  Pi g s, I n stit ut e of I m m u n ol o g y,

D e p art m e nt of  P at h o bi ol o g y,  U ni v er sit y of V et eri n ar y  M e di ci n e Vi e n n a, Vi e n n a,  A u stri a

T h e a cti v ati n g r e c e pt or  N K p 4 6 s h o w s a u ni q u e e x pr e s si o n p att er n o n p or ci n e l e u k o c yt e s.

W e s h o w e d alr e a d y t h at i n s wi n e n ot all  N K c ell s e x pr e s s  N K p 4 6 a n d t h at  C D 3 + N K p 4 6 +

l y m p h o c yt e s f or m a T- c ell s u b s et  wit h u ni q u e f u n cti o n al pr o p erti e s.  H er e  w e d e m o n str at e

t h e e x pr e s si o n of  N K p 4 6 o n  C D 4hi g h C D 1 4 -C D 1 7 2 a + p or ci n e pl a s m a c yt oi d d e n driti c c ell s

( p D C s).  M ulti c ol or fl o w c yt o m etr y a n al y s e s r e v e al e d t h at t h e v a st  m aj orit y of p or ci n e p D C s

( 9 4. 2 %  ± 4) e x pr e s s  N K p 4 6 e x vi v o a n d h a v e a n i n cr e a s e d e x pr e s si o n o n t h e si n gl e- c ell

l e v el c o m p ar e d t o  N K c ell s. F S C/ S S Chi g h C D 4 hi g h N K p 4 6 + c ell s pr o d u c e d hi g h l e v el s of

I F N-a aft er  C p G  O D N 2 2 1 6 sti m ul ati o n, a h all m ar k of p D C f u n cti o n. F oll o wi n g r e c e pt or

tri g g eri n g  wit h pl at e- b o u n d  m o n o cl o n al a nti b o di e s a g ai n st  N K p 4 6, p h o s p h or yl ati o n of

si g n ali n g  m ol e c ul e s  d o w n str e a m of  N K p 4 6  w a s a n al y z e d i n  p D C s a n d  N K c ell s.

C o m p ar a bl e t o  N K c ell s,  N K p 4 6 tri g g eri n g l e d t o a n u pr e g ul ati o n of t h e p h o s p h or yl at e d

ri b o s o m al pr ot ei n  S 6 ( p S 6) i n p D C s, i n di c ati n g a n a cti v e si g n ali n g p at h w a y of  N K p 4 6 i n

p or ci n e p D C s.  N e v ert h el e s s, a d e fi n e d eff e ct or f u n cti o n of t h e  N K- a s s o ci at e d r e c e pt or o n

p or ci n e p D C s c o ul d n ot b e d e m o n str at e d y et.  N K p 4 6- m e di at e d c yt ot o xi cit y, a s s h o w n f or

N K c ell s, d o e s n ot s e e m t o o c c ur, a s  N K p 4 6 + p D C s di d n ot e x pr e s s p erf ori n.  Y et,  N K p 4 6

tri g g eri n g s e e m s t o c o ntri b ut e t o c yt o ki n e pr o d u cti o n i n p or ci n e p D C s, a s i n d u cti o n of

T N F- a w a s o b s er v e d i n a s m all p D C s u b s et aft er  N K p 4 6 cr o s s-li n ki n g. T o o ur k n o wl e d g e,

t hi s i s t h e fi r st r e p ort o n  N K p 4 6 e x pr e s si o n o n p D C s i n a  m a m m ali a n s p e ci e s, s h o wi n g

t h at t hi s r e c e pt or c o ntri b ut e s t o p D C a cti v ati o n a n d f u n cti o n.

K e y w or d s:  N K p 4 6,  pl a s m a c yt oi d  d e n driti c c ell s, s wi n e, i nt erf er o n - a ,  p S 6
I N T R O D U C TI O N

D e n driti c c ells ( D Cs) ar e p art of t h e i n n at e i m m u n e s yst e m a n d pl a y a c e ntr al r ol e i n a nti g e n
pr es e nt ati o n t o  T c ells. Pl as m a c yt oi d d e n driti c c ells ( p D Cs) ar e a s m all a n d hi g hl y s p e ci ali z e d c ell
s u bs et b el o n gi n g t o t h e  D C f a mil y (1 ).  T h e y e x pr ess hi g h l e v els of t h e i ntr a c ell ul ar t oll-li k e r e c e pt ors
( T L R) 7 a n d 9,  w hi c h r e c o g ni z e si n gl e-str a n d e d  R N A or u n m et h yl at e d  C p G  m otif- c o nt ai ni n g  D N A,
l e a di n g t o i n d u cti o n of i nt erf er o n (I F N)-a pr o d u cti o n b y p D Cs ( 2 ).  As t h e y ar e t h e  m aj or s o ur c e of
I F N-a , t h e y  w er e als o d esi g n at e d as n at ur al i nt erf er o n- pr o d u ci n g c ells.
or g M ar c h 2 0 2 2 | V ol u m e 1 3 |  Arti cl e 8 2 2 2 5 81

https://www.frontiersin.org/articles/10.3389/fimmu.2022.822258/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.822258/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.822258/full
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:Kerstin.Mair@vetmeduni.ac.at
https://doi.org/10.3389/fimmu.2022.822258
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2022.822258
https://www.frontiersin.org/journals/immunology
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2022.822258&domain=pdf&date_stamp=2022-03-11


M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
I n t h e pi g, p D Cs li k e wis e r e pr es e nt a s m all s u bs et  wit h
fr e q u e n ci es b el o w 1 % i n p eri p h er al bl o o d  m o n o n u cl e ar c ells
( P B M C), l y m p h n o d es, a n d t o nsils.  N e v ert h el ess, p or ci n e p D Cs
s e e m t o b e  m or e a b u n d a nt ( 5 % – 6 %) i n t h e s pl e e n ( 3 , 4 ).
P h e n ot y pi c all y,  p o r ci n e  p D C s a r e i d e nti fi e d a s  C D 3 -

C D 4 hi g h C D 1 4 - C D 1 6 + C D 1 7 2 a l o w m y el oi d c ell s ( 3 , 5 ) a n d
e x pr ess l o w t o  m o d er at e l e v els of  M H C-II ( 6 , 7 ).  A d diti o n all y,
p or ci n e p D Cs e x pr ess  C D 1 3 5 ( Flt 3), a t yr osi n e ki n as e t h at is
cr u ci al f or p D C d e v el o p m e nt b y bi n di n g its li g a n d ( Flt 3 L) as
s h o w n f or h u m a n a n d  m o us e (8 ).  Tr a ns cri pt o m e a n al ysis of
p or ci n e p D Cs s h o w e d t h at t h e g e n e e x pr essi o n pr o fi l e  w as v er y
si mil ar t o t h eir h u m a n a n d  m uri n e c o u nt er p arts ( 7 , 9 ). P or ci n e
p D Cs ar e a bl e t o pr o d u c e hi g h a m o u nts of I F N- a i n r es p o ns e t o
i n vitr o sti m ul ati o n  wit h  T L R a g o nists li k e i mi q ui m o d a n d  C p G
oli g o d e o x y n u cl e oti d es ( O D N) ( 7 , 1 0 ). I n d u cti o n of I F N-a w as
als o o bs er v e d aft er i n vitr o sti m ul ati o n  wit h vir us es li k e t h e
tr a ns missi bl e g astr o e nt eritis c or o n a vir us (3 , 1 0 ) or e x vi v o i n
p D C a n d s er a of pi gs e x p eri m e nt all y i nf e ct e d  wit h t h e cl assi c al
s wi n e f e v er vir us (1 1 ). Sti m ul ati o n a n d i n cr e as e d pr o d u cti o n of
I F N-a b y p D Cs  w er e d et e ct e d i n pi gs aft er f o ot- a n d- m o ut h
dis e as e vir us ( F M D V) i nf e cti o n i n vitr o w h e n F M D V  w as
c o m pl e x e d  wit h vir us-s p e ci fi c i m m u n o gl o b uli ns ( 1 2 , 1 3 ). I n
c o ntr ast,  wil d-t y p e ps e u d or a bi es vir us i nf e cti o n l e a ds t o a
s u p p r e s si o n i n I F N- a p r o d u cti o n b y p o r ci n e p D C s aft e r
i nf e cti o n c o m p ar e d t o usi n g a n att e n u at e d v a c ci n e str ai n (1 4 ).
Alt h o u g h s u p pr essi o n of p D Cs b y t h e p or ci n e r e pr o d u cti v e a n d
r es pir at or y s y n dr o m e vir us ( P R R S V)  w as s h o w n ( 1 0 ),  m or e
r e c e nt st u di e s s h o w e d t h at  P R R S V i n hi biti o n of I F N - a
pr o d u cti o n fr o m p D Cs  w as  w e a k or a bs e nt a n d d e p e n d e nt o n
t h e g e n ot y p e of P R R S V (1 5 , 1 6 ). F urt h er m or e, it c o ul d b e s h o w n
t h at p D C sti m ul ati o n  w as str o n g er b y usi n g P R R S V-i nf e ct e d
c ells t h a n dir e ct sti m ul ati o n b y viri o ns ( 1 6 ).  H e n c e, as s h o w n i n
h u m a n a n d  m o us e, p or ci n e p D Cs a p p e ar t o b e  m aj or I F N- a
pr o d u c ers f oll o wi n g vir al i nf e cti o n.

T h e a cti v ati n g r e c e pt or  N K p 4 6 ( N C R 1,  C D 3 3 5) is us e d as a
m ar k er f or t h e i d e nti fi c ati o n of n at ur al kill er ( N K) c ells i n
v a ri o u s  m a m m ali a n s p e ci e s ( 1 7 ).  N K p 4 6 i s a t y p e I
tr a ns m e m br a n e gl y c o pr ot ei n, a n d si g n ali n g is  m e di at e d b y t h e
a d a pt or pr ot ei ns  C D 3 z a n d F c ϵ RI g (1 8 , 1 9 ). R e c e pt or tri g g eri n g
l e a ds t o  C a2 + i n d u cti o n dri vi n g c yt ot o xi cit y a n d c yt o ki n e
pr o d u cti o n ( 2 0 ).  K n o w n li g a n ds f or  N K p 4 6 ar e h e m a g gl uti ni ns
of i n fl u e n z a, p ar ai n fl u e n z a, or S e n d ai vir us ( 2 1 , 2 2 ) as  w ell as t h e
n at ur al li g a n d vi m e nti n t h at is u pr e g ul at e d o n M yc o b act eri u m
t u b e r c ul osis-i nf e ct e d c ell s ( 2 3 ).  N K p 4 6 s h o w s a u ni q u e
e x pr essi o n p att er n o n p or ci n e l y m p h o c yt es.  N K p 4 6 e x pr essi o n
o n p or ci n e  N K c ells s e p ar at es t his l y m p h o c yt e p o p ul ati o n i n
t hr e e disti n ct s u bs ets:  N K p 4 6-,  N K p 4 6+ , a n d  N K p 4 6hi g h C D 3 -

l y m p h o c yt es t h at h a v e p h e n ot y pi c a n d f u n cti o n al pr o p erti es of
N K c ells ( 2 4 – 2 6 ). F urt h er m or e, a p o p ul ati o n of  C D 3+ N K p 4 6 +

c ells  w as als o i d e nti fi e d i n t h e pi g,  w hi c h h as p h e n ot y pi c al
pr o p erti es of  T c ells b ut f u n cti o n all y r es e m bl es  N K c ells ( 2 7 ).
Tri g g eri n g of  N K p 4 6 o n p or ci n e  N K c ells l e a ds t o c yt ot o xi cit y
a n d I F N- g pr o d u cti o n ( 2 5 , 2 6 ). Li k e wis e,  N K p 4 6 tri g g eri n g l e a ds
t o d e gr a n ul ati o n of  C D 3+ N K p 4 6 + c ells ( 2 7 ).

U p t o d at e, t h er e is n o r e p ort o n  N K p 4 6 e x pr essi o n o n
p or ci n e  m y el oi d c ells.  H er e,  w e i d e ntif y  N K p 4 6 e x pr essi o n o n
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 2
a s u bs et of p or ci n e  m y el oi d c ells t h at h a v e t h e p h e n ot y p e of
p D Cs a n d pr o d u c e I F N- a aft er i n vitr o sti m ul ati o n.  O ur d at a
s h o w t h at t h e v ast  m aj orit y of p or ci n e p D Cs e x pr ess t his “ N K-
c ell ass o ci at e d ” r e c e pt or at hi g h l e v els a n d tri g g eri n g of  N K p 4 6
l e a ds t o t h e i n d u cti o n of d o w nstr e a m si g n ali n g e v e nts, i n di c ati n g
a f u n cti o n al r ol e of t his r e c e pt or o n p or ci n e p D Cs.  T h us, p or ci n e
N K p 4 6 s e e ms t o h a v e a u ni q u e e x pr essi o n p att er n i n p or ci n e
l e u k o c yt es c o m p ar e d t o ot h er s p e ci es a n d o ur d at a s u g g est a n
a d diti o n al r ol e f or t his r e c e pt or i n i n n at e i m m u n e s e nsi n g i n
t h e pi g.
M A T E RI A L  A N D  M E T H O D S

I s ol ati o n a n d  C ell  C ult ur e  of
P or ci n e  P B M C
Bl o o d  w as o bt ai ne d fr o m h e alt h y 3 – 7- m o nt h- ol d pi gs fr o m a n
a b att oir i n  A ustri a.  A ni m als  w er e s u bj e ct e d t o el e ctri c hi g h- v olt a g e
a n est h esi a f oll o w e d b y e xs a n g ui n ati o n, a pr o c e d ur e t h at is i n
a c c o r d a n c e  wit h t h e  A u st ri a n  A ni m al  W elf a r e Sl a u g ht e r
R e g ul ati o n. Bl o o d fr o m 5- w e e k- ol d pi gl ets  w as o bt ai n e d fr o m
a ni m als h o us e d at t h e  U ni v ersit y  Cli ni c f or S wi n e at t h e
U ni v ersit y of  V et eri n ar y  M e di ci n e  Vi e n n a.  A ni m als  w er e
a n a est h eti z e d b y i ntr a m us c ul ar i nj e cti o n of  K et a mi n h y dr o c hl ori d
( N ar k et a n® , V e t o q ui n ol,  Vi e n n a,  A ustri a, 1 0  m g/ k g b o d y  w ei g ht)
a n d  A z a p er o n e ( Str es nil ® , J a nss e n  P h ar m a c e uti c a,  B e ers e,
B el gi u m, 1. 3  m g/ k g b o d y  w ei g ht). S u bs e q u e ntl y, a ni m als  w er e
e ut h a ni z e d vi a i ntr a c ar di al i nj e cti o n of  T 6 1® ( M S D  A ni m al
H e alt h,  Vi e n n a,  A ustri a, 1. 0  ml/ 1 0 k g b o d y  w ei g ht).  T his
pr o ce d ur e  w as a p pr o v e d b y t h e i nstit uti o n al et hi cs c o m mitte e
a n d t h e n ati o n al a ut h orit y a c c or di n g t o § 2 6 of L a w f or  A ni m al
e x p eri m e nts,  Ti er v ers u c hs g es et z 2 0 1 2 – T V G 2 0 1 2 (r ef er e n c e
n u m b er: b m wf  G Z 6 8. 2 0 5/ 0 0 0 5-II/ 3 b/ 2 0 1 4).  All a ni m als us e d f or
s a m pl e c oll e cti o n  w er e cli ni c all y h e alt h y, a n d n o p at h ol o gi c al
i n di c ati o ns  w er e o bs er v e d at n e cr o ps y. P B M C  w er e is ol at e d
fr o m h e p ari ni z e d bl o o d usi n g d e nsit y gr a di e nt c e ntrif u g ati o n
( P a n c oll h u m a n, d e nsit y: 1. 0 7 7 g/ ml, P A N- Bi ot e c h,  Ai d e n b a c h,
G er m a n y), a n d is ol at e d c ells  w er e st or e d at - 1 5 0° C. F or e x vi v o
a n al ys es, P B M C  w er e us e d i m m e di at el y aft er t h a wi n g.  W h e n
cr y o pr es er v e d c ells  w er e s u bj e ct e d t o i n vitr o sti m ul ati o n, P B M C
w er e t h a w e d 1 d a y pri or t o sti m ul ati o n a n d r est e d o v er ni g ht i n
R P MI 1 6 4 0  wit h st a bl e gl ut a mi n e ( P A N- Bi ot e c h) s u p pl e m e nt e d
wit h 1 0 % ( v/ v) h e at-i n a cti v at e d F C S ( P A N- Bi ot e c h), 1 0 0 I U/ ml
p e ni cilli n, a n d 0. 1  m g/ ml str e pt o m y ci n ( P A N- Bi ote c h).

Sti m ul ati o n  of  p D C s a n d  N K  C ell s f or
D et e cti o n  of I ntr a c ell ul ar  Si g n ali n g
M ol e c ul e s a n d  C yt o ki n e s
F or vir us sti m ul ati o n, c ells  w er e eit h er c ult ur e d i n t h e pr es e n c e of
t h e i nfl u e n z a is ol at e  A/s wi n e/ G er m a n y/ A R 1 1 9 0/ 2 0 1 4 ( H 1 N 2) at a
M OI of 0. 5 ( GI S AI D  E pi Fl u d at a b a s e a c c e s si o n  n u m b e r
E PI _I S L _ 2 2 2 0 8 5) or c ulti v at e d i n t h e pr es e n c e of a c orr es p o n di n g
m o c k c o ntr ol. F or  T L R sti m ul ati o n, c ells  w er e sti m ul at e d  wit h 5 µ g/
ml of a  T L R 9- a g o ni st cl a s s  A oli g o n u cl e oti d e ( O D N) o r
c orr es p o n di n g c o ntr ol ( T a bl e 1 ). F or all sti m ul ati o ns, c ells  w er e
M ar c h 2 0 2 2 | V ol u m e 1 3 |  Arti cl e 8 2 2 2 5 8
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
c ult ur e d i n 9 6- w ell r o u n d- b ott o m pl at es  wit h a fi n al c ell n u m b er of
3 × 1 0 5 c ells i n 2 0 0 µl p er  w ell.  R e c e pt or tri g g eri n g  w as p erf or m e d b y
usi n g  m A bs a g ai nst  N K p 4 6 ( m o us e I g G 1, cl o n e  VI V- K M 3, i n-
h o us e pr o d u cti o n). Is ot y p e- m at c h e d irr el e v a nt a nti b o di es ( cl o n e
N C G 0 1,  Di a n o v a,  H a m b ur g,  G er m a n y) s er v e d as c o ntr ol. 9 6- w ell
r o u n d- b ott o m pl at es  w er e c o at e d  wit h  m A bs at a c o n c e ntr ati o n of 3
µ g/ ml i n P B S ( 5 0 µl p er  w ell) o v er ni g ht at 4° C. Pl at es  w er e  w as h e d
t hr e e ti m es  wit h P B S pri or t o a d diti o n of 3 × 1 05 c ells i n a t ot al
v ol u m e of 2 0 0 µl p er  w ell.  C ells us e d f or  N K- c ell r e c e pt or-tri g g eri n g
ass a ys  w er e a d diti o n all y pr e- a cti v at e d  wit h a c o m bi n ati o n of r pI L- 2
( 1 0 n g/ ml,  R & D S yst e ms,  Mi n n e a p olis,  M N,  U S A) a n d r pI L- 1 5 ( 1 0
n g/ ml,  Ki n g fi s h er Bi ot e c h, S ai nt P a ul,  M N,  U S A) f or 2 4 h.  T h e
e x pr essi o n of p h os p h or yl at e d ri b os o m al pr ot ei n S 6 ( p S 6)  w as
a n al y z e d aft er 3 a n d 6 h. F or i ntr a c ell ul ar c yt o ki n e st ai ni n g,
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 3
Br ef el di n  A ( G ol gi Pl u g, B D Bi os ci e n c es, S a n J os e,  C A,  U S A)  w as
a d d e d t o  mi cr o c ult ur es at a fi n al c o n c e ntr ati o n of 1 µ g/ ml aft er 2 h
of sti m ul ati o n f or a n a d diti o n al 4 h.  A nti b o di es a n d r e a g e nts us e d
f or fl o w c yt o m etr y ( F C M) st ai ni n g ar e o utli n e d i n T a bl e 2 .
Fl o w  C yt o m etr y  A s s a y s a n d  A nti b o di e s
U s e d i n t h e  St u d y
F or F C M a n al ys es, c ells  w er e r es us p e n d e d eit h er i n P B S- b as e d
b uff er c o nt ai ni n g 1 0 % ( v/ v) p or ci n e pl as m a f or e x vi v o a n al ysis
or i n b uff er c o nt ai ni n g 3 % ( v/ v) F C S f or a n al ysis aft er i n vitr o
c ulti v ati o n.  All i n c u b ati o n st e ps  w er e p erf or m e d i n 9 6- w ell
r o u n d - b ott o m pl at e s at 4° C f o r 2 0  mi n.  T h e diff e r e nt
c o m bi n ati o ns of pri m ar y  m o n o cl o n al a nti b o di es ( m A bs) as
T A B L E 1 | S y nt h eti c oli g o n u cl e oti d e s ( O D N s) u s e d f or i n vitr o sti m ul ati o n.

O D N S e q u e n c e ( 5 ′– 3 ′) S o ur c e

2 2 1 6 g g G  G G A  C G A T C G T C g g g g g g I B A  G m b H,  G ötti n g e n,  G er m a n y

I n vi v o G e n, T o ul o u s e, Fr a n c e

2 2 4 3 ( n e g ati v e c o ntr ol) g g G  G G A  G C A T G C T G g g g g g g I B A  G m b H,  G ötti n g e n,  G er m a n y

I n vi v o G e n, T o ul o u s e, Fr a n c e
M ar c h 2 0 2
B a s e s s h o w n i n c a pit al l ett er s i n di c at e p h o s p h o di e st er li n k a g e 3 ′ of t h e b a s e; t h o s e i n l o w er c a s e l ett er s i n di c at e p h o s p h or ot hi o at e li n k a g e s.
T A B L E 2 | Pri m ar y a nti b o di e s a n d s e c o n d ar y r e a g e nt s u s e d f or F C M a n al y s e s.

A nti g e n Cl o n e I s ot y p e Fl u or o c hr o m e L a b eli n g str at e g y S o ur c e  of  pri m ar y  A b

E x vi v o p h e n ot y pi n g

N K c ell s

C D 3 B B 2 3- 8 E 6 I g G 2 b Al e x a 6 4 7 S e c o n d ar y a nti b o d y a) S o ut h er n  Bi ot e c h

C D 8 a 1 1/ 2 9 5/ 3 3 I g G 2 a B V 4 2 1 Bi oti n b) - str e pt a vi di nc) I n- h o u s e

C D 1 6* G 7 I g G 1 P E S e c o n d ar y a nti b o d y d) Bi o- R a d e)

N K p 4 6* VI V- K M 1 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s e

N K p 4 4* 5 4- 1 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s ef)

p erf ori n* Pf 3 4 4 I g G 1 P E S e c o n d ar y a nti b o d y d) M a bt e c h g)

p D C p a n el I

C D 4 7 4- 1 2- 4 I g G 2 b FI T C  Dir e ctl y c o nj u g at e d  B D  Bi o s ci e n c e s

C D 1 7 2 a 7 4- 2 2- 1 5 A I g G 2 b  B V 4 2 1  Bi oti n b) - Str e pt a vi di nc) I n- h o u s e

C D 1 6* G 7 I g G 1 P E S e c o n d ar y a nti b o d y d) Bi o- R a d

N K p 4 6* VI V- K M 1 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s e

N K p 4 4* 5 4- 1 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s ef)

p erf ori n* Pf 3 4 4 I g G 1 b P E S e c o n d ar y a nti b o d y d) M a bt e c h

p D C p a n el II

C D 4 7 4- 1 2- 4 I g G 2 b FI T C Dir e ctl y c o nj u g at e d B D  Bi o s ci e n c e s

N K p 4 6 VI V- K M 1 I g G 1 Al e x a 6 4 7 Dir e ctl y c o nj u g at e d h) I n- h o u s e

C D 1 4* C A M 3 6 A I g G 1 P E S e c o n d ar y a nti b o d y d) Ki n g fi s h er  Bi ot e c h

C D 1 6* G 7 I g G 1 P E S e c o n d ar y a nti b o d y d) Bi o- R a d

C D 1 6 3* 2 A 1 0/ 1 1 I g G 1 P E Dir e ctl y c o nj u g at e d Bi o- R a d

C D 1 7 2 a* 7 4- 2 2- 1 5 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s e

I ntr a c ell ul ar c yt o ki n e st ai ni n g

p D C s

C D 4 7 4- 1 2- 4 I g G 2 b Al e x a 4 8 8 S e c o n d ar y a nti b o d y i) I n- h o u s e

C D 1 7 2 a 7 4- 2 2- 1 5 I g G 1 e Fl u or 4 5 0 Bi oti n b) - str e pt a vi di nj) I n- h o u s e

N K p 4 6 VI V- K M 1 I g G 1 P E S e c o n d ar y a nti b o d y d) I n- h o u s e

I F N-a * F 1 7 I g G 1 Al e x a 6 4 7 Dir e ctl y c o nj u g at e d h) T h er m o Fi s h er  S ci e nti fi c

I F N-g * C C 3 0 2 I g G 1 Al e x a 6 4 7 Dir e ctl y c o nj u g at e d Bi o- R a d

T N F- a M A b 1 1 I g G 1 B V 6 0 5 Dir e ctl y c o nj u g at e d Bi o L e g e n d

( C o nti n u e d)
2 | V ol u
 m e 1 3 |  Arti cl e 8 2 2 2 5 8

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
w ell as s e c o n d ar y r e a g e nts us e d f or e a c h ass a y ar e list e d i n
T a bl e 2 .  N o n- c o m m er ci al a nti b o di es  w er e pr o d u c e d i n- h o us e
(2 9 ).  W h er e i n di c at e d, t h es e a nti b o di es  w er e c o nj u g at e d eit h er t o
fl u or o c hr o m es ( Al e x a Fl u or- 6 4 7 Pr ot ei n L a b eli n g  Kit,  T h er m o
Fis h er S ci e nti fi c,  Vi e n n a,  A ustri a) or t o Bi oti n ( E Z- Li n k S ulf o-
N H S- L C- Bi oti n,  T h er m o Fis h er S ci e nti fi c) a c c or di n g t o t h e
m a n uf a ct ur er ’s pr ot o c ols. If u nl a b el e d a n d dir e ctl y c o nj u g at e d
a nti b o di es  wit h t h e s a m e is ot y p e  w er e us e d i n c o m bi n ati o n, a
s e q u e nti al st ai ni n g  w a s p e rf o r m e d.  Aft e r l a b eli n g  wit h
u n c o nj u g at e d  p ri m a r y  m A b a n d i s ot y p e - s p e ci fi c d y e -
c o nj u g at e d s e c o n d a r y a nti b o di e s, f r e e bi n di n g sit e s  w e r e
bl o c k e d b y  w h ol e  m o us e I g G  m ol e c ul es ( 2 µ g p er s a m pl e,
J a c ks o n I m m u n o R es e ar c h, S uff ol k,  U K).  T h er e aft er, c ells  w er e
i n c u b at e d  wit h dir e ctl y l a b el e d pri m ar y  m A bs. F or e x cl usi o n of
d e a d c ells, Fi x a bl e  Vi a bilit y  D y e ( V D) e Fl u or 7 8 0 ( T h er m o
Fis h er S ci e nti fi c)  w as us e d a c c or di n g t o t h e  m a n uf a ct ur er ’s
pr ot o c ol  wit h 0. 0 2 5 µl r e a cti v e d y e p er s a m pl e t o dis cri mi n at e
d e a d c ells.  U nsti m ul at e d c ells  w er e us e d as c o ntr ol st ai ni n g f or
a cti v at e d c ell s. Si n gl e - c ol o r s a m pl e s  w e r e p r e p a r e d f o r
a ut o m ati c c o m p e ns ati o n.

F or st ai ni n g of i ntr a c ell ul ar si g n ali n g  m ol e c ul es, c yt o ki n es, or
p erf ori n, c ells  w er e fi x e d a n d p er m e a bili z e d  wit h t h e F o x p 3
st ai ni n g b uff er s et ( T h er m o Fis h er S ci e nti fi c) aft er c ell-s urf a c e
st ai ni n g, f oll o w e d b y a n i n c u b ati o n st e p  wit h eit h er  m A bs a g ai nst
p S 6 f or p h os p h o-s p e ci fi c fl o w c yt o m etr y,  m A bs a g ai nst I F N- a ,
T N F- a , a n d I F N-g f or d et e cti o n of i ntr a c ell ul ar c yt o ki n e
pr o d u cti o n, or  m A bs a g ai nst p erf ori n. F C M a n al ys es  w er e
p erf or m e d o n a F A C S C a nt o II ( B D Bi os ci e n c es).  At l e ast 5 ×
1 0 5 c ells  w er e r e c or d e d p er s a m pl e. F or p h os p h o-s p e ci fi c fl o w
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 4
c yt o m etr y a n d i ntr a c ell ul ar c yt o ki n e st ai ni n g, 1 × 1 0 6 c ells  w er e
r e c or d e d.  D at a  w er e a n al y z e d  wit h F A C S Di v a s oft w ar e ( V ersi o n
8. 0., B D Bi os ci e n c es) a n d Fl o wJ o s oft w ar e ( V ersi o n 1 0. 2,  Tr e e
St ar, As hl a n d, O R). A u nif or m g ati n g hi er ar c h y w as us e d
t hr o u g h o ut all e x p eri m e nts (Fi g u r e 1 A ) f or a n al ys es of t ot al
P B M C t o e x cl u d e p ot e nti al d o u bl et as  w ell as d e a d c ells.
C ell s orti n g
F or s orti n g of p D Cs a n d  N K c ells, a  m a g n eti c- a cti v at e d c ell s ort
( M A C S) f oll o we d b y a fl u or es c e n c e- a cti v at e d c ell s ort ( F A C S) of t h e
n e g ati v e fr a cti o n  w as p erf or m e d. Fr es hl y is ol at e d P B M C  w er e
i n c u b at e d  wit h  m A bs dir e ct e d a g ai nst  C D 3 ( cl o n e P P T 3,  m o us e
I g G 1, i n- h o us e) f or  T- c ell d e pl eti o n.  T his  w as f oll o w e d b y
i n c u b ati o n  wit h a nti- m o us e I g G 1  m a g n eti c  mi cr o b e a ds ( Milt e n yi
Bi ot e c, B er gis c h  Gl a d b a c h,  G er m a n y) i n a b uff er c o nt ai ni n g P B S
( P A N- Bi ot e c h) s u p pl e m e nt e d  wit h 2 % F C S ( T h er m o Fis h er
S ci e nti fi c) a n d 2  m M E D T A. F or d e pl eti o n of  C D 3 + c ells, L D
c ol u m ns fr o m  Milt e n yi  Bi ot e c  w er e us e d a c c or di n g t o t h e
m a n uf a ct ur er ’s pr ot o c ol.  T h e n e g ati v e fr a cti o n ( p urit y 9 6 % or
hi g h er)  w as t h e n f or w ar d e d t o F A C S.  C ells  w er e i n c u b at e d  wit h
m A bs a n d s e c o n d ar y r e a g e nts, as i n di c at e d i n T a bl e 2 .  A d diti o n all y,
c ells  w er e st ai n e d  wit h t h e  V D as i n di c at e d a b o v e a n d g o at a nti-
m o us e I g G 1- Al e x a 4 8 8 s e c o n d ar y  A bs ( T h er m o Fis h er S ci e nti fi c) t o
st ai n r esi d u al  C D 3 + c ells.  C ell s orti n g  w as p erf or m e d o n a
F A C S Ari a ( B D Bi os ci e n c es). F o ur diff er e nt p o p ul ati o ns  w er e
s ort e d:  C D 3 - (“ b ul k ” ),  C D 3-C D 8 a - (“ e nri c h e d p D C ” ),  C D 3-

C D 4 + C D 1 7 2 a + (“ p D C ” ), a n d  C D 3-C D 8 a + (“ N K c ells ” ).  T h e
a v er a g e p urit y of t h e s ort e d c ell s u bs ets  w as 9 2 % or hi g h er.
T A B L E 2 | C o nti n u e d

A nti g e n  Cl o n e I s ot y p e Fl u or o c hr o m e L a b eli n g str at e g y  S o ur c e  of  pri m ar y  A b

P h o s p h o- s p e ci fi c st ai ni n g u n s ort e d c ell s

N K c ell s

C D 3 B B 2 3- 8 E 6 I g G 2 b Al e x a 6 4 7 S e c o n d ar y a nti b o d y a) S o ut h er n  Bi ot e c h

C D 8 a 1 1/ 2 9 5/ 3 3 I g G 2 a e Fl u or 4 5 0 Bi oti n b) - Str e pt a vi di nk) I n- h o u s e

p S 6 ( S 2 3 5/ S 2 3 6) c u p k 4 3 k I g G 1 P E Dir e ctl y c o nj u g at e d T h er m o Fi s h er  S ci e nti fi c

p D C s

C D 4 7 4- 1 2- 4 I g G 2 b Al e x a 4 8 8 S e c o n d ar y a nti b o d y k) I n- h o u s e

C D 1 7 2 a 7 4- 2 2- 1 5 I g G 1 Al e x a 6 4 7 Dir e ctl y c o nj u g at e d h) I n- h o u s e

p S 6 ( S 2 3 5/ S 2 3 6) c u p k 4 3 k I g G 1 P E Dir e ctl y c o nj u g at e d T h er m o Fi s h er  S ci e nti fi c

F A C S  S ort

C D 4 7 4- 1 2- 4 I g G 2 b P er C P- C y 5. 5 Dir e ctl y c o nj u g at e d B D  Bi o s ci e n c e s

C D 8 a 1 1/ 2 9 5/ 3 3 I g G 2 a B V 4 2 1 S e c o n d ar y a nti b o d y k) I n- h o u s e

C D 1 7 2 a 7 4- 2 2- 1 5 A I g G 2 b Al e x a 6 4 7 Bi oti n b) - Str e pt a vi di nl) I n- h o u s e
M ar c h 2 0 2 2 | V ol u
a G o at a nti- m o u s e a nti-I g G 2 b- Al e x a 6 4 7, T h er m o Fi s h er  S ci e nti fi c.
b E Z- Li n k ™ S ulf o- N H S- L C- Bi oti n, T h er m o Fi s h er  S ci e nti fi c.
c Str e pt a vi di n- Brilli a nt Vi ol et 4 2 1,  Bi o L e g e n d,  S a n J o s e,  C A,  U S A.
d G o at a nti- m o u s e a nti-I g G 1- P E,  S o ut h er n  Bi ot e c h,  Bir mi n g h a m,  A L,  U S A.
e Bi o- R a d,  H er c ul e s,  C A,  U S A.
fKi n dl y pr o vi d e d b y J o a n  K. L u n n e y,  A ni m al  P ar a siti c  Di s e a s e L a b or at or y,  B A R C,  A R S,  U S D A,  B elt s vill e,  M D,  U S A ( 2 8 ).
g M a bt e c h,  N a c k a  Str a n d,  S w e d e n.
h Al e x a Fl u or ™ 6 4 7  A nti b o d y L a b eli n g  Kit, T h er m o Fi s h er  S ci e nti fi c.
iG o at a nti- m o u s e a nti-I g G 2 b- Al e x a 4 8 8, T h er m o Fi s h er  S ci e nti fi c.
jStr e pt a vi di n- e Fl u or 4 5 0, T h er m o Fi s h er  S ci e nti fi c.
k G o at a nti- m o u s e a nti-I g G 2 a- Brilli a nt Vi ol et 4 2 1, J a c k s o n I m m u n o R e s e ar c h,  S uff ol k,  U K.
lStr e pt a vi di n- Al e x a 6 4 7, T h er m o Fi s h er  S ci e nti fi c.

* U s e d i n diff er e nt s a m pl e s.
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Aft er t w o  w as hi n g st e ps i n c ell c ult ur e  m e di u m, s ort e d c ells  w er e
c ulti v at e d a n d sti m ul at e d f or t h e p S 6 ass a y b y pl at e- b o u n d  m A bs, as
i n di c at e d a b o v e.  T h e e x pr essi o n of p S 6  w as a n al y z e d aft er 3 h b y
fl o w c yt o m etr y, as i n di c at e d a b o v e.  C ells of b ul k a n d e nri c h e d p D C
s u bs et  w er e r e-st ai n e d  wit h t h e s a m e p a n el as us e d f or t h e F A C S s ort
i n a d diti o n t o t h e  m o us e- a nti-h u m a n/ m o us e p S 6- P E ( cl o n e
c u p k 4 3 k, I g G 1 is ot y p e,  T h er m o Fis h er S ci e nti fi c). P ur e p D C a n d
N K- c ell s u bs ets  w er e st ai n e d s ol el y  wit h t h e p S 6-s p e ci fi c m A bs.

St ati sti c al  A n al y si s
D at a  w er e a n al y z e d f or st atisti c al si g ni fi c a n c e b y S P S S ® ( S P S S
St atisti cs  V ersi o n 2 0. 0, I B M  C or p.,  Ar m o n k,  N Y).  O bt ai n e d v al u es
w er e t est e d f or n or m al distri b uti o n b y t h e  K ol m o g or o v – S mir n o v
t e st.  W h e r e r e q ui r e d, d at a s et s  w e r e s u bj e ct e d t o l o g
tr a nsf or m ati o n t o  m e et t h e c o n diti o n of n or m alit y.  D at a s ets
t h at  m et t h e r e q uir e m e nt of n or m al distri b uti o n  w er e a n al y z e d b y
p air e d t w o-t ail e d St u d e nt ’s t-t est; d at a s ets t h at di d n ot s h o w
n or m al distri b uti o n  w er e a n al y z e d b y t h e  Wil c o x o n si g n e d-r a n k
t est. L e v els of si g nifi c a n c e  w er e d e fi n e d as p ≤ 0. 0 5 (i n di c at e d
b y *), p ≤ 0. 0 1 (i n di c at e d b y * *), a n d p ≤ 0. 0 0 1 (i n di c at e d b y * **).
Gr a p hs  w er e pr e p ar e d usi n g  Gr a p h P a d Pris m  V 5. 0 4 ( Gr a p h P a d
S oft w ar e, S a n  Di e g o,  C A,  U S A).
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 5
R E S U L T S

N K p 4 6 I s  E x pr e s s e d  o n  P or ci n e  C D 4 +

L e u k o c yt e s  Wit h t h e  P h e n ot y p e a n d
F u n cti o n  of  p D C s
T h e e x pr essi o n of t h e a cti v ati n g r e c e pt or  N K p 4 6 o n p or ci n e
l y m p h o c yt es  w as d es cri b e d i n det ail i n pr e vi o us st u di es (2 5 – 2 7 ).
B esi d es t h e e x pr essi o n of  N K p 4 6 o n cl assi c al  C D 3 - N K c ells, a
C D 3 + N K p 4 6 + p o p ul ati o n of n o n- c o n v e nti o n al  T c ells h as b e e n
i d e ntifi e d i n t h e pi g. B ot h  N K p 4 6 + l y m p h o c yt e p o p ul ati o ns s h o w e d
a C D 4 - p h e n ot y p e ( 2 5 , 2 7 ). I nt er esti n gl y,  w h e n a n al y zi n g t ot al
P B M C, a f urt h er disti n ct p o p ul ati o n of  N K p 4 6 + c ells c o ul d b e
i d e ntifi e d t h at c o- e x pr ess e d  C D 4 ( Fi g ur e 1 A , r e d g at e). Li g ht-
s c att er pr o p erti es i n F C M a n al ys es i n di c at e d a diff er e n c e i n si z e
b et we e n  C D 4 -N K p 4 6 + (Fi g ur e 1 A , gr e e n g at e) a n d  C D 4+ N K p 4 6 +

c ells ( Fi g ur e 1 A , r e d g at e). C D 4- c ells c o ul d b e assi g n e d t o t h e
l y m p h o c yt e p o p ul ati o n t h at i n cl u d e  N K p 4 6+ N K c ells as well as t h e
n o n-c o n v e nti o n al  N K p 4 6 + T c ells.  D u e t o t h eir i n cr e as e d li g ht-
s c att er pr o p erti es,  w e h y p ot h esi z e d t h at t h e  C D 4 + N K p 4 6 + c ells r ef er
t o d e n driti c c ells or  m o n o c yt es.  T h er ef or e,  C D 4+ N K p 4 6 + c ells  w er e
a n al y z e d f or c o- e x pr essi o n of  m ar k ers c orr el at e d  wit h t h e
m y el o m o n o c yti c li n e a g e i n s wi n e ( Fi g ur e 1 B ).  C D 4+ N K p 4 6 + c ells
A

B C

FI G U R E 1 |  P or ci n e  C D 4hi g h C D 1 7 2 a l o w p D C e x pr e s s  N K p 4 6. ( A) T ot al  P B M C  w er e g at e d a c c or di n g t o t h eir li g ht- s c att er pr o p erti e s.  P ot e nti al d o u bl et c ell s  w er e

e x cl u d e d b y c o n s e c uti v e F S C- H/ F S C- W a n d  S S C- H/ S S C- W g at e s, f oll o w e d b y g ati n g o n c ell s n e g ati v e f or t h e vi a bilit y d y e V D e Fl u or 7 8 0 t o e x cl u d e d e a d c ell s.

Wit hi n li v e  P B M C, t w o  N K p 4 6 + c ell s u b s et s  w er e s e p ar at e d a c c or di n g t o t h eir  C D 4 c o- e x pr e s si o n:  C D 4 + N K p 4 6 + (r e d g at e) a n d  C D 4-N K p 4 6 + ( gr e e n g at e).  C D 4/

N K p 4 6- d e fi n e d s u b s et s  w er e b a c k g at e d a n d a n al y z e d f or t h eir li g ht- s c att er pr o p erti e s. ( B) C D 4 + N K p 4 6 + c ell s d eri v e d fr o m bl o o d (r e d g at e)  w er e a n al y z e d f or c o-

e x pr e s si o n of diff er e nt  m o n o c yt e/ D C- a s s o ci at e d s urf a c e  m ar k er s b y  m ulti c ol or F C M. E x pr e s si o n pr o fi l e s of  C D 1 4,  C D 1 6,  C D 1 6 3, a n d  C D 1 7 2 a of  C D 4+ N K p 4 6 + c ell s

fr o m o n e r e pr e s e nt ati v e a ni m al ar e s h o w n a s r e d o p e n hi st o gr a m s.  U n st ai n e d c o ntr ol i s s h o w n a s ti nt e d gr a y hi st o gr a m o n t h e t o p. ( C) P B M C  w er e sti m ul at e d eit h er

wit h t h e T L R 9 a g o ni st  O D N 2 2 1 6 or  wit h a c o ntr ol oli g o n u cl e oti d e ( O D N c o ntr ol) f or 6 h. F oll o wi n g sti m ul ati o n, i ntr a c ell ul ar I F N- a e x pr e s si o n of  C D 4 hi g h C D 1 7 2 a l o w

p D C (r e d g at e)  w a s a n al y z e d. Z e br a pl ot s s h o w r e pr e s e nt ati v e r e s ult s o ut of e x p eri m e nt s  wit h  P B M C fr o m fi v e diff er e nt a ni m al s.
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s h o w e d n o e x pr essi o n of t h e p a n- m o n o c yt e  m ar k er  C D 1 4 as  w ell as
C D 1 6 3 t h at is f o u n d o n a s u bs et of  m o n o c yt es i n t h e bl o o d of pi gs.
I n c o ntr ast, all  C D 4+ N K p 4 6 + c ells e x pr ess e d  C D 1 6 a n d  C D 1 7 2 a.
T h es e fi n di n gs t o g et h er  wit h t h e hi g h  C D 4 e x pr essi o n p oi nt t o w ar d
t h e p h e n ot y p e of p or ci n e p D Cs, d es cri b e d as  C D 4hi g h C D 1 4 -

C D 1 6 + C D 1 7 2 a l o w c ells ( 5 ).  T o c orr o b or at e  N K p 4 6 e x pr essi o n o n
t his s u bs et f urt h er,  w e p erf or m e d t h e F C M st ai ni n g s h o w n i n
Fi g ur e 1 A wit h t hr e e diff er e nt a nti- p or ci n e  N K p 4 6  m A b cl o n es
t h at  w er e d es cri b e d t o r e c o g ni z e diff er e nt e pit o p es of t h e r e c e pt or
pr e vi o usl y ( 2 5 ).  All t hr e e  m A b cl o n es s h o w e d t h e s a m e st ai ni n g
p att er n a n d i d e nti fi e d t h e s a m e fr e q u e n c y of p or ci n e p D Cs
(S u p pl e m e nt ar y Fi g ur e 1 ).

P or ci n e p D Cs ar e d es cri b e d as t h e  m aj or I F N- a s o ur c e i n
r es p o ns e t o  T L R 9 a cti v ati o n (3 0 , 3 1 ).  A c c or di n gl y,  C D 4+ N K p 4 6 +

c ells  w er e a n al y z e d f or i ntr a c ell ul ar c yt o ki n e pr o d u cti o n f oll o wi n g
sti m ul ati o n of t ot al P B M C  wit h  C p G  O D N 2 2 1 6,  w hi c h  w as alr e a d y
s h o w n t o b e a p ot e nt  T L R 9 a g o nist f or h u m a n as  w ell as p or ci n e
p D Cs.  A cl e ar i n d u cti o n of I F N- a w as o bs er v e d  wit hi n t h e
C D 4 + N K p 4 6 + p o p ul ati o n aft e r  O D N 2 2 1 6 sti m ul ati o n
(Fi g u r e 1 C ) i n c o ntr ast t o c ells c ulti v at e d i n t h e pr es e n c e of a
n o n-sti m ul at or y  O D N c o ntr ol. I n p ar all el, c ells  w er e s urf a c e st ai n e d
f or  C D 1 7 2 a, i n di c ati n g t h at all I F N-a + c ells als o s h o w e d t h e
C D 1 7 2 a di m p h e n ot y p e.  T h es e r es ults i n di c at e t h at  C D 4 + N K p 4 6 +

c ells p h e n ot y pi c all y as  w ell as f u n cti o n all y r es e m bl e p or ci n e p D Cs.

P or ci n e  p D C s a n d  N K  C ell s  S h ar e  C D 1 6
B ut  N ot  N K p 4 4  or  P erf ori n  E x pr e s si o n
I n a n e xt st e p,  w e i n v esti g at e d p or ci n e p D Cs i n  m or e d et ail i n
r e g ar d t o  N K p 4 6 e x pr essi o n, as  w ell as t h e  N K- ass o ci at e d
m ol e c ul es  N K p 4 4,  C D 1 6, a n d p erf ori n. F or t his p ur p os e,
C D 4 hi g h C D 1 7 2 a di m p D Cs ( Fi g u r e 2 , r e d g at e a n d li n e c ol or)
w er e a n al y z e d b y fl o w c yt o m etr y i n t ot al P B M C of h e alt h y 3- t o
7- m o nt h- ol d pi gs. Fi n di n gs  w er e c o m p ar e d t o  C D 3 -C D 8 a + N K
c ells ( Fi g u r e 2 , gr e e n g at e a n d li n e c ol or).  As e x p e ct e d, l o w er
fr e q u e n ci es of p D Cs  w er e f o u n d  wit hi n P B M C ( 0. 1 %– 1. 0 %)
c o m p ar e d t o  N K c ells ( 2. 5- 1 7. 1 %, Fi g u r e 2 A ).  T h e e x pr essi o n
of  N K p 4 6 o n p or ci n e  N K c ells v ari e d b et w e e n i n di vi d u al a ni m als
a n d fr e q u e n ci es of  N K p 4 6 + N K c ells r a n g e d fr o m 2 8. 4 % t o 9 2. 2 %
(Fi g u r e 2 B , u p p er r o w).  T his is c o nsist e nt  wit h d at a o bs er v e d i n
pr e vi o us st u di es s h o wi n g t h at als o  N K p 4 6 - N K c ells e xist
i n t h e pi g (2 5 ). I n c o ntr ast, t h e v ast  m aj orit y of p or ci n e
C D 4 hi g h C D 1 7 2 a di m c ell s e x p r e s s e d  N K p 4 6 ( 7 8. 6 - 9 9. 1 %,
Fi g u r e 2 B , u p p er r o w).  A d diti o n all y, p D Cs als o s h o w e d o n
a v er a g e a 5-f ol d hi g h er e x pr essi o n l e v el of  N K p 4 6 o n a p er c ell
l e v el, i n di c at e d b y t h e  m e di a n fl u or es c e n c e i nt e nsit y ( M FI) of
8, 9 1 8 ± 2, 9 9 9, c o m p ar e d t o  N K c ells  wit h a  M FI of 1, 7 5 5 ± 8 3 9
(Fi g u r e 2 B , u p p er r o w).  A d diti o n all y,  N K p 4 6 e x pr essi o n o n
p D C s f r o m y o u n g e r a ni m al s ( 5 - w e e k ol d pi gl et s )  w a s
i n v esti g at e d.  O v er all, r e d u c e d fr e q u e n ci es of p D Cs  wit hi n
P B M C  w er e o bs er v e d i n a ni m als of t his a g e ( S u p pl e m e nt a r y
Fi g u r e 2 A,  B , 0. 0 2 %– 0. 3 %). Si mil ar t o 3 – 7- m o nt h- ol d pi gs, als o
t h e  m aj o rit y of pi gl et - d e ri v e d p D C s e x p r e s s e d  N K p 4 6
(S u p pl e m e nt a r y Fi g u r e 2 B , 7 4. 6 %– 9 8. 7 %).

A n ot h er  N C R f a mil y  m e m b er,  N K p 4 4,  w as r e p ort e d o n a
mi n or fr a cti o n of p D Cs i n h u m a n ( 3 2 , 3 3 ). P or ci n e  N K c ells
s h o w e d a cl e ar  N K p 4 4 e x pr essi o n ( 2 6. 1 % – 7 9. 2 %), alt h o u g h  wit h
a l o w er  M FI ( 2 7 8 ± 1 3 0).  N o o b vi o us  N K p 4 4 e x pr essi o n  w as
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 6
d et e ct e d o n p D Cs ( Fi g u r e 2 B , s e c o n d r o w).  T h e l o w- affi nit y I g G
r e c e pt or  C D 1 6 is a n ot h er a cti v ati n g r e c e pt or e x pr ess e d b y
p o r ci n e  N K c ell s ( 2 5 , 2 6 ) a n d w a s al s o r e p o rt e d t o b e
e x pr ess e d o n p or ci n e p D Cs ( 5 ).  C o m p ar a bl e hi g h fr e q u e n ci es
of  C D 1 6 + p D Cs ( 9 5. 5 % – 1 0 0 %) a n d  N K c ells ( 8 9. 5 % – 9 8. 8 %)
c o ul d b e o bs er v e d i n all a ni m als a n al y z e d ( Fi g u r e 2 B , t hir d r o w).
I n c o ntr ast t o  N K p 4 6, e x pr essi o n l e v els f or  C D 1 6  w er e 5-f ol d
l o w er i n p D Cs ( M FI: 6, 7 4 9 ± 2, 5 3 0) c o m p ar e d t o  N K c ells ( M FI:
3 2, 9 9 8 ± 1 2, 3 5 0).  As t h os e r e c e pt ors h a v e a f u n cti o n as a cti v ati n g
r e c e pt ors o n  N K c ells a n d ar e cl os el y li n k e d t o p erf ori n r el e as e,
w e a d diti o n all y i n v esti g at e d t h e e x pr essi o n of t his eff e ct or
m ol e c ul e i n b ot h c ell p o p ul ati o ns.  As e x p e ct e d, t h e  m aj orit y of
N K c ells e x pr ess e d p erf ori n ( 9 1. 0 % – 9 7. 2 %,  M FI 2 0 7 9 ± 4 7 2) i n
c o ntr ast t o p D Cs,  w h er e n o p erf ori n e x pr essi o n c o ul d b e
d et e ct e d i n all a ni m als a n al y z e d ( Fi g u r e 2 B , b ott o m r o w).

P or ci n e  p D C s  Pr o d u c e  T N F - a Aft er  T L R
Sti m ul ati o n a n d  N K p 4 6  Tri g g eri n g
As s h o w n i n pr e vi o us st u di es, p or ci n e p D Cs ar e p ot e nt pr o d u c ers
of I F N- a a n d  T N F- a a n d c a n als o pr o d u c e I F N- g i n r es p o ns e t o
vir us es a n d  T L R a g o nists ( 7 , 1 0 ).  W e c o ul d c o nfi r m a v ast i n cr e as e
of I F N- a + c ells  wit hi n p or ci n e p D Cs aft er  T L R 9 a g o nist
sti m ul ati o n (Fi g ur e 3 A , u p p er r o w,  O D N 2 2 1 6: 4 5. 2 ± 2 7. 1 %,
r e d h ori z o nt al b ar) c o m p ar e d t o u nsti m ul at e d c ells ( 1. 9 ± 2. 1 %,
gr a y). Li k e wis e,  O D N 2 2 1 6 i n d u c e d  T N F- a pr o d u cti o n i n p or ci n e
p D Cs ( O D N 2 2 1 6: 8 3. 9 ± 7. 1 %, c o ntr ol: 8. 4 ± 1 2. 8 %, Fi g u r e 3 A ,
mi d dl e r o w),  w h er e as n o I F N- g pr o d u cti o n c o ul d b e o bs er v e d
(Fi g ur e 3 A , b ott o m r o w).  T o i n v esti g at e a p ossi bl e r ol e of t h e
a cti v ati o n of  N K p 4 6 i n c yt o ki n e pr o d u cti o n b y p or ci n e p D Cs,
c ells  w er e c ult ur e d i n 9 6- w ell pl at es c o at e d  wit h a nti- N K p 4 6
m A bs (r e d) a n d c o m p ar e d t o c ells i n c u b at e d i n pl at es c o at e d
wit h i s ot y p e- m at c h e d c o nt r ol a nti b o di e s ( g r a y).  A s m all
p o p ul ati o n of  T N F- a + p D Cs c o ul d b e i n d u c e d aft er  N K p 4 6
r e c e pt or tri g g eri n g i n  m ost a ni m als a n al y z e d.  As t his i n cr e as e
w as o nl y  m o d er at e i n s o m e a ni m als,  w e a n al y z e d a l ar g er c o h ort of
a ni m als f or t his e x p eri m e nt al s et u p t o c o n fi r m st atisti c al
si g nifi c a n c e ( Fi g u r e 3 B ,  mi d dl e r o w, a nti- N K p 4 6: 1 0. 5 ± 6. 8 %,
c o ntr ol: 2. 3 ± 2. 1 %).  N o o b vi o us i n d u cti o n of I F N- a as  w ell as
I F N-g w as a c hi e v e d b y  N K p 4 6 r e c e pt or tri g g eri n g ( Fi g u r e 3 B ,
u p p er a n d b ott o m r o w, r es p e cti v el y).  T o i n v esti g at e a p ot e nti al c o-
sti m ul at or y eff e ct of  N K p 4 6 tri g g eri n g o n c yt o ki n e pr o d u cti o n,
N K p 4 6 cr oss-li n ki n g  w as c o m bi n e d  wit h  O D N sti m ul ati o n.  C ells
w er e c ulti v at e d i n eit h er a nti- N K p 4 6 or is ot y p e- c o ntr ol- c o at e d
pl at es a n d a d diti o n all y sti m ul at e d  wit h eit h er  O D N 2 2 1 6 or  O D N
c o ntr ol. I n a c c or d a n c e  wit h t h e d at a o bt ai n e d  w h e n o nl y  N K p 4 6
w as tri g g er e d ( Fi g u r e 3 B ), a s m all s u bs et of  T N F-a + p D Cs  w as
f o u n d i n  N K p 4 6- c o at e d  mi cr o c ult ur es c o m bi n e d  wit h t h e  O D N
c o ntr ol ( S u p pl e m e nt a r y Fi g ur e 3 A , a nti- N K p 4 6: 6. 1 ± 3. 4 %,
c o nt r ol: 2. 1  ± 1. 9 %).  N o c o-sti m ul at or y eff e ct of  N K p 4 6
tri g g eri n g o n I F N-a or  T N F- a pr o d u cti o n  w as f o u n d i n
c ult ur es t h at  w er e sti m ul at e d a d diti o n all y  wit h  O D N 2 2 1 6
(S u p pl e m e nt a r y Fi g u r e 3 B ).

Tri g g eri n g  of  N K p 4 6 L e a d s t o  A cti v ati o n
of  P or ci n e  p D C s
T o i n v esti g at e if  N K p 4 6 i n p D Cs is c o n n e ct e d t o f u n cti o n al
si g n ali n g p at h w a ys, a cti v ati o n of c ells  w as  m e as ur e d b y usi n g
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p h os p h or yl ati o n-s p e ci fi c  m o n o cl o n al a nti b o di es.  W e c h os e t o
m o nit or p h os p h or yl ati o n of t h e ri b os o m al pr ot ei n S 6, as it is a
n e ar-t er mi n al r es p o ns e el e m e nt i n  R as/ E R K a n d  m T O R si g n ali n g
a n d  w as o bs er v e d t o b e a g e n er al a cti v ati o n  m ar k er f or a v ari et y of
c ell t y p es a n d sti m uli ( 3 4 – 3 6 ), i n cl u di n g tri g g eri n g of a cti v ati n g
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 7
r e c e pt ors of t h e  N C R f a mil y (3 7 ).  T o est a blis h p h os p h o-s p e cifi c
st ai ni n g, P B M C  w er e sti m ul at e d  wit h eit h er  O D N 2 2 1 6 or
i nfl u e n z a vir us, t h e l att er als o s h o w n t o b e a p ot e nt a cti v at or of
p or ci n e p D Cs i n vitr o (3 8 ).  C D 4hi g h C D 1 7 2 a di m c ells  w er e a n al y z e d
f or i n d u cti o n of p h os p h or yl ati o n of S 6 ( p S 6) aft er 3 a n d 6 h
A

B

FI G U R E 2 |  C o- e x pr e s si o n of  N K- a s s o ci at e d  m ar k er s o n  p or ci n e  p D C s. ( A) Fr e q u e n ci e s of  C D 4 hi g h C D 1 7 2 a l o w p D C s (r e d g at e) a n d  C D 3 -C D 8 a + N K c ell s ( gr e e n

g at e)  w er e a n al y z e d i n  bl o o d of 3 0 a ni m al s  b y F C M. ( B) Bl o o d- d eri v e d  p or ci n e  p D C s (r e d ) a n d  N K c ell s ( gr e e n)  w er e i d e ntifi e d  b y  p h e n ot y p e s a s i n ( A) a n d  w er e

a n al y z e d f or t h eir e x pr e s si o n of t h e  N K- a s s o ci at e d s urf a c e  m ar k er s  N K p 4 6 ( n = 3 0 ),  N K p 4 4 (n = 1 0 ), a n d  C D 1 6 (n = 1 0 ) a s  w ell a s t h e eff e ct or  m ol e c ul e  p erf ori n

(n = 1 0 )  b y  m ulti c ol or F C M.  R e pr e s e nt ati v e st ai ni n g  p att er n s of o n e a ni m al ar e s h o w n i n t h e hi st o gr a m s o n th e l eft; u n st ai n e d c o ntr ol i s s h o w n a s ti nt e d gr a y

hi st o gr a m.  P er c e nt a g e s of  p o siti v e c ell s  w er e o bt ai n e d a c c or di n g t o u n st ai n e d c o ntr ol s, i n di c at e d  b y t h e  bl a c k  d a s h e d li n e.  Gr a p h s s h o w fr e q u e n ci e s of

N K p 4 6 + , N K p 4 4+ , C D 1 6+ , or p erf ori n+ c ell s ( mi d dl e c ol u m n), a s  w ell a s  m e di a n fl u or e s c e n c e i nt e n siti e s ( M FI) of t h e f o u r  m ol e c ul e s (ri g ht c ol u m n)  wit hi n  p D C s

a n d  N K c ell s.  M e a n (fr e q u e n ci e s) a n d  m e di a n ( M FI) v al u e s ar e r e pr e s e nt e d  b y c ol or e d  b ar s.  Si g ni fi c a nt  diff er e n c e s  b et w e e n  p D C s a n d  N K c ell s ar e i n di c at e d

(***p ≤ 0. 0 0 1 ).
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A

B

FI G U R E 3 |  C yt o ki n e i n d u cti o n i n p D C s aft er sti m ul ati o n  wit h T L R 9 a g o ni st or  N K p 4 6 tri g g eri n g. I ntr a c ell ul ar st ai ni n g of I F N-a , T N F-a , a n d I F N-g w a s p erf or m e d i n

P B M C of i n di vi d u al a ni m al s a n d i s s h o w n f or  C D 4 hi g h C D 1 7 2 a l o w p D C s. ( A) P B M C  w er e sti m ul at e d f or 6 h eit h er  wit h t h e T L R 9 a g o ni st  O D N 2 2 1 6 (r e d) or i n c u b at e d

wit h n o n- sti m ul at or y oli g o n u cl e oti d e s ( O D N c o ntr ol, gr a y). ( B) I n d u cti o n of c yt o ki n e pr o d u cti o n b y r e c e pt or tri g g eri n g  w a s a s s e s s e d i n r e s p o n s e t o cr o s s-li n ki n g of

N K p 4 6 aft er a 6- h i n c u b ati o n of  P B M C  wit h pl at e- b o u n d  m A b s (r e d).  Pl at e s c o at e d  wit h i s ot y p e- m at c h e d irr el e v a nt a nti b o di e s s er v e d a s c o ntr ol ( gr a y). ( A,  B) Z e br a

pl ot s o n t h e l eft s h o w c yt o ki n e pr o d u cti o n aft er sti m ul ati o n f or o n e r e pr e s e nt ati v e a ni m al; p er c e nt a g e s of c yt o ki n e pr o d u ci n g c ell s ar e i n di c at e d i n t h e gr a p h s.

Fr e q u e n ci e s of c yt o ki n e- pr o d u ci n g c ell s  wit hi n p D C s ar e s h o w n f or a n al y s e s of fi v e ( A) or t e n ( B) a ni m al s i n t h e gr a p h s o n t h e ri g ht.  M e a n v al u e s ar e r e pr e s e nt e d b y

c ol or e d b ar s.  Si g ni fi c a nt diff er e n c e s b et w e e n sti m ul at e d a n d n o n- sti m ul at e d c ell s ar e i n di c at e d (* p ≤ 0. 0 5 , **p ≤ 0. 0 1 ).
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
i n vitr o sti m ul ati o n (Fi g ur e 4 A , r e d hist o gr a ms).  C ells i n c u b at e d
wit h  O D N c o nt r ol o r  m o c k s e r v e d a s n e g ati v e c o nt r ol s
(Fi g ur e 4 A , gr a y hist o gr a ms).  A n i n cr e as e of p S 6  wit hi n p D Cs
aft er  O D N 2 2 1 6 sti m ul ati o n  w as o bs er v e d aft er a 3- h i n c u b ati o n
c o m p ar e d t o c ells c ult ur e d i n  O D N c o ntr ol, i n di c at e d b y a ris e i n
t h e  M FI of p S 6 ( O D N c o ntr ol: 2, 5 6 3 ± 3 5 1,  O D N 2 2 1 6: 8, 0 6 5 ±
4, 9 0 8, Fi g u r e 4 A , u p p er r o w, 3 h). P h os p h or yl ati o n of S 6
i n cr e as e d f urt h er aft er 6 h of c ulti v ati o n i n  m ost of t h e a ni m als
( M FI  O D N c o ntr ol: 2, 4 9 8 ± 8 1 6,  M FI  O D N 2 2 1 6: 1 0, 5 0 0 ± 4, 8 0 1,
Fi g ur e 4 A , u p p er r o w, 6 h).  O nl y a  mi n or i n d u cti o n of p S 6  w as
d et e ct e d i n p D Cs aft er sti m ul ati o n  wit h i n fl u e n z a vir us ( M FI:
2, 7 5 4 ± 6 5 2) c o m p ar e d t o t h e  m o c k c o ntr ol ( M FI: 2, 2 9 9 ± 2 6 3)
aft er a 3- h sti m ul ati o n ( Fi g u r e 4 A , b ott o m r o w, 3 h).  H o w e v er, a
m or e pr o mi n e nt i n d u cti o n of p S 6  w as o bs er v e d aft er a 6- h
i n c u b ati o n  wit h vir us ( M FI: 6, 5 0 9 ± 3, 5 3 7) c o m p ar e d t o  m o c k
c o ntr ol ( M FI: 2, 3 5 1  ± 6 8 0, Fi g u r e 4 A , b ott o m r o w, 6 h).
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 9
N o o b vi o us i n d u cti o n of p S 6  w as o bs er v e d i n  N K c ells aft er
vir us sti m ul ati o n at b ot h ti m e- p oi nts ( S u p pl e m e nt a r y Fi g ur e 4 ,
gr e e n) c o m p ar e d t o  m o c k c o ntr ol ( gr a y).

T o t est f or  N K p 4 6 si g n ali n g a cti vit y, t ot al P B M C  w er e
i n c u b at e d i n 9 6- w ell pl at es c o at e d  wit h a nti- N K p 4 6  m A bs f or
r e c e pt or tri g g eri n g.  C ells i n c u b at e d i n pl at es c o at e d  wit h is ot y p e-
m at c h e d c o ntr ol a nti b o di es s er v e d as c o ntr ols.  T o a n al y z e
a cti v ati o n of p D Cs,  C D 4 hi g h C D 1 7 2 a di m c ells  w er e a n al y z e d f or
p S 6 ( Fi g u r e 4 B , u p p er r o w) a n d c o m p ar e d t o  C D 3-C D 8 a + N K
c ells ( Fi g u r e 4 B , b ott o m r o w).  A cl e ar i n d u cti o n of p S 6 c o ul d b e
o bs er v e d i n  N K c ells aft er 3 h of  N K p 4 6-tri g g eri n g ( M FI: 3, 1 4 2 ±
8 5 7, gr e e n) c o m p ar e d t o c o ntr ols ( M FI: 1, 8 4 6 ± 4 2 1, gr a y).  A
si mil ar 1. 7-f ol d i n cr e as e i n p S 6 e x pr essi o n c o ul d b e o bs er v e d
aft er a 6- h  N K p 4 6-r e c e pt or tri g g eri n g i n  N K c ells ( M FI  N K p 4 6:
2, 7 7 0 ± 5 0 2,  M FI c o ntr ol: 1, 5 4 5 ± 1 5 6).  Als o i n p D Cs, a n
i n d u cti o n of  p S 6  w a s o b s e r ve d aft e r  N K p 4 6 - r e c e pt o r
A

B

FI G U R E 4 | Fl o w c yt o m etri c a n al y s e s of p h o s p h or yl at e d ri b o s o m al pr ot ei n  S 6 ( p S 6) aft er sti m ul ati o n of p D C s a n d  N K c ell s. I n d u cti o n of p S 6 i n p D C a n d  N K- c ell

p o p ul ati o n s  w a s a s s e s s e d b y a n al y zi n g t h e  m e di a n fl u or e s c e n c e i nt e n sit y aft er i n vitr o sti m ul ati o n of  P B M C.  P h o s p h or yl at e d  S 6  w a s d et e ct e d i ntr a c ell ul arl y aft er

fi x ati o n a n d p er m e a bili z ati o n of c ell s b y  m ulti c ol or F C M. ( A) F or d et e cti o n of p S 6 i n p D C s,  P B M C  w er e i n c u b at e d  wit h t h e T L R 9 a g o ni st  O D N 2 2 1 6 (r e d, u p p er r o w)

or  wit h a F L U A V s w  H 1 N 2 i s ol at e (r e d, b ott o m r o w) f or 3 a n d 6 h.  C ell s i n c u b at e d  wit h n o n- sti m ul at or y oli g o n u cl e oti d e s ( O D N c o ntr ol, gr a y, u p p er r o w) or  m o c k

( gr a y, b ott o m r o w) s er v e d a s c orr e s p o n di n g c o ntr ol s. ( B) A cti v ati o n b y  N K p 4 6 tri g g eri n g of p D C s (r e d, u p p er r o w) a n d  N K c ell s ( gr e e n, b ott o m r o w)  w a s a s s e s s e d

aft er a 3- a n d 6- h i n c u b ati o n of  P B M C  wit h pl at e- b o u n d  N K p 4 6  m A b s.  Pl at e s c o at e d  wit h i s ot y p e- m at c h e d irr el e v a nt a nti b o di e s s er v e d a s c o ntr ol s ( gr a y).  P B M C f or

N K- c ell a n al y s e s  w er e a d diti o n all y pr e- a cti v at e d  wit h r pI L- 2 a n d r pI L- 1 5 f or 2 4 h. ( A,  B) Hi st o gr a m s s h o w r e s ult s of p S 6 i n d u cti o n f or o n e r e pr e s e nt ati v e a ni m al.

Pl a s m a c yt oi d  D C s a n d  N K c ell s  w er e i d e nti fi e d b y p h e n ot y pi n g a s o utli n e d i n Fi g ur e 2 A .  M FI s of p S 6  wit hi n p D C s a n d  N K c ell s ar e s h o w n f or a n al y s e s of si x

a ni m al s i n t h e gr a p h s o n t h e ri g ht.  M e di a n v al u e s ar e r e pr e s e nt e d b y c ol or e d b ar s.  Si g ni fi c a nt diff er e n c e s b et w e e n sti m ul at e d a n d n o n- sti m ul at e d c ell s  w er e

c al c ul at e d  wit hi n t h e s a m e i n c u b ati o n p eri o d a n d ar e i n di c at e d (* p ≤ 0. 0 5 , **p ≤ 0. 0 1 ).
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
tri g g eri n g.  A 1. 5-f ol d i n cr e as e  w as s e e n aft er a 3- h  N K p 4 6
sti m ul ati o n ( M FI  N K p 4 6: 4, 3 8 0 ± 1, 2 9 3,  M FI c o ntr ol: 2, 9 5 8 ±
5 1 6) a n d a 1. 4-f ol d i n cr e as e aft er a 6- h sti m ul ati o n ( M FI:  N K p 4 6:
3, 7 3 8 ± 9 6 0,  M FI c o ntr ol: 2, 6 9 6 ± 7 6 5).

T o c o n fi r m t h at t h e o bs er v e d p S 6 i n d u cti o n b y p D Cs  w as a
dir e ct o ut c o m e of  N K p 4 6 tri g g eri n g a n d n ot d u e t o a cr oss t al k
r es ulti n g fr o m  N K or  N K p 4 6 + T- c ell a cti v ati o n i n t h e P B M C
c ult ur e,  w e p erf or m e d f urt h er e x p eri m e nts o n s ort e d c ell
p o p ul ati o ns ( Fi g u r e 5 ). F or t his p ur p os e,  M A C S  C D 3- d e pl et e d
P B M C  w er e F A C S-s ort e d i nt o  C D 3 -C D 4 + C D 1 7 2 a + p D C a n d
C D 3 -C D 8 a + N K- c ell p o p ul ati o ns a n d c o m p ar e d t o  C D 3 - b ul k
c ult ur es, c o nt ai ni n g b ot h p o p ul ati o ns ( Fi g u r e 5 A ).  A d diti o n all y,
C D 3 -C D 8 a - c ells  w er e i n v esti g at e d, b ei n g e nri c h e d f or p D C b ut
d e v oi d of  N K c ells or  N K p 4 6 + T c ells.  T o e ns ur e f u n cti o n alit y of
p D Cs aft er t h e s orti n g pr o c e d ur e,  O D N sti m ul ati o n ass a ys  w er e
p erf or m e d ( Fi g u r e 5 B ).  A d diti o n all y, F M O c o ntr ols  w er e
a p pli e d t o pr o v e t h at o bs er v e d i n cr e as es i n p S 6  M FI v al u es
w er e n ot t h e eff e ct of i n cr e as e d a ut o fl u or es c e n c e of sti m ul at e d
c ell s c o m p a r e d t o u n sti m ul at e d c o ntr ol s ( S u p pl e m e nt a r y
Fi g u r es 5 A – C ).  T hr e e- h o ur sti m ul ati o n ass a ys o n s ort e d c ells
wit h  O D Ns a n d pl at e- b o u n d  m A bs  w er e p erf or m e d, as pr e vi o us
e x p eri m e nts i n di c at e d o pti m al p S 6 i n d u cti o n at t his ti m e- p oi nt
(Fi g u r e 4 ).  A cl e ar i n d u cti o n of p S 6 e x pr essi o n aft er  O D N 2 2 1 6
sti m ul ati o n  w as o bs er v e d i n p D Cs  wit hi n t h e i n v esti g at e d s ort e d
s u bs ets ( M FI b ul k: 2 3, 1 8 9 ± 9, 2 6 9,  M FI e nri c h e d p D C: 2 7, 6 2 6 ±
5, 3 1 3,  M FI p D C: 2 8, 1 7 0 ± 5, 7 3 0, r e d) c o m p ar e d t o  O D N c o ntr ol
( M FI b ul k: 6, 6 3 4 ± 1, 5 6 4,  M FI e nri c h e d p D C: 7, 6 8 3 ± 1, 2 2 4,  M FI
p D C: 1 0, 7 4 4 ± 9, 3 4 3, gr a y).  Aft er  N K p 4 6 tri g g eri n g, p S 6  w as
i n d u c e d i n p D Cs i n all t hr e e s ort e d c o n diti o ns c o m p ar e d t o
c o ntr ols, alt h o u g h o nl y st atisti c all y si g ni fi c a nt i n t h e e nri c h e d
p D C gr o u p ( Fi g u r e 5 C ). I n t h e s ort e d b ul k c ult ur e, o n a v er a g e a
1. 4-f ol d i n c r e a s e  w a s d et e ct e d, si mil a r t o u n s o rt e d c ell s
(Fi g u r es 5 C a n d 4 B ). Li k e wis e, i n t h e e nri c h e d p D C as  w ell as
p ur e p D C p o p ul ati o ns, a n i n cr e as e i n t h e p S 6  M FI  w as d et e ct e d
aft er r e c e pt or tri g g eri n g ( M FI e nri c h e d p D C: 8, 5 2 0 ± 2, 0 1 7,  M FI
p D C: 1 2, 6 9 3 ± 6, 4 4 4, r e d) c o m p ar e d t o c o ntr ol ( M FI e nri c h e d
p D C: 5, 9 3 6 ± 1, 2 4 2,  M FI p D C: 6, 8 5 4 ± 2, 1 0 0, gr a y; Fi g u r e 5 C
a n d S u p pl e m e nt a r y Fi g u r e 5 D ), t h us r es ulti n g i n a 1. 4- a n d 1. 9-
f ol d i n cr e as e, r es p e cti v el y. I n d u cti o n of p S 6 i n  N K c ells  w as
o bs er v e d i n t h e b ul k c ult ur e aft er  N K p 4 6 tri g g eri n g ( M FI
N K p 4 6: 6, 4 2 0 ± 1, 3 9 6, gr e e n;  M FI c o ntr ol: 4, 9 1 4 ± 1, 2 6 5, gr a y,
1. 3-f ol d), a n d si mil ar r es ults  w er e s e e n as i n u ns ort e d c ells
(Fi g u r es 5 D a n d 4 B ). I nt er esti n gl y, t his eff e ct  w as n ot i n d u c e d
i n t h e s ort e d p ur e  N K p o p ul ati o n ( M FI  N K p 4 6: 3, 9 5 9 ± 9 3 5,
gr e e n;  M FI c o ntr ol: 3, 6 4 2 ± 7 6 0, gr a y).  T a k e n t o g et h er, t h es e
r es ults i n di c at e a f u n cti o n al r ol e of t h e  N K p 4 6 r e c e pt or i n
p or ci n e p D Cs.
DI S C U S SI O N

I n a d diti o n t o t h e r ol e of t h e a cti v ati n g r e c e pt or  N K p 4 6 o n a
s u bs et of p or ci n e  N K c ells (2 5 , 2 6 ) a n d e x pr essi o n o n a s u bs et of
n o n- c o n v e nti o n al  T c ells  wit h  N K- ass o ci at e d f u n cti o ns ( 2 7 ),  w e
s h o w h er e t h at  N K p 4 6 is als o e x pr ess e d o n a n ot h er s u bs et of
i n n at e i m m u n e c ells i n t h e pi g.  T h e hi g h e x pr essi o n of  N K p 4 6 o n
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 1 0
t h e v ast  m aj orit y of p or ci n e p D Cs is u ni q u e c o m p ar e d t o ot h er
s p e ci es.  T h e p o p ul ati o n of  C D 4 hi g h N K p 4 6 + c ells  w as cl e arl y
i d e ntifi e d a s p o r ci n e p D C s a s t h e y s h a r e a  C D 1 7 2 a di m

p h e n ot y p e,  w er e assi g n e d t o l ar g e  m o n o n u cl e ar c ells d u e t o
t h eir li g ht-s c att er pr o p erti es, a n d  w er e a bl e t o pr o d u c e hi g h
a m o u nts of I F N- a aft er  T L R 9 sti m ul ati o n.

Alt h o u g h b el o n gi n g t o t h e  m y el oi d s u bs et, p D Cs s h ar e s o m e
l y m p h oi d f e at ur es.  R ei zis r e c e ntl y hi g hli g ht e d i n a r e vi e w arti cl e
t h e u ni q u e tr a ns cri pti o n al pr o gr a m t h at ass o ci at es p D Cs i n a
“ l y m p h oi d-li k e” st at e a n d t h at p D Cs s h o w tr a ns cri pt o mi c
si mil a rit y t o l y m p h oi d p r o g e nit o r s ( 3 9 ).  U p t o d at e, n o
e x p r e s si o n of  N K p 4 6 o n  C D 4 + c ell s u n d e r st e a d y - st at e
c o n diti o ns h as b e e n r e p ort e d i n t h e pi g or ot h er s p e ci es,
d e s pit e t w o r e p o rt s o n  N K p 4 6 e x p r e s si o n o n  C D 4 +

l y m p h o c yt es i n  m ali g n a nt c ut a n e o us  T- c ell l y m p h o m a (4 0 ,
4 1 ). S o f ar, o nl y t h e e x pr essi o n of t h e  N C R f a mil y  m e m b er
N K p 4 4  w as r e p ort e d o n a  mi n or fr a cti o n of p D Cs i n h u m a n
t o nsils e x vi v o a n d i n a fr a cti o n of h u m a n bl o o d- d eri v e d p D Cs
aft er I L- 3 sti m ul ati o n. I n c o ntr ast t o  N K c ells,  N K p 4 4 r e c e pt or
tri g g eri n g h as a n i n hi bit or y eff e ct i n h u m a n p D Cs as d e cr e as e d
I F N-a pr o d u cti o n  w as o bs er v e d i n t h es e c ells ( 3 2 , 3 3 ).  Diff er e nt
fr o m  N K p 4 6,  N K p 4 4 e x pr essi o n  w as n ot o bs er v e d o n p or ci n e
bl o o d- d eri v e d p D Cs e x vi v o .

S h ar e d f e at ur es of  D Cs a n d  N K c ells  w er e f or m erl y d es cri b e d
i n  mi c e f or a s u bs et of c ells n a m e d i nt erf er o n- pr o d u ci n g kill er
d e n d riti c c ell s (I K D C).  T h e s e c ell s  w e r e p h e n ot y pi c all y
disti n g uis h a bl e fr o m p D Cs a n d c o n v e nti o n al  D Cs,  w er e a bl e t o
kill  N K-t ar g et c ells, a n d pr o d u c e d I F N- g (4 2 , 4 3 ). I n c o ntr ast,
o nl y a  mi n or fr a cti o n of I K D Cs  w as a bl e t o pr o d u c e I F N- a .  C ells
wit h t h e d es cri b e d I K D C p h e n ot y p e  w er e als o r e p ort e d t o
e x pr ess t h e a cti v ati n g r e c e pt or  N K p 4 6 ( 4 4 ).  N e v ert h el ess,
s u bs e q u e nt st u di es ar g u e d f or a r e d e fi niti o n of t h es e c ells a n d
pr o vi d e d e vi d e n c e t h at t h es e I K D Cs ar e hi g hl y a cti v at e d  N K c ells
or r e pr es e nt a n i nt er m e di at e  N K- c ell diff er e nti ati o n st a g e r at h er
t h a n b el o n gi n g t o t h e  D C f a mil y (4 4 , 4 5 ). F or t h e p or ci n e
N K p 4 6 + p D Cs o bs er v e d i n o ur e x p eri m e nts,  w e c a n r ul e o ut
t h at t h e y r e pr es e nt a  N K- c ell s u bs et or a si mil ar  D C-r el at e d
I K D C p o p ul ati o n as n o I F N-g pr o d u cti o n c o ul d b e o bs er v e d
aft er  N K p 4 6 sti m ul ati o n t h at  w o ul d b e t y pi c al f or t h es e c ell
s u bs ets. F urt h er m or e, n o p erf ori n e x pr essi o n  w as o bs er v e d i n t h e
N K p 4 6 + p D Cs e x vi v o . It  w as r e p ort e d t h at h u m a n p D Cs ar e a bl e
t o pr o d u c e gr a n z y m e B, us u all y a h all m ar k of c yt ol yti c  T c ells
a n d  N K c ells.  Gr a n z y m e B  w as i n d u c e d i n vitr o b y I L- 3/I L- 1 0
a n d s e e ms t o h a v e a n i n hi bit or y r ol e o n  T- c ell pr olif er ati o n ( 4 6 ,
4 7 ). Si mil ar t o o ur fi n di n gs, t h es e p D Cs di d n ot e x pr ess p erf ori n.
It  will b e i nt er esti n g t o i n v esti g at e a p ot e nti al i n d u cti o n of
gr a n z y m e B, or e v e n p erf ori n, b y c yt o ki n es or e v e n  N K p 4 6
tri g g eri n g i n p or ci n e p D Cs.  T his  will b e i n t h e s c o p e of a
f ut ur e st u d y.

A t o pi c of dis c ussi o n is if t h e  N K p 4 6  m ol e c ul e e x pr ess e d b y
p D Cs diff ers fr o m t h e o n e e x pr ess e d b y  N K p 4 6 + l y m p h o c yt es i n
t h e pi g. S o f ar, alt er n ati v e s pli ci n g v ari a nts f or p or ci n e  N K p 4 6
h a v e n ot b e e n r e p ort e d, alt h o u g h t hr e e n o n-s y n o n y m o us si n gl e-
n u cl e oti d e p ol y m or p his ms a n d o n e d el eti o n of t hr e e n u cl e oti d es
i n t h e c o di n g s e q u e n c e of t h e p or ci n e N C R 1 g e n e  w er e r e p ort e d,
w hi c h  m a y aff e ct t h e f u n cti o n of  N K p 4 6 ( 4 8 ).  T h e f u n cti o n al
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
r ol e of  N K p 4 6  w a s al r e a d y s h o w n i n r e g a r d t o  N K p 4 6-
i n d u c e d I F N-g pr o d u cti o n a n d d e gr a n ul ati o n b y  N K c ells,
w h er e as  C D 3 + N K p 4 6 + l y m p h o c yt es s h o w e d r e c e pt or-i n d u c e d
d e gr a n ul ati o n b ut n o o b vi o us c yt o ki n e pr o d u cti o n ( 2 6 , 2 7 ).
F u n cti o n alit y of  N K p 4 6 o n p or ci n e p D Cs c o ul d b e s h o w n b y
tri g g eri n g of t h e r e c e pt or b y pl at e- b o u n d  N K p 4 6-s p e cifi c  m A bs
a n d i n d u cti o n of p S 6, a  m ol e c ul e i n v ol v e d i n pr ot ei n s y nt h esis at
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 1 1
t h e ri b os o m e (3 4 )  w hi c h is als o a cti v at e d d o w nstr e a m of t h e
N K p 4 6 si g n ali n g c as c a d e ( 3 7 ). Si mil ar r es ults  w er e o bs er v e d f or
N K c ells, at l e ast i n b ul k c ult ur es, si mil ar t o r es ults d es cri b e d
a b o v e ( 2 6 , 2 7 ).

I L- 1 5 is a  w ell- k n o w n a cti v at or of t h e  m T O R p at h w a y, a n d
sti m ul ati o n  wit h it l e a ds t o p h os p h or yl ati o n of p S 6 i n  N K c ells
(4 9 ).  W e li k e wis e o bs er v e d b as al p S 6 i n d u cti o n i n I L- 1 5 pri m e d
A

B

D

C

FI G U R E 5 |  A cti v ati o n of s ort e d p D C a n d  N K- c ell p o p ul ati o n s b y  N K p 4 6 r e c e pt or tri g g eri n g. ( A) P B M C  w er e d e pl et e d of T c ell s b y  M A C S ( C D 3 -, d at a n ot s h o w n) a n d

f urt h er s ort e d b y F A C S i nt o f o ur p o p ul ati o n s. I: n o n- T c ell s ( C D 3-), r e pr e s e nti n g “b ul k ” c ult ur e; II:  C D 3 -C D 8 a -, r e pr e s e nti n g “e nri c h e d p D C ”; III:  C D 3-C D 8 a + “N K c ell s ”; I V:

C D 3 -C D 4 + C D 1 7 2 a + “p D C ”.  O bt ai n e d p urit y of s ort e d p o p ul ati o n s  w a s a n al y z e d, a n d a r e pr e s e nt ati v e r e a n al y si s i s s h o w n i n t h e z e br a pl ot s at t h e b ott o m. I n d u cti o n of

p S 6  wit hi n g at e d p D C of  N K p o p ul ati o n s ( b ul k, e nri c h e d) or p ur e p D C a n d  N K- c ell p o p ul ati o n s  w a s a s s e s s e d aft er 3 h i n vitr o sti m ul ati o n. ( B) C ell s  w er e i n c u b at e d  wit h

t h e T L R 9 a g o ni st  O D N 2 2 1 6 (r e d) or  wit h n o n- sti m ul at or y oli g o n u cl e oti d e s ( O D N c o ntr ol, gr a y).  A cti v ati o n b y  N K p 4 6 tri g g eri n g of ( C) p D C s (r e d) a n d ( D) N K c ell s ( gr e e n)

w a s a s s e s s e d aft er i n c u b ati o n  wit h pl at e- b o u n d  N K p 4 6  m A b s.  Pl at e s c o at e d  wit h i s ot y p e- m at c h e d irr el e v a nt a nti b o di e s s er v e d a s c o ntr ol s ( gr a y).  C ell s f or  N K- c ell

a n al y s e s  w er e a d diti o n all y pr e- a cti v at e d  wit h r pI L- 2 a n d r pI L- 1 5 f or 2 4 h. ( B– D) Hi st o gr a m s s h o w r e s ult s of p S 6 i n d u cti o n f or o n e r e pr e s e nt ati v e a ni m al.  M FI s of p S 6

wit hi n p D C s a n d  N K c ell s ar e s h o w n f or a n al y s e s of t hr e e i n di vi d u al a ni m al s i n t h e gr a p h s o n t h e ri g ht.  M e di a n v al u e s ar e r e pr e s e nt e d b y c ol or e d b ar s.  Si g ni fi c a nt

diff er e n c e s b et w e e n sti m ul at e d a n d n o n- sti m ul at e d c ell s ar e i n di c at e d (* p ≤ 0. 0 5 , **p ≤ 0. 0 1 ). ( B,  C) I n “b ul k ” a n d “e nri c h e d p D C ” c ult ur e s, p D C  w er e g at e d a c c or di n g t o

a C D 4 + C D 1 7 2 a + p h e n ot y p e. ( D) I n “b ul k ” c ult ur e s,  N K c ell s  w er e g at e d a c c or di n g t o a  C D 8 a + p h e n ot y p e.
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
N K c ells alr e a d y  wit h o ut  N K p 4 6 cr oss-li n ki n g ( Fi g u r e 4 B ).
N e v ert h el ess, t his pr e- a cti v ati o n of  N K c ells is r e p ort e d t o
i m pr o v e  N K- c ell eff e ct or f u n cti o ns (5 0 ) a n d is als o n e e d e d f or
r e c e pt or tri g g eri n g i n p or ci n e  N K c ells, e v e n i n b ul k c ult ur es ( 2 6 ,
2 7 ).  Ass a ys f or p D Cs  w er e p erf or m e d  wit h o ut I L- 1 5 pri mi n g i n
or d er t o c orr o b or at e t h e o bs er v e d p S 6 i n d u cti o n as a n eff e ct of
N K p 4 6 tri g g eri n g.  Of n ot e, p S 6 i n d u cti o n  w as als o o bs er v e d i n
s ort e d/ e nri c h e d p D Cs aft er r e c e pt or tri g g eri n g.  Alt h o u g h o nl y
st ati sti c all y si g ni fi c a nt i n t h e e n ri c h e d p D C s a m pl es, t h e
i n d u cti o n  w as o bs er v e d f or all t hr e e a ni m als t o v ar yi n g d e gr e es
als o i n b ul k c ult ur es a n d p ur e p D C c ult ur es ( S u p pl e m e nt a r y
Fi g u r e 5 D ), t h us d e m o nstr ati n g a f u n cti o n alit y of  N K p 4 6 i n t his
m y el oi d c ell s u bs et a n d r uli n g o ut t h at t h e o bs er v e d p S 6
i n d u cti o n is d u e t o cr oss t al k  wit h  N K p 4 6+ N K c ells or  T c ells.
S ur prisi n gl y, i n c o ntr ast t o u ns ort e d or b ul k p o p ul ati o ns, t h e eff e ct
of  N K p 4 6 tri g g eri n g i n s ort e d  N K c ells  w as hi g hl y di mi nis h e d.  O n e
p ossi bl e e x pl a n ati o n f or t his o bs er v ati o n  mi g ht b e t h at p or ci n e  N K
c ells ar e  m or e pr o n e t o a p h e n o m e n o n, r ef err e d t o as “s ort er-
i n d u c e d c ell ul a r st r e s s,” a n d t h e a c c o m p a ni e d  m et a b oli c
di st u r b a n c e s of c ell s ( 5 1 , 5 2 ) or t h at f o r eff e cti v e N K p 4 6
tri g g eri n g  N K c ells n e e d c o-sti m ul ati o n i n a d diti o n t o c yt o ki n es.
T a k e n t o g et h er, t his s u g g ests t h at  N K p 4 6- m e di at e d a cti v ati o n o n
disti n ct c ell p o p ul ati o ns is d e p e n d e nt n ot o nl y o n c yt o ki n es b ut als o
o n c o-sti m ul at or y r e c e pt ors a n d cr oss t al k t o ot h er c ells. I nt er pl a ys
w er e als o o bs er v e d f or h u m a n  N K- c ell a cti v ati o n b y r e c e pt or
tri g g eri n g (5 3 ).

Alt h o u g h n o i n d u cti o n of i nt erf er o ns  w as o bs er v e d, a s m all
s u bs et of  T N F-a - pr o d u ci n g p D Cs  w as f o u n d f oll o wi n g  N K p 4 6
sti m ul ati o n.  T h er ef or e, t his a cti v ati o n p at h w a y  mi g ht c o ntri b ut e
t o  T N F-a pr o d u cti o n i n p or ci n e p D Cs. It is  w ell k n o w n t h at i n
vitr o sti m ul ati o n of p or ci n e p D Cs  wit h i n fl u e n z a vir us l e a ds t o
i n d u cti o n of c yt o ki n es, i n cl u di n g  T N F-a (1 0 , 3 8 , 5 4 , 5 5 ).
Pl as m a c yt oi d  D Cs r e c o g ni z e i n fl u e n z a  R N A b y t h eir  T L Rs
(5 6 ).  N K p 4 6 is r e p ort e d t o r e c o g ni z e h e m a g gl uti ni ns ( H A) of
i nfl u e n z a, p ar ai n fl u e n z a, a n d S e n d ai vir us, a n d li g ati o n l e a ds t o
a cti v ati o n of  m uri n e a n d h u m a n  N K c ells f oll o w e d b y l ysis of
i nfl u e n z a-i nf e ct e d c ells ( 2 1 , 5 7 , 5 8 ). Li k e wis e, p or ci n e  N K p 4 6 c a n
bi n d t o i n fl u e n z a  H A ( 2 4 ), i n di c ati n g a r ol e i n s e nsi n g i nfl u e n z a
i nf e cti o ns.  N e v ert h el ess, t h e i n d u cti o n of p S 6 i n p or ci n e p D Cs
f oll o wi n g sti m ul ati o n of c ells  wit h i nfl u e n z a vir us o bs er v e d i n
o ur e x p eri m e nts is  m or e li k el y t o b e t h e eff e ct of t h e  T L R-
m e di at e d a cti v ati o n as n o p S 6 i n d u cti o n c o ul d b e o bs er v e d i n  N K
c ells i n t his s et u p usi n g fr e e viri o ns.  T his  missi n g a cti v ati o n of
N K c ells c a n b e e x pl ai n e d b y t h e f a ct t h at di m eri z ati o n s e e ms t o
b e ess e nti al f or  N K p 4 6 a cti v ati o n ( 3 7 , 5 9 ), as a c hi e v e d b y pl at e-
b o u n d  m A bs. I n c o ntr ast, t h e a d diti o n of fr e e vir al p arti cl es t o
c ell c ult ur es  mi g ht b e i ns uffi ci e nt f or r e c e pt or cr oss-li n ki n g of
N K p 4 6. F urt h er m or e, it  w as s h o w n t h at alt h o u g h e n g a g e m e nt of
i nfl u e n z a-i nf e ct e d t ar g et c ells l e a ds t o killi n g i n a  N K p 4 6-
d e p e n d e nt  m a n n er, e x p os ur e t o fr e e viri o ns, li k e i n o ur s et u p,
c a n l e a d t o i n hi biti o n of  N K- c ell a cti vit y ( 6 0 , 6 1 ).  As  N K p 4 6+

C D 3 - as  w ell as  C D 3 + c ells ar e e nri c h e d i n t h e l u n gs of i n fl u e n z a-
i nf e ct e d pi gs (2 4 , 2 7 ), a r ol e of t h e p or ci n e  N K p 4 6+ p D Cs i n t h e
c o nt e xt of i n fl u e n z a-i nf e ct e d c ells s e e ms t o b e li k el y. Bi n di n g of
N K p 4 6 t o  H A  mi g ht c o ntri b ut e t o r el e as e of  T N F- a i n i nf e ct e d
tiss u e as i n d u cti o n of a s m all p o p ul ati o n of  T N F-a - pr o d u ci n g
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 1 2
p D Cs c o ul d b e o bs er v e d aft er  N K p 4 6 cr oss-li n ki n g.  T o f urt h er
el u ci d at e if tri g g eri n g of  N K p 4 6 l e a ds t o u pr e g ul ati o n of ot h er
g e n es i n v ol v e d i n p D C eff e ct or f u n cti o n or  m a y b e  m at ur ati o n,
R N A- S e q e x p eri m e nts of s ort e d p D C aft er sti m ul ati o n  will b e
b e n e fi ci al.  T his a p pr o a c h  w as r e c e ntl y p erf or m e d o n p or ci n e
p D Cs aft er sti m ul ati o n  wit h diff er e nt  T L R li g a n ds, s h o wi n g
i n d u cti o n of c h e m o ki n e r e c e pt ors, c o-sti m ul at or y  m ol e c ul es,
a n d g e n es i n v ol v e d i n c yt o ki n e r es p o ns e ( 6 2 ).  T h er ef or e, t his
t o pi c  will b e a d dr ess e d i n f ut ur e st u di es.

I n s u m m ar y, o ur d at a s h o w t h at n e arl y all p D Cs i n t h e pi g
e x pr ess t h e a cti v ati n g r e c e pt or  N K p 4 6 a n d t h at  N K p 4 6 tri g g eri n g
vi a a nti b o di es l e a ds t o p h os p h or yl ati o n of t h e ri b os o m al pr ot ei n S 6.
I n a d diti o n, a s u bs et of p or ci n e p D Cs r es p o n d e d b y  T N F- a
pr o d u cti o n t o  N K p 4 6 tri g g eri n g.  H e n c e, o ur d at a s u g g est t h at
N K p 4 6 e x pr essi o n i n p or ci n e p D Cs c o ntri b ut es t o p at h o g e n
s e nsi n g i n t his i m p ort a nt c ell s u bs et of t h e i n n at e i m m u n e s yst e m.
D A T A  A V AI L A BI LI T Y  S T A T E M E N T

T h e r a w d at a s u p p orti n g t h e c o n cl usi o ns of t his arti cl e  will b e
m a d e a v ail a bl e b y t h e a ut h ors,  wit h o ut u n d u e r es er v ati o n.
E T HI C S  S T A T E M E N T

T h e a ni m al st u d y of 5- w e e k ol d a ni m als  w as r e vi e w e d a n d
a p pr o v e d b y t h e i nstit uti o n al et hi cs c o m mitt e e a n d t h e n ati o n al
a ut h orit y a c c or di n g t o § 2 6 of L a w f or  A ni m al e x p eri m e nts,
Ti er v ers u c hs g es et z 2 0 1 2 – T V G 2 0 1 2 (r ef er e n c e n u m b er: b m wf
G Z 6 8. 2 0 5/ 0 0 0 5-II/ 3 b/ 2 0 1 4). Bl o o d fr o m sl a u g ht er h o us e a ni m als
w as t a k e n aft er el e ctri c hi g h- v olt a g e a n est h esi a f oll o w e d b y
e xs a n g ui n ati o n, a pr o c e d ur e t h at is i n a c c or d a n c e  wit h t h e
A ustri a n  A ni m al  W elf ar e Sl a u g ht er  R e g ul ati o n.
A U T H O R  C O N T RI B U TI O N S

K M,  A S, a n d  W G  w er e r es p o nsi bl e f or t h e c o n c e pti o n a n d d esi g n
of t h e st u d y.  K M,  M S, a n d  M R p erf or m e d t h e e x p eri m e nts.  K M
a n al y z e d t h e d at a a n d  wr ot e t h e  m a n us cri pt.  W G a n d  A S
i nt er pr et e d t h e d at a a n d s u p er vis e d t h e st u d y.  All a ut h ors
c o ntri b ut e d t o t h e arti cl e a n d a p pr o v e d t h e s u b mitt e d v ersi o n.
F U N DI N G

K M a n d  M R  w er e fi n a n ci all y s u p p ort e d b y t h e  C hristi a n  D o p pl er
R e s e a r c h  A s s o ci ati o n,  Vi e n n a,  A u st ri a, a n d  B o e h ri n g e r
I n g el h ei m  V et m e di c a  G m b H  wit hi n t h e “ C hristi a n  D o p pl er
L a b or at or y f or  O pti mi z e d Pr e di cti o n of  V a c ci n ati o n S u c c ess i n
Pi gs. ” T h e fi n a n ci al s u p p ort b y t h e  A ustri a n F e d er al  Mi nistr y f or
Di git al a n d E c o n o mi c  Aff airs, t h e  N ati o n al F o u n d ati o n f or
R es e ar c h,  T e c h n ol o g y a n d  D e v el o p m e nt, a n d t h e  C hristi a n
D o p pl er  R es e ar c h  A ss o ci ati o n is g r at ef ull y a c k n o wl e d g e d.
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
T h e f u n d er  w as n ot i n v ol v e d i n t h e st u d y d esi g n, c oll e cti o n,
a n al ysis, i nt er pr et ati o n of d at a, t h e  writi n g of t his arti cl e, or t h e
d e cisi o n t o s u b mit it f or p u bli c ati o n.
A C K N O W L E D G M E N T S

W e t h a n k  Ti m m  H ar d er fr o m t h e I nstit ut e of  Di a g n osti c
Vir ol o g y, Fri e dri c h- L o ef fl er I nstit ut e, F e d er al  R es e ar c h I nstit ut e
Fr o nti er s i n I m m u n ol o g y |  w w w.fr o nti er si n. or g 1 3
f or  A ni m al  H e alt h,  Gr eifs w al d-I ns el  Ri e ms,  G er m a n y, f or ki n dl y
pr o vi di n g t h e vir al st o c k us e d i n t h e e x p eri m e nts.
S U P P L E M E N T A R Y  M A T E RI A L

T h e S u p pl e m e nt ar y  M at eri al f or t his arti cl e c a n b e f o u n d o nli n e at:
htt ps:// w w w.fr o nti ersi n. or g/ arti cl es/ 1 0. 3 3 8 9/ fi m m u. 2 0 2 2. 8 2 2 2 5 8/
f ull #s u p pl e m e nt ar y- m at eri al
R E F E R E N C E S

1. S wi e c ki  M,  C ol o n n a  M.  T h e  M ultif a c et e d Bi ol o g y of Pl as m a c yt oi d  D e n driti c

C ells. N at  R e v I m m u n ol ( 2 0 1 5) 1 5: 4 7 1– 8 5. d oi: 1 0. 1 0 3 8/ nri 3 8 6 5

2.  K a w ai  T,  A kir a S.  T oll- Li k e  R e c e pt ors a n d  T h eir  Cr osst al k  Wit h  Ot h er I n n at e
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4. J a mi n  A,  G ori n S, L e P oti er  M- F,  K u nt z- Si m o n  G.  C h ar a ct eri z ati o n of

C o n v e nti o n al a n d  Pl a s m a c yt oi d  D e n d riti c  C ell s i n S wi n e S e c o n d a r y
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6 4. d oi: 1 0. 1 0 1 6/j. d ci. 2 0 0 9. 1 2. 0 0 6

9.  H err er a- Uri b e J,  Wi ar d a J E, Si v as a n k ar a n S K,  D a h ars h L, Li u  H, B yr n e  K A,

et al.  R ef er e n c e  Tr a ns cri pt o m es of P or ci n e P eri p h er al I m m u n e  C ells  Cr e at e d
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1 2: 6 8 9 4 0 6. d oi: 1 0. 3 3 8 9/f g e n e. 2 0 2 1. 6 8 9 4 0 6

1 0.  C al z a d a - N o v a  G, S c h nit zl ei n  W,  H u s m a n n  R,  Z u c k e r m a n n  F A.

C h ar a ct eri z ati o n of t h e  C yt o ki n e a n d  M at ur ati o n  R es p o ns es of  P ur e

P o p ul ati o ns of P or ci n e Pl as m a c yt oi d  D e n driti c  C ells t o P or ci n e  Vir us es

a n d  T oll- Li k e  R e c e pt or  A g o nists. V et I m m u n ol I m m u n o p at h ol ( 2 0 1 0)

1 3 5: 2 0 – 3 3. d oi: 1 0. 1 0 1 6/j. v eti m m. 2 0 0 9. 1 0. 0 2 6

1 1. J a mi n  A,  G ori n S,  C ari ol et  R, L e P oti er  M F,  K u nt z- Si m o n  G.  Cl assi c al S wi n e

F e v er  Vir us I n d u c es  A cti v ati o n of Pl as m a c yt oi d a n d  C o n v e nti o n al  D e n driti c

C ells i n  T o nsil, Bl o o d, a n d S pl e e n of I nf e ct e d Pi gs. V et  R es ( 2 0 0 8) 3 9: 0 7.

d oi: 1 0. 1 0 5 1/ v etr es: 2 0 0 7 0 4 5

1 2.  G u z yl a c k- Piri o u L, B er g a mi n F,  G er b er  M,  M c C ull o u g h  K C, S u m m er fi el d  A.

Pl as m a c yt oi d  D e n driti c  C ell  A cti v ati o n b y F o ot- a n d- M o ut h  Dis e as e  Vir us

R e q ui r e s I m m u n e  C o m pl e x e s. E u r J I m m u n ol ( 2 0 0 6 ) 3 6: 1 6 7 4 – 8 3.

d oi: 1 0. 1 0 0 2/ eji. 2 0 0 6 3 5 8 6 6

1 3. L a n n es  N, P yt h o n S, S u m m er fi el d  A. I nt er pl a y of F o ot- a n d- M o ut h  Dis e as e

Vir u s,  A nti b o di es a n d Pl as m a c yt oi d  D e n driti c  C ells:  Vir us  O ps o ni z ati o n

U n d er  N o n- N e utr ali zi n g  C o n diti o ns  R es ults i n E n h a n c e d I nt erf er o n- Al p h a

R es p o ns es. V et  R es ( 2 0 1 2) 4 3: 6 4. d oi: 1 0. 1 1 8 6/ 1 2 9 7- 9 7 1 6- 4 3- 6 4

1 4. L a m ot e J A,  K est e ns  M, v a n  W a es b er g h e  C,  D el v a J, d e P els m a e k er S,

D e vri e n dt B, et al.  T h e Ps e u d or a bi es  Vir us  Gl y c o pr ot ei n  G e/ gI  C o m pl e x

S u p pr ess es  T y p e I I nt erf er o n Pr o d u cti o n b y Pl as m a c yt oi d  D e n driti c  C ells.

J  Vir ol ( 2 0 1 7) 9 1: e 0 2 2 7 6- 1 6. d oi: 1 0. 1 1 2 8/J VI. 0 2 2 7 6- 1 6

1 5. B a u m a n n  A,  M at e u E,  M urt a u g h  M P, S u m m er fi el d  A. I m p a ct of  G e n ot y p e 1

a n d 2 of P or ci n e  R e pr o d u cti v e a n d R es pir at or y S y n dr o m e  Vir us es o n
I nt erf er o n-a R es p o ns es b y Pl as m a c yt oi d  D e n driti c  C ells. V et  R es ( 2 0 1 3)

4 4: 3 3. d oi: 1 0. 1 1 8 6/ 1 2 9 7- 9 7 1 6- 4 4- 3 3

1 6.  G ar c ı a- Ni c ol a  s  O,  A ur a y  G, S a utt er  C A,  R a p p e J C,  M c C ull o u g h  K C,  R u g gli  N,

et al. S e nsi n g of P or ci n e  R e pr o d u cti v e a n d  R es pir at or y S y n dr o m e  Vir us-

I nf e ct e d  M a cr o p h a g es b y Pl as m a c yt oi d  D e n driti c  C ells. Fr o nt  Micr o bi ol

( 2 0 1 6) 7: 7 7 1. d oi: 1 0. 3 3 8 9/f mi c b. 2 0 1 6. 0 0 7 7 1

1 7.  W al z er  T, J a e g er S,  C h ai x J,  Vi vi er E.  N at ur al  Kill er  C ells: Fr o m  C D 3(-) N K p 4 6

( +) t o P ost- G e n o mi cs  M et a- A n al ys es. C urr  O pi n I m m u n ol ( 2 0 0 7) 1 9: 3 6 5– 7 2.

d oi: 1 0. 1 0 1 6/j. c oi. 2 0 0 7. 0 4. 0 0 4

1 8.  Vit al e  M, B otti n o  C, Si v ori S, S a ns e v eri n o L,  C astri c o ni  R,  M ar c e n ar o E, et al.

N K p 4 4, a  N o v el  Tri g g eri n g S urf a c e  M ol e c ul e S p e ci fi c all y E x pr ess e d b y

A cti v at e d  N at ur al  Kill er  C ells, is I n v ol v e d i n  N o n- M aj or  Hist o c o m p ati bilit y

C o m pl e x- R estri ct e d  T u m or  C ell L ysis. J E x p M e d ( 1 9 9 8) 1 8 7: 2 0 6 5– 7 2.

d oi: 1 0. 1 0 8 4/j e m. 1 8 7. 1 2. 2 0 6 5

1 9.  W est g a ar d I H, B er g S F,  V a a g e J T,  W a n g L L,  Y o k o y a m a  W M,  Diss e n E, et al.

R at  N K p 4 6  A cti v at es  N at ur al  Kill er  C ell  C yt ot o xi cit y a n d Is  Ass o ci at e d  Wit h

F c ϵ rig a n d  C D 3 z . J L e u k oc Bi ol ( 2 0 0 4) 7 6: 1 2 0 0– 6. d oi: 1 0. 1 1 8 9/jl b. 0 9 0 3 4 2 8

2 0. Si v ori S,  Vit al e  M,  M or elli L, S a ns e v eri n o L,  A u g u gli ar o  R, B otti n o  C, et al.

P 4 6, a  N o v el  N at ur al  Kill er  C ell- S p e ci fi c S urf a c e  M ol e c ul e  T h at  M e di at es  C ell

A cti v ati o n. J E x p  M e d ( 1 9 9 7) 1 8 6: 1 1 2 9– 3 6. d oi: 1 0. 1 0 8 4/j e m. 1 8 6. 7. 1 1 2 9

2 1.  M a n d el b oi m  O, Li e b er m a n  N, L e v  M, P a ul L,  Ar n o n  TI,  B us h ki n  Y, et al.

R e c o g niti o n of  H a e m a g gl uti ni n s o n  Vi r u s -I nf e ct e d  C ell s b y  N K p 4 6

A cti v at e s  L y si s b y  H u m a n  N K  C ell s. N at u r e ( 2 0 0 1 ) 4 0 9: 1 0 5 5 – 6 0.

d oi: 1 0. 1 0 3 8/ 3 5 0 5 9 1 1 0

2 2.  Gl as n er  A,  Z ur u ni c  A,  M e ni n g h er  T, L e n a c  R o vis  T,  Ts u k er m a n P, B ar- O n  Y,

et al. El u ci d ati n g t h e  M e c h a nis ms of I n fl u e n z a  Vir us  R e c o g niti o n b y  N cr 1.

Pl o S  O n e ( 2 0 1 2) 7: e 3 6 8 3 7. d oi: 1 0. 1 3 7 1/j o ur n al. p o n e. 0 0 3 6 8 3 7

2 3.  G ar g  A, B ar n es P F, P or g a d or  A,  R o y S,  W u S,  N a n d a J S, et al.  Vi m e nti n

E x pr ess e d o n  M y c o b a ct eri u m  T u b er c ul osis-I nf e ct e d  H u m a n  M o n o c yt es Is

I n v ol v e d i n Bi n di n g t o t h e  N K p 4 6  R e c e pt or. J I m m u n ol ( 2 0 0 6) 1 7 7: 6 1 9 2– 8.

d oi: 1 0. 4 0 4 9/ji m m u n ol. 1 7 7. 9. 6 1 9 2

2 4. F or b er g  H,  H a u g e  A G,  V al h ei m  M,  G ar c o n F,  N u n e z  A,  G er n er  W, et al. E arl y

R es p o ns es of  N at ur al  Kill er  C ells i n Pi gs E x p eri m e nt all y I nf e ct e d  Wit h 2 0 0 9

P a n d e mi c  H 1 N 1 I n fl u e n z a  A  Vir us. Pl o S  O n e ( 2 0 1 4) 9: e 1 0 0 6 1 9. d oi: 1 0. 1 3 7 1/

j o ur n al. p o n e. 0 1 0 0 6 1 9

2 5.  M air  K H, Essl er S E, P at zl  M, St ors et  A K, S a al m üll er  A,  G er n er  W.  N K p 4 6

E x pr essi o n  Dis cri mi n at es P or ci n e  N K  C ells  Wit h  Diff er e nt F u n cti o n al

Pr o p erti es. E ur J I m m u n ol ( 2 0 1 2) 4 2: 1 2 6 1– 7 1. d oi: 1 0. 1 0 0 2/ eji. 2 0 1 1 4 1 9 8 9

2 6.  M air  K H,  M üll e b n er  A, Essl er S E,  D u vi g n e a u J C, St ors et  A K, S a al m üll er  A,

et al. P or ci n e  C d 8 a -/ Di m n k p 4 6 hi g h  N K  C ells  Ar e i n a  Hi g hl y  A cti v at e d St at e.

V et  R es ( 2 0 1 3) 4 4: 1 3. d oi: 1 0. 1 1 8 6/ 1 2 9 7- 9 7 1 6- 4 4- 1 3

2 7.  M air  K H, St a dl er  M,  T al k er S C, F or b er g  H, St ors et  A K,  M üll e b n er  A, et al.

P or ci n e  C D 3( +) N K p 4 6( +) L y m p h o c yt es  H a v e  N K- C ell  C h ar a ct eristi cs a n d

Ar e Pr es e nt i n I n cr e as e d Fr e q u e n ci es i n t h e L u n gs of I n fl u e n z a-I nf e ct e d

A ni m als. Fr o nt I m m u n ol ( 2 0 1 6) 7: 2 6 3. d oi: 1 0. 3 3 8 9/fi m m u. 2 0 1 6. 0 0 2 6 3

2 8.  M air  K H,  Cr oss m a n  AJ,  W a g n er B, B a b as y a n S,  N or o n h a L, B o y d P, et al.  T h e

N at ur al  C yt ot o xi cit y  R e c e pt or  N K p 4 4 ( N C R 2,  C D 3 3 6) Is E x pr ess e d o n t h e

M aj orit y of P or ci n e  N K  C ells E x  Vi v o Wit h o ut Sti m ul ati o n. Fr o nt I m m u n ol

( 2 0 2 2) 1 3: 7 6 7 5 3 0. d oi: 1 0. 3 3 8 9/fi m m u. 2 0 2 2. 7 6 7 5 3 0

2 9. S a al m üll er  A.  C h ar a ct eri z ati o n of S wi n e L e u k o c yt e  Diff er e nti ati o n  A nti g e ns.

I m m u n ol  T o d a y ( 1 9 9 6) 1 7: 3 5 2– 4. d oi: 1 0. 1 0 1 6/ S 0 1 6 7- 5 6 9 9( 9 6) 9 0 2 7 3- X

3 0.  Kr u g  A,  R ot h e nf uss er S,  H or n u n g  V, J a hrs d örf er B, Bl a c k w ell S, B all as  Z K,

et al. I d e nti fi c ati o n of  C p G  Oli g o n u cl e oti d e S e q u e n c es  Wit h  Hi g h I n d u cti o n

of I F N- a /b i n Pl as m a c yt oi d  D e n driti c  C ells. E ur J I m m u n ol ( 2 0 0 1) 3 1: 2 1 5 4–

6 3. d oi: 1 0. 1 0 0 2/ 1 5 2 1- 4 1 4 1( 2 0 0 1 0 7) 3 1: 7 < 2 1 5 4: AI D-I M M U 2 1 5 4 > 3. 0. C O; 2- U
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M air et al. N K p 4 6 +  P or ci n e  Pl a s m a c yt oi d  D e n driti c  C ell s
3 1.  G u z yl a c k- Piri o u L, B al m elli  C,  M c C ull o u g h  K C, S u m m er fi el d  A.  T y p e- A  C p G

Oli g o n u cl e oti d es  A cti v at e E x cl usi v el y P or ci n e  N at ur al I nt erf er o n- Pr o d u ci n g

C ells t o S e cr et e I nt erf er o n- Al p h a,  T u m o ur  N e cr osis F a ct or- Al p h a a n d

I nt e rl e u ki n - 1 2. I m m u n ol o g y ( 2 0 0 4) 1 1 2: 2 8 – 3 7. d oi: 1 0. 1 1 1 1/j. 1 3 6 5 -

2 5 6 7. 2 0 0 4. 0 1 8 5 6. x

3 2. F u c hs  A,  C ell a  M,  K o n d o  T,  C ol o n n a  M. P ar a d o xi c I n hi biti o n of  H u m a n

N at ur al I nt erf er o n- Pr o d u ci n g  C ells b y t h e  A cti v ati n g  R e c e pt or  N k p 4 4. Bl o o d

( 2 0 0 5) 1 0 6: 2 0 7 6– 8 2. d oi: 1 0. 1 1 8 2/ bl o o d- 2 0 0 4- 1 2- 4 8 0 2

3 3. B o n a c c orsi I,  C a nt o ni  C,  C arr e g a P,  Oli v eri  D, L ui  G,  C o nt e  R, et al.  T h e

I m m u n e I n hi bit or y  R e c e pt or L AI R- 1 Is  Hi g hl y E x pr ess e d b y Pl as m a c yt oi d

D e n driti c  C ells a n d  A cts  C o m pl e m e nt ar y  Wit h  N K p 4 4 t o  C o ntr ol If n a

Pr o d u cti o n. Pl o S  O n e ( 2 0 1 0) 5: e 1 5 0 8 0. d oi: 1 0. 1 3 7 1/j o ur n al. p o n e. 0 0 1 5 0 8 0

3 4.  M e y u h as  O.  Ri b os o m al Pr ot ei n S 6 P h os p h or yl ati o n: F o ur  D e c a d es of

R e s e a r c h. I nt  R e v  C ell  M ol  Bi ol ( 2 0 1 5 ) 3 2 0: 4 1 – 7 3. d oi: 1 0. 1 0 1 6/

bs.ir c m b. 2 0 1 5. 0 7. 0 0 6

3 5.  M a g n us o n B, E ki m B, Fi n g ar  D C.  R e g ul ati o n a n d F u n cti o n of  Ri b os o m al

Pr ot ei n S 6  Ki n as e ( S 6 K)  Wit hi n  m T O R Si g n alli n g  N et w or ks. Bi oc h e m J ( 2 0 1 2)

4 4 1: 1 – 2 1. d oi: 1 0. 1 0 4 2/ BJ 2 0 1 1 0 8 9 2

3 6.  R o u x P P, S h a h b a zi a n  D,  V u  H,  H ol z  M K,  C o h e n  M S,  T a u nt o n J, et al.  R A S/

E R K Si g n ali n g Pr o m ot es Sit e- S p e ci fi c  Ri b os o m al Pr ot ei n S 6 P h os p h or yl ati o n.

Vi a  R S K Sti m ul at es  C a p- D e p e n d e nt  Tr a nsl J Bi ol  C h e m ( 2 0 0 7) 2 8 2: 1 4 0 5 6– 6 4.

d oi: 1 0. 1 0 7 4/j b c. M 7 0 0 9 0 6 2 0 0

3 7.  C h e n  X,  Tri v e di P P,  G e B,  Kr z e ws ki  K, Str o mi n g er J L.  M a n y  N K  C ell

R e c e pt ors  A cti v at e E R K 2 a n d J N K 1 t o  Tri g g er  Mi cr ot u b ul e  Or g a ni zi n g

C e nt er a n d  Gr a n ul e P ol ari z ati o n a n d  C yt ot o xi cit y. Pr oc  N atl  Ac a d Sci  U S A

( 2 0 0 7) 1 0 4: 6 3 2 9– 3 4. d oi: 1 0. 1 0 7 3/ p n as. 0 6 1 1 6 5 5 1 0 4

3 8. B el  M,  O c a ñ a- M a c c hi  M, Li ni g er  M,  M c C ull o u g h  K C,  M atr os o vi c h  M,

S u m m er fi el d  A. Effi ci e nt S e nsi n g of  A vi a n I n fl u e n z a  Vir us es b y P or ci n e

Pl as m a c yt oi d  D e n driti c  C ells. Vir us es ( 2 0 1 1) 3: 3 1 2– 3 0. d oi: 1 0. 3 3 9 0/ v 3 0 4 0 3 1 2

3 9.  R ei zis  B.  Pl as m a c yt oi d  D e n driti c  C ells:  D e v el o p m e nt,  R e g ul ati o n, a n d

F u n cti o n. I m m u nit y ( 2 0 1 9) 5 0: 3 7– 5 0. d oi: 1 0. 1 0 1 6/j.i m m u ni. 2 0 1 8. 1 2. 0 2 7

4 0. B e ns uss a n  A,  R e mt o ul a  N, Si v ori S, B a g ot  M,  M or ett a  A,  M ari e- C ar di n e  A.

E x pr essi o n a n d F u n cti o n of t h e  N at ur al  C yt ot o xi cit y  R e c e pt or  N K p 4 6 o n

Cir c ul ati n g  M ali g n a nt  C D 4 +  T L y m p h o c yt es of S e  z ar y S y n dr o m e P ati e nts.

J I n v est  D er m at ol ( 2 0 1 1) 1 3 1: 9 6 9– 7 6. d oi: 1 0. 1 0 3 8/ji d. 2 0 1 0. 4 0 4

4 1. S c h n ei d er P, Pl ass a L F,  R at aj c z a k P, L e b o e uf  C,  V er n e uil L, B attist ell a  M, et al.

N K p 4 6- S p e ci fi c  E x pr essi o n o n S ki n- R esi d e nt  C D 4( +) L y m p h o c yt es i n

M y c o si s F u n g oi d e s a n d S e z a r y S y n d r o m e. J I n v est  D e r m at ol ( 2 0 1 4)

1 3 4: 5 7 4 – 8. d oi: 1 0. 1 0 3 8/ji d. 2 0 1 3. 3 2 1

4 2.  C h a n  C W,  Cr aft o n E, F a n  H N, Fl o o k J,  Y os hi m ur a  K, S k ari c a  M, et al.

I nt erf er o n- Pr o d u ci n g  Kill er  D e n driti c  C ells Pr o vi d e a Li n k B et w e e n I n n at e

a n d  A d a pti v e I m m u nit y. N at  M e d ( 2 0 0 6) 1 2: 2 0 7– 1 3. d oi: 1 0. 1 0 3 8/ n m 1 3 5 2

4 3.  Vr e m e c  D,  O ’K e eff e  M,  H o c hr ei n  H, F u c hs b er g er  M,  C a mi ns c hi I, L a h o u d  M,

et al. Pr o d u cti o n of I nt erf er o ns b y  D e n driti c  C ells, Pl as m a c yt oi d  C ells,  N at ur al

Kill er C ells, a n d I nt erf er o n- Pr o d u ci n g  Kill er  D e n driti c  C ells. Bl o o d ( 2 0 0 7)

1 0 9: 1 1 6 5 – 7 3. d oi: 1 0. 1 1 8 2/ bl o o d- 2 0 0 6- 0 5- 0 1 5 3 5 4

4 4.  V oss h e nri c h  C A, L esj e a n- P otti er S,  H as a n  M,  Ri c h ar d- L e  G off  O,  C or c uff E,

M a n d el b oi m  O, et al.  C D 1 1 cl o B 2 2 0 + I nt erf er o n- Pr o d u ci n g  Kill er  D e n driti c

C ells ar e  A cti v at e d  N at ur al  Kill er  C ells. J E x p  M e d ( 2 0 0 7) 2 0 4: 2 5 6 9– 7 8.

d oi: 1 0. 1 0 8 4/j e m. 2 0 0 7 1 4 5 1

4 5.  G ui m o nt- D esr o c h ers F, B o u c h er  G,  D o n g  Z,  D u p uis  M,  V eill ett e  A, L es a g e S.

R e d e fi ni n g I nt e rf e r o n - P r o d u ci n g  Ki ll e r  D e n d riti c  C ell s a s a  N o v el

I nt e r m e di at e i n  N K- C ell  Diff e r e nti ati o n. Bl o o d ( 2 0 1 2) 1 1 9: 4 3 4 9 – 5 7.

d oi: 1 0. 1 1 8 2/ bl o o d- 2 0 1 1- 1 1- 3 9 5 9 5 4

4 6. J a hrs d örf er B,  V oll m er  A, Bl a c k w ell S E,  M ai er J, S o nt h ei m er  K, B e y er  T, et al.

Gr a n z y m e B Pr o d u c e d b y  H u m a n Pl as m a c yt oi d  D e n driti c  C ells S u p pr ess es  T-

C ell E x p a nsi o n. Bl o o d ( 2 0 1 0) 1 1 5: 1 1 5 6– 6 5. d oi: 1 0. 1 1 8 2/ bl o o d- 2 0 0 9- 0 7-

2 3 5 3 8 2

4 7. F a bri ci us  D,  N u ß b a u m B, B us c h  D, P a nit z  V,  M a n d el B,  V oll m er  A, et al.

A nti vir al  V a c ci n es Li c e ns e  T  C ell  R es p o ns es b y S u p pr essi n g  Gr a n z y m e B
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