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A n u n u s u al a s p e ct of t h e  bi ol o g y of n e m at o d e s i s t h e c o v al e nt att a c h m e nt of

p h o s p h or yl c h oli n e ( P C) t o c ar b o h y dr at e i n gl y c o c o nj u g at e s. I n v e sti g ati o n of t h e

str u ct ur e of t h e s e  m ol e c ul e s b y e v er-i n cr e a si n gl y s o p hi sti c at e d a n al yti c al pr o c e d ur e s

h a s r e v e al e d t h at  P C i s  g e n er all y i n  p h o s p h o di e st er li n k a g e  wit h  C 6  of

N - a c et yl gl u c o s a mi n e ( Gl c N A c) i n b ot h N -t y p e gl y c a n s a n d gl y c o s p hi n g oli pi d s.  U p t o

fi v e  P C gr o u p s h a v e b e e n d et e ct e d i n t h e f or m er, b ei n g l o c at e d o n b ot h a nt e n n a a n d c or e

Gl c N A c. T h e  P C d o n or f or tr a n sf er t o c ar b o h y dr at e a p p e ar s t o b e p h o s p h ati d yl c h oli n e b ut

t h e e n z y m e r e s p o n si bl e f or tr a n sf er r e m ai n s t o b e i d e ntifi e d.  W or k pri m aril y i n v ol vi n g t h e

P C- c o nt ai ni n g A c a nt h o c h eil o n e m a vit e a e s e cr et e d pr o d u ct E S- 6 2, h a s s h o w n t h at t h e

P C att a c h e d t o n e m at o d e N - gl y c a n s  p o s s e s s e s a r a n g e of i m m u n o m o d ul at or y

pr o p erti e s, s u b v erti n g f or e x a m pl e,  pr o-i n fl a m m at or y si g n alli n g i n v ari o u s i m m u n e

s y st e m c ell-t y p e s i n cl u di n g l y m p h o c yt e s,  m a st c ell s, d e n driti c c ell s a n d  m a cr o p h a g e s.

T hi s h a s l e d t o t h e g e n er ati o n of  P C- b a s e d E S- 6 2 s m all  m ol e c ul e a n al o g u e s ( S M A s),

w hi c h  mirr or t h e p ar e nt  m ol e c ul e i n pr e v e nti n g t h e i niti ati o n or pr o gr e s si o n of di s e a s e i n

m o u s e  m o d el s of a n u m b er of h u m a n c o n diti o n s a s s o ci at e d  wit h a b err a nt i n fl a m m at or y

r e s p o n s e s. T h e s e i n cl u d e r h e u m at oi d art hriti s, s y st e mi c l u p u s er yt h e m at o s u s a n d

l u n g a n d s ki n all er g y s u c h t h at t h e  S M A s ar e c o n si d er e d t o h a v e  wi d e s pr e a d

t h er a p e uti c p ot e nti al.

K e y w o r d s:  a n ti -i n fl a m m a t o r y  d r u g  d e v el o p m e n t,  E S - 6 2,  gl y c o c o nj u g a t e, i m m u n o m o d ul a ti o n,

n e m at o d e,  p h o s p h or yl c h oli n e
I N T R O D U C TI O N

D uri n g t h e h u m a n-i nf e cti o us st a g e of t h e h el mi nt hi c lif e c y cl e, p ar asit es e n g a g e i n a s eri es of a cti o ns
d esi g n e d t o e v a d e t h e h ost i m m u n e r es p o ns e ( 1 ). I niti all y, d ef e nsi v e  m a n o e u vr es s u c h as t e g u m e nt
m o ulti n g a n d  m e m br a n e t ur n o v er  w er e d es cri b e d ( 2 , 3 ), b ut it is n o w u n d erst o o d t h at p ar asit es c a n
f urt h er pr o m ot e t h eir l o n g e vit y b y dir e ctl y  m a ni p ul ati n g h ost s yst e ms, vi a t h e r el e as e of bi ol o gi c all y
a cti v e e x cr et or y/s e cr et or y  m ol e c ul es ( E/ S).  T h e e v ol uti o n of  m ol e c ul ar p ar asit ol o g y i n r e c e nt y e ars
h as e n a bl e d a n i n cr e asi n gl y pr e cis e c h ar a ct eris ati o n of t h es e  m ol e c ul es.
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
H er ei n  w e e x a mi n e n e m at o d e p h os p h or yl c h oli n e ( P C)-
c o nt ai ni n g gl y c o c o nj u g at es, i n t h e c o nt e xt of t h e str u ct ur e a n d
f u n cti o n of t h es e u ni q u e  m ol e c ul es.  T h e fi rst s u g g esti o n of t h e
r el e v a n c e of P C i n h ost- p ar asit e i nt er a cti o ns c a m e  wit h dis c o v er y
of P C o n n e m at o d e c ar b o h y dr at e- c o nt ai ni n g  m ol e c ul es, a n d als o
a nti- P C a nti b o di es i n r ats e x p os e d t o Ni p p ostr o n g yl us br asili e nsis
a n d H a e m o n c h us c o nt ort us , f oll o wi n g a n e c d ot al r e p orts of
si mil ar r es ults fr o m Asc aris s u u m -i nf e ct e d r ats (4 ). I n vi v o
st u di es r e v e al e d a nti- P C a nti b o d y c o m pl e x es  w er e i n f a ct
a b u n d a nt i n t h e s er a of  mi c e e x p os e d t o Br u gi a  m al a yi a n d B.
p a h a n g hi , as  w ell as jir ds, c hi m p a n z e es a n d h u m a n s u bj e cts
s uff eri n g fi l ari al p ar asit osis (5 – 1 0 ).  A n al ysis of t h e E/ S pr ofi l e of
t h e a d ult r o d e nt fi l ari al n e m at o d e Ac a nt h oc h eil o n e m a vit e a e
r e v e al e d t h at it i s  d o mi n at e d b y o n e  P C - c o nt ai ni n g
gl y c o pr ot ei n, E S- 6 2 ( 4 , 1 1 ).  H o m ol o g u es of t his pr ot ei n h a v e
si n c e b e e n d et e ct e d i n ot h e r fi l a ri al a n d al s o n o n-fi l ari al
n e m at o d es s p e ci es, alt h o u g h it is u n k n o w n  w h et h er all of t h es e
E S- 6 2 h o m ol o g u es c o nt ai n P C gr o u ps ( 1 2 – 1 7 ).
S T R U C T U R E S  O F  T H E A. vit e a e
P C - G L Y C A N S

E S- 6 2 is t h e  m ost c h ar a ct eris e d of t h e P C- b e ari n g h el mi nt hi c
m ol e c ul es, a n d a c c or di n gl y t h e o n e  w hi c h f or ms t h e b asis f or  m ost
of o ur u n d erst a n di n g of t h e str u ct ur e a n d f u n cti o n of n e m at o d e
P C- gl y c a ns. E S- 6 2 ori gi n at es fr o m t h e a nt eri or o es o p h a g e al c ells
of A. vit e a e as a h o m ot etr a m eri c pr ot ei n ( 1 8 , 1 9 ). B y s u bj e cti n g
E S- 6 2 t o N - gl y c osi d as e F, it  w as d e m o nstr at e d t h at P C is att a c h e d
t o t h e pr ot ei n b a c k b o n e vi a  N -li n k e d gl y c a ns, a fi n di n g c o n fi r m e d
b y e x a mi n ati o n of E S- 6 2 f oll o wi n g e x p os ur e of A. vit e a e t o
t u ni c a m y ci n, a n i n hi bit or of N -t y p e gl y c os yl ati o n (2 0 , 2 1 ).
M o n o m eri c E S- 6 2 c o nt ai ns f o ur p ot e nti al N -li n k e d gl y c os yl ati o n
sit es at r esi d u es 2 1 3, 2 5 4, 3 4 4 a n d 4 0 0 r es p e cti v el y ( 2 2 ). F ast at o m
b o m b ar d m e nt  m ass s p e ctr os c o p y e n a bl e d t h e r es ol uti o n of t hr e e
ass o ci at e d N -t y p e gl y c a n str u ct ur es: a hi g h  m a n n os e N- gl y c a n
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 2
( M a n5- 9 Gl c N A c 2 ), a tr u n c at e d oli g os a c c h ari d e, tri m m e d t o t h e
tri m a n n os yl c or e a n d f u c os yl at e d ( F u c1 M a n 3 Gl c N A c 3- 6 ), a n d a
n o v el gl y c a n,  w hi c h is si mil arl y tr u n c at e d a n d  m a y b e f u c os yl at e d
or n ot, a n d  w hi c h a c q uir es b et w e e n 1- 4 a nt e n n a  Gl c N A c r esi d u es
( F u c0- 1 M a n 3 Gl c N A c 3- 6 ) t o  w hi c h P C is att a c h e d (Fi g u r e 1 ).  M or e
r e c e ntl y, e m pl o y m e nt of n a n o- fl o w li q ui d c hr o m at o gr a p h y
f oll o w e d b y el e ctr os pr a y i o ni z ati o n  m ass s p e ctr o m etr y b y  N ort h
et al. ( 2 3 ) r e v e al e d t h at e a c h of t h e N- li n k e d gl y c os yl ati o n sit es of
E S- 6 2 c a n a c c o m m o d at e P C- b e ari n g gl y c a ns. F urt h er m or e, e a c h
gl y c a n ’s str u ct ur e  w as d et er mi n e d t o c o nt ai n u p t o fi v e P C gr o u ps:
f o ur fr o m a nt e n n ar y  Gl c N A c r esi d u es, a n d a fi ft h att a c hi n g t o c or e
Gl c N A c. It h as b e e n esti m at e d t h at t h e s e cr et e d t etr a m eri c E S- 6 2
c a n b e ar u p t o 7 2 P C gr o u ps,  wit h t h e  m ol e c ul e ’s str u ct ur e
e ns uri n g t h e b ul k of t h es e ar e p ositi o n e d f or r e c e pt or e n g a g e m e nt.
P C - G L Y C A N  S T R U C T U R E S I N
O T H E R  S P E CI E S

M ol e c ul es cl os el y  mi mi c ki n g t h e ori gi n al E S- 6 2 P C- gl y c a n
str u ct ur es (Fi g u r e 1 ) h a v e b e e n d et e ct e d i n a nt hr o p o p hili c
fi l a ri al s p e ci e s B.  m al a yi , O n c h o c e r c a v ol v ul us,  W u c h e ri a
b a ncr ofti a n d L o a l o a , a n d a d diti o n all y i n B. p a h a n gi (f eli n e),
O. gi bs o ni ( b o vi n e) a n d Dir o fi l ari a i m mitis ( c a ni n e) s p e ci es (1 2 ,
1 3 , 1 7 , 1 9 ).  O utsi d e of fi l ari a, t h es e P C- gl y c a n str u ct ur es als o
r e m ai n r el ati v el y c o n si st e nt i n p a r a siti c n e m at o d e s; t h u s
Tric hi n ell a s pir alis pr o d u c es gl y c a ns  w hi c h si mil arl y a p p e ar t o
b e ar P C  m oi eti es li k el y att a c h e d t o  Gl c N A c r esi d u es o n a
t ri m m e d t ri m a n n o s yl c o r e, alt h o u g h t hi s i s f oll o w e d b y
f urt h er  G al N A c tr a nsf er as e a cti vit y t o e xt e n d t h e a nt e n n a (2 4 ).
A. s u u m ( H e x N A c3- 5 H e x 3- 4 F u c 0- 1 P C 1- 2 ) a n d Tri c h uris s uis
( H e x3 H e x N A c 4- 5 F u c 2 P C) a d diti o n all y pr o d u c e a n u m b er of
c o m p ar a bl e gl y c a n str u ct ur es t o t h e E S- 6 2 P C- gl y c a ns ( 1 5 , 2 5 ).
F as ci n ati n gl y, si mil ar P C- m o di fi e d N - gl y c a ns h a v e als o b e e n
d e s c ri b e d i n f r e e-li vi n g s p e ci e s i n cl u di n g C a e n o r h a b ditis
el e g a ns ( H e x3 H e x N A c 3 F u c 0- 1 P C) a n d Pristi o n c h us p a ci fi c us
FI G U R E 1 | E S- 6 2  P C- gl y c a n s str u ct ur e. T hi s str u ct ur e, pr o p o s e d b y F A B- M S (2 2 ) h a s b e e n c o n s er v e d t hr o u g h o ut p ar a siti c n e m at o d e s p e ci e s. L at er

c h ar a ct eri s ati o n b y E S/ M S i n di c at e s t h e gl y c a n str u ct ur e c a n a c c o m m o d at e u p t o f o ur a nt e n n a  P C gr o u p s,  wit h f urt h er  P C att a c h m e nt t o c or e  Gl c N A c r e si d u e s

o c c urri n g ( 1 2 , 2 2 , 2 3 ). I m a g e  m o difi e d fr o m ( 1 2 ).
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
( H e x3 H e x N A c 5 F u c 0- 1 P C 1- 3 ),  wit h att a c h m e nt o c c urri n g o n n o n-
r e d u ci n g  Gl c N A c or L a c Di N a c  m otifs.  T his s u g g ests t h at s u c h
P C- N - gl y c a ns  m a y b e c o ns er v e d t hr o u g h o ut t h e p h yl u m ( 2 6 ,
2 7 ), alt h o u g h t h e  P C- c o nt ai ni n g st r u ct u r es i n f r e e-li vi n g
n e m at o d es ar e tri- a nt e n n ar y r at h er t h a n t etr a- a nt e n n ar y (t etr a-
a nt e n n ar y N - gl y c a ns d o n’t a p p e ar t o b e f or m e d i n fr e e li vi n g
s p e ci es) a s o bs er v e d f or  E S- 6 2. M or e o v er,  P C-s u bstit ut e d
gl y c os p hi n g oli pi ds h a v e b e e n r e p ort e d i n e m br y o ni c-st a g e C.
el e g a ns , a s w ell a s i n A. vit e a e, O. v ol v ul us, O. o c h e n gi,
Lit o m os oi d es si g m o d o ntis a n d A. s u u m s p e ci es (2 8 – 3 0 ).
BI O S Y N T H E TI C  P A T H W A Y  O F
P C - G L Y C A N S

E m pl o y m e nt of a c o m bi n ati o n of i ntr a c ell ul ar tr af fi c ki n g
i n hi bit ors, oli g os a c c h ari d e pr o c essi n g i n hi bit ors, p uls e- c h as e
r a di ol a b elli n g e x p eri m e nts a n d F A B- M S a n al ysis h as p er mitt e d
c h ar a ct eris ati o n of t h e i ntr a c ell ul ar pr o c essi n g e v e nts  w hi c h att a c h
P C t o n e wl y pr o d u c e d gl y c a ns i n A. vit e ae a n d C. ele g a ns (2 3 , 3 0 –
3 3 ). It is  wit hi n t h e  m e di al  G ol gi t h at t h e pr o c ess of P C att a c h m e nt
t o  m at uri n g N - gl y c a ns o c c urs (Fi g u r e 2 ). I niti all y, a n a nt e n n ar y
Gl c N A c r esi d u e is att a c h e d t o t h e gl y c a n str u ct ur e b y  Gl c N A c
Tr a nsf er as e I. P C is s u bs e q u e ntl y tr a nsf err e d fr o m a d o n or, li k el y
p h os p h ati d y c h oli n e, vi a a  C- 6 p h os p h o di est er li n k a g e of t h e
a nt e n n a Gl c N A c r e si d u e. T w o m a n n o s e s u g a r s a r e t h e n
tri m m e d fr o m t h e c or e b y  M a n n osi d as e II.  N e xt,  Gl c N A c
Tr a nsf er as e II a d ds a s e c o n d t er mi n al  Gl c N A c r esi d u e a n d t h e n
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 3
a d diti o n al P C  m a y b e a d d e d.  As y et, t h e P C-tr a nsf er as e e n z y m e
i n v ol v e d i n t his pr o c ess r e m ai ns u n c h ar a ct eris e d.
F U N C TI O N  O F  N E M A T O D E  P C - G L Y C A N S:
S T U DI E S I N  VI T R O

P C o n n e m at o d e gl y c o pr otei ns h as i m m u n o m o d ul at or y pr o perti es
as fi rst s h o w n b y its i n hi biti o n of l y m p h o c yt e pr olif er ati o n ( 3 4 , 3 5 ).
T h e  m e c h a nis ms b e hi n d s u c h a cti vit y h a v e b e e n e xt e nsi v el y
st u di e d usi n g E S- 6 2 a n d t o a l ess er d e gr e e, P C al o n e or
c o nj u g at e d t o pr ot ei ns s u c h as b o vi n e s er u m al b u mi n ( B S A), or
s m all  m ol e c ul e a n al o g u es ( S M As) of E S- 6 2 b as e d o n its P C  m oi et y
(Fi g u r e 3 A ) (3 6 ). F or e x a m pl e, t h e P C- c o nt ai ni n g  m ol e c ul es
i n hi bit B c ell r e c e pt or ( B C R)-sti m ul at e d p h os p h oi n ositi d e- 3-
ki n as e ( PI 3 K) a n d pr ot ei n ki n as e  C a cti viti es ( 3 5 – 3 7 ), as  w ell as
r e d u ci n g t h e p h os p h or yl ati o n of I gb a n d t h e a d a pt or S h c 1 r es ulti n g
i n r e d u c e d Er k 1/ 2  M A P K a cti v ati o n (3 7 , 3 8 ).  T his a p p e ars t o r efl e ct
t h at  E S- 6 2 pr o m ot e s r e c r uit m e nt of t h e p r ot ei n t y r o si n e
p h os p h at as e, S H P- 1 r es ulti n g i n r a pi d d e p h os p h or yl ati o n of
t h es e  B C R-sti m ul at e d s u bstr at es (3 8 ). F urt h er m or e,  E S- 6 2
t er mi n at es o n g oi n g Er k 1/ 2 a cti vit y u p o n B C R sti m ul ati o n b y
r e cr uit m e nt of d u al s p e ci fi cit y p h os p h at as e  D us p 2,  w hi c h
d e p h os p h or yl at es t h eir t hr e o ni n e a n d t yr osi n e a cti v ati o n  m otifs.

S u c h i m m u n o m o d ul at or y a cti o ns h a v e als o b e e n o bs er v e d
wit h i n n at e i m m u n e s yst e m c ells.  T h us, li k e E S- 6 2, P C- b as e d
S M As 1 1 a a n d 1 2 b i n hi bit F c ϵ RI- m e di at e d si g n alli n g a n d
d e gr a n ul ati o n, as  w ell as pr oi n fl a m m at or y c yt o ki n e s e cr eti o n
FI G U R E 2 | E S- 6 2  P C- gl y c a n s s y nt h e si s.  D uri n g  m e di al  G ol gi pr o c e s si n g, a  Gl c N A c r e si d u e i s tr a n sf err e d t o t h e 3-li n k e d  m a n n o s e of t h e tri m a n n o s yl c or e.  P C i s

tr a n sf err e d t o t hi s a nt e n n ar y  Gl c N A c r e si d u e b y a n a s- y et u n c h ar a ct eri s e d tr a n sf er a s e. F urt h er  P C  m oi eti e s  m a y b e a d d e d t o a d diti o n al t er mi n al or c or e  Gl c N A c.
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FI G U R E 3 | E S- 6 2/ p h o s p h or yl c h oli n e ( P C) d e s e n siti s e s i m m u n e s y st e m c ell si g n alli n g i n vitr o. ( A) T h e  B c ell a nti g e n r e c e pt or ( B C R) si g n al s vi a I T A M- c o nt ai ni n g I ga /

b a c c e s s or y  m ol e c ul e s t o r e cr uit pr olif er ati v e si g n alli n g p at h w a y s li k e t h e E R K  M A P K c a s c a d e i n a t yr o si n e ki n a s e- d e p e n d e nt  m a n n er.  P C/ E S- 6 2 d e s e n siti s e s t h e

B C R b ot h b y r e cr uiti n g  S H P- 1 t o d e p h o s p h or yl at e I g b a n d u n c o u pl e d o w n str e a m si g n alli n g a n d b y i n d u ci n g  D U S P 2 d e p h o s p h or yl ati o n of t h e T E Y a cti v ati o n  m otif of

E R K 1/ 2. ( B) F c ϵ RI- m e di at e d d e gr a n ul ati o n r e q uir e s c al ci u m a n d  P K C a si g n alli n g  w hil st, at l e a st i n s o m e  m a st c ell s u b s et s, c yt o ki n e s e cr eti o n al s o r e q uir e s cr o s st al k

wit h  M y D 8 8 si g n alli n g a n d all of t h e s e el e m e nt s ar e t ar g et e d b y  P C/ E S- 6 2. ( C) T L R 4 h o m o di m er a n d T L R 1/ 2 h et er o di m er l o c at e d at t h e c ell s urf a c e o n d e n driti c

c ell s a n d  m a cr o p h a g e s si g n al t hr o u g h t h e a d a pt or pr ot ei n s TI R A P a n d  M y D 8 8 i n r e s p o n s e t o L P S a n d b a ct eri al li p o p e pti d e ( e. g.,  P A M 3 C S K 4 ) r e s p e cti v el y. T L R 9,

w hi c h r e s p o n d s t o u n m et h yl at e d c yt o si n e- p h o s p h at e- g u a ni n e ( C p G)  D N A, al s o si g n al s t hr o u g h  M y D 8 8.  M y D 8 8 sti m ul at e s  N F- k B r e g ul at e d pr oi n fl a m m at or y c yt o ki n e

pr o d u cti o n. E S- 6 2 a n d  P C- c o nj u g at e d pr ot ei n s s u b v ert T L R 4- M y D 8 8 si g n alli n g t o r e d u c e pr oi n fl a m m at or y c yt o ki n e s e cr eti o n i n r e s p o n s e t o T L R 1/ 2, T L R 4 a n d

T L R 9 li g ati o n.  S m all  m ol e c ul e a n al o g u e s 1 1 a a n d 1 2 b i nt er a ct dir e ctl y  wit h  M y D 8 8 t h er e b y si mil arl y i n hi biti n g c yt o ki n e pr o d u cti o n. T L R 3 si g n alli n g,  w hi c h i s  M y D 8 8-

i n d e p e n d e nt, i s n ot aff e ct e d b y t h e s e a nti-i nfl a m m at or y a g e nt s. E S- 6 2 i s i nt er n ali s e d b y  m a cr o p h a g e s a n d  m a y al s o dir e ctl y i nt er a ct  wit h  M y D 8 8 vi a it s  P C  m oi eti e s.
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
(Fi g u r e 3 B ) (3 9 – 4 2 ).  T his c a n i n p art b e e x pl ai n e d b y r e d u c e d
c al ci u m  m o bilis ati o n a n d pr ot ei n ki n as e  C al p h a ( P K C a ) pr ot ei n
e x pr essi o n, a cti o ns als o r e pr o d u c e d b y pr e-tr e at m e nt  wit h P C-
B S A ( 3 9 – 4 1 ).  M or e o v er, a nti g e n- pr es e nti n g c ells ( A P Cs) li k e
d e n driti c c ells a n d  m a cr o p h a g es, t h at e d u c at e a d a pti v e i m m u nit y
ar e als o d es e nsitis e d i n r es p o ns e t o E S- 6 2 a n d P C ( Fi g u r e 3 C )
(4 3 , 4 4 ).  T h us h er e, P C- o v al b u mi n a n d S M As ( 1 1 a, 1 2 b) i n hi bit
N F - k B m e di at e d p r o -i n fl a m m at o r y c yt o ki n e s e c r eti o n
sti m ul at e d vi a M y D 8 8- d e p e n d e nt t oll- li k e r e c e pt ors ( T L Rs;
T L R 4, L P S;  T L R 9,  C p G;  T L R 1/ 2 h et er o di m er, P A M 3 C S K 4 )
(4 3 – 5 0 ). E S- 6 2 als o s u pr ess es t h e s y n er gisti c  N F-k B- m e di at e d
pr o-i n fl a m m at or y c yt o ki n e s e cr eti o n o bs er v e d i n r es p o ns e t o
t h es e sti m uli  w h e n t est e d i n c o m bi n ati o n  wit h i nt erf er o n g a m m a
(I F N g ) (4 4 , 5 1 ). I n c o nt r a st,  T L R 3 si g n alli n g,  w hi c h i s
i n d e p e n d e nt of  M y D 8 8, is u n aff e ct e d b y P C- o v al b u mi n or E S-
6 2 ( 4 3 , 4 4 , 5 2 – 5 4 ).  T his s el e cti vit y r efl e cts t h at  M y D 8 8 pr ot ei n
e x pr essi o n is r e d u c e d i n t h e pr es e n c e of E S- 6 2 or S M As, 1 1 a  &
1 2 b ( 5 0 , 5 5 – 5 8 ) a n d as t his d o w nr e g ul ati o n is als o r e c a pit ul at e d
i n c ert ai n  m ast c ell s u bs ets (4 1 ) a n d l y m p h o c yt es (5 0 , 5 5 – 5 9 ), it
pr o vi d es a u nif yi n g pri m ar y t ar g et f or P C/ E S- 6 2 a cti o n i n
li miti n g c hr o ni c i nfl a m m at or y r es p o ns es.

P C, eit h er as p art of E S- 6 2 or att a c h e d t o o v al b u mi n, a p p e ars
t o “ si g n al” t hr o u g h  T L R 4 (4 3 , 4 4 ).  U nli k e L P S, t h e  m ost d efi n e d
T L R 4 li g a n d, P C  m ai nt ai ns its a cti vit y i n t h e c o nt e xt of a pr oli n e
t o histi di n e s u bstit uti o n at p ositi o n 7 1 2 o n t h e r e c e pt or (4 3 , 4 4 ,
6 0 , 6 1 ).  T his r esi d u e sits  wit hi n a c yt o pl as mi c d o m ai n r e q uir e d
f or i nt er a cti o n  wit h t h e si g n alli n g a d a pt or  M al (its elf r e q uir e d f or
T L R 4 i nt er a cti o n  wit h  M y D 8 8),  w hi c h s u g g ests P C si g n als
t hr o u g h a diff er e nt  m e c h a nis m t o L P S (6 2 , 6 3 ). I n d e e d, S M As
1 1 a a n d 1 2 b i nt er a ct dir e ctl y  wit h t h e  TI R d o m ai n of  M y D 8 8,
i n hi biti n g h o m o di m er f or m ati o n (5 6 ).  As E S- 6 2 is i nt er n alis e d i n
b ot h  m ast c ells a n d  m a cr o p h a g es, it is p ossi bl e t h at t h e p ar e nt
m ol e c ul e als o i nt er a cts  wit h  M y D 8 8 t hr o u g h its P C  m oi eti es
(4 0 , 6 4 ).

C o m pl e m e nt i s a n i n n at e  m e c h a ni s m t h at r e c o g ni s e s
mi cr o bi al P A M Ps a n d f a cilit at es  mi cr o bi ci d al a cti vit y; it is als o
i nt e ns el y a cti v at e d b y P C,  w hi c h h as b o u n d t o  C-r e a cti v e pr ot ei n
(6 5 – 6 8 ).  P C di r e ctl y att a c h e d t o p r ot ei n s al s o a cti v at e s
c o m pl e m e nt i n vit r o; b ut c o m pl e m e nt a cti v ati o n d r o p s
c o nsi d er a bl y  w h e n P C is att a c h e d at t h e e n d of eit h er s y nt h eti c
fl e xi bl e li n k ers, or i m p ort a ntl y, t o gl y c a ns s u c h as i n E S- 6 2 ( 6 9 ,
7 0 ).  T hi s f u n cti o n alit y  m a y b e n e fi t p a r a siti c w o r m s b y
s e q u est eri n g c o m p o n e nts of t h e c o m pl e m e nt c as c a d e, r es ulti n g
i n a l o w c o m pl e m e nt a cti v ati o n st at e.
P C I N  M U RI N E  M O D E L S  O F  DI S E A S E

P C o n t h e gl y c a ns of E S- 6 2 is als o a cti v e i n vi v o, f or e x a m pl e, it
alt ers t h e s u b cl ass of a nti b o d y pr o d u c e d i n r es p o ns e t o E S- 6 2 i n
mi c e, i n t h at r e m o v al of P C r es ults i n t h e g e n er ati o n of I g G 2 a
a nti b o di es t h at ar e a bs e nt  w h e n t h e i nt a ct  m ol e c ul e is e m pl o y e d
(7 1 ).  M or e o v er, e x pl ori n g t h e p ot e nti al of a p ot e nt a nti-
i nfl a m m at or y  m ol e c ul e li k e E S- 6 2 as a bi ol o gi c i nt er v e nti o n i n
h u m a n dis e as e h as b e e n d e p e n d e nt u p o n r o b ust pr e- cli ni c al
e v al u ati o n usi n g i n vi v o e x p eri m e nt ati o n. I n f a ct, E S- 6 2, a n d
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 5
t h e dr u g-li k e S M As r e pr es e nt t h e o nl y st a n d- al o n e n e m at o d e
P C- pr o d u ct s t h at h a v e b e e n t est e d i n vi v o, alt h o u g h t h e
s u p pr essi o n of r o d e nt art hritis b y A. s u u m e xtr a ct is s us p e ct e d
t o b e attri b ut e d t o a h o m ol o g o us P C- b e ari n g  m ol e c ul e (7 2 ).
T h es e tr e at m e nts h a v e b e e n d e m o nstr at e d t o b e s af el y t ol er at e d
t hr o u g h o ut t h e s u m m aris e d e x p eri m e nts b el o w,  wit h p ot e n c y
ill u st r at e d i n t h e r e s ol uti o n of a r a n g e of i nfl a m m at o r y
c o n diti o ns, irr es p e cti v e of p h e n ot y p e.

Art hriti s
T h e p erf or m a n c e of E S- 6 2 h as b e e n  m ost t h or o u g hl y d es cri b e d
i n t h e c oll a g e n-i n d u c e d art hritis ( CI A)  m o d el of r h e u m at oi d
art hritis,  w h er e it h as dis pl a y e d a p ot e nt a bilit y t o pr ot e ct a g ai nst
dis e as e d e v el o p m e nt  w h e n d eli v er e d pr o p h yl a cti c all y, a n d t o
a m eli or at e est a blis h e d  CI A  w h e n a d mi nist er e d t h er a p e uti c all y
(7 3 – 7 6 ). I n d u cti o n of  CI A i n  D B A/ 1  mi c e i nsti g at es arti c ul ar
i nfl a m m ati o n d o mi n at e d b y  T h 1 7 c ells ( 7 7 , 7 8 ) a n d cli ni c al
i n di c at ors of art hriti c dis e as e, i n cl u di n g p a w t hi c k n ess, er yt h e m a
a n d l oss of f u n cti o n, ar e r e d u c e d or a bs e nt i n E S- 6 2-tr e at e d  mi c e
(Fi g u r e 4 ),  wit h hist ol o gi c al a n al ys es c o nfi r mi n g pr ot e cti o n
a g ai n st t h e s y n o vi al  h y p e r pl a si a a n d c a rtil a g e e r o si o n
tr a diti o n all y s e e n i n t his c o n diti o n (7 3 ). I n c o m p aris o n t o
v e hi cl e c o ntr ols, E S- 6 2-tr e at e d  mi c e d e m o nstr at e a s k e wi n g
t o w ar ds I L- 1 0- pr o d u ci n g r e g ul at or y B c ell ( Br e g) p h e n ot y p es,
wit h a d o w nr e g ul ati o n i n eff e ct or c ells b e ari n g  C D 8 0,  C D 8 6 a n d
T L R 4/ M y D 8 8, a n d a dr a m ati c c urt aili n g of I L- 1 7 pr o d u cti o n b y
T h 1 7 a n d g d T c ells ( 5 8 , 7 3 ). F urt h er  m ol e c ul ar st u di es h a v e
pr o p os e d t h at i n r es ol vi n g  CI A, E S- 6 2 t ar g ets si g n alli n g c as c a d es
w hi c h dri v e eff e ct or  T c ell  mi gr ati o n a n d a cti v ati o n. S o m e w h at
u n e x p e ct e dl y, s u p pr essi o n of I L- 2 2 n e utr alis e d E S- 6 2 ’s j oi nt-
pr ot e cti v e eff e cts,  wit h t h e d at a s u g g esti n g d u al p at h o g e ni c a n d
pr ot e cti v e r ol es i n t h e i niti ati o n a n d est a blis h e d p h as es of dis e as e
f or t hi s c yt o ki n e: i n d e e d, e x p o s u r e t o  E S- 6 2 u p r e g ul at e d
pr ot e cti v e I L- 2 2 pr o d u cti o n b y g d T c ells ( 7 5 , 7 9 ).  M ost
r e c e ntl y, it h as b e c o m e cl e ar t h at t h e g ut- b o n e  m arr o w a xis of
i m m u n e r e g ul ati o n pl a ys a k e y r ol e i n E S- 6 2’s a nti-i nfl a m m at or y
a cti o ns,  wit h n or m alis ati o n of g ut  mi cr o bi ot a b ei n g ass o ci at e d
wit h p r o m oti o n of  B r e g s a n d s u p p r e s si o n of o st e o cl a st
diff er e nti ati o n ( 7 6 , 8 0 ).  Tr e at m e nt i n t h e  CI A  m o d el  wit h P C-
B S A, S M A 1 1 a or S M A 1 2 b als o si g ni fi c a ntl y s u p pr ess e d art hriti c
p at h ol o g y ( 5 0 , 5 5 ).  W hilst S M A 1 1 a a p p e ar e d t o  mi mi c t h e
s u p pr essi o n of I L- 1 7- p ol aris e d i nfl a m m ati o n, i nt er esti n gl y, S M A
1 2 b i nst e a d a p p e ar e d t o a ct pr e d o mi n a ntl y vi a r e d u cti o n of I L-
1 2 p 4 0 a n d I L- 1 b : t h us, t h es e S M As a p p e ar e d t o t ar g et diff er e nti al
d o w nstr e a m eff e ct ors of  M y D 8 8- N F- k B si g n alli n g.

S y st e mi c  L u p u s  Er yt h e m at o s u s ( S L E)
E S- 6 2 h as dis pl a y e d ef fi c a c y i n t w o s e p ar at e  m o d els of S L E-
i n d u c e d p at h ol o g y. I n c h ar a ct erisi n g t h e r e n al c o m p o n e nts of
di s e a s e  p r o g r e s si o n,  M R L / L p r mi c e r e c ei vi n g  E S - 6 2
d e m o n st r at e d a si g ni fi c a nt a n d c o n si st e nt r e d u cti o n i n
pr ot ei n uri a, c o u pl e d  wit h a r esist a n c e t o art hrit o g e n esis a n d
a nti - n u cl e a r a nti b o d y ( A N A ) p r o d u cti o n, e vi d e n c e d at
t er mi n ati o n (8 1 ). Pr ot e cti o n a g ai nst a ut oi m m u n e i nfl a m m ati o n
w as a g ai n ass o ci at e d  wit h i n cr e as e d I L- 1 0- pr o d u ci n g Br e gs i n t h e
ki d n e ys a n d s pl e e n. P C- b as e d S M As als o pr o v e d eff e cti v e i n t his
m o d el,  wit h b ot h i n hi biti n g I L- 6 r es p o ns es b ut  w hilst 1 2 b  w as
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
m or e eff e cti v e i n pr e v e nti n g  A N A d e p ositi o n, 1 1 a  w as  m or e
p ot e nt i n s u p pr essi n g pr ot ei n uri a ( 5 9 ).

I n t h e Gl d . a p o E-/-m o d el of a c c el er at e d at h er os cl er osis i n l u p us
(8 2 ),  mi c e  m ai nt ai n e d o n a  W est er n-st yl e hi g h c h ol est er ol di et
w er e c o nti n u o usl y d eli v er e d E S- 6 2 b y os m oti c p u m p t o  mi mi c
s er u m l e v els d uri n g a cti v e i nf e cti o n ( 8 3 ).  At t er mi n ati o n,
e x a mi n ati o n of a ort a e r e v e al e d a dr a m ati c E S- 6 2- m e di at e d
r e d u cti o n i n l esi o n ar e a ( a p pr o xi m at el y 6 0 %),  w hi c h  w as
a s s o ci at e d  wit h a d e c r e a s e i n c oll a g e n d e p o siti o n a n d
m a cr o p h a g e fre q u e n c y.  C h ol est e r ol l e vels a n d l y m p h a d e n o p at h y
r e m ai n e d u n c h a n g e d.  Disti n ct, b ut n o n-si g ni fi c a nt, tr e n ds i n
gl o m er ul ar c ell ul arit y a n d pr ot ei n uri a  w er e als o d et e ct e d.  Of
n ot e, t h e t h er a p e uti c eff e cts i n E S- 6 2-tr e at e d  mi c e  w er e n ot
attri b ut a ble t o g e ner ati o n of a nti b o di es t o E S- 6 2 ’s P C  m oieti es
d es pit e r e c e nt fi n di n gs t h at s u c h a nti b o di es,  w hi c h cr oss-r e a ct  wit h
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 6
P C- c o nt ai ni n g o xi dis e d l o w- d e nsit y li p o pr ot ei ns,  m a y pr e v e nt
at h er os cl er osis b y i n hi biti n g li p o pr ot ei n u pt a k e b y  m a cr o p h a g es
(s e e b el o w).

A st h m a
I nfl a m m at or y d a m a g e i n o v al b u mi n ( O V A)-i n d u c e d air w a y
h y p err es p o nsi v e n ess, a  m o us e  m o d el of ast h m a, is a bl at e d b y
pr o p h yl a cti c a d mi nistr ati o n of E S- 6 2 ( 4 0 , 8 4 ).  A d mi nistr ati o n of
E S- 6 2 r o b ustl y i n hi bit e d e osi n o p hil, n e utr o p hil, a n d l y m p h o c yt e
i nfi ltr ati o n u p o n i nfl a m m at or y c h all e n g e ( Fi g u r e 4 ).  T his is
ass o ci at e d  wit h a s u p pr essi o n of  T h 2-li k e r es p o ns es,  wit h
si g nifi c a nt r e d u cti o ns i n I L- 4 i n l u n g tiss u e at t er mi n ati o n, a n d
d o w nr e g ul ati o n of I L- 1 3 a n d I L- 5 a n d u pr e g ul ati o n of I F N g
pr o d u cti o n i n e x vi v o dr ai ni n g l y m p h n o d e c ult ur es. I n cr e as e d
e x pr essi o n of t h e r e g ul at or y  T c ell  m ar k er F O X P 3  w as n ot
FI G U R E 4 | E S- 6 2/ P C- m e c h a ni s m of a cti o n i n c oll a g e n-i n d u c e d art hriti s a n d o v al b u mi n-i n d u c e d air w a y h y p err e s p o n si v e n e s s. I n c oll a g e n i n d u c e d art hriti s ( CI A),

d uri n g t h e i niti ati o n p h a s e, g d T c ell s a n d T h el p er ( T h) 1 7 c ell s s e cr et e i nt erl e u ki n (I L)- 1 7 a n d I L- 2 2 c a u si n g j oi nt p at h ol o g y.  B y c o ntr a st, d uri n g e st a bli s h e d di s e a s e I L-

2 2 a ct s t o li mit p at h ol o g y, i n di c ati n g t h at t hi s c yt o ki n e pl a y s d u al p at h o g e ni c a n d pr ot e cti v e r ol e s i n  CI A. Tr e at m e nt  wit h E S- 6 2 or s m all  m ol e c ul e a n al o g u e ( S M A)

1 1 a i n hi bit s I L- 1 7 pr o d u cti o n a n d E S- 6 2 pr o m ot e s pr ot e cti v e I L- 2 2 pr o d u cti o n a s  w ell a s r e st ori n g r e g ul at or y  B c ell ( Br e g) r e s p o n s e s t o c o u nt er p at h o g e ni c eff e ct or

B c ell ( B eff) r e s p o n s e s i n cl u di n g c oll a g e n- s p e ci fi c I g G 2 a pr o d u cti o n, t h er e b y s u b st a nti all y r e d u ci n g art hriti s. I n o v al b u mi n-i n d u c e d air w a y h y p err e s p o n si v e n e s s ( A H R),

i nfl a m m at or y i m m u n e s y st e m c ell s s u c h a s e o si n o p hil s a n d n e utr o p hil s i n fi ltr at e t h e l u n g s, g e n er ati n g I L- 4 pr o d u cti o n, a n d a T h 2 a nti-i nfl a m m at or y i m m u n ol o gi c al

p h e n ot y p e i s e vi d e nt i n i m m u n e c ell s i n dr ai ni n g l y m p h n o d e s a s t h e c ell s s e cr et e I L- 5 a n d I L- 1 3 u p o n r e- sti m ul ati o n e x vi v o . E S- 6 2 a n d  S M A a d mi ni str ati o n r e d u c e

t h e i nfi ltr ati o n of i nfl a m m at or y i m m u n e c ell s a n d t h e f or m er h a s al s o b e e n s h o w n t o i n hi bit t h e e x vi v o pr o d u cti o n of I L- 5 a n d I L- 1 3.  M or e o v er, E S- 6 2- a cti vit y i n t hi s

m o d el h a s b e e n f o u n d t o b e d e p e n d e nt o n I F N- g a n d i n a d diti o n, si mil ar t o  CI A, t h e h el mi nt h pr o d u ct i n cr e a s e s I L- 1 0- pr o d u ci n g  Br e g s.
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
o bs er v e d i n E S- 6 2-tr e at e d  mi c e, i n c o ntr ast  wit h t h e  m e c h a nis m
r e p ort e d f or ot h er h el mi nt h  m ol e c ul es i n s u p pr essi n g t h e  O V A-
i n d u c e d ast h m a  m o d el (8 5 , 8 6 ). S u b c ut a n e o us tr e at m e nt  wit h
S M As 1 1 a or 1 2 b i n d u c e d a si mil arl y pr ot e cti v e p h e n ot y p e,
ass o ci at e d  wit h a disti n ct r e d u cti o n i n l u n g n e utr o p hil a n d
m ast c ell p o p ul ati o ns a n d i n t h e c hr o ni c  m o d el of ast h m a,
s u c h pr ot e cti o n  w as ass o ci at e d  wit h a d e cr e as e i n l u n g  M y D 8 8
l e v els a n d a n i n cr e as e i n s pl e ni c Br e gs (8 7 ).  T h er e  w as a g ai n n o
i n di c ati o n of a n y el e v ati o n i n F O X P 3 or  Tr e g r es p o ns es.

Fi br oti c  L u n g  Di s e a s e
S M As 1 2 b a n d 1 1 a h a v e als o p erf or m e d str o n gl y i n t h e L P S- a n d
bl e o m y ci n-i n d u c e d  m o d els of fi br oti c l u n g dis e as e, r e d u ci n g
c oll a g e n d e p ositi o n, str u ct ur al c orr u pti o n a n d c ell i n fi ltr ati o n
t o l e v els c o m p ar a bl e  wit h t h e d e x a m et h as o n e c o ntr ol (8 8 ).  T w o
a d diti o n al S M As d eri v e d fr o m 1 1 a ( 1 6 b a n d  AI K- 2 9/ 6 2)  w er e
als o t est e d, a n d dis pl a y e d a si mil ar p ot e n c y i n r e d u cti o n of
c oll a g e n d e p ositi o n a n d l u n g tiss u e  w ei g ht at t er mi n ati o n.

D er m atiti s
T h e eff e ct of E S- 6 2 o n  m ast c ell f u n cti o n  w as als o ass ess e d i n t h e
o x a z ol o n e s e nsitis ati o n  m o d e l of s ki n h y p ers e nsiti vit y (4 0 ).
Tr e at e d  mi c e dis pl a y e d a 6 0- 7 0 % r e d u cti o n i n e ar s w elli n g,
w hi c h c orr el at e d  wit h a n a bs e n c e of  T N F a , I L- 3, a n d I L- 6
m R N A.  D e gr a n ul ati o n of  m ast c ells c a pt ur e d fr o m s e nsitis e d
a n d c h all e n g e d  mi c e tr e at e d  wit h E S- 6 2  w as als o i n hi bit e d e x
vi v o , alt h o u g h n o r e d u cti o n i n F cϵ RI e x pr essi o n  w as d et e ct a bl e,
i m pl yi n g a n i nt erf er e n c e i n t h e a cti v ati o n c as c a d e i n t h e
g e n er ati o n of t h es e eff e cts.  Tr e at m e nt  wit h S M As 1 1 a a n d 1 2 b
si mil arl y s u pr ess es e ar t hi c k e ni n g i n t his  m o d el,  wit h r e d u cti o ns
of u p t o 8 2 % b ei n g  m e as ur e d i n c o m p aris o n t o t h e n e g ati v e
c o ntr ol ( 5 0 ). I nt er esti n gl y, n o r e d u cti o n i n  T N Fa or I L- 6  m R N A
w as d et e ct e d, s u g g esti n g t h at i n t his  m o d el t h e S M As  m a y s h o w
s o m e diff er e n c es i n  m e c h a nis m t o n ati v e E S- 6 2.

O b e sit y - A c c el er at e d  A g ei n g
I n t his  m ost r e c e nt st u d y,  Cr o w e et al. (8 9 ) r e p ort t h e eff e cts of
E S- 6 2 a d mi nistr ati o n o n a g ei n g-i n d u c e d ill h e alt h, i n t h e c o nt e xt
of  mi c e b ei n g f e d a hi g h c al ori e ‘W est er nis e d ’ di et t hr o u g h o ut
lif e. E S- 6 2  w as s h o w n t o pr ot e ct a g ai nst a g ei n g-r el at e d li v er
fi br osis,  wit h c oll a g e n d e p ositi o n s e v er el y li mit e d i n b ot h  m al e
a n d f e m al e E S- 6 2- mi c e u p t o 5 0 0 d a ys of a g e.  Tr e at m e nt  wit h a
c o m bi n e d d os e of S M As 1 1 a a n d 1 2 b als o s h o w e d pr ot e cti o n
a g ai nst li v er fi br osis, p arti c ul arl y i n f e m al e  mi c e,  w hilst  m al e
mi c e  w er e n ot e d t o e x p eri e n c e r e d u c e d  m et a b oli c d ysr e g ul ati o n
o v er a ti m e c o urs e of s o m e 3 4 0 d a ys ( 9 0 ). I nt er esti n gl y, i n  m al e,
b ut n ot f e m al e  mi c e, tr e at m e nt  wit h E S- 6 2 e xt e n d e d t h e  m e di a n
lif es p a n, i n hi bit e d l at e- a g ei n g  w ei g ht l oss, a n d si g nifi c a ntl y
r e d u c e d a g e - r el at e d il e al a n d c ol o ni c e r o si o n,  w hil st
n or m alisi n g g ut  mi cr o bi ot a.

T y p e 1  Di a b et e s,  M ulti pl e  S cl er o si s
a n d  C oliti s
It s h o ul d b e n ot e d t h at E S- 6 2 a n d its P C- b as e d S M A S d o n ot
r es ol v e all c hr o ni c i nfl a m m at or y r es p o ns es, f aili n g t o aff or d
pr ot e cti o n i n  m o us e  m o d els o f  T y p e 1 di a b et es,  m ulti pl e
s cl er osis a n d c olitis (9 1 ).
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 7
S E R E N DI PI T O U S I N D U C TI O N  O F
A N TI -I N F L A M M A T O R Y  A N TI B O DI E S

A nti- P C a nti b o di es h a v e b e e n f o u n d t o r e d u c e i n fl a m m ati o n i n
is c h e mi c  m o us e  m o d els a n d ar e pl e ntif ul i n h u m a n s u bj e cts at
l o w ris k of at h er os cl er osis (9 2 – 9 4 ). I n a d diti o n, i n t h e c o nt e xt of
r h e u m ati c dis e as e, a n i n v ers e c orr el ati o n b et w e e n a nti- P C
a nti b o di es a n d, or g a n d a m a g e a n d dis e as e a cti vit y i n S L E
p ati e nts h as b e e n d e m o nstr at e d ( 9 5 , 9 6 ).  Alt h o u g h t h e e x a ct
m e c h a nis m(s) u n d erl yi n g t h e pr ot e cti v e eff e cts of a nti- P C
a nti b o di es is still u n d er i n v esti g ati o n, a nti-i n fl a m m at or y a n d
c ar di o pr ot e cti v e b e n e fi ts of a nti- P C a nti b o di es i n S L E a n d als o
Sj ö gr e n ’s s y n dr o m e a n d  mi x e d c o n n e cti v e tiss u e dis e as e ar e
ass o ci at e d  wit h r e g ul at or y  T c ell p ol aris ati o n, o xi dis e d l o w
d e nsit y li p o pr ot ei n u pt a k e i n hi biti o n a n d e n h a n c e d a p o pt oti c
c ell cl e ar a n c e ( 9 6 – 9 9 ). I nt er esti n gl y, I g M a nti- P C a nti b o di es ar e
gr e atl y i n cr e as e d i n r es p o ns e t o E S- 6 2 i n  m uri n e  m o d els of l u p us
a n d i n hi g h c al ori e di et ( H C D)-f e d  mi c e ( 8 2 , 8 9 ).  T h es e
a nti b o di es  w er e n ot cr oss-r e a c ti v e t o o xi dis e d l o w d e nsit y
li p o pr ot ei n n or c o nf or m e d t o t h e  T 1 5 i di ot y p e ( c h ar a ct eristi c
of  m ost of t h e pr ot e cti v e a nti- P C a nti b o di es r e p ort e d) ( 8 2 , 9 3 ,
1 0 0 , 1 0 1 ).  N e v ert h el ess,  m a c hi n e l e ar ni n g i d e ntifi e d a nti- P C I g M
l e v els as t h e b est pr e di ct or of eff e cti v e E S- 6 2 tr e at m e nt i n  H C D-
f e d  mi c e (8 9 ).  T h us, o v er all, it  w o ul d p er h a ps b e pr e m at ur e t o
r ul e o ut a pr ot e cti v e r ol e f or E S- 6 2-i n d u c e d a nti- P C a nti b o di es
i n t er ms of pr ot e cti n g t h e h ost a g ai nst o b esit y- a c c el er at e d a g ei n g
at t his st a g e.  Als o of i nt er est, n at ur al I g M a nti b o di es a p p e ar t o
pr o m ot e a r e g ul at or y p h e n ot y p e of B c ells,  w hi c h t h e n r e d u c e
i nfl a m m ati o n i n vi v o (1 0 2 ).  N at ur al a nti b o di es ar e s e cr et e d b y B 1
B c ells i n d e p e n d e ntl y of  T c ell sti m ul ati o n, h a v e li mit e d di v ersit y
a n d r e c o g nis e  m ulti pl e a nti g e ns ( 1 0 3 – 1 0 7 ). I n d e e d, E S- 6 2
sti m ul at es B 1 B c ell a cti v ati o n i n vi v o a n d i n cr e as es r e g ul at or y
B c ell n u m b ers i n s e v er al i n vi v o m o d els ( 7 4 , 7 6 , 8 1 , 8 7 , 1 0 8 ).
C O N C L U SI O N  A N D F U T U R E  DI R E C TI O N S

I n c r e asi n gl y s o p histi c at e d a n al yti c al p r o c e d ur es ar e b ei n g
a p pli e d t o t h e el u ci d ati o n of t h e str u ct ur e of n e m at o d e P C-
c o nt ai ni n g gl y c o c o nj u g at e s.  T hi s h a s r e v e al e d a g e n e r al
u nif or mit y a cr oss t h e n e m at o d e p h yl u m a n d als o t h at t h es e
n o v el c ar b o h y dr at e str u ct ur es  m a y h a v e n ot o n e, b ut  m ulti pl e,
P C gr o u ps att a c h e d. P C- c o nt ai ni n g n e m at o d e gl y c o c o nj u g at es
p oss ess i m m u n o m o d ul at or y p r o p erti es s u c h t h at t h e y ar e
p ot e nti all y t h er a p e uti c b ut f ull e x pl oit ati o n of t his  wit h r es p e ct
t o P C- c o nt ai ni n g gl y c o pr ot ei ns s u c h as E S- 6 2 is h a n di c a p p e d b y
a n i n a bilit y t o pr o d u c e f ull y a cti v e r e c o m bi n a nt f or ms, as n o
c o n v e ni e nt pr ot ei n e x pr essi o n s yst e m e xists t h at e n c o d es t h e
( u ni d e ntifi e d) r e q uisit e P C tr a nsf er as e e n z y m e ( 1 0 9 – 1 1 2 ). P C-
b as e d S M As c a n alt er n ati v el y cir c u m v e nt t his pr o bl e m a n d  m a y
r e pr es e nt t h e f or m i n  w hi c h a cti v e n e m at o d e  m ol e c ul es  m a k e it t o
t h e cli ni c.  At t h e s a m e ti m e, t hr e e iss u es  w hi c h r e m ai n t o b e
r es ol v e d ar e: (i) i n cr e as e d u n d erst a n di n g of t h e  m ol e c ul ar
c o m pl e xit y u n d e rl yi n g t h e r a n g e of i m m u n o m o d ul at o r y
a cti viti es of s e cr et e d P C- c o nt ai ni n g pr ot ei ns li k e E S- 6 2. F or
e x a m pl e,  w e h a v e l e ar n e d of h o w E S- 6 2 is r eli a nt o n e x pr essi o n
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
of  T L R 4 f or P C- d e p e n d e nt a cti vit y a g ai nst  m a cr o p h a g es a n d
d e n driti c c ells ( 4 6 ), b ut it a p p e ars t h at a d diti o n al r e c e pt ors  m a y
e xist i n c ells s u c h as l y m p h o c yt es  wit h  w hi c h E S- 6 2 c a n i nt er a ct i n
a P C- d e p e n d e nt  m a n n er ( 6 6 ).  M or e o v er, E S- 6 2’s  m o d ul ati o n of
i m m u n e c ell f u n cti o n c a n b e ass o ci at e d  wit h eff e cts o n  m ulti pl e
c ell si g n alli n g p at h w a ys, e. g., i n  m ast c ells, E S- 6 2 i m p a cts o n cr oss
t al k a m o n gst  T L R 4-, S T 2- a n d F cϵ RI- d e p e n d e nt p at h w a ys ( 1 1 3 ),
hi g hli g hti n g t h e l e v el of c o m pl e xit y t h at  m a y n e e d t o b e diss e ct e d.
(ii) a gr e at er u n d erst a n di n g of t h e f u n cti o n of P C- gl y c o c o nj u g at es
f o u n d as i nt er n al r at h er t h a n s e cr et e d pr o d u cts of n e m at o d es –
t his is u nli k el y t o r el at e t o i m m u n o m o d ul ati o n b e c a us e as
d es cri b e d e arli er t h e str u ct ur es ar e f o u n d  wit hi n fr e e-li vi n g
s p e ci es i n a d diti o n t o p ar asiti c s p e ci es.  O n e p ossi bilit y r el at es t o
gr o wt h a n d d e v el o p m e nt.  C o nsist e nt  wit h t his, c h e mi c al bl o c k a g e
of pr o d u cti o n of P C- c o nt ai ni n g gl y c os p hi n g oli pi ds b y t ar g eti n g
e n z y m e s u p st r e a m of  P C a d diti o n i m p ai r s e m b r y o ni c
d e v el o p m e nt i n C. el e g a ns , alt h o u g h a dir e ct r ol e f or P C h as
n ot b e e n s h o w n ( 1 1 4 ). (iii) t h e i d e ntit y of t h e af or e m e nti o n e d
n e m at o d e e n z y m e  w hi c h tr a nsf ers P C t o c ar b o h y dr at e – as s u c h
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 8
str u ct ur es ar e a bs e nt fr o m  m a m m als, t his e n z y m e if i d e nti fi e d
c o ul d off er a p ot e nti al n o v el dr u g t ar g et. I nt er esti n gl y,  w e h a v e
s h o w n pr e vi o usl y t h at e n z y m es a cti n g u pstr e a m of t h e P C
tr a nsf er as e i n C. el e g a ns c a n b e k n o c k e d d o w n b y  R N Ai a n d
t h at t his r es ults i n r e d u c e d tr a nsf er of P C t o pr ot ei ns (1 1 5 ).  W e
b eli e v e t his a p pr o a c h c o ul d b e e m pl o y e d i n i n v esti g ati n g t h e
i d e ntit y of t h e P C tr a nsf er as e  w h e n a p pli e d t o g e n es of li k el y
r el at e d f u n cti o n b as e d o n s e q u e n c e h o m ol o g y i n n e m at o d e
g e n o m es. Si mil arl y,  C RI S P R ( 1 1 2 ) k n o c k d o w n of p ot e nti al
r el at e d g e n es off ers a  m or e r e c e nt b ut si mil ar a p pr o a c h, as d o
pr ot e o mi cs a p pr o a c h es f o c usi n g o n t h e sit e of P C tr a nsf er, t h e
G ol gi.  Of b e n e fi t t o t h es e a n al ys es s h o ul d b e a n i n vitr o ass a y of
P C tr a nsf er as e a cti vit y d e v el o p e d b y  Ci p oll o a n d c oll e a g u es ( 3 3 ).
A U T H O R  C O N T RI B U TI O N S
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t o P h os p h o c h oli n e f or I m m u n o di a g n osis. J I m m u n ol ( 1 9 8 7) 1 3 8: 3 4 5 4.

8.  M ai z els  R M, B ur k e J,  D e n h a m  D A. P h os p h or yl c h oli n e- B e ari n g  A nti g e ns i n

Fil a ri al  N e m at o d e  P ar asit e s:  A n al y si s of S o m ati c  E xt r a ct s, i n- Vit r o

S e c r eti o ns a n d I nf e cti o n S er a Fr o m  B r u gi a  M al a yi a n d  B.  P a h a n gi.

P ar asit e I m m u n ol ( 1 9 8 7) 9: 4 9– 6 6. d oi: 1 0. 1 1 1 1/j. 1 3 6 5- 3 0 2 4. 1 9 8 7.t b 0 0 4 8 8. x

9.  W eiss  N, v a n  D e n E n d e  M C,  Al bi e z EJ, B ar bi er o  V K, F ors yt h  K, Pri n c e  A M.

D et e cti o n of S er u m  A nti b o di es a n d  Cir c ul ati n g  A nti g e ns i n a  C hi m p a n z e e

E x p eri m e nt all y I nf e ct e d  Wit h  O n c h o c er c a  V ol v ul us. Tr a ns  R S oc  Tr o p  M e d

H y g ( 1 9 8 6) 8 0: 5 8 7– 9 1. d oi: 1 0. 1 0 1 6/ 0 0 3 5- 9 2 0 3( 8 6) 9 0 1 5 0- 1

1 0.  W e n g er J D, F ors yt h  K P,  K a z ur a J W. I d e nti fi c ati o n of P h os p h or yl c h oli n e

E pit o p e- C o nt ai ni n g  A nti g e ns i n Br u gi a  M al a yi a n d  R el ati o n of S er u m

E pit o p e L e v els t o I nf e cti o n St at us of Jir ds  Wit h Br u gi a n Fil ari asis. A m J

Tr o p  M e d  H y g ( 1 9 8 8) 3 8: 1 3 3– 4 1. d oi: 1 0. 4 2 6 9/ ajt m h. 1 9 8 8. 3 8. 1 3 3

1 1.  H ar n ett  W,  W or ms  MJ,  K a pil  A,  Gr ai n g er  M, P ar k h o us e  R M E.  Ori gi n,

Ki n eti cs of  Cir c ul ati o n a n d F at e I n  Vi v o of t h e  M aj or E x cr et or y – S e cr et or y

Pr o d u ct of  A c a nt h o c h eil o n e m a  Vit e a e. P ar asit ol o g y ( 1 9 8 9) 9 9: 2 2 9– 3 9. d oi:

1 0. 1 0 1 7/ S 0 0 3 1 1 8 2 0 0 0 0 5 8 6 8 6

1 2.  H asl a m S M,  H o ust o n  K M,  H ar n ett  W,  R e as o n  AJ,  M orris  H R,  D ell  A.

Str u ct ur al St u di es of  N- Gl y c a ns of Fi l ari al P ar asit es.  C o ns er v ati o n of
P h os p h or yl c h oli n e- S u bstit ut e d  Gl y c a ns  A m o n g S p e ci es a n d  Dis c o v er y of

N o v el  C hit o- Oli g o m ers. J Bi ol  C h e m ( 1 9 9 9) 2 7 4: 2 0 9 5 3– 6 0. d oi: 1 0. 1 0 7 4/

j b c. 2 7 4. 3 0. 2 0 9 5 3

1 3.  W u hr er  M,  Ri c k h off S,  D e n nis  R D, L o c h nit  G, S o b osl a y P T, B a u m eist er S,

et al. P h os p h o c h oli n e- C o nt ai ni n g,  Z witt eri o ni c  Gl y c os p hi n g oli pi ds of

A d ult  O n c h o c er c a  V ol v ul us as  Hi g hl y  C o ns er v e d  A nti g e ni c Str u ct ur es of

P ar asiti c  N e m at o d es. Bi oc h e m J ( 2 0 0 0) 3 4 8 Pt 2: 4 1 7– 2 3. d oi: 1 0. 1 0 4 2/

bj 3 4 8 0 4 1 7

1 4.  D e e h a n  M R,  G o o dri d g e  H S, Bl air  D, L o c h nit  G,  D e n nis  R D,  G e y er  R, et al.

I m m u n o m o d ul at or y Pr o p erti es of  Asc aris S u u m  Gl y c os p hi n g oli pi ds –

P h o s p h o r yl c h oli n e a n d  N o n - P h o s p h o r yl c h oli n e - D e p e n d e nt  Eff e ct s.

P ar asit e I m m u n ol ( 2 0 0 2) 2 4: 4 6 3– 9. d oi: 1 0. 1 0 4 6/j. 1 3 6 5- 3 0 2 4. 2 0 0 2. 0 0 4 8 9. x

1 5. P öltl  G,  K er n er  D, P as c hi n g er  K,  Wils o n I B.  N- Gl y c a ns of t h e P or ci n e

N e m at o d e P ar asit e  As c aris S u u m  Ar e  M o di fi e d  Wit h P h os p h or yl c h oli n e

a n d  C or e F u c os e  R esi d u es. F E B S J ( 2 0 0 7) 2 7 4: 7 1 4– 2 6. d oi: 1 0. 1 1 1 1/j. 1 7 4 2-

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

1 6.  H e wits o n J P,  H ar c us  Y M,  C ur w e n  R S,  D o wl e  A A,  At m a dj a  A K,  As ht o n P D,

et al.  T h e S e cr et o m e of t h e Fil ari al P ar asit e, Br u gi a  M al a yi: Pr ot e o mi c Pr o fi l e

of  A d ult E x cr et or y- S e cr et or y Pr o d u cts. M ol Bi oc h e m P ar asit ol ( 2 0 0 8) 1 6 0: 8–

2 1. d oi: 1 0. 1 0 1 6/j. m ol bi o p ar a. 2 0 0 8. 0 2. 0 0 7

1 7.  M arti ni F, E c k m air B, S ť ef a ni c S, Ji n  C,  G ar g  M,  Y a n S, et al.  Hi g hl y  M o di fi e d

a n d I m m u n o a cti v e  N- Gl y c a ns of t h e  C a ni n e  H e art w or m. N at  C o m m u n

( 2 0 1 9) 1 0: 7 5. d oi: 1 0. 1 0 3 8/s 4 1 4 6 7- 0 1 8- 0 7 9 4 8- 7

1 8.  H ar n ett  W,  H o ust o n  K M,  T at e  R,  G ar at e  T,  A pf el  H,  A d a m  R, et al.

M ol e c ul ar  Cl o ni n g a n d  D e m o nstr ati o n of a n  A mi n o p e pti d as e  A cti vit y i n a

Fil ari al  N e m at o d e  Gl y c o pr ot ei n. M ol Bi oc h e m P ar asit ol ( 1 9 9 9) 1 0 4: 1 1– 2 3.

d oi: 1 0. 1 0 1 6/ S 0 1 6 6- 6 8 5 1( 9 9) 0 0 1 1 3- 9
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1 0. 1 0 1 7/ S 0 0 3 1 1 8 2 0 0 2 0 0 1 9 2 0

2 0.  H ar n ett  W,  H o ust o n  K M,  A m ess  R,  W or ms  MJ.  A c a nt h o c h eil o n e m a  Vit e a e:

P h os p h or yl c h oli n e Is  Att a c h e d t o t h e  M aj or E x cr et or y- S e cr et or y Pr o d u ct vi a

a n  N- Li n k e d  Gl y c a n. E x p P ar asit ol ( 1 9 9 3) 7 7: 4 9 8– 5 0 2. d oi: 1 0. 1 0 0 6/

e x pr. 1 9 9 3. 1 1 1 3
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t o a  M aj or E x cr et or y- S e cr et or y Pr o d u ct of  A c a nt h o c h eil o n e m a  Vit e a e  Usi n g

T u ni c a m y ci n. J P ar asit ol ( 1 9 9 6) 8 2: 3 2 0– 4. d oi: 1 0. 2 3 0 7/ 3 2 8 4 1 6 9

2 2.  H asl a m S M,  K h o o  K- H,  H o ust o n  K M,  H ar n ett  W,  M orris  H R,  D ell  A.

C h a r a ct e ri s ati o n of t h e  P h o s p h o r yl c h oli n e - C o nt ai ni n g  N - Li n k e d

Oli g os a c c h ari d es i n t h e  E x cr et or y- S e cr et or y 6 2 k D a  Gl y c o pr ot ei n of

A c a nt h o c h eil o n e m a  Vit e a e. M ol Bi oc h e m P ar asit ol ( 1 9 9 7) 8 5: 5 3– 6 6. d oi:

1 0. 1 0 1 6/ S 0 1 6 6- 6 8 5 1( 9 6) 0 2 8 0 7- 1
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B uitr a g o et al. N e m at o d e  P h o s p h or yl c h oli n e- Gl y c o c o nj u g at e s
2 3.  N ort h SJ, B ot c h w a y  K,  D o o n a n J, L u m b F E,  D ell  A,  H ar n ett  W, et al. Sit e-

S p e ci fi c  Gl y c o pr ot e o mi c  C h ar a ct eri z ati o n of E S- 6 2:  T h e  M aj or S e cr et e d

Pr o d u ct of t h e P ar asiti c  W or m  A c a nt h o c h eil o n e m a  Vit e a e. Gl yc o bi ol o g y

( 2 0 1 9) 2 9: 5 6 2– 7 1. d oi: 1 0. 1 0 9 3/ gl y c o b/ c w z 0 3 5

2 4.  M or ell e  W,  H asl a m S M,  Oli vi er  V,  A p pl et o n J A,  M orris  H R,  D ell  A.

P h o s p h o r yl c h oli n e - C o nt ai ni n g  N - G l y c a n s of  T ri c hi n ell a S pi r ali s:

I d e ntifi c ati o n of  M ulti a nt e n n ar y l a c di N A c Str u ct ur es. Gl yc o bi ol o g y ( 2 0 0 0)

1 0: 9 4 1 – 5 0. d oi: 1 0. 1 0 9 3/ gl y c o b/ 1 0. 9. 9 4 1

2 5.  Wils o n I B H, P as c hi n g er  K. S w e et S e cr ets of a  T h er a p e uti c  W or m:  M ass-

S p e ctr o m etri c  N- Gl y c o mi c  A n al ysis of  Tri c h uris S uis. A n al Bi o a n al  C h e m

( 2 0 1 6) 4 0 8: 4 6 1– 7 1. d oi: 1 0. 1 0 0 7/s 0 0 2 1 6- 0 1 5- 9 1 5 4- 8

2 6.  H a n n e m a n  AJ,  R os a J C,  As hli n e  D,  R ei n h ol d  V N. Is o m er a n d  Gl y c o m er

C o m pl e xiti es of  C or e  Gl c N A cs i n  C a e n or h a b ditis El e g a ns. Gl yc o bi ol o g y

( 2 0 0 6) 1 6: 8 7 4– 9 0. d oi: 1 0. 1 0 9 3/ gl y c o b/ c wl 0 1 1

2 7.  Y a n S,  Wils o n I B, P as c hi n g er  K.  C o m p aris o n of  R P- H P L C  M o d es t o  A n al ys e

t h e  N- Gl y c o m e of t h e Fr e e- Li vi n g  N e m at o d e  Pristi o n c h us  P a cifi c us.

El ectr o p h or esis ( 2 0 1 5) 3 6: 1 3 1 4– 2 9. d oi: 1 0. 1 0 0 2/ el ps. 2 0 1 4 0 0 5 2 8

2 8.  G e r dt S,  D e n ni s  R D,  B or g o ni e  G, S c h n a b el  R,  G e y er  R. I s ol ati o n,

C h ar a ct eri z ati o n a n d I m m u n ol o c ali z ati o n of P h os p h or yl c h oli n e- S u bstit ut e d

Gl y c oli pi ds i n  D e v el o p m e nt al St a g es of  C ae n or h a b ditis El e g a ns. E ur J Bi oc h e m

( 1 9 9 9) 2 6 6: 9 5 2– 6 3. d oi: 1 0. 1 0 4 6/j. 1 4 3 2- 1 3 2 7. 1 9 9 9. 0 0 9 3 7. x

2 9.  Gr a bit z ki J,  A hr e n d  M, S c h a c ht er  H,  G e y er  R, L o c h nit  G.  T h e P C o m e of

C a e n o r h a b diti s  El e g a n s a s a  P r ot ot y pi c  M o d el S y st e m f o r  P a r a siti c

N e m at o d es: I d e nti fi c ati o n of P h os p h or yl c h oli n e- S u bstit ut e d Pr ot ei ns. M ol

Bi oc h e m P ar asit ol ( 2 0 0 8) 1 6 1: 1 0 1– 1 1. d oi: 1 0. 1 0 1 6/j. m ol bi o p ar a. 2 0 0 8. 0 6. 0 1 4

3 0.  H o ust o n  K M, L o c h nit  G,  G e y er  R,  H ar n ett  W. I n v esti g ati o n of t h e  N at ur e of

P ot e nti al P h os p h or yl c h oli n e  D o n ors f or Fil ari al  N e m at o d e  Gl y c o c o nj u g at es.

M ol Bi oc h e m P ar asit ol ( 2 0 0 2) 1 2 3: 5 5– 6 6. d oi: 1 0. 1 0 1 6/ S 0 1 6 6- 6 8 5 1( 0 2)

0 0 1 3 4- 2

3 1.  Ci p oll o J F,  A w a d  A,  C ost ell o  C E,  R o b bi ns P W,  Hirs c h b er g  C B. Bi os y nt h esis

I n  Vitr o of  C a e n or h a b ditis El e g a ns P h os p h or yl c h oli n e  Oli g os a c c h ari d es.

Pr oc  N atl  Ac a d Sci  U S A ( 2 0 0 4) 1 0 1: 3 4 0 4. d oi: 1 0. 1 0 7 3/ p n as. 0 4 0 0 3 8 4 1 0 1

3 2.  H o ust o n  K M,  C us hl e y  W,  H ar n ett  W. St u di es o n t h e Sit e a n d  M e c h a nis m of

Att a c h m e nt of  P h o s p h o r yl c h oli n e t o a Fil a ri al  N e m at o d e S e c r et e d

Gl y c o pr ot ei n. J Bi ol  C h e m ( 1 9 9 7) 2 7 2: 1 5 2 7– 3 3. d oi: 1 0. 1 0 7 4/j b c. 2 7 2. 3. 1 5 2 7

3 3.  H o u st o n  K M,  H a r n ett  W. St r u ct u r e a n d S y nt h e si s of  N e m at o d e

P h o s p h o r yl c h oli n e- C o nt ai ni n g  Gl y c o c o nj u g at e s. P a r asit ol o g y ( 2 0 0 4)

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

3 4. L al  R B,  K u m ar as w a mi  V, St e el  C,  N ut m a n  T B. P h os p h o c h oli n e- C o nt ai ni n g

A nti g e ns of Br u gi a  M al a yi  N o ns p e ci fi c all y S u p pr ess L y m p h o c yt e F u n cti o n.

A m J  Tr o p  M e d  H y g ( 1 9 9 0) 4 2: 5 6– 6 4. d oi: 1 0. 4 2 6 9/ ajt m h. 1 9 9 0. 4 2. 5 6

3 5.  H ar n ett  W,  H ar n ett  M M. I n hi biti o n of  M uri n e B  C ell Pr olif er ati o n a n d

D o w n- R e g ul ati o n of Pr ot ei n  Ki n as e  C L e v els b y a P h os p h or yl c h oli n e-

C o nt ai ni n g Fil ari al E x cr et or y- S e cr et or y Pr o d u ct. J I m m u n ol ( B alti m or e

M d 1 9 5 0) ( 1 9 9 3) 1 5 1: 4 8 2 9– 3 7.

3 6. Pi n e d a  M A, L u m b F,  H ar n ett  M M,  H ar n ett  W. E S- 6 2, a  T h er a p e uti c  A nti-

I nfl a m m at or y A g e nt E v ol v e d b y t h e Fil ari al  N e m at o d e  A c a nt h o c h eil o n e m a

Vit e a e. M ol  Bi o c h e m  P a r a sit ol ( 2 0 1 4 ) 1 9 4: 1 – 8.  d oi: 1 0. 1 0 1 6 /

j. m ol bi o p ar a. 2 0 1 4. 0 3. 0 0 3

3 7.  D e e h a n  M R, Fr a m e  MJ, P ar k h o us e  R M E, S e att er S D,  R ei d S D,  H ar n ett  M M,

et al.  A P h os p h or yl c h oli n e- C o nt ai ni n g Fil ari al  N e m at o d e- S e cr et e d Pr o d u ct

Disr u pts B L y m p h o c yt e  A cti v ati o n b y  T ar g eti n g  K e y Pr olif er ati v e Si g n ali n g

P at h w a ys. J I m m u n ol ( 1 9 9 8) 1 6 0: 2 6 9 2– 9.

3 8.  D e e h a n  M R,  H ar n ett  W,  H ar n ett  M M.  A Fil ari al  N e m at o d e- S e cr et e d

P h o s p h o r yl c h oli n e - C o nt ai ni n g  Gl y c o p r ot ei n  U n c o u pl e s t h e  B  C ell

A nti g e n  R e c e pt or Fr o m E xtr a c ell ul ar Si g n al- R e g ul at e d  Ki n as e- Mit o g e n-

A cti v at e d  P r ot ei n  Ki n a s e b y  P r o m oti n g t h e S u rf a c e I g - M e di at e d

R e c r uit m e nt of S r c  H o m ol o g y 2  D o m ai n - C o nt ai ni n g  T y r o si n e

P h o s p h at a s e - 1 a n d  P a c - 1  Mit o g e n - A cti v at e d  Ki n a s e - P h o s p h at a s e.

J I m m u n ol ( 2 0 0 1) 1 6 6: 7 4 6 2– 8. d oi: 1 0. 4 0 4 9/ji m m u n ol. 1 6 6. 1 2. 7 4 6 2

3 9.  R z e p e c k a J,  C o at es  M L, S a g g ar  M,  Al- Ri y a mi L,  C olt h er d J,  T a y  H K, et al.

S m all  M ol e c ul e  A n al o g u es of t h e I m m u n o m o d ul at or y P ar asiti c  H el mi nt h

Pr o d u ct E S- 6 2  H a v e  A nti- All er g y Pr o p erti es. I nt J P ar asit ol ( 2 0 1 4) 4 4: 6 6 9–

7 4. d oi: 1 0. 1 0 1 6/j.ij p ar a. 2 0 1 4. 0 5. 0 0 1

4 0.  M el e n d e z  AJ,  H ar n ett  M M, P us h p ar aj P N,  W o n g  W F,  T a y  H K,  M c S h arr y

C P, et al. I n hi biti o n of F c ϵ RI- M e di at e d  M ast  C ell  R es p o ns es b y E S- 6 2, a

Pr o d u ct of P ar asiti c Fil ari al  N e m at o d es. N at  M e d ( 2 0 0 7) 1 3: 1 3 7 5– 8 1. d oi:

1 0. 1 0 3 8/ n m 1 6 5 4
Fr o nti er s i n Tr o pi c al  Di s e a s e s |  w w w.fr o nti er si n. or g 9
4 1. B all  D H,  T a y  H K, B ell  K S,  C o at es  M L,  Al- Ri y a mi L,  R z e p e c k a J, et al.  M ast

C ell S u bs ets a n d  T h eir F u n cti o n al  M o d ul ati o n b y t h e  A c a nt h o c h eil o n e m a

Vit e a e Pr o d u ct E S- 6 2,  M ast  C ell S u bs ets a n d  T h eir F u n cti o n al  M o d ul ati o n

b y t h e  A c a nt h o c h eil o n e m a  Vit e a e Pr o d u ct E S- 6 2. J P ar asit ol  R es ( 2 0 1 3)

2 0 1 3: e 9 6 1 2 6 8. d oi: 1 0. 1 1 5 5/ 2 0 1 3/ 9 6 1 2 6 8

4 2. B ell  K S,  Al- Ri y a mi L, L u m b F E, Britt o n  GJ, P o ol e  A W,  Willi a ms  C M, et al.

T h e  R ol e of I n di vi d u al Pr ot ei n  Ki n as e  C Is of or ms i n  M o us e  M ast  C ell

F u n cti o n a n d  T h eir  T ar g eti n g b y t h e I m m u n o m o d ul at or y P ar asiti c  W or m

P r o d u ct,  E S - 6 2. I m m u n ol  L ett ( 2 0 1 5 ) 1 6 8: 3 1 – 4 0.  d oi: 1 0. 1 0 1 6/

j.i ml et. 2 0 1 5. 0 9. 0 0 1

4 3.  G o o dri d g e  H S,  M c G ui n ess S,  H o ust o n  K M, E g a n  C A,  Al- Ri y a mi L,  Al c o c er

MJ C, et al. P h os p h or yl c h oli n e  Mi mi cs t h e Eff e cts of E S- 6 2 o n  M a cr o p h a g es

a n d  D e n driti c  C ells. P ar asit e I m m u n ol ( 2 0 0 7) 2 9: 1 2 7– 3 7. d oi: 1 0. 1 1 1 1/

j. 1 3 6 5- 3 0 2 4. 2 0 0 6. 0 0 9 2 6. x
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