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not all cells and tissues, as 
would an embryonic stem 
cell.+
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+
2,4*( %-F6+A typical bone marrow of a patient with 
severe congenital neutropenia showing the absence 
of mature neutrophils (right) compared to the bone 
marrow of a healthy individual with neutrophils at 
all stages of maturation (left).+
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2,4*(%-G6+Each human cell 
(except for oocytes and 
sperms) contains two sets of 
22 chromosomes and two 
additional sex chromosomes 
(females: XX, males: XY) as 
shown on the left side of this 
figure. Pre-leukemic 
changes may be represented 
e.g. by the loss of 
chromosome 7 as shown on 
the right panel of the figure, 
above.+-
+
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+
2,4*(%-N6-In healthy individuals, 
the maturation of neutrophilic 
granulocytes leads to segmented 
neutrophils, which leave the bone 
marrow and enter the blood. In 
congenital neutropenia patients, 
the maturation pathway is blocked 
at the stage of early precursor 
cells, the promyelocytes. 
+
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2,4*(%-O6+The 
absolute number of 
neutrophils in the 
blood of cyclic 
neutropenia 
patients cycles 
according to a 
typical pattern. 
Under G-CSF 
(filgrastim) 
therapy, the cycling  
is still present but 
the cycle length is 
shortened and the 
duration and depth 
of the neutropenic 
phase is decreased.  
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J$90%$+'/$+(-();(7);)'>+09+E_.,=L+4$04;$+Q)'/+1/%0")1+"$3'%04$")(+/(#+:(">+4%07;$:&+Q)'/+
)"9$1')0"M+D"+&0:$+)"#)-)#3(;&L+'/$&$+)"9$1')0"&+Q$%$+;)9$+'/%$('$")"*+("#+&0:$+#)$#+9%0:+
)"9$1')0"+('+(+>03"*+(*$M+I(')$"'&+Q/0+(%$+'%$('$#+Q)'/+E_.,=+("#+/(-$+(+"$(%_"0%:(;+62.+(&+(+
%$&3;'L+&/03;#+7$+(7;$+'0+/(-$+(+"0%:(;+;)9$+$O4$1'("1>M++G0Q$-$%L+&0:$+4(')$"'&+Q)'/+10"*$")'(;+
"$3'%04$")(+#$-$;04+;)9$_'/%$('$")"*+10:4;)1(')0"&+&31/+(&+PA,+0%+;$38$:)(M+
+

78%#-&8"*1)-3K-+8,1)-+"33%#+%-RP!E2<-
+

e03%+1/);#+&/03;#+&'(%'+E_.,=+'/$%(4>+)9+/$R&/$+)&+&399$%)"*+9%0:+9%$c3$"'+:03'/+3;1$%&+0%+
)"9$1')0"&+'/('+;):)'+c3(;)'>+09+;)9$M+I$04;$+#)99$%K+'/$+&(:$+"$3'%04/);+103"'+)"+#)99$%$"'+
)"#)-)#3(;&+:(>+%$&3;'+)"+#)99$%$"'+"3:7$%&+09+)"9$1')0"&M+C/$+):40%'("'+'/)"*+)&+'0+%$#31$+'/$+
"3:7$%+("#+&$%)03&"$&&+09+)"9$1')0"&+)"+>03%+1/);#+Q/('$-$%+'/$+7(&$;)"$+"$3'%04/);+103"'+)&M+

+
' &-$8%(%-9-&9D%-1,3,$-$"-$8%-93"*#$-"D-$,3%-K"*-+9#-$9I%-RP!E2<-
+

C/$+,.2D<+/(&+)"90%:(')0"+0"+:(">+)"#)-)#3(;&+Q/0+/(-$+%$1$)-$#+;0"*+'$%:+E_.,=+'%$(':$"'+
&)"1$+'/$+;('$+5`^@&M+D'+)"#)1('$&+'/('+;0"*+'$%:+E_.,=+'/$%(4>+)&+&(9$+("#+%$:()"&+$99$1')-$M+



�™��
 

!"#$%&'("#)"*+,$-$%$+./%0")1+2$3'%04$")(++ + ??+
6+/("#7008+90%+4(')$"'&+("#+'/$)%+9(:);)$&+
<$-)&$#+=$7%3(%>+?@5@+ +  

+
!9#-K" *-$9I%-RP!E2-"(911K<-
+

E_.,=+1(""0'+7$+'(8$"+0%(;;>+7$1(3&$+)'+)&+(+4%0'$)"+'/('+Q03;#+7$+#$&'%0>$#+7>+'/$+&'0:(1/+("#+
)"'$&')"$&+#3%)"*+'/$+#)*$&')-$+4%01$&&M+

+
'&-,$-&9D%-$"-89?%-&*(4%(K-/8,1%-"#-RP!E2<-
+

e$&L+)'+)&+HS+'0+/(-$+&3%*$%>+(&+;0"*+(&+'/$+&3%*$0"+)&+:(#$+93;;>+(Q(%$+09+>03%+10"#)')0"+("#+E_
.,=+'%$(':$"'M+e03+&/03;#+07'()"+:$#)1(;+1;$(%("1$+9%0:+>03%+/$:('0;0*)&'+4%)0%+'0+$;$1')-$+
&3%*$%>+("#+%$1$)-$+(#-)1$+%$*(%#)"*+>03%+E_.,=+#0&)"*+("#+&1/$#3;$M+

+
JK-)9*48$%(X-/8"-,&-94%)-ZX-/9#$&-$"-9$$%#)-9-+93;-/,$8-8%(-&+8""16-S&-&8%-89&-&%?%(%-
+"#4%#,$91-#%*$(";%#,9-9#)-,&-(%+%,?,#4-)9,1K-RP!E2-$89$-'-9)3,#,&$%(-$"-8%(X-'-93-(%1*+$9#$-D"(-
8%(-$"-9$$%#)-Q*$-'-91&"-)"-#"$-/9#$-8%(-$"-3,&&-"*$-"#-$8%&%-";;"($*#,$,%&6-.9?%-K"*-9#K-9)?,+%<-
+

e03%+#(3*/'$%+&/03;#+7$+$"103%(*$#+'0+4(%')1)4('$+)"+(;;+(1')-)')$&+Q)'/+1/);#%$"+09+/$%+0Q"+(*$M+
E0)"*+(Q(>+'0+1(:4+Q);;+"$$#+&4$1)(;+(%%("*$:$"'&+90%+&'0%(*$+("#+(#:)")&'%(')0"+09+E_.,=+
'/('+1("+7$+(%%("*$#+Q)'/+'/$+1(:4+#01'0%R"3%&$M+6;'$%"(')-$;>L+:(">+4$#)('%)1+
/$:('0;0*>R0 "10;0*>+1$"'$%&+/(-$+&3::$%+1(:4&+)"+Q/)1/+4/>&)1)("&+0%+"3%&)"*+&'(99+)&+(7;$+'0+
(#:)")&'$%+:$#)1(')0"&M+

+
JK-&"#-89&-Q%%#-(%+%,?,#4-RP!E2-&,#+%-8%-/9&-),94#"&%)-/,$8-&%?%(%-+"#4%#,$91-#%*$(";%#,9-
$8(%%-3"#$8&-94"6-78,1%-8%-,&-9-1"$-Q%$$%(-8%-&$,11-$%#)&-$"-4%$-Q(%9I$8("*48-3"*$8-*1+%(&X-/8,+8-
+9*&%-8,3-9-1"$-"D-),&+"3D"($6-'&-$8%(%-9#K$8,#4-/%-+9#-)"-$"-8%1;-911%?,9$%-8,&-&*DD%(,#4<-
+

./);#%$"+:(>+7$"$9)'+9%0:+*00#+:03'/+1(%$+)"1;3#)"*+9;0&&)"*+("#+%$*3;(%+#$"'(;+1/$1834&M+D9+
'/$+"$3'%04/);+103"'+)&+;0QL+/$+:(>+(;&0+7$"$9)'+9%0:+:03'/Q(&/$&+&31/+(&+1/;0%/$O)#)"$+
aI$%)#$O+("#+0'/$%+7%("#+"(:$&b+0%+7$"T>#(:)"$+aA)99;(:bM+D'+(;&0+:(>+7$+3&$93;+'0+&$$+>03%+
4/>&)1)("+'0+#)&13&&+'/$+#0&$+09+E_.,=g+)'+:(>+7$+'/('+'/$+#0&$+"$$#&+:0#)9>)"*+Q/)1/+103;#+
:$("+("+)"1%$(&$M+

+
'-93-=Z-K%9(&-"1)-9#)-89?%-+K+1,+-#%*$(";%#,96-2"(-$8,&X-'-(%+%,?%-RP!E2-$8(%%-$,3%&-9-/%%I6-JK-
Q"KD(,%#)-9#)-'-9(%-4%$$,#4-39((,%)-,#-9-D%/-3"#$8&-9#)-&""#-9D$%(-/%-/"*1)-1,I%-$"-&$9($-$(K,#4-
D"(-9-D93,1K6-!9#-K"*-4,?%-3%-9#K-9)?,+%-"#-96U-$8%-+89#+%&-"D-"*(-+8,1)-89?,#4-+K+1,+-
#%*$(";%#,9-9#)-Q6U-9#K-&;%+,91-;(%+9*$,"#&-'-&8"*1)-$9I%-/8,1%-;(%4#9#$<-
+

C/$+1/("1$+09+>03%+1/);#+(;&0+/(-)"*+1>1;)1+"$3'%04$")(+)&+[@i+(&+;0"*+(&+>03%+4(%'"$%+#0$&+"0'+
/(-$+1>1;)1+"$3'%04$")(+(&+Q$;;M+C/)&+)&+7$1(3&$+1>1;)1+"$3'%04$")(+)&+)"/$%)'$#+)"+("+(3'0&0:(;+
#0:)"("'+4('/Q(>M+D'+Q03;#+'/$%$90%$+7$+(#-)&(7;$+'0+&$$+(+*$"$')1)&'+'0+#)&13&&+>03%+)"#)-)#3(;+
%)&8M+

+
6&+E_.,=+1("+1%0&&+'/$+4;(1$"'(+'0+'/$+9$'3&L+)'+)&+7$&'+'0+#)&13&&+Q)'/+>03%+4/>&)1)("+�³ +7$90%$+
>03+(%$+4%$*"("'+�³ +'/$+E_.,=+#0&)"*+04')0"&+("#+#$-$;04+(+4;("+'0+#$(;+Q)'/+)"9$1')0"&+'/('+
:(>+0113%M+6'+'/)&+4%$&$"'+'):$L+Q$+#0+"0'+3&3(;;>+%$10::$"#+'/$+3&$+09+E_.,=+)"+'/$+9)%&'+
'%):$&'$%L+)9+40&&)7;$M+D9+>03+(%$+13%%$"';>+4%$*"("'L+>03+&/03;#+#)&13&&+Q/('+'/$+#0&)"*+&/03;#+7$+
("#+Q/('+10"#)')0"&+1(3&$#+7>+"$3'%04$")(+Q03;#+%$c3)%$+>03+'0+10"'(1'+>03%+4/>&)1)("+a&31/+(&+
9$-$%+0%+("+)"9$1')0"bM++

+
7,11-9-+%($9,#-),%$-,3;("?%-3K-),&%9&%<-
+

�$���J�R�R�G���E�D�O�D�Q�F�H�G���G�L�H�W���Z�L�O�O���E�H���E�H�Q�H�I�L�F�L�D�O���I�R�U���\�R�X�U���I�D�P�L�O�\�·�V���R�Y�H�U�D�O�O���K�H�D�O�W�K���D�V���L�W���Z�L�O;+4%0-)#$+$&&$"')(;+
"3'%)$"'&+("#+-)'(:)"&+'0+$"&3%$+*00#+/$(;'/+("#+4%0:0')0"+09+"0%:(;+*%0Q'/+("#+#$-$;04:$"'M+



�™��
 

!"#$%&'("#)"*+,$-$%$+./%0")1+2$3'%04$")(++ + ?V+
6+/("#7008+90%+4(')$"'&+("#+'/$)%+9(:);)$&+
<$-)&$#+=$7%3(%>+?@5@+ +  

C/$%$+(%$+"0+8"0Q"+-)'(:)"&L+/$%7+&344;$:$"'&+0%+&4$1)(;+#)$'&+'/('+/$;4+%()&$+'/$+"$3'%04/);+
;$-$;M+

+
!9#-3K-+8,1)-;9($,+,;9$%-,#-&+8""1-9+$,?,$,%&<-
+

e$&L+4%0-)#)"*+'/('+>03%+1/);#+#0$&+"0'+/(-$+(+&)*")9)1("';>+$";(%*$#+&4;$$"L+;0Q+4;('$;$'&+0%+0'/$%+
%$&'%)1')"*+:$#)1(;+10"#)')0"L+/$R&/$+&/03;#+7$+(7;$+'0+4(%')1)4('$+)"+(;;+&40%'&+("#+0'/$%+(1')-)')$&+
)"+'/$+3&3(;+Q(>M+C/$+&1/00;+&/03;#+7$+(Q(%$+�R�I���\�R�X�U���F�K�L�O�G�·�V���Q�H�X�W�U�R�S�H�Q�L�D���D�Q�G���U�H�S�R�U�W���D�Q�\���L�Q�M�X�U�L�H�V��
'0+'/$+4(%$"'M+

+
�:�K�D�W���D�G�Y�L�F�H���V�K�R�X�O�G���,���J�L�Y�H���W�R���W�H�D�F�K�H�U�V���D�W���P�\���F�K�L�O�G�·�V���V�F�K�R�R�O�"-
+

�(�[�S�O�D�L�Q���D�E�R�X�W���\�R�X�U���F�K�L�O�G�·�V���G�L�D�J�Q�R�V�L�V���D�Q�G���D�V�N���W�K�H�P���W�R���E�H���Y�L�J�L�O�D�Q�W���I�R�U���D�Q�\���I�H�Y�H�U���R�U���L�Q�I�H�F�W�L�R�Q�V���\�R�X�U��
1/);#+:(>+#$-$;04M+B"&3%$+'/('+'/$>+(%$+(Q(%$+'/('+"$3'%04$")(+)&+"0'+10"'(*)03&+("#+'/('+>03%+
1/);#+)&+(7;$+'0+93;;>+4(%')1)4('$+)"+(;;+&1/00;+(1')-)')$&+("#+&/03;#+7$+'%$('$#+#)99$%$"';>+9%0:+(">+
0'/$%+1/);#M+a,$$+7$;0Q+90%+(+;$''$%+'/('+1("+&$%-$+(&+("+$O(:4;$bM+

+
78%(%-9#)-8"/-+9#-'-4%$-,#-+"#$9+$-/,$8-"$8%(-;9$,%#$&<-
+

N)&'$#+7$;0Q+)&+10"'(1'+)"90%:(')0"+90%+4(')$"'+&3440%'+*%034&+)"1;3#)"*+Q$7&)'$&+("#+4/0"$+
"3:7$%&M+e03%+4/>&)1)("+:(>+7$+(7;$+'0+/$;4+>03+7>+;008)"*+('+'/$+,.2D< +Q$7+4(*$+0%L+
10"'(1')"*+'/$+(44%04%)('$+099)1$+)"+63&'%(;)(L+E$%:(">L+'/$+!")'$#+S)"*#0:+0%+'/$+!,6+a&$$+
(70-$bM+

+
78%(%-+9#-'-D,#)-3"(%-1,$%(9$*(%-"#-$8%-),&%9&%<-
+

C/$+,.2D< +Q$7+4(*$+/(&+(+%$9$%$"1$+;)&'g+)"+(##)')0"+>03+1("+07'()"+;)'$%('3%$+7>+10"'(1')"*+'/$+
099)1$&+09+'/$+<$*)&'%>+a&$$+(70-$bM+

+

http://depts.washington.edu/registry/
http://depts.washington.edu/registry/


�™��
 

!"#$%&'("#)"*+,$-$%$+./%0")1+2$3'%04$")(++ + ?Y+
6+/("#7008+90%+4(')$"'&+("#+'/$)%+9(:);)$&+
<$-)&$#+=$7%3(%>+?@5@+ +  

+
-

'#D"(39$,"#-D"(-E+8""1&--
H%49(),#4-E%?%(%-!8("#,+-:%*$(";%#,9-
+
+ C0K+ooooooooooooooooooooooooooooooooooooooooooooooooooooo+
+
++++++ =%0:K+ooooooooooooooooooooooooooooooooooooooooooooooooooooo+
+

,$-$%$+1/%0")1+"$3'%04$")(+a,.2b+)&+'/$+"(:$+*)-$"+'0+(+*%034+09+10"#)')0"&+)"+Q/)1/+
"$3'%04$")(+)&+'/$+4%):(%>+4%07;$:M+C/$+'$%:+"$3'%04$")(+#$&1%)7$&+'/$+&)'3(')0"+Q/$%$+'/$+
"3:7$%&+09+"$3'%04/);&+)"+'/$+7;00#+)&+'00+;0QM+C/$+"$3'%04/);&+(%$+-$%>+):40%'("'+)"+#$9$"#)"*+
'/$+70#>+(*()"&'+7(1'$%)(;+)"9$1')0"&+("#+'/$%$90%$L+(+4(')$"'+Q)'/+'00+9$Q+"$3'%04/);&+)&+:0%$+
&3&1$4')7;$+'0+7(1'$%)(;+)"9$1')0"&M+C/)&+10"#)')0"+)&+"0'+10"'(*)03&+("#+1(""0'+7$+&4%$(#+9%0:+
0"$+4$%&0"+'0+("0'/$%M+D'+)&+(+*$"$')1+7;00#+#)&0%#$%M+
+
2$3'%04$")(+)&+'%$('$#+Q)'/+)"f$1')0"&+09+(+1>'08)"$+1(;;$#+E_�&�6�)���R�U���´�1�H�X�S�R�J�H�Q�µ�����7�K�L�V���K�H�O�S�V���W�K�H��
70#>+1%$('$+"$3'%04/);&+'0+9)*/'+)"9$1')0"M+
+
I;$(&$+/$;4+3&+'0+9)*/'+)"9$1')0"&+7>+1;$(")"*+:)"0%+13'&+Q)'/+("+("')7(1'$%)(;+&0(4+0%+J$'(#)"$M+
I;$(&$+"0')9>+:$+'/$+#(>+09+'/$+)"f3%>+&0+'/('+D+:(>+:0")'0%+'/$+Q03"#M+=0%+Q03"#&+'/('+:(>+
"$$#+&4$1)(;+1(%$+4;$(&$+"0')9>+:$+)::$#)('$;>M+
+
=0%+9$-$%+(70-$+5@5h=+aV^h.b+4;$(&$+1(;;+:$+)::$#)('$;>M+
+
D9+>03+/(-$+10"1$%"&+(703'+:>+�F�K�L�O�G�·�V���K�H�D�O�W�K�����\�R�X���P�D�\���U�H�D�F�K���P�H���D�W���W�K�H���I�R�O�O�R�Z�L�Q�J���W�H�O�H�S�K�R�Q�H��
"3:7$%&K+ooooooooooooooooooooooooooooooooM+
+
=0%+:0%$+)"90%:(')0"+%$*(%#)"*+"$3'%04$")(L+4;$(&$+-)&)'+'/$+90;;0Q)"*+Q$7&)'$&K+,.2D< +0%+'/$+
2(')0"(;+2$3'%04$")(+2$'Q0%8�����R�U���F�R�Q�W�D�F�W���P�\���F�K�L�O�G�·�V���S�K�\�V�L�F�L�D�Q���D�W����
ooooooooooooooooooooooooooooooooooooooooMM+

http://depts.washington.edu/registry/
http://www.neutropenianet.org/
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!"#$%&'("#)"*+,$-$%$+./%0")1+2$3'%04$")(++ + ?[+
6+/("#7008+90%+4(')$"'&+("#+'/$)%+9(:);)$&+
<$-)&$#+=$7%3(%>+?@5@+ +  

R1"&&9(K-
-

S:!-T9Q&"1*$%-#%*$(";8,1-+"*#$UX+#$'$%:)"$#+7>+(##)"*+'/$+4$%1$"'(*$+09+"$3'%04/);&+)"+'/$+7;00#+
Q)'/+'/$+4$%1$"'(*$+09+7("#&+)"+'/$+7;00#L+:3;')4;>)"*+'/('+"3:7$%+7>+'/$+Q/)'$+7;00#+103"'+("#+#)-)#)"*+
'/$+4%0#31'+7>+5@@M+C/)&+"3:7$%+%$4%$&$"'&+'/$+(:03"'+09+"$3'%04/);&+'/('+(%$+(-();(7;$+90%+#$9$"#)"*+
'/$+70#>+('+'/$+'):$+09+'/$+7;00#+'$&'M+6+"0%:(;+62.+)&+*$"$%(;;>+Q)'/)"+'/$+%("*$+09+5^@@_]@@@M+
+
S+*$%-3K%1",)-1%*I%3,9-TSJLUX-("+(13'$+90%:+09+;$38$:)(L+(+:(;)*"("'+#)&$(&$+09+'/$+Q/)'$+7;00#+
1$;;&+(99$1')"*+:0"01>'$&+0%+*%("3;01>'$&M+D'+)&+1/(%(1'$%)T$#+7>+'/$+(44$(%("1$+09+)::('3%$L+(7"0%:(;+
1$;;&+)"+'/$+70"$+:(%%0Q+("#+4$%)4/$%(;+7;00#M+
+
S1";%+,9X+;0&&+09+/()%M+
+
S#%3,9X+'00+9$Q+%$#+7;00#+1$;;&M+
+
S#$,Q"),%&X-4%0'$)"&+:(#$+7>+(+&37*%034+09+Q/)'$+7;00#+1$;;&+�³ +'/$+;>:4/01>'$&+�³ +'/('+(%$+%$&40"&)7;$+
�I�R�U���W�K�H���E�R�G�\�·�V���G�H�I�H�Q�V�H�����$�Q�W�L�E�R�G�L�H�V���D�U�H���Q�R�U�P�D�O�O�\���G)%$1'$#+(*()"&'+90%$)*"+&'%31'3%$&+;)8$+7(1'$%)(+0%+-)%3&$&M+
G0Q$-$%L+&0:$'):$&+'/$>+(;&0+:(>+7$+#)%$1'$#+(*()"&'+&'%31'3%$&+("#+1$;;&+09+'/$)%+0Q"+70#>L+$M*ML+)"+'/$+
1(&$+09+("')_"$3'%04/);+("')70#)$&+Q/$%$+'/$+("')70#)$&+%$10*")T$+("#+#$&'%0>+'/$+4(')$"'�·�V���R�Z�Q��
"$3'%04/);&M+
+
S;19&$,+-9#%3,9X-(+#$9)1)$"1>+09+(;;+'>4$&+09+7;00#+1$;;&L+%$4%$&$"')"*+(+9();3%$+09+'/$+70"$+:(%%0Q+'0+
4%0#31$+'/$&$+1$;;&M+
+
S($8(914,9X+4()"93;+f0)"'&M+
+
S($8(,$,&X-)"9;(::(')0"+09+f0)"'&M+
+
S*$"&"391-)"3,#9#$X+(+4(%')13;(%+'>4$+09+*$"$')1+)"/$%)'("1$M+D"+(+#)&0%#$%+Q)'/+(+#0:)"("'+)"/$%)'("1$+
4(''$%"L+&31/+(&+1>1;)1+"$3'%04$")(L+(+1/);#+Q);;+/(-$+'/$+#)&$(&$+)9+0"$+4(%$"'+4(&&$&+0"+'/$+(99$1'$#+*$"$M+
�8�V�X�D�O�O�\���W�K�D�W���S�D�U�H�Q�W���Z�L�O�O���D�O�V�R���K�D�Y�H���W�K�H���G�L�V�R�U�G�H�U�����¶�$�X�W�R�V�R�P�D�O�¶���U�H�I�H�U�V���W�R���W�K�H���I�D�F�W���W�K�D�W���W/$+)"/$%)'("1$+)&+
�L�Q�G�H�S�H�Q�G�H�Q�W���R�I���W�K�H���F�K�L�O�G�¶�V���V�H�[��+
+
S*$"&"391-(%+%&&,?%X-(+4(%')13;(%+'>4$+09+*$"$')1+)"/$%)'("1$M+D"+(+#)&0%#$%+Q)'/+(+%$1$&&)-$+)"/$%)'("1$+
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