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Ne����phi�  ��n���cy�e� ��e �he m��� ���nd�n� whi�e ����d ce�� in �he ��dy, �cc��n�in ��� 	0-70

pe�cen� �� ��� whi�e ����d ce��� wi�h �p 
x10�� ce��� p��d�ced e�ch d�y.� Ne����phi�� ��e �n imp����n�

p��� �� �he inn��e imm�ne �y��em �nd ��e ���en �he �i��� imm�ne ce�� �� enc��n�e� � new p��h� en.

Ne����phi�� �i h� p��h� en� di�ec��y ���h �h��� h ph� �cy���i� �nd �h��� h �he ��e �� � wide ����y ��

�n�imic���i�� enzyme� �nd indi�ec��y �h��� h �hei� �ec��i�men� �� ��he� imm�ne ce��� ��w��d� �

p��h� en. �hey h�ve � a�ick ���n�ve� �nce �hey en�e� �he ci�c������y �y��em, wi�h �n e��im��ed h���-�i�e

�� f h����.2 H�weve�, d��in �n in�ec�i�n ne����phi�� mi ���e in�� �i���e�, �ec�me �c�iv��ed �nd c�n

���vive ��� �eve��� d�y�.3 D�e �� �he �h��� �ived n����e �� ne����phi��, c�n���n� p��d�c�i�n i� �ea�i�ed;

wi�h��� ne����phi�� �imp�e p��h� en� c�n a�ick�y deve��p in�� �i�e �h�e��in in�ec�i�n�.


�utro���� �����o����t

Ne����phi�� ��e de�ived ���m hem���p�ie�ic ��em ce��� sHS��) ��c��ed in �he ��ne m����w. HS�� �i���

divide in�� � c�mm�n mye��id �� c�mm�n �ymph�id p�� eni����. Mye��id p�� eni���� �hen p���i���y

c�mmi� �� �he  ��n���cy�e �in� e �y di��e�en�i��in in�� mye�������� which c�n di��e�en�i��e in��

ne����phi�� �h��� h � p��ce�� kn�wn �� �e�min��  ��n���cy��p�ie�i�.� D��in �e�min��

 ��n���cy��p�ie�i�, di��e�en�i��in ce��� p�� �e�� �h��� h �eve��� di��inc� in�e�medi��e ce�� ��� e�

sp��mye��cy�e, mye��cy�e, me��mye��cy�e, ��nd ce��) �nd even�����y end �he p��ce�� �� ne����phi��.

�he in�e�medi��e� di��e� in �he ���n�c�ip�i�n ��c���� �c�iv��ed �nd �he �n�imic���i�� p���ein� �h�� ��e

�ein p��d�ced s�i ��e 1-1). �he p���ein� ��e p�ck� ed in��  ��n��e�, which ��e �m��� ���ce������

ve�ic�e� �h�� c�me in 	 di��e�en� �ype� s�z���phi�, �peci�ic,  e���in��e �nd �ec�e���y ve�ic�e�.)4 E�ch �ype

��  ��n��e c�n��in� � �nia�e �e� �� p���ein� �h�� ��e �e�e��ed d��in di��e�en� c�ndi�i�n�.

D��in �he mye������� ��� e, �he ce�� c���d ��i�� �ec�me � ne����phi� �� � m�n�cy�e. �he ���n�c�ip�i�n

��c����, �����������!�" #$�%$�& '"(*�$� + s�/E5P+) �nd  ��w�h ��c��� independen�-1 sG6I-1), d�ive �he
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c��� �ow���� �h� n�e��ophi� �in���� �n� p�omo�� �h� p�o�ec�ion of � e�ophi� ���ne���l5,6 In �h�

my��ocy�� �n� m���my��ocy��	 �p�cific ���ne��� ��� p�o�ec�� ��on� wi�h hi�h ��
��� of �h� ���n�c�ip�ion

f�c�o� C�E�
�l7 In �h� fin�� ph��� of ���ne�ocy�opoi��i� C�E�
� ��������� ����� ������� �����!�

�����"� �#� �����$ �#������� %��#�&'�(�#) %�� ����� �#%' *�#� ����� �#� po�ymo�phonec���� n�e��ophi��	

whi�� p�o�ecin� �����in��� ���ne��� �n� ��c���o�y 
��ic���l1,7 

A+t-.-/r0b-a2 a/t-3-t-4s 08 +4utr09:-2s

;f��� ��
��opm�n�	 n�e��ophi�� �n��� �h� <�oo� �����m �n� c�n <� ��c�ei��� in�o �i��e�� <y mic�o<i��

mo��ce��� o� <y �i�n��� f�om wi�hin �h� �i��e�l= Onc� in�i�� � �i��e�	 n�e��ophi�� wi�� mi����� �ow����

p��ho��n� �n� �i��� of inf��mm��ion <y ch�mo��>i�l To i��n�ify <�c���i� �h�y e�� �o��?�ik� ��c�p�o�

p�o��in� �o i��n�ify eni@e� mo��ce��� �h�� ��� p����n� on p��ho��n�	 <e� no� on ho�� c����lB Onc�

FDGHJK LML NJPQHRSUVWSXSDKYDY DQ WZK [SQK \PJJS]

^_`d g`jjq jvgxjz{` _v |zg}`q ~�v�z�`� �� vq_`v�jxq_q x|� `|�v_}`jzxj g`jjq� �}` �xjx|g` �`_�``| ���� x|� ������ ��� �����
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i�e��i�ie�� �e��tophi�s h�	e m��y mech��isms �o  i�� p��hoge�s� i�c���i�g ph�gocy�osis� oxi���i	e b�ts��

���imictobi�� pto�ei�s ��� �e��tophi� ex�t�ce�����t �t�ps 
NE�s�


��� ������������ ������� ������ �� ���������! �����!��� �� �� ��!��� ��� �����!�� ��� ���������"� ��

�hto�gh ph�gocy�osis
 O�ce �he p��hoge� h�s bee� i��et���ize� i��o � ph�gosome� �he p# o� �he

	�c�o�e is �owete� by pto�o� p�mps� ��� s�petoxi�e is cte��e� by �� NA$P# oxi��se comp�ex
 Pto�o�s

combi�e wi�h �he s�petoxi�e �o cte��e hy�toge� petoxi�e� which c�� �he� oxi�ize ��� �es�toy �he

p��hoge�
 Bec��se hy�toge� petoxi�e is o��y mi���y �oxic� gt����es ��so ��se wi�h �he ph�gosome ���

te�e�se � 	�tie�y o� e�zym��ic pto�ei�s i��o �he ph�gosome �o �ssis� i�  i��i�g �he p��hoge�
 O�e

p�t�ic���t pto�ei�� mye�opetoxi��se� i�cte�ses �he oxi���i	e po�e��i�� o� hy�toge� petoxi�e by

co�	et�i�g i� i��o hypoch�oto�s �ci�� which is �� e	e� s�to�get oxi�izet

%&
�he p��hoge� is ���im��e�y

 i��e� �hto�gh oxi���io� o� i�s ce�� w��� ��� pto�ei�s


Besi�es mye�opetoxi��se� �he gt����es co���i� � wi�e 	�tie�y o� ���imictobi�� pto�ei�s
 Mos� o� �hese

�te pto�e�ses� s�ch �s �e��tophi� e��s��se� c��hepsi� G ��� pto�ei��se � ot �e�e�si�s
 Gt����es

co���i�i�g �hese pto�ei�s c�� ei�het be ��se� wi�h ph�gosomes� ot �hey c�� be �t���ic e� �o o��si�e �he

ce�� �o ����c p��hoge�s �h�� h�	e �o� bee� ph�gocy�ize�
 �hey ����c p��hoge�s by c�e�	i�g p��hoge�

pto�ei�s� i�c���i�g b�c�eti�� 	it��e�ce ��c�ots

%% $espi�e oxi���io� bei�g �he ptim�ty me�ho� o� ����c i�g

p��hoge�s� pto�e�ses �te te'�ite� �o �igh� some i��ec�io�s
 M����io�s i� C(EBP) tes��� i� � ��c o�

�z�tophi� ��� speci�ic gt����es� b�� �o� secte�oty 	�c�o�es �h�� co���i� mye�opetoxi��se
 P��ie��s wi�h

�hose m����io�s �te �b�e �o oxi�ize b�c�eti� b�� h�	e �i��ic���y �igh�i�g some 	�tie�ies o� b�c�eti�
%
*

�he �i��� me�ho� �h�� �e��tophi�s �se �o co���i� p��hoge�s is �e��tophi� ex�t�ce�����t �t�ps 
NE�s�


NE�s �te �otme� whe� �e��tophi�s go �hto�gh � ptocess c���e� NE�osis �h��  i��s �he �e��tophi� ���

pto��ces � �e�se �tt�y o� chtom��i� ��� gt�����t pto�ei�s �h�� �t�p p��hoge�s
%
3,%4 �he ex�c� ptocess o�

NE� �otm��io� is �o� ����y ���ets�oo� b�� i� �oes te'�ite �he ptese�ce o� gt����e pto�ei�s� �i e
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mye��pe��x��ase a�� �e t��ph�� e�astase��	 Depe����g �� the path�ge� the NETs a�e a
�e t� e�the� k���

the path�ge� �� ��h�
�t �ts m�veme�t��� Desp�te 
e��g p����y  ��e�st���, NET ���mat��� appea�s t� 
e

�mp��ta�t ��� ���ma� �e t��ph�� a�t�m�c��
�a� � �ct���� .�ce �e��c�e�t �� the h�st��e m����y��g p��te��

pept��y�a�g����e �e�m��ase � a�e ��t a
�e t� ���m NETs, a�� �esp�te hav��g �the�w�se ���ma�

�e t��ph��s, a�e m��e s scept�
�e t� 
acte��a� 
 t ��t v��a� ���ect�����7
�8

��u�ro��i� �o��o����i�

Ne t��ph��s a�e �mp��ta�t ��� ��ght��g ���ect���, 
 t �ve�p��� ct��� a�� ��app��p��ate act�vat��� ��

g�a� �a� p��te��s ca� ca se t�ss e �amage� Th�s �cc �s w�th s�me ����ammat��y ��seases, s ch as

�he mat��� a�th��t�s a�� ch����c �
st� ct�ve p �m��a�y ��sease��� The�e���e, ca�e� � �eg �at��� �� the

p��� ct��� a�� act�v�ty �� �e t��ph��s �s �e� ��e�� The ��cat��� �� �e t��ph��s �s �eg �ate� 
y the

p��te�� �X���, wh�ch �s a �e t��ph�� s ��ace p��te�� that 
���s t� st��ma� ce��-�e��ve� �act�� 1 t� �eta��

the ce�� �� the 
��e ma���w� Exp�ess��� �� �X��� �ec�eases as �e t��ph��s mat �e, a�� whe�

exp�ess��� �s ��w, �e t��ph��s ex�t the 
��e ma���w� Wh��e �� the pe��phe�y, the am� �t �� �X���


eg��s t� ��c�eases �ve� t�me� �t the e�� �� � ���!"#$%&'() '&*� +/+'�, exp�ess��� �� �X��� �s h�gh,

�es �t��g �� h�m��g �� the �e t��ph�� 
ack t� the 
��e ma���w�20 I� the 
��e ma���w, mac��phages

phag�cyt�se ap�pt�t�c �e t��ph��s, wh�ch �� t �� st�m �ates the p��� ct��� �� g�a� ��cyte c����y

st�m �at��g �act�� 34-�C56�2� 4-�C5 ��t ���y ass�sts �� the �eve��pme�t �� �e t��ph��s, �t a�s� p��m�tes

the m�
���9at��� �� mat �e �e t��ph��s ���m the 
��e ma���w� Th�� gh th�s p��cess, mac��phages 
�th

se� este� t�x�c g�a� �e e�9ymes a�� 
eg�� the p��cess �� mak��g �ew �e t��ph��s t� �ep�ace ���

�e t��ph��s�

D ���g a� ���ect���, h�me�stas�s sh��ts �� a p��cess k��w� as eme�ge�cy g�a� ��p��es�s� I��ect���s

g�eat�y ��c�ease the  sage a�� �est� ct��� �� �e t��ph��s a��, �� �esp��se, the d: ;<=< p��� ct��� ��

�e t��ph��s �s  p�eg �ate�� .ac��phages,22 hemat�p��et�c stem ce��s,2> a�� ep�the��a� ce��s2? a�� c��ta��



1�

pr�t�i�s t��t r�e�g�i�� p�t��g��s ���  p�� stim l�ti��, pr�m�t� t�� pr�� eti�� �f eyt�ki��s t��t

i�er��s� gr�� l�p�i�sis i� t�� b��� m�rr�w� T��s� m�l�e l�s, s e� �s 	-C
�, 	M-C
� ��� I�-6, i�er��s�

t�� pr�� eti�� �f �� tr�p�ils2
� T�is �� tr�p�il pr�� eti��  s�s � p�t�w�y i���p�����t fr�m ��rm�l

gr�� l�p�i�sis, ����� ������ r�pl�e�s C�E����2� ������ i�er��s�s t�� r�t� �f �� tr�p�il pr�� eti�� by

i�� ei�g t�� s�lf-pr�lif�r�ti�� �f my�l�i� pr�g��it�rs, �s w�ll �s by pr�m�ti�g �iff�r��ti�ti�� t�w�r�s

�� tr�p�ils�2�

D��!"!#!$" a"d %&'(#$'% $� "�u#)$(�"!a

N� tr�p��i� is ��fi��� �s �� tr�p�il e� �ts l�w�r t��� 1000 p�r µ� *+NC. i� i�f��ts ��� 1�00 p�r µ� i�

�� lts�2/ N� tr�p��i� is f rt��r s b�i3i��� i�t� mil�, m���r�t� �r s�3�r� �� tr�p��i� b�s�� �� t��

�4�et e� �ts, wit� s�3�r� b�i�g l�w�r t��� �00 p�r µ��25 O�� �4e�pti�� is i��i3i� �ls wit� b��ig� �t��ie

�� tr�p��i� w�ie� ��s b��� li�k�� t� � p�lym�rp�ism i� t�� 7 ffy-+g r�e�pt�r f�r e��m�ki��s g���

*8A9:.� I��i3i� �ls wit� t�is m t�ti�� ��3� � �� tr�p�il e� �t t��t f�lls i�t� t�� �� tr�p��ie r��g�, b t

�r� �t��rwis� ���lt�y�;< N� tr�p��i� e�� �it��r b� �e t� �r e�r��ie, wit� e�r��ie �� tr�p��i� b�i�g

��fi��� �s � �� tr�p��i� l�sti�g l��g�r t��� = m��t�s�;>


�3�r� �� tr�p��i� gr��tly i�er��s�s t�� risk �f b�et�ri�l ��� f �g�l i�f�eti��� 
it�s �f i�f�eti�� �r�

m�st e�mm��ly t�� m� t�, ski� �r l �gs b t e�� �ls� �ee r i� t�� g�str�i�t�sti��l tr�et� T�� p�t��g��

t��t i�f�ets p�ti��ts wit� e�r��ie s�3�r� �� tr�p��i� is  s �lly � e�mm�� b�et�ri� *str�pt�e�eei,

��t�r�e�eei, p�� m�e�eei. �r � e�mm�� f �g s *C���i�� �r +sp�rgill s.�25
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Causes  f �eutr pe�ia

T���� ��� m��y ���	�	 
�� ������
����� ��� ���g��	�	 �
 ��� ��������� �	 ���������y ��mm��.2�

N�����
���� �����	 ���� ����� �	 ��		 ���� ���m�� 
��������� �
 ������
���	� �� g������ ���� ���m��

��	�������� �
 ������
���	. N�����
���� ��� �� ���	�� �y �� �����mm��� �� �����mm��� �������y

�������� ����� ��	���	 �� ��� 
��m����� ��	�������� �
 ������
���	.32,33 I� ��� ��	� �� ������ ��������

����� ������ ����	 �� ��� ���� m����� ��m�� ������
��� 
��������� ��� ������	� ������
��� ��	��������.

3� T��	 �	 ��	����� 
��m ���g ������� ������
���� ���� �
��� �����	 �����g ��� �����m��� �
 ������ ����

���m������
y �g���	.3� O���� ���-���m������
y ���g	� 	��� �	 �����
������ ���z�
���� 	��
�	���z����

���m����
��m-	��
�m����x�z���� ��� ��
y���� m�y ��	� ���	� ������
���� �	 � 	��� �

���.2�,36,37 T��

����	� ���	� �
 ������
���� �	 ���g������ ������
���� ����� g�����y ������	�	 ��� ������y �
 ��� ����

m����� �� 
������ ������
���	.

Epi�e�i l �� a�� �e�eti�s  f � ��e�ital �eutr pe�ia

���g������ ������
���� �	 � g���������y ��m
��x ��	����� �� ����� m��y ��

����� g���	 ��� �� m������.

���� g��� ��	���	 �� � ��

����� �����m� ���� ������ 	ym
��m	 ��� ���������	� ��� ��� 	���� ���

��mm�� 	ym
��m �
 ������
����. T�� g���	 ��� ������� ���� ��� g���
	� ���	� ���� ������� ���y

��m���
���	�	 ��� ���	� ���� ���� �x�����m���
������ m���
�	������	. M�������	 �� !"A#! ������� 
��

��� m�$����y �
 ��	�	 �
 ���g������ ������
���� ������� �x�����m���
������ m���
�	������	.3� O����

m������ g���	 ���� �� ��	������ �� ������ �� ���
��� ���.

T�� 
��������� �
 ���g������ ������
���� �	 ���� �� ��������� �����	� �
 ��	 �����y� ��� �����	�	������	 ��

��� ������
���� �	 ��
����� �� ��

����� ��������	. %������� ������� 
��������� �	��m���	 ���g� 
��m

0.1 
�� m������ 
��
�� �� & 
�� m������ 
��
��.3� '������ m����� �
 �		�		��g ��� ��mm�� � g������

��	����� �	 �� ��������� �� ����� 	���y� ����� ����c	 ��� m��y ��m�	 ��� ��	��	� �	 ��	����� ��� ���

��������� ������ ��� 	���y 
�����. T� ����� ��� 	��� 	�����	 ���� ���� ���� 
�� ���g������ ������
����.
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O�� ��udy  � ����d� aou�d � r��� oa 15.� c���� ��r m ii o� 	 r�t�3
, �t� o�t�r ��udy  � ���d�� aou�d �

r��� oa 10 c���� ��r m ii o� 	 r�t�.4


T�e���en�s �n� ������es �f ��ngen���l ne����pen��

��������� �������!�" #�� �$� %!"� &��� �$��#�����' !���!%� !� �!�'����#& �����!(���#) *� �$� +-/26"

�t�� co�7�� ��i ��u�ro��� � ��� a r�� r�co7� 8�d �� � d �ord�r, mo�� ��� ���� d �d arom  �a�c� o�.39:4;

W �t �t� u�� oa ��� 	 o� c�, i a� �tr��� �7  �a�c� o�� 	�c�m� i��� commo� ��d mor� ��� ���� �ur< <�d.4=

>t� mo�� r�c��� �r���m���, 7r��uiocy�� coio�y �� mui�� �7 a�c�or ?@A��CB  m�ro<�� ��u�ro�t i cou���

��d i������  �a�c� o�� �<�� aur�t�r. Ho��<�r �o� �ii ��� ���� r���o�d �Du�iiy �o @A��C ��d i��t�i

 �a�c� o�� �� ii occur.43:44 E��� �� �t�  m�ro<�m����  � ��u�ro�t i cou���, or�i  �a�c� o�� �t�� �r� ��<�r�

��ou7t �o r��ui�  � �oo�t io�� �� ii ar�Du���iy occur. >t � t�� 	��� ty�o�t�� 8�d �o 	� du� �o d aa�r��c��

 � ��u�ro�t i 7r��ui� co�����  � �to�� ��� ����.4F

P�� ���� � �t co�7�� ��i ��u�ro��� � �i�o t�<� � � 7� a c���iy  �cr����d r �k oa d�<�io� �7 my�io d

i�uk�m �.4G >t� r �k oa i�uk�m �  � i �k�d �o �t� �dm � ��r�� o� oa @A��C, �i�tou7t i�uk�m � t�� 	���

r��or��d  � ��� ���� �o� ��k �7 @A��C. I1J oa  �d < du�i� �t�� t�<� 	��� o� @A��C �t�r��y aor 10 y��r�

d�<�io� i�uk�m �. >t� r �k �i�o �����r� �o 	� do�� d����d���. K� o�� ��udy, ��o�i� �to r���o�d�d

�ooriy �o @A��C �t�r��y, ��d �to ��r� �y� c�iiy o� � t 7t�r do��, t�d � L1 J ct��c� oa d�<�io� �7

i�uk �m �.44 K� ��o�t�r ��udy, �M J oa ��� ���� �t�� d�<�io��d i�uk�m � t�d mu��� o��  � �t� @A��C

r�c���or 7���.4N E��� �� �t� r �k� oa  �a�c� o� ��d i�uk�m �, o<�r�ii �ur< <�i  � �0J u� �o I0 y��r� oid

��d M0J u� �o Q0 y��r� oid.39
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Chapt�r 2: ELANE Mutat�ons �n Cycl�c and S�v�r� Cong�n�tal

��utrop�n�a�G�n�t�cs and Pathophys�ology
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Abstract

T���� ��� �w� ���	  ���
 � ����e����� 	�����p�	��
 ������ �	e 
�v��� ��	g�	���� 	�����p�	�� ����)�

������ 	�����p�	�� �
 �	 ����
���� e���	�	� e�
��e�� �	 w���� 	�����p��� ���	�
  �������� ���w��	

	����� 	����� ��v��
 �	e ���
� �� ���� w��� 21-e�� p����e������ �	 ��	���
�� ���� ��
� �	�w	 �
 ��
���		


�	e����� ��	
�
�
 � ����	�� �	e p�� ��	e 	�����p�	��� w��� � ����������
��� p������������

���������	 ����
� �	 ��� ��	� �����w� �	���� ������ 	�����p�	��� ��� e�
p���
  �����	� �����
����	 � 


������ �������	
 �	 ��� g�	�� CSF3�� �	��e�	g ��� G��	������� ����	�-���������	g ������ R���p���

�G-���R)� �	e � 
���	g p��e�
p�
����	 �� e�v���p�	g �����e�
p��
�� �MD�) �	e/�� ����� ������e

�������� �iML)� ������ 	�����p�	�� �
 ���
�e �� ��������g��
 �������	
 �	 ��� g�	�� E�!"E � �������

�	�w	 �
 E�!#)� �	��e�	g ��� 	�����p��� g��	��� 
���	� p�����
�� 	�����p��� ���
��
�� ��� �
 g�	��������

������g�	���
� ��� �� �
 ��
�  �����	��� �

������e w��� E�!"E �������	
� $���� 
��� � ��� e�  ���	�

��

�	
� �������	
 �	 E�!"E �%����� p��	���p�-g�	���p� ����������	� ��� 
��� �������	
 ���


�������
  ��	e �	 p����	�
 w��� ������  ��� � �	������e 	�����p�	��� T�� �������	
 ���e ��

p��e�����	 � � ����	� p���p�p��e�� ��� 	� �����	 ����������� ��	��������� �	���e�	g �  ���
 �	

p�������
�
� ��
 ���	 �e�	�� ��e� Tw� 	�	-�������� �%���
�v� �������
 ��v� ���	 �ev�	��e �� �%p���	

��w ��� �������	
 ��g�� p��e��� 	�����p�	��� T�� ��
�����������	 ��p����
�
 
����
 ���� �������	


w����	 	�����p��� ���
��
� �� �	v��v�	g ����� p�����	
 ��
p�	
����  �� ��
 �	����������� ���  ����	g ���
�

	�����p��� ���
��
� �� ���������� �	 �	�pp��p����� 
���������� ���p�����	�
� T�� ��
 ��e�	g ��p����
�


p��p�
�
 ���� �������	
 p��v�	� ��� p�����	  ��� p��p����  ��e�	g� ������� �	e���	g ��� 
���



��
p�	
� p���w�� w����	 ��� �	e�p��
��� ��������� �&R)� $� e�
��

 ��w ��� �������	
 ����
��v�
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Neutropeni�

����a�  �����	h
� ��� �s 
 	��
	h��a� ����d �y	
�a��y �a 
� ���w�� �500 �� 8500 ����s/µ� a���� �h�

a
� �� � � y�a�4�, a��h��
h �h�y �a�y ���w�� 
 d
�
d�a�s ���� d
����� � 	a��s �� �h� w���d a d a�

��������� ����� ������� �����! ��"��#$����% ��� &��� "��� �# ���!��&� ��� �#�'�(() (#*�� ��"��#$��(
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 ���d
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 d
�
d�a�s,  �����	h
� ��� �s ������a�� 
 ��s	� s� �� � �
�� �� �a� a d h�s� �a����s67 as w���

as �
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a �y���s693
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�
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Mendel�an  orms o neutropen�a

I� �������� �� �h	 g	�	�
����� 
�f�
	��	� �	�
g� ���
��
�� 
� �	
����h
� �
��	�� ��
�
�g 
� �h	 g	�	���

���
���
�� ��	 �
��
���� ��-������ ����������� ����!"#���� ��$"!��!$ �%&�'����( &�(&�) #����!��� �
�g�	

g	�	 �
������� ���
����� �
������� �	�	��
�	� �� X-�
�k	� 
�h	�
����	*

H
����
������ �h	�	 h��	 �		� �w� ��
���� �����	� �f h	�	�
���� �	
����	�
�* +h	 f
��� 
� ����
�

�	
����	�
� ,���	�
�	� �	f	��	� �� �� ����
� h	������
	�
�i� 
� wh
�h �	
����h
� ��
��� ���
����	� w
�h

�����x
���	�� 21-��� �	�
��
�
��� f�
��
��
�g �	�w		� �	���� ������ �	�	�� ��� � ���
� ����
�g �	�	���

���� �h�� �f�	� �	��h	� z	��5.* E���� �	���
��
��� �f ����
� �	
����	�
� ���	 �� �h	 f
��� h��f �f �h	

�w	��
	�h �	��
��59/60* +h	 �	�
��
�
�� �f �h	 �	
����h
� ����
�g 
� 	x	���
f
	� �� �� 
�
�
�� ���	63 
�

wh
�h � �h
�� w
�h ��
�	 ����h������
� �	
k	�
� �	�	
�	� �� ����g	�	
� ���	 �����w ���������� f���

h	� �
��	�� wh�� ����g w
�h ��h	� �	��	�� �f �h	 f��
��� w�� �ff�
��	� w
�h ����
� �	
����	�
�* +h	

�	�
�
	�� w�� �
�	� �f �	
k	�
�� �
� �	�	���	� ����
� �	
����	�
�� wh
�h �h	 h�� ��� 
�h	�
�	� �� �
��h*

R	���k����� �h	 �	
����h
� ��
��� f�� �h	 �w� �
��	�� �
��	4
	���� ����	� ����h����
��� �� �h	 ���	

���� �f �h	 ���	����* 7������	� ���� ����	 
� �h	�	 ���
	���� �
� �h	
� ��
��� ���
����� �� �� 
� � �h��	
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� �����
�	 �� �h�� �f �	
����h
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�	 �������	 ��
��� ��	 ���
����� �
�h ��w	� �h��
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����h
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� �����
�g 	����� w
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�� ����� ��
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���� �
���
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� >LA?>� wh
�h 	����	� �	
����h
� 	������	6@*
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��
�� �f �h	 �	���� ��B�� ���	 �f h	�	�
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�
�	� �� C��������

wh� 
� 1FGJ �	���
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� �
����	�

�	��������	 ���-����
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�� ����
�� �f �h	
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di��rder n�w m��s �fsen referred s�  � ��� i� ste re���s �f  ��e�i�	 teser�zyg��� 
 nd steref�re

d�min ns�y- �sing) m�s si�n� in E�A�E 
st s ��mesime� �ver� a wist ste m�s si�n� �b�erved in �y��i�

ne�sr�aeni )6
	 is i� n�w �n�wn st s ��� reare�ens�  genesi� ��y teser�gene��� gr��a �f di��rder�66.

Tte m�s sed gene� in���de st��e en��ding ste ��X�	 G�P�3	 W��	 G,��	 �TK�	  nd s f zzin ar�sein�


T b�e 2-�).

��st��gt indi�sing�i�t b�e in steir degree �f ne�sr�aeni ��ma red s� ��� � ��ed by E�A�E

m�s si�n�	 ste v ri���  �s���m � re�e��ive �r X-�in�ed f�rm� �f ��� di�a� y n�n-tem s���gi� ��ini� �

fe s�re� deaending �a�n ste re�a�n�ib�e gene
�. ,�r e� ma�e	 HA�1- ����i sed ��� i� fre��ens�y

 ���ma nied by ne�r�deve��amens � ��ma�i� si�n�	 in���ding de�re �ed ��gnisive f�n�si�n  nd

�eiz�re�6�. �ndivid� �� wist ���C� m�s si�n� fre��ens�y t ve ��ngenis � te rs di�e �e  nd �ster ��ini� �

fe s�re�6�. P siens� wist m�s si�n� in ��I1 di�a� y  r nge �f  �ser si�n� in �ymat��yse n�mber� �r

f�n�si�n6��
�0. �n ��nsr �s	 a siens� wist eister ��� �r �y��i� ne�sr�aeni re���sing fr�m E�A�E m�s si�n�

� ��  ����i sed �yndr�mi� fe s�re� n�s immedi se�y re� s b�e s� di�s�rb n�e �f ne�sr�ati� n�mber� �r

f�n�si�n	 are��m b�y be� ��e e�are��i�n �f E�A�E	 in ��nsr �s s� ste � �e f�r HA�1 �r ���C�  nd �ster

gene�	 i� m in�y re�sri�sed s� mye��id ar�genis�r �e���
�7. !e�ens�y	 st��gt	 ne�sr�ati� e� �s �e w � f��nd

s� be e�are��ed in �m��st m����e �e��� derived fr�m ne�insim � �e�i�n� in mi�e  nd t�m n� wist

a��m�n ry v ���� r di�e �e
�
.

�n ima�rs ns ��ini� � fe s�re �f ��� st s � rge�y differensi se� is fr�m �y��i� ne�sr�aeni i� ste ri�� f�r

di�e �e ar�gre��i�n s� mye��dy�a� �i 
(D�)  nd/�r  ��se mye��id �e��emi 
�(L)�"#�$. �n �ne �erie�	

ste ��m�� sive in�iden�e �f (D�/�(L w � 3�%
�$
	  nd wti�e �e��emi i�  ne�d�s ��y �b�erved wist

�y��i� ne�sr�aeni �6	 is� ����rren�e i� �n��mm�n. Le��emi� sr n�f�rm si�n  ri�ing wist teredis ry b�ne

m rr�w f i��re �yndr�me� i� we��-de��ribed  nd n�s �ni��e s� ���; is i� f��nd  s �imi� r fre��en�y	 f�r

e� ma�e	 in �tw �tm n-Di m�nd �yndr�me
��. ��wever	  �ni��e fe s�re �f �e��emi� ar�gre��i�n in

��� i� ste �sr�ng 
 �st��gt n�s ��ma�ese�y inv ri ns)  ����i si�n wist  ���ired m�s si�n� �f ste gene	
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C�F�R,  ncoding �h G-��� � c e�or7�. 	
��hough �yeica��y  ncoun� r d a� �oma�ic mu�a�ion�, �h r i� a�

� a�� on ca� r eor� of ��N ari�ing from g rm�in ���3� mu�a�ion7
.� �hi� �hi� i� �h �usj c� of

ano�h r chae� r in �hi� i��u , �h r ar conc rn� �ha� �r a�m n� wi�h r comsinan� human granu�ocy� 

co�ony-��imu�a�ing fac�or 	rhG-����  � va� � ri�� for ma�ignan� �ran�forma�ion in ��N7�, ear�icu�ar�y in

�igh� of �h ��rong a��ocia�ion wi�h �oma�ic mu�a�ion� of �h G-��� � c e�or g n and �h 

d mon��ra�ion in mic �ha� ��N-a��ocia� d G-���� mu�a�ion� conf r c�ona� dominanc on�y wi�h

admini��ra�ion of  xog nou� G-����8.

����t����l ���������� �� ���t��p��l� �� ����t��� t� ���t��p����


n of� n ov r�oo� d eroe r�y of cyc�ic n u�roe nia and ��N i� �ha� �h r ar �i� �y func�iona�

d fici nci � of �h n u�roehi�� �ha� may con�risu� �o �h ri�� for inf c�ion  v n in addi�ion �o �h 

n u�roe nia os� rv d in �uch individua��. !� c�ron micro�coey of my �oid erog ni�or c ��� from ��N

ea�i n�� r v a�� u��ra��ruc�ura� asnorma�i�i � in �h forma�ion of n u�roehi� erimary granu� � con�aining

�h hydro�y�ic  n"ym � r �eon�is� for  ff c�ing an�imicrosia� d f n� �#. N u�roehi�� from ��N ea�i n��

ar d fici n� in an�imicrosia� e e�id �, inc�uding $-d f n�in��%. � duc d asundanc of �ran�crie��

 ncoding o�h r n u�roehi� granu� comeon n�� i� a��o r eor� d��&�4. 
 �arg �y �ucc ��fu� form of

�r a�m n� of cyc�ic n u�roe nia and ��N invo�v � admini��ra�ion of rh-G���, which incr a� � n u�roehi�

coun�� in mo�� �usj c�� �o wi�hin �h norma� rang . 'ow v r, n u�roehi�� r cov r d from �h e rieh ra�

s�ood from �r a� d ��N ea�i n�� di�e�ay asnorma�i�i � in �h ma�ura�ion of granu� �, and �h 

n u�roehi�� ar func�iona��y d fici n� in an�imicrosia� ac�ivi�y again�� funga� and sac� ria� ea�hog n��(.

Thi� may s r f� c� d in �h �ye � of organi�m� �ha� ar  ncoun� r d sy individua�� wi�h cyc�ic

n u�roe nia and ��N, who may  xhisi� vu�n rasi�i�y �o uncommon ea�hog n��6&�7. )n �h o�h r hand,

�h eh nom non i� no� n c ��ari�y a uni*u f a�ur of ��N. �h n n u�roehi�� ar co�� c� d from �+3/0

c ��� from e rieh ra� s�ood from h a��hy donor� �h n  xeand d 15 9:9; in �h er � nc of a cy�o�in 
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c�c�t��� ��c��d��g  -C�	, the re
��t��g �e�tr�ph��
 
�m���r�l exh�b�t red�ced ����t�t�e
 �f gr����e

c�mp��e�t
, ��c��d��g �e�tr�ph�� e��
t�
e, �
 we�� �
 ��m�ted b�cter�c�d�� �ct�v�tl88.

O
te�p�r�
�
8� ��d �ther b��e m��er���z�t��� defect
�0
�1 �re 
ee� �� �C�, ��th��gh thel m�l be � 
�de

effect �f tre�tme�t w�th rh -C�	��
�3.  -C�	 �dm���
tr�t��� red�ce
 b��e m��er�� de�
�tl bl �ct�v�t��g

�
te�c��
t
�9 ��d ��h�b�t��g �
te�b��
t
��. ���e rem�de���g c���d c��ce�v�b�l ��
� be 
ec��d�rl t�

effect
 �f dl
reg���ted �e�tr�ph�� pr�d�ct��� ��d/�r �ct�v�t��� �� the b��e m�rr�w m�cr�e�v�r��me�t.

Di��o���y o� �u�a�ion� in ELANE in �y��i� n�u��o��nia an� ������

�on��ni�a� n�u��o��nia

�� !"# $%!# &''()*+ 456 7645: ;� <#%!!$# :#6=46>#? 7#�4>#-w�de ����l
�
 f�r ge�et�c �����ge �� @B

f�m���e
 w�th m��t�p�e ge�er�t���
 �f ��d�v�d���
 �ffected w�th clc��c �e�tr�pe���, �
��g the the�-c�rre�t

tech����gl �f m�cr�
�te���te m�r�er
, d�
tr�b�ted w�th me�� 
ep�r�t��� �f �ppr�x�m�te�l @F cM ge�et�c

d�
t��ce�G. H� everl f�m��l, we �b
erved ge�et�c �����ge t� m�r�er
 m�pp��g �e�r the d�
t�� term���
 �f

the 
h�rt �rm �f chr�m�
�me @I, where �bv���
 c��d�d�te ge�e
 ��c��ded � c��
ter �f three p�r���g��



er��e chlm�trlpt�c-tlpe pr�te�
e
, JKPQJ Rthe� ���w� �
 JKPST e�c�d��g �e�tr�ph�� e��
t�
eU VWXQY

#�Z4?;�7 :64!#;�%*# [+ \";Z" ;* !"# !%67#! 4= ]Z-^_`^j kZq!4:$%*>;Z %�!;�#5!64:";$ Zq!4:$%*>;Z

%�!;s4?;#*{ %5!4%�!;s4?;#* %**4Z;%!#? \;!" !"# 6"#5>%!4$47;Z ?;*46?#6 |#7#�#6)* 76%�5$4>%!4*;*} %�?

QP~� e�c�d��g �z�r�c�d��, �� wh�ch the c�t��lt�c 
er��e h�
 d�
�ppe�red, re
��t��g �� � pr�te�� th�t ��

���ger d�
p��l
 pr�te��lt�c �ct�v�tl. Ht �
 w�rth ��t��g th�t the
e pr�te��
 d�
p��l ��t�m�cr�b��� �ct�v�tl

d�
t��ct fr�m the�r e�zlm�t�c �ct�v�tl��. �fter 
e��e�c��g th�
 c��
ter �f ge�e
, we detected 
eve�

d�ffere�t heter�zlg��
 m�t�t���
 �� JKPQJ th�t 
egreg�ted w�th clc��c �e�tr�pe��� �� e�ch �f the @B

f�m���e
 we 
t�d�ed�G.

�e �ext ev����ted JKPQJ �
 � c��d�d�te ge�e �� 2� �C� ��re��ted c�
e
�8. H� 2@ �f the 2� c�
e
, we

detected ��e �f @� d�ffere�t heter�zlg��
 JKPQJ m�t�t���
. M��l �f the c�
e
 �cc�rred 
p�r�d�c���l,



2�

but w��� DNA ��mpl�� ��om ot��� ���� t�d ��d�i�du�l� �� t�� ��m�ly w��� �i��l�bl�	 �� ����ly �ll  ����

w��� t���� w�� �i�d�� � o� p����t-to- ��ld t����m����o�	  o����t��t w�t� �uto�om�l dom����t �o�m� o�

������t�� �	 t�� ��m� E
��E mut�t�o� w�� d�t� t�d �� �ll m�mb��� o� � p�d�g���e 
o� t�� mo�t p��t	

E
��E mut�t�o�� o  u����g �� ��N p�t���t� ��� d��t�� t ��om t�o�� �ou�d �� p�t���t� w�t�  y l� 

��ut�op����e N�i��t��l���	 �t t�m�� t�� ��m� p��t� ul�� mut�t�o� �� �ou�d �� ��d�i�du�l� w�t� d� �d�dly

 l��� �lly d��t�� t �o�m� o� ��ut�op����	 �e�e  y l� i���u�  ��o�� e T���� ��� ��i���l po���bl� ��pl���t�o��e


���t o� �ll	 t��  l��� �l �i�lu�t�o� o�  y l� ��ut�op����  �� b�  ��ll��g��g	 �� ob���i��g  y l�� ��qu����

���qu��t �����l blood  ou�t�e s� �ll�t�o� p�tt���� m�y ����b�t ����gul���ty	 m�y d���pp��� ��t���ly �t

t�m��	 ��d ��� ���lu�� �d by t����py	 p��t� ul��ly ���-��
 t���tm��t w�� � t��d� to ��o�t�� t��

p���od� �ty o�  y l��g ��d �� ����� t�� �mpl�tud� o� t��  y l��	 w�t�out �b�og�t��g  y l��g  ompl�t�lye

�om� ��d�i�du�l� m�y  y l� but ����b�t low p��� �mpl�tud�� ���ult��g �� �  l������ �t�o� o� ��Ne A�ot���

po���b�l�ty �� t��t t��  l��� �l ����g�m��t w�� m�d� �� l�g�t o� ��owl�dg� o� t�� mut�t�o�	 �o g��otyp�-

p���otyp�  o���l�t�o��  ould  o� ��i�bly b� b����d �� � ���ult o� ��owl�dg� o� t�� p��t� ul�� mut�t�o�e


���lly	 t���� �� �om� �� ��t �i�d�� � to �ugg��t t��t t����  ould b� mod����� g���� ��d t��t t��

mod������ m�g�t t��m��li�� �� lud� i�����t� o� E
��E	 H���	 ��d G�PC3
99
. I� p��t� ul��	 two ��d�i�du�l�

w�t� ��N w�o �pp����d to b� ��t��ozygou� �o� � p�t�og��� mut�t�o� �� E
��E w��� �dd�t�o��lly

��t��ozygou� �o� ��t��� H��� o� G�PC3 mut�t�o��e (s�d�����ly	 H��� ��d G�PC3 � t �� ����i�ly	 ��d

�omozygou� mut�t�o� �� ��lt to b� ��qu���d to p�odu � t�� ��N p���otyp�e� A�ot��� p�t���t w�� �

 ompou�d ��t��ozygot� �o� two d�������t p�t�og��� H��� mut�t�o�� but w�� �l�o ��t��ozygou� �o� �

G�PC3 mut�t�o�e 
���lly	 o�� ot��� ��N p�t���t w�� ��t��ozygou� �o� bot� G�PC3 ��d H��� mut�t�o��e

It �� wo�t� �mp����z��g t��t �lt�oug� �� ����i� �o�m� o� ��N ��� ����	  o���d���t�o� o� ���dy-W���b��g

�qu�l�b��um ��d� �t�� t��t  ������� ��� m����dly mo��  ommo�	 ������g t�� po���b�l�ty t��t

��t��ozygo��ty �o� H��� o� G�PC3 �� �� �� �d��t�l ���d��g �� t����  ����e I� ��ot��� �tudy
1��

	 two ��N

p�t���t� ��d �oi�l i�����t� �� G���	 w�� �  �� �l�o b� �  �u�� o� ��N (��� b�low�e I� y�t ��ot��� �tudy	
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a�  �� �a����� wa� fou�d �o 	a
� �wo E�A�E am��o ac�d m������� �us����u��o� mu�a��o�� 
V53M a�d

V��M)� so�	 occu����g �� ��� o� �	� ma����ally ��	�����d all�l�
1�1

. �	� mo�	�� 	ow�
��� �e	�s���d o�ly

o�� of �	� 
a��a��� 
V��M� w	�c	 	a� �o� a��a����ly s��� ���� s�fo�� �� ���	�� ca��� o� co���ol�) a�d

wa� a�ym��oma��c w��	 �o�mal ��u��o�	�l cou���. 
�	��� wa� al�o a �	��d 
a��a�� w��	�� a� ����o�

w	o�� �a����al ��	����a�c�� �f a�y� wa� u�c���a��.) �	u�� V53M mu�� 	a
� a����� �� ����. ����������gly�

V53M 	ad o�ly ���
�ou�ly s��� fou�d �� �a������ w��	 cycl�c ��u��o����a
6�,1��

. �	� au�	o�� �	���fo��

co�clud�d �	a� �	� coms��a��o� of V��M� w	�c	 alo�� 	ad �o �ff�c� o� g�a�ulo�o����� 
a� fou�d �� �	�

mo�	��)� �� coms��a��o� w��	 �	� V53M mu�a��o�� o�d��a��ly ��oduc��g cycl�c ��u��o����a� y��ld�d  ��

w��	 a �a���cula�ly ��
��� cl���cal cou���� ��clud��g ��
a��
� �ulmo�a�y myco��� a�d d�
�lo�m��� of MD 

w��	 ��og�����o� �o �ML a� ag� � y�a��.

��o�	�� �ugg����o� of mod�f��� g���� com�� f�om a� u�u�ual ca�� �� w	�c	 a 	�al�	y ����m do�o�

fa�	���d 
a� l�a��) ��g	� ��u��o����c c	�ld��� w��	 ��e d�ff����� wom��
1��,1�4

.  �
�� of �	� ��g	� c	�ld���

	ad  �� w	���a� o�� of �	� c	�ld��� d�mo����a��d �
�d��c� of ��u��o�	�l cycl��g. �	� au�	o��

����������d �	�� os���
a��o� a� ��d�ca���g �	��o�y�� d����m��a��o� sy mod�fy��g g����� g�
�� �	a� all

�	� aff�c��d c	�ld��� ��	�����d �	� �am� �a����al all�l�. 
 a�g�� d�d�oey D�� ��qu��c� a�aly��� of �	�

!"#$%&'( (*%&+ -"( /07(8(#%7# -8#$ +0("8/ &%*&%(%7#"#807 0! #$% E�A�E mu�a��o�.  �� fu��	�� d��cu���o�

of g�����c mo�a�c��m s�low.)

�� �o��d� �� ���� mu�a��o� of E�A�E �� fa��ly commo�
6�
� mo�� �o amo�g  �� �	a� cycl�c ��u��o����a

ca���. �� fac�� �	� occu����c� of �� ���� E�A�E mu�a��o� com�l�ca��d �	� ��a�c	 fo� au�o�omal

��c����
� fo�m� of  ��. �	��� a�� ��d�
�dual� w��	  �� ����d��g ��  w�d�� w	o a�� d��c��da��� of �	�

ca��� f���� ���o���d sy Ko��ma�� mo�� �	a� 59 y�a�� ago. �	� g��� ����o���sl� fo� au�o�omal ��c����
�

 �� �� �	�� �o�ula��o�� HAX:� wa� ma���d sy l��kag� a�aly��� a�d �o����o�ally clo��d sy mak��g u�� of

�	��  w�d��	 fam�ly a� w�ll a� o�	�� fam�l��� f�om ��	��cally ��ola��d �o�ula��o�� �� �	� M�ddl� ;a��
1�<

.

=0>& +%+?%&( 0! @0(#+"77'( 0&8B87"C !"+8CF -8#$ GIJ -%&% (#>N8%NO P$8C% #$&%% -%&% !0>7N #0 ?%
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homozygous �or th� s m� HA�� mut tion, on� individu a �hos� dis� s� � s thought cainic aay

indistinguish �a� �rom th t o� his  ���ct�d si�aings � nd th�r��or� � s  ttri�ut�d to th� s m�  nc�str a

g�n�e �vid�ntay a ck�d th� s�gr�g ting HA�� mut tion  nd � s r��ort�d to h v�  n�� E	A
E mut tion

not �r�s�nt in his � r�nts
1��
. 
his is not  g�n�tic aay sur�rising �h�nom�non, giv�n th t disord�rs �ith

r�duc�d r��roductiv� �itn�ss�noting th t s�v�r� in��ctious com�aic tions,  s ��aa  s th� risk �or

a�uk�mic �rogr�ssion, s�v�r�ay short�n ai���must n�c�ss riay  ris� �rom n�� mut tions, ��c us�

 ���ct�d individu as  r� a�ss aik�ay to surviv� to r��roductiv�  g�. ��v�rth�a�ss, it is �ossi�a� th t E	A
E

m y r��r�s�nt  hots�ot or n�� g�rmain� mut tion. �� h v� r��ort�d s�v�r a c s�s �h�r� th�r� h v�

���n t�o �� ���� su�stitutions occurring in ��� on th� s m�  aa�a� o� E	A
E, r��r�s�nting  

�h�nom�non th t h s onay ���n �xtr�m�ay r r�ay r��ort�d �or oth�r disord�rs
1��
. �n th� t�o c s�s ��

d�scri��d �h�r� th� origin o� th� mut tion couad �� d�t�rmin�d, th� mut tions h d  ris�n on

� t�rn aay-inh�rit�d  aa�a�s. 
his couad �ossi�ay r��a�ct vuan�r �iaity o� this aocus to mut tion a

�h�nom�non, or, �y  n aogy to study o� �� ���� F�FR� mut tions c using  chondro�a si  nd oth�r

n�� mut tions sho�ing � t�rn a �i s, it couad r��a�ct s�a�ctiv�  dv nt g� during m a� g�rm c�aa

�orm tion
1��
. �rguing  g inst th t �ossi�iaity, though, is th� �r�viousay discuss�d c s� o�  noth�r � ti�nt

�ith t�o ��� E	A
E mut tions
1�1
; on� � s �� ����  nd on� � s inh�rit�d, �ut �oth c m� �rom th�

moth�r.


h� �h�nom�non o� �� ���� mut tion a� ds to discussion o� th� signi�ic nc� o� g�rmain� mos ic E	A
E

mut tions. �t is no� ��aa r�cogniz�d th t in  v ri�ty o�  utosom a domin nt disord�rs, un ���ct�d

individu as a cking �vid�nc� o� th� mut tion in D�� o�t in�d �rom ��ri�h�r a �aood or ��ith�ai a or

oth�r c�aas o�t in�d �y �ucc a s� � or skin �io�sy m y ��  � r�nt to muati�a� chiadr�n �xhi�iting th�

disord�r  nd sh ring  common mut tion �th�  �or�m�ntion�d s��rm donor ��ing on� such �x m�a�e.

�! "#$% $&"'"( )%' *)+&!"/0))0!34 5&r�nt is und�rstood to h r�or th� mut tion in onay  �r ction o� th�

c�aas r�6uir�d to �xhi�it sym�toms in th� r�a�v nt tissu� �such  s �on� m rro� �or n�utro��nic



3�

di��rder��  et �s��ifie�t� p�ps�lte� t�e �er	�i�e �� t�lt it� i��eritl�fe �����w� 
e�de�il�

e�peftlti���1�
.

�� ����� ������������� �� ���� �����!��� ���������" ��� �!!�#�� ��� ���#��� ���� �����������

f��f�s�i��� l$�st ��w ELANE 	stlti��� fls�e �estr�pe�il. a� t�e �ir�t i��tl�fe i� w�if� �er	�i�e

	��lifi�	 wl� rep�rted11�, l� s�l��efted �lt�er wl� ��s�d i� perip�erl� $���d �r�	 �i� D%& t�

de	���trlte t�e �l	e ELANE 	stlti�� l� pre�e�t i� �i� l��efted f�i�d. '���er i��pefti�� revel�ed t�lt

t�e 	stlti�� wl� deteftl$�e i� l$�st �l�� �� �i� � 	p��f te� $st �e�� t�l� (�) �� �estr�p�i��.

a�dividsl� �e	lt�p�ietif f����ie� �$tli�ed �r�	 perip�erl� $���d were eit�er �eter�z ��s� ��r t�e

	stlti�� �r were ��	�z ��s� wi�d t pe. *�e �s��e�ted e�p�l�lti�� ��r t�i� l�d �t�er de	���trlted �r

�ike� fl�e� �� ELANE 	��lifi�	1�+-111-112 wl� t�lt it 	s�t 	el� t�lt ELANE 	stlti��� lre, $ 

t�e	�e�ve�, ��t fls�ltive �� �estr�pe�il111. /e $e�ieve ��wever t�lt l 	�re pr�$l$�e0l�d

pr�v�fltive0f��f�s�i�� i� js�t t�e �pp��ite: t�lt �estr�p�i� pr��e�it�r� $elri�� t�e 	stlti�� d� ��t

eve�tslte i� 	ltsre �estr�p�i��  et lre s�l$�e t� $��fk di��ere�tilti�� �� wi�d t pe fe���11+-114. 5�e�e

�$�ervlti��� i	p�iflte fe�� lst���	�s� p�e��	e��� rlt�er t�l� i�v��ve	e�t �� plrlfri�e e��eft�, lt

�el�t wit� re�peft t� ��w 	stlti��� i� ELANE �eld t� 6'%, i� ��t l��� f f�if �estr�pe�il.

789;7 g<n< mu=>=?on@

at i� �ir�t �� l�� w�rt� ��ti�� t�lt t�e plt���e�if r��e �� ELANE 	stlti��� i� �ereditlr ��r	� ��

�estr�pe�il �l� $ee� repelted� fl��ed i�t� Bse�ti�� C��r e�l	p�e,FF-1�4-112�. /e �i�d t�i� $l���i��.

Gl	i�ie� wit� f f�if �estr�pe�il �r 6'% e��i$it f�elrHfst 	s�ti�e�erlti��l� pltter�� �� i��eritl�fe

f���i�te�t wit� �i���e �e�e lst���	l� d�	i�l�t trl��	i��i��. 5�e i�itil� �i�kl�e l�l� �i� ide�ti�ied js�t

l �i���e ��fs� i� (3I(3 pedi�ree� wit� f f�if �estr�pe�il, l�d ELANE 	stlti���, ��	e di��ere�t l�d

��	e refsrre�t  et lppelri�� �� di��ere�t l�fe�trl� �lp��t pe� C	el�i�� t�lt t�e lr��e i�depe�de�t� 

wit�i� t�e p�ps�lti���, were detefted i� l�� (3 �l	i�ie�
F. 6i�fe t�e�, �s�dred� �� pltie�t� wit� eit�er
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c�c��c �e����pe��a �� r	
 w�� �ave E�A
E m��a����s �ave  ee� ��e�����e�102,115,116��� ��s�  �� j�s� a �ew

�� ��e ma�� cases �ep���e� �� ��e ���e�a���e� �����p�e e�amp�es �� d� ���� m��a���� �� E�A
E� w��c� �s

ge�e�a��� accep�e� as ev��e�ce �� ca�sa�����pa���c��a��� w�e� e�am����g ���� a s��g�e ge�e� a�e ��w

k��w�� 	ases �� ge�m���e m�sa�c�sm a�e a�s� c��s�s�e�� w��� a ca�sa��ve ���e� 	�mme�c�a� ge�e��c

�es���g �as  ec�me ������e� .��a���� as w���e ge��me �� w���e e��me se��e�c��g  ec�mes ��c�eas��g��

c�mm��� a�� �a�a ases �� c�mm�� va��a��s a�e c�mp��e�  � se��e�c��g ����sa��s �� c������s11��

���e� ca�sa��ve ge�es ca�  e e�c���e� a�� ��e a se�ce �� ��e � se�ve� E�A
E m��a����s ���m c������

p�p��a����s ca�  e c�����me�� �e asse�� ��a� ��e�e a�e �ew ���e� ge�es w�e�e ��e ev��e�ce �� ca�sa����

�s s� s����g�

Th� ��tu�� !f th� "ut�ti!�# !b#��$�% i� &L'N& �l#! (�!$i%�# )lu�# �b!ut

th�i� (�th!*��i)ity+

E�A
E c���a��s ��ve e���s� -�� k��w� E�A
E c�a��/�e�m��a���g m��a����s 4���se�se �� ��ames����

m��a����s �ea���g �� a��e�e� �ea���g ��ames w��� ��c���ec� ��a�s�a���� �� a� ���/��/��ame s��p c����7

�cc�� �� ��e ����� a�� ���a� e���� 4	�a��/�e�m��a���g m��a����s w����� E�A
E a�e� ��� ��e m�s� pa���

c�����e� �� r	
 pa��e��s a�� a�e ��� � se�ve� w��� c�c��c �e����pe��a�7 ����e c�a��/�e�m��a���g

m��a����s �cc�����g w����� ���e��a� e���s ge�e�a��� p����ce ��a�sc��p�s ��a� a�e se�ec��ve�� �em�ve�

p���� �� ��a�s�a���� �����g� ��e p��cess �� ���se�se me��a�e� �eca� a�� ��e�e���e �� ��� p����ce a�

a  �ev�a�e� p���pep���e� m��a����s �cc�����g �� ��e ���a� e��� a�e ��p�ca��� e�emp�e� ���m s�c� ce����a�

��a���� c������ mec�a��sms a�� �� ac��a��� �ea� �� pep���es ����ca�e� a� ��e ca� ���� �e�m���s118� 9��s

�mp���a�� � se�va���� �ea�s �� �w� s�g����ca�� c��c��s���s: .��s�� �ap����s����c�e�c� �� �e����p���

e�as�ase �s ����ke�� ��  e ca�sa��ve �� ��e ��s���e�� ���e�w�se c�a��/�e�m��a���g m��a����s �� w���e

ge�e �e�e����s� w��c� �ave �eve�  ee� � se�ve�� s�����  e e�pec�e� �� ��e ���s� ���� e���s� rec���� ��e

ca� ���� �e�m��a� p������ �� ��e p���pep���e ��ke�� c����� ��es ���c����a��� �� p�eve�� �e����pe��a 4as
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di�����sd �s�ow�  otseti���y � �iedieg �its �or 	
3� ievo�vsd ie ietr��s�����r tr���i�kieg o� es�tro hi�

s���t��s).

Ieiti���y� �hort�y �o��owieg di��ovsry o� E�A�E m�t�tioe� ie �y��i� es�tro sei� �ed 
��� thsrs �  s�rsd

to �s  o��i��s ����tsrieg  �ttsre� rs��tsd to sithsr ths �ies�� or tsrti�ry di�tri��tioe o� m�t�tioe� with

rs� s�t to gses �ed  rotsie �tr��t�rs� rs� s�tivs�y� th�t  rsdi�tsd thsir o���rrse�s withie sithsr

���ty s o� iehsritsd es�tro sei�. 
otseti�� �orrs��tioe �stwsse m�t�tioe �o��tioe �ed  hseoty s h��

����t�eti���y ws�ksesd
11�

�� ths e�m�sr o� �ei��s m�t�tioe� h�� growe �� gsesti� �e��y�i� o� E�A�E

h�� �s�oms ie�rs��ieg�y �ommoe ie ths sv����tioe o� s�r�y �hi�dhood es�tro sei�. a�t�tioe�� ty i����y

�ieg�s ���s mi��se�s ����tit�tioe� or �m��� ie-�r�ms ieds�� or � �i�s �its m�t�tioe�  rod��ieg ie-�r�ms

ds�stioe or ie�srtioe o� � �sw �mieo ��id rs�id�s�� �rs eow �o�ed di�tri��tsd thro�gho�t ths �segth o�

ths gses� rsedsrieg �ey ��s�r  �ttsre� i� oes ��t����y sxi�t�� �s�� o�vio�� �Fig. �). It h�� �s�oms di��i���t

to m�iet�ie �e ����r�ts d�t����s o� ths v�rio�� m�t�tioe� eow ds��ri�sd �s����s o� ths  ��r��ity o�

rs�s�r�h �ed �ommsr�i�� ����  sr�ormieg ts�tieg. 
ti��� �oms gsesr�� o��srv�tioe� rsg�rdieg ths e�t�rs

o� ths m�t�tioe� ho�d. Ths � �i�s doeor �its �t ietroe � i�  srh� � ths mo�t �rs��set �its �t whi�h

m�t�tioe� o���r
6�
. ���s ����tit�tioe� �t ths �ir�t� third� or �i�th  o�itioe o� ths ietroe �or�s �ti�iz�tioe o�

� �ry ti� � �i�s doeor �its 30 e���sotids� � �trs�m o� ths ��eoei��� �its� �s�dieg to ds�stioe o� tse

�mieo ��id rs�id�s� �rom withie � rsgioe o� ths  rotsie �oet�ieieg ths ��t��yti� �its �����-F�70). Ths�s

m�t�tioe� �rs es�r�y sx����ivs�y �o�ed ie iedivid���� with �y��i� es�tro sei� �ed �rs ths ovsrwhs�mieg�y

mo�t �ommoe m�t�tioe�� with rs� s�t to thsir �ommoe s��s�t oe  rotsie �odieg� ie ���s� o� �y��i�

es�tro sei�. Ie �dditioe to ths o��srv�tioe o� �h�ie-tsrmie�tieg m�t�tioe� ie ths �ie�� sxoe �sieg es�r�y

sx����ivs�y �o�ed �moeg  �tiset� with 
��� � ��ir�y �ommoe�y �sse m�t�tioe� ,8�5R� �ssm� to �oe�sr �

 �rti����r�y �svsrs ��iei��� �o�r�s1
���1��. Iedivid���� with thi� m�t�tioe tsed to h�vs �owsr es�tro hi�

�o�et�� �rs rs�r��tory to rh,-�
F trs�tmset� �ed �  s�r to  rogrs�� to aD
 �ed/or 	aL �t high

�rs��se�y.
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Bi�chemi�try �f neutr�phi� e�l�tl�e

E�A�E ����d�s ��	
���
�� ���s
�s�, � ��������� �����x���
��� 30  D� a�������
���9�. �s ��
�d,

��	
���
�� ���s
�s� �s ���s��� ����
�d 
� ��	����d�� ��d ���
����s� 3, w
��
 ��� ����d�d �� �d�����


a���s �� 

� s��� ��	s
�� �� �
����s��� ���. ��� 

��� ������s ��� ��s� ���s��� ����
�d 
� ��

��s��

G, w
�s� a��� �s ��	�d �� � d�������
 �
����s��� (�4q). ��� ��	� ���
���s ��� ����� ��������
 ��

��	
���
�� ��	���
���� a���	��s.

N�	
���
�� ���s
�s� 
� �s �
s ���� ���� 

� ���
 

�
 

� ������
�v� 
�ss	� ���
��� ���s
�� w�s ����a



� ���s
 �� �
s  ��w� s	�s
��
�s1�1; 
�w�v��, ��	
���
�� ���s
�s� �����s � ���a� �	���� �� d�������


���
���s ����a �
s s	�s
��
�s. �
s �����
� 
� �����
 v��	����� ���
��s ���� � v����
� �� G���-��a�
�v�

���
����� s�����s11 �s s	�s
��
�s, ����	d��a 

� �	
�� �������� ���
��� �� E� ��!"1��, ���
���	
�s 
� �
s

��
���������� ��
�v�
�.

N�	
���
�� ���s
�s� �s ��s� ��v��v�d �� 

� �����ss��a �� ��
� ���s, �
��� ���s, ��d a��w

 ���
��s,

����	d��a 
	��� �����s�s ���
�� ���
� (#NF-$%1�& ��d s
����� ����-d���v�d ���
��-�$ ('DF-�$, ��s�

�������d 
� �s CXC*�2)1�+, w
��
 s��v�s �s � �
����

���
��
 ��� ����
���
�s, ������
�s, ��d d��d��
��

����s. ��
���s
��a��, ����
�v�
��� �� 'DF-�$ �� ���� ���ds 
� d�������
 ���������s�s1�5 ��d ����
�v�
��� ��

�
s �����
��, CXC/4, �s 

� ��	s� �� 

� W6�M s��d���� (w��
s, 
���a����a���	�������, �����
���s,

��d ����� �

�x�s)1�7. �� W6�M s��d����, �����
���� ��	
������� �s � ���s�q	���� �� ����� �

�x�s,



� ��
��
��� �� ��	
���
��s w�

�� 

� ���� �����w. O� 	� ��w� ����v���� 
� 'CN, ��	
���
�� ���s
�s�

��s� ����v�s G-C'F ��d �
s �����
��1��81�9.

N�	
���
�� ���s
�s� �s s��

�s���d �s � 2:< ����� ���d ��s�d	� ����
�v� ����a��. �
 �s ��s
-
���s��
�������

=>?@HIIHJ K? LP>IK >HQ?RH S TU >HIPJVH Y=>HZ IP[\S] IH^VH\@H >H^VP>HJ L?> P\K>S@H]]V]S> QHQ_>S\H

��s��
��� ��d 	�
���
��� �x
������	��� s����
���1&`b gjH\ S Y=>?Z =H=KPJH ?L kVIK Ko? SQP\? S@PJI PI

����v�d ���� 

� ����� 
�����	s �� d����
�d�� ���
�d�s� � (Dzz�, ��s�  ��w� �s ��

��s�� C)1&1.
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Ne����phi� e�l��l�e l���  �n�lin� l  l�c�x�� �e�minl� p��pep�i�e �f 20 �e�i��e� �hl� i�  �elae� c� ln l�-

�e� �ni�en�ifie� p���el�e	 F���� p�� e��e� ml���e ne����phi� e�l��l�e  �n�lin� 218 lmin� l i� �e�i��e�	

Un�ike ��he� �e�ine p���el�e�
 �� h l� ���p�in
 ,he�e p���e����i  �nae��i�n f��m ��m�gen �� l �iae

en��me �ie��� �,� in�e��,ine� p���pep�i�e�
 �he p�� e��e� p���i�n� �f ne����phi� e�l��l�e l�e n��

f��n� �� l��� il�e ,i�h �he �e����ing ml���e �ing�e p���ein  hlin
�
�

	 A� f�� p���-��ln��l�i�nl�

m��ifi l�i�n�
 ne����phi� e�l��l�e  �n�lin� �,� �i�e� �f N-g�� ����l�i�n
9�
	

In�e�e��ing��
 �efi ien � �f DPPI
 �e�p�n�ic�e f��  �elaing �he �,� �e�i��e p��pep�i�e �f ne����phi�

e�l��l�e
  l��e� ln l�����ml� �e e��iae h�mln �i����e�
 Plpi���n-Lefea�e ��n���me
  �n�i��ing �f �kin

ln� pe�i���n�l� �i�el�e
�



	 In�iai��l�� ,i�h Plpi���n-Lefea�e ��n���me �he�ef��e fli� �� lpp��p�il�e��

ex i�e �he  l�c�x�� �e�minl� p��pep�i�e ��mlin f��m ne����phi� e�l��l�e
 p���einl�e 3
  l�hep�in �
 ln�

l���� i�in
 c�� �e� l�e n�� �e� �ice� l� ne����peni 	

���������� ���������� �������� ��������� �� ��!�����" �# �$� %-cl��e��
  �n�lining �ix ln�ipl�l��e� %-�hee��

 �nne �e� �h���gh l �inke� �egmen�
 ln� l  l�c�x��-�e�minl� &-he�i l� ��mlin
�
'

	 A� ,i�h ��he� �e�ine

���������( ����� �� � ����" �# ��������� ����"��� )*+./( 4+56( �7" :/;< #��!�7= � >����=� �����? �����!
9�
	

Ini�il���
 �he hi��i�ine i� �ep����nl�e� c� �he  l�c�x��l�e �i�e  hlin �f l�pl��l�e	 The hi��i�ine
 in ���n


�ep����nl�e� �e�ine	 The p����n ��iginl��� c��n� �� �he �e�ine h����x�� g���p i� ��ln�fe��e� �� �he

�!�7� =���� �7 ��� ��@�������� �����"� @�7"( ����$�7= ��� �����"�7� �� l  ep� l p����n f��m ,l�e�


,hi h �hen l��l k� �he l �� en��me in�e�me�il�e
 �el�ing �� �ef��ml�i�n �f �he en��me	

Ne����phi� e�l��l�e ln� �e�l�e�  h�m����p�i �e�ine p���el�e� hlae �eae�l� en��gen��� inhici����	

M��� p��minen� pe�hlp� l�e �he �e�pin� s�e�ine p���einl�e inhici����r
 �f ,hi h �he m��� ,e��-

 hl�l �e�i�e� i� &1-p���el�e inhici��� sl��� kn�,n l� &1-ln�i-���p�in
 c�� ,hi h ml� p�l� l m��e

�ignifi ln� ���e in inhici�ing ne����phi� e�l��l�er	 B�mln gene�i �efi ien � �f &1-p���el�e inhici���

�el�� �� el��� �n�e� �f emph��eml���� ��ng �i�el�e
 �e����ing f��m �n�pp��e� ne����phi� e�l��l�e-
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me��a�e� �e��r�c��on of  �lmonary ela���c f��er� an� o�ter connec��ve �����e�1��. 	er�a�n 
ene��c

var�an�� of ��- ro�ea�e �nt����or can al�o ca��e c�rrto��� ��e �o �te�r a��l��y �o m��fol� an� form  ro�e�n

a

re
a�e� wt�ct  rove �ox�c �o te a�ocy�e�1�
. �mon
 o�ter �er �n�s monocy�e ne��ro t�l ela��a�e

(now referre� �o a� �er �nB�) a  ear� �o acco�n� for a �����an��al  or��on of  ty��olo
�c �nt�����on of

ne��ro t�l ela��a�e1��. �er �n� act�eve �nt�����on of ne��ro t�l ela��a�e an� o�ter �er�ne  ro�ea�e�

�tro�
t an �rrever���le ���c��e �����ra�e mectan��m �n wt�ct �te �ar
e�e� enzyme cleave� �te �er �n

an� 
enera�e� a covalen�ly �o�n� �nt����ory com lex1�8� ���������� ����������!" ����#$��
 elaf�n1�9 an�

�ecre�ory le�%ocy�e  ro�ea�e �nt����or1&' form ano�ter 
ro� of en�o
eno�� �nt����or� of ne��ro t�l

ela��a�e an� rela�e� �er�ne  ro�ea�e�. �l�to�
t enco�e� �y ��fferen� 
ene fam�l�e�s �tey �tare a

canon�cal forma��on of �te�r �nt����ory  ro�ea�e ��n��n
 loo .

F*i+u,/ 02 40u5/ 6/7/:i; 40d/+5 :0 ,/;*pi:u+*:/ 7/u:,0p/7i*

� fac�or tam er�n
 �te �n�er��an��n
 of �te mectan��m wtere�y t�man m��a��on� re��l� �n

ne��ro en�a �� �te lac% of corre� on�ence �o t�man  teno�y e� �n mo��e 
ene��c mo�el�. Gene

�ar
e��n
 of t�man E<A=E m��a��on� a� or�tolo
o��  o����on� �n m�r�ne E>?@C fa�l �o  ro��ce a�erran�


ran�lo o�e���1&1. ��m�larlys m�ce 
ene��cally �ef�c�en� �n H?DI are al�o no� ne��ro en�cs ��� �n��ea�

ext���� lym tocy�o en�a an� ne�ronal cell �ea�t1&J. Ktere a  ear �ten �o �e � ec�e�-� ec�f�c ��fference�

�n 
ran�lo o�e���. Lowevers no� all mo��e mo�el� are fa�l�re� �n �t�� re
ar�. Kte �m e��� for �creen�n


MNOI a� a can���a�e 
ene for t�man �	P (�ee �elow) came from o��erva��on� of ne��ro en�a �n MQRI

%noc%o�� m�ce1&�S1&&. Po�a�lys �n�ro��c��on of t�man �	P  a��en�-a��oc�a�e� m��a��on� �n�o m�r�ne MQRI

co��n
 �eq�ence�s an� force� ex re���on �n m�r�ne �one marrow  ro
en��or� �loc%� 
ran�lo o�e���1&�T

 rov���n
 �te f�r�� ��olo
�cal  roof �n an an�mal mo�el for a t�man ne��ro en�a-a��oc�a�e� m��a��on.

U�nallys al�to�
t MVWXY wa� ��en��f�e� a� an �	P 
ene ���n
 a 
enome-w��e l�n%a
e ��ra�e
y
8s MVZ[Y

�ef�c�en� m�ce ta�  rev�o��ly �een fo�n� �o �e ne��ro en�c1&
.
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Hypotheses  or patho�eni�ity: �eneral �onsi�erations

T�� d����	c��v� 	�
���
��� c�
	� ��c�������	� �	 c�c��c 	�
���
�	�� ��v� �����c��d c�	��d������ ����	���	.

T�������c�� m�d��� �f v����	g ��v��� �f m����m���c�� c�m
������ ��v� ���	 
��
���d147,148. � c�mm�	

���m�	� �� ��m� m�d��� �	v��v�� d���
���	c� �f � f��d��c� ���
14�. ��	��m�� ���
�	��� �� G-C�� ��

�cc�������d c��� ���� ����
g� �
�
����� �ff�c��	g ��� ��m���
�����c ���m c��� m�� �� �	� ���m
�� �f �	

�
����g
������ ���
1��. � f��d��c� m�d�� w� f�v��6� �


���� ���� m��
�� 	�
���
���� ��������� �	

�	������� �f m����
������ w���� c�	c�	������	 d�
�	d� 

�	 ��� 	
m���� �f 	�
���
���� 
����	�. �	

	��m�� �
������	� �f 
���
����� d����
c���	 �f 	�
���
���� �	 ���
�	�� �� �	f�c���	� �	f��mm����	� ��

����� ������ ���d� �� ����� c�	�
m
���	� ���	 ��w ��v��� �f ��� �	������� w��� ����w m����
������ ��


��c��d. �	c� ��v��� �f 	�
���
���� ��v� �d��
����� ����	� ��� �	������� w�
�d 
���
m���� d�m
�	

f
����� 
��d
c���	. �f ����� w��� � 
���
������	 �	 ���� c��c
�� �
c� ���� ��� ��
��������d m�d����� !��

"#$ %&"#'&() *%+/ '#02# 0" &2"$59 #&5 0") ;<&0/= )$" &" "++ #0<# & >$?$>@ "#$/ /$*"A+%#0> %A+5*2"0+/

w�
�d �� �v���� �	������dBD*" +/>( E+A & '#0>$ D$2&*)$ "#$ 0/#0D0"+AF) )�	������ �� �����f d�
�	d�	� �	

	�
���
��� 
��d
c���	. �	� c�	 �m�g�	� ��w ���� w�
�d ���d �� � c�c��c�� 
�����	.

I/ E&2"@ "#$A$ 0) )*%%+A" E+A )*2# & ;2#&>+/$= J+5$>@ &) 0" '&) +/2$ "$AJ$51�1,1��� ���� 
��c�d�� ���

d��c�v��� �f ��� ���� �f m
�����	� �	 	�
���
��� �������� �	 ����d����� f��m� �f 	�
���
�	��. � ����c� f��

m���c
��� 
�������	g 
��d�c��d �	�������� c�
�c��� ���d �� 

��f�c����	 �f � 	�
���
��� m�m���	�

f��c���	1�K. T�� �c��v� c�m
�	�	� w����	 ��� f��c���	 c�
�d �� �


�����d w��� c��m�c�� �	�������� �f

	�
���
��� ��������� ����d�	g ��� ��
������� ���� 	�
���
��� �������� w�� �����f ��� c����	� ���
�	�����

f�� g�v��	�	g ����d� ����� ��v��� �f 	�
���
����1�8. L���� �� �� �����c��v� �� ��
�������� ���� � d�f�c��v�

c����	� c�
�d ����d �	 �v���� ��	����v� f��d��c� c��c
��� � 
���	���� 
�����m ���� �	 ��� �����v����	 �f �	

����	c� �f 	�
���
�	�� �m�	g �	d�v�d
��� w�� ��� g�	���c���� m����c f�� 	�
���
��� �������� m
�����	�

!�� d��c
���d ���v�M. �	 ���� �
�c��� c��c
m���	c�� ��� 
����	c� �f ��� m
�����	 �	 ��m� m�����d
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pr���r��r�  �  i��ss � �it t�  �pa r pr�d��t �i �s i��tr�ph �� sr�� pr�g�i t�r ����� �a�� ig th� ��tat �i.

Wh �� th� �b��reat �i w���d ���� t� r��� ��t th� p��� b � t	 that i��tr�ph � ��a�ta�� ����d b� a�t ig a�

a d ss�� b�� sa�t�r
  t d��� i�t �����d� th� p�t�it a� s�r  t hae ig a ��r� ���a�
  s i�t ���p��t��	 ����

a�t�i����� �ss��t
 w th i th� b�i� �arr�w � �r��ie r�i��it. ��e�rth�����
 a� d�ta �� �s ���h a

��d�� i�����ar �	 r��a i ��ij��t�ra�
  t  � b��t
  i ��r �p i �i
 t� w�r� t�ward path�ph	� ���g �

��p�aiat �i �s  ih�r t�d i��tr�p�i a b	 b� �d ig �p�i �b��reat �i� ab��t th� ��i��
��i��� �s th�

��tat �i�.

L�ck �f ���c��m�c�l c�n�����ncy

Th� ��tat �i� hae� ear �d �ss��t� �i ��a��rab�� b ��h�� �a� a�t e t �� �s i��tr�ph � ��a�ta��. Wh ��

���t r�d��� �r abr�gat� b ��h�� �a� a�t e t	
 a s�w �s th� r�p�rt�d ��tat �i� ��ad t� appar�it�	 s���	

s�i�t �ia� �i�	��1��. ���ig ��tat �i� r�ta i ig pr�t���	t � a�t e t	
 th�r�  � i� ��a��rab�� d ss�r�i��

 i ��i� t e t	 t� ��-pr�t�a��  ih b t�r1��. Th�r�  � � � �ar�	 �a�� �s ��i� �t�i�	 a� t� wh�th�r ��tat �i�

ass��t g�	���	�at �i1��. Th��r�t �a� ��d�� ig �s th� ��tat �i� ha� a��� i�t  d�it s �d � ���	 p�rt�rbat �i�

�����i t� �i�wi ��tat �i�119. �� � �p�� h	p�th�� � ba��d �i ��i� �t�it b ��h�� �a� pr�p�rt ��  �

th�r�s�r� �e d�it a� a � ���	 ��p�aiat �i s�r h�w th� ��tat �i� ��ad t� d ��a��.

M��l�c�l�z����n �y��������

Ii add t �i t� b� ig ���a� ��d w th i i��tr�ph � grai����
 i��tr�ph � ��a�ta��  � ���r�t�d aid  � s��id �i

th� ���� ��rsa��1���1�9
 a� w��� a� b� ig d�t��t�d w th i th� i������70,1�0�1��. ��th��gh w� at �i� t ��

pr�p���d that i��tr�ph � ��a�ta�� � ght b� ai  it�gra� trai����brai� pr�t� i1��
  i � ght �s �th�r

�e d�i��
  t ����� ��r� � ���	 that i��tr�ph � ��a�ta�� atta�h�� t� th� p�a��a ���brai� e a

����tr��tat �  it�ra�t �i�97
  i part ���ar
 w th ���sat�-��ita i ig pr�t��g�	�ai�1�7. W�  i t a��	 pr�p���d

that � ����a� �at �i �s ��tait i��tr�ph � ��a�ta�� � ght ��itr b�t� t� d ��a�� path�g�i�� � ba��d �i
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s���e�� obs�e��a�ons� �oe�mosa �mong ah�m w�s ah� mo���	��e g�n�a�� ��	��c�a�on of � s�m���e c�s��s�

�n cogs
 ��n�n� �y���� n�	aeop�n��
168,169

�

D�sp�a� ah��e s��m�ng s�m���e�a��s
 ah�e� �e� ph�noayp�� c�ff�e�n��s b�aw��n h	m�n �nc ��n�n� �y����

n�	aeop�n��� Wh��� ah� h	m�n c�soec�e �s �	aosom�� com�n�na
 ah� ��n�n� c�s��s� �s �	aosom��

e���ss���� Th� �y��� ��ngah �n cogs �s b�aw��n �0 -�2 c�ys
 �nsa��c of ah� 2� c�y p�e�oc���ay obs�e��c �n

h	m�ns� Th� ��n�n� c�soec�e �s ��eg��y �onf�n�c ao ah� �o���� be��c
 wh�e� �a ��so e�s	�as �n �h�e��a�e�sa��

�o�a �o�oe c��	a�on
 g���ng e�s� ao �a� 
����� ����� ����� 
����� ���������� ���� ������������ � �

c�soec�es �e� c	� ao m	a�a�ons �n awo c�ff�e�na g�n�s �n ah� awo c�ff�e�na sp����s� E!A"E �s �na��a �n

�o����s; �nsa��c homozygo	s m	a�a�ons �e� fo	nc �n AP#B$ �n�oc�ng ah� b�a� s	b	n�a of ah� �c�pa�e

peoa��n 3 �omp��l
166
� .n h	m�ns
 m	a�a�on of AP#B$ peoc	��s %�em�ns&y '	c��& synceom� ayp� 2

1()
�

%�em�ns&y '	c��& synceom�s �e� g�n�a�����y h�a�eog�n�o	s c�soec�es ayp�����y �ons�sa�ng of p�ea���

��b�n�sm �nc p��a���a ge�n	�� c�f����n���s ���c�ng ao � b���c�ng c��ah�s�s� tmong �a ���sa n�n� &nown

ayp�s of h	m�n c�s��s� *�nc �n ���n ��eg�e n	mb�e of m	e�n� ayp�s of ah�s c�soec�e+
 on�y ayp� 2 �s

�sso���a�c w�ah n�	aeop�n��� t�aho	gh ah�e� �e� noa m�ny &nown h	m�n ��s�s
 non� of ahos� h���

b��n c�s�e�b�c �s h���ng �y������ n�	aeop�n��; �nsa��c ah��e n�	aeoph�� �o	nas �pp��e ao b� �heon�����y

�ow� tnoah�e c�sa�ng	�sh�ng f��a	e� �n �omp�e�son ao h	m�n /45 �e�s�ng feom E!A"E m	a�a�ons �s ah�a

no p�a��nas w�ah %�em�ns&y '	c��& synceom� ayp� 2 *oe cogs w�ah ��n�n� �y���� n�	aeop�n��+ h��� b��n

e�poea�c �s c����op�ng 7D/ oe t7L�

.n sp�a� of ah� f��a ah�a ��n�n� �y���� n�	aeop�n�� ��a	���y peo��s ao b� �n �n�m�� moc�� foe � c�ff�e�na

h	m�n c�s��s�
 �a m�y n���eah���ss off�e som� �ns�gha �nao ah� p�ahog�n�s�s of h	m�n �y����

n�	aeop�n��� t'3 �s �n�o���c �n ah� ae�ff��&�ng of ��ego peoa��ns feom ah� ae�ns-Go�g� n�awoe& ao

�ysosom�s
1(1

 wh��h
 �n n�	aeoph��s �ons�sa of ge�n	��s� tmong �as w��� �h�e��a�e�z�c ��ego peoa��ns �s

ayeos�n� hyceoly��s�
 wh��h f���s ao �ppeope��a��y �o����z� w�ah�n m���nosom�s� Th� �ff��a�c
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me���osomes m�a  e t�oug�t of �s � sort of s�e�����ie� �asosom�� �om��rtme�t 	�t��� me���o�ates

��� ���ou�t for t�e ��gme�t�ra ��e�ota�e �� 
erm��s�a Pu���� sa��rome ta�e �
1
�
.

We e�tert���e� t�e �a�ot�es�s t��t �eutro���� e��st�se �ou�� serve �s �� �P3 ��rgo �rote��. �u��ort for

t��s �a�ot�es�s �omes from t�e f��t t��t �� �P3-�ef���e��t �ogs 	�t� �����e �a���� �eutro�e����

���������� ���������� ������!����� �� ������� �� "������� !# �mmu�of�uores�e�t �o����i�t�o� ��tter�s

	�t��� t�e �e�� ��� ��so  a  �o��em���� fr��t�o��t�o�
166,1
$

. %urt�er� �eutro���� e��st�se �� �eutro����s

from �ogs �ffe�te� 	�t� �����e �a���� �eutro�e��� �s �ot fu��a �roteo�at�����a �ro�esse�
1
$
. � ae�st t	o-

�a r�� sastem use� for test��g �ote�t��� �P3 ��rgo �rote�� ��ter��t�o�s reve��s � �ote�t��� �sso���t�o�

 et	ee� �eutro���� e��st�se ��� �P3
55
. &m�ort��t�a� t�e reg�o� of �eutro���� e��st�se res�o�s� �e for

t��s ��ter��t�o� �s 	�t��� t�e �ro�esse� ��r oxa� term��us� 	���� �s re�urre�t�a �e�ete� �� �����-

term���t��g �'( mut�t�o�s. )oreover� ����as�s �� �u�ture� �e��s
55
�s 	e�� �s �eutro����s o t���e� from

��t�e�ts 	�t� ELA*E mut�t�o�s
155

reve��s t��t mut��t �eutro���� e��st�se �s m�s�o����ie� 	�t��� t�e �e���

�g��� �s ev��e��e�  a �mmu�of�uores�e�t st�����g ��tter�s ���  �o��em���� fr��t�o��t�o�.

'oro���ra su��ort for t��s �a�ot�es�s �omes from s�m���r o serv�t�o�s �� '�é����-
�g�s�� sa��rome.


um��s 	�t� '�é����-
�g�s�� sa��rome ��so ��ve ��rt��� �� ���sm ��� �ommo��a �eutro�e���
1
+
. &t �s

��use�  a mut�t�o�s �� t�e LYST ge�e� 	���� e��o�es � �rote�� regu��t��g �asosom�� tr�ff�����g
1
5
.

'orres�o����g mut�t�o� of Ly/0 �� m��e �s res�o�s� �e for t�e  e�ge str���. 2e�ge m��e �re �ef���e�t ��

�eutro���� ��emot�x�s ���  ��ter������ ��t�v�ta; t�oug� t�ea �re �ot �eutro�e���� s�g��f����t�a�

�eutro���� e��st�se �s � err��t�a su �e��u��r�a �o����ie� ��  e�ge m��e
1
6,1



. 4�s f�r �s 	e �	�re� t�ere

��s  ee� �o stu�a ex�m����g �f �eutro���� e��st�se �s � err��t�a �o����ie� �� �um�� '�é����-
�g�s��

sa��rome.7 &t t�us seems t��t m�s�o����i�t�o� of �eutro���� e��st�se e�t�er v�� mut�t�o� of �eutro����

e��st�se �tse�f or �� �rote��s regu��t��g �ts �asosom�� tr��s�ort ��� �ro�u�e �eutro�e���� �t �e�st ��

�um��s. 48���a e�oug�� '�é����-
�g�s�� sa��rome ��s  ee� �es�r� e� �� �t �e�st s�x s�e��es
1
9
� ����

	���e m��e 	�t� '�é����-
�g�s�� sa��rome �re �ot �eutro�e���� �t �e�st o�e ot�er s�e��es:��ts:��
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a��i�i�n ��  �mans, is
1��
. � �s� �bs�	va�i�ns s�

�	� � � vi�e � a� � �	� a	� s
�ci�s-s
�ci�ic

�i���	�nc�s in �	an�l�
�i�sis � a� all�e ��	 �i���	�n� n���	�
�nic 
 �n��t
�s in � � 
	�s�nc� ��

i��n�ical ��n��ic ����c�s.


An�� �	 ��n� 	�s
�nsibl� ��	 r��, alb�i� 	a	�lt, b�� ����	in� 
���n�ial s�

�	� ��	 � � misl�caliza�i�n

 t
�� �sis, is G�I�, �nc��in� a �	ansc	i
�i�n �ac��	 inv�lv�� in main��nanc� ��  �ma��
�i��ic s��m

c�lls
1��
. As n���� 
	�vi��slt, ��n� �a	����� mic� ���ici�n� in ��i� e�	� ini�iallt 	�
�	��� as  avin�

n���	�
�nia
1�3�1��

. ��	� 
	�cis�lt, in a��i�i�n �� ltm
 �
�nia an� �� �	 ltm
 �ct�� abn�	mali�i�s, � �

mic� �ail�� �� 
	���c� ma��	� n���	�
 ils an� m�n�ct��s in � � 
�	i
 �	al bl���, b�� ins��a� �� ibi���

scan� n�mb�	s �� c�lls ��m�ns�	a�in� an in��	m��ia	t 
 �n��t
�. rc	��nin� G�I� as a can�i�a�� ��n� in

�� �	eis� �n��
lain�� cas�s �� r��  as l�� �� � � i��n�i�ica�i�n �� �ccasi�nal m��a�i�ns in � is

��n�
6�����1��

. � �  �man 
 �n��t
� cl�s�lt 	�s�mbl�s � � m��s� 
 �n��t
� in � a� � � 
�	i
 �	al

n���	�
 ils �� ibi� an imma��	� m�	
 �l��t, as e�ll as ltm
 �ct�� abn�	mali�i�s c�nsis��n� ei� � �s�

�bs�	v�� in mic�. �t�l�i� 
	���ni��	 c�lls �� ibi� ���ici�nci�s in � � a

�a	anc� �� �	an�l�ct��s in

c�l�nt ��	ma�i�n assats. �n�	i��in�lt, al� ��� G�I� �a	���s mant ��n�s ��	 �	ansc	i
�i�nal 	���la�i�n,

b�� 	�
	�ssi�n an� ac�iva�i�n, EL��E is a �a	��� �� i�s �	ansc	i
�i�nal 	�
	�ssi�n
6��1�1

an� � �	� a	�

�l�va��� l�v�ls �� EL��E an� i�s �	ansla��� 
	���c�, n���	�
 il �las�as�, in 
��
l� an� mic� ���ici�n� in

��i�. �n� 
�ssibili�t is sim
lt � a� �v�	-��
	�ssi�n �� n���	�
 il �las�as� �v�	e �lms n�	mal

in�	ac�ll�la	 �	a��ic�in� 
a� eats an� l�a�s �� i�s acc�m�la�i�n in c�ll�la	 c�m
a	�m�n�s e �	� i� is n��

�	�ina	ilt ���n� ��	 �v�	e �lms !" ��l�in� 
a� eats, as ��sc	ib�� b�l�e
.

��n� cas� inv�lvin� ��	mlin� m��a�i�n �� G�I� is #�i�� 	�ma	�abl�
5$
. A t��n� man ��v�l�
�� ctclic

n���	�
�nia as an a��l� an� eas ���n� ��  av� �e� %&' d( )*+* G�I� m��a�i�ns �b�� �� � � m��a�i�ns

��sc	ib�� in �i���	�n� 
a�i�n�s in an�� �	 	�
�	�
6�

. ����	�
 il �las�as� a

�a	�� misl�caliz�� �	�m � �

�	an�l�s �� � � n�cl��s ��  is n���	�
 ils. ��	��v�	,  � �� ibi��� � ltm
 �ct�� imm�ni�t �� 
	���inas�
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3  �� �����ophi� �� l� l�,  ��  ��oimm��� ��l���c�io� of hil �����ophi�l s l f��� �o �� �h� c �l� of hil

c	�ic �����op��i a


Th� mil�oc �iz �io� h	po�h�lil, hos�v��, l�ff��l f�om �h� fi��i�g �h � �o�  �� �����ophi� �� l� l�

��
�
���� ���� ������
����� �����
� ���� 
�� ���
����� ����������� ��������
���� ��������! 
���� ���

�o� ��c�ll �i�	 c�� � �ivilio�l ���s��� �h�  ����� �� ��l�i� �io�l of �h� ��z	m� "E# ������io�,

 cc�m�� �io�  � o� �� � �h� c��� l��f c�, �xc�lliv� g� ��� � ��poli�io�,  �� polli��	 ��c�� � p��l��c�


 �� �h� ph��o�	p� "c	c�ic �����op��i v��l�l $%N
  lloci ��� si�h p ��ic�� � m�� �io�la

Un&'()e) *r'te+n -y*'t-e.+.

A�  ����� �iv� h	po�h�lil fo� �h� p �hog��ic �ff�c�l of �h� v �io�l �����ophi� �� l� l� m�� �io�l � /�l

i�lpi� �io� f�om hos m�� �io�l i� o�� of i�l i�hi�i�o�l, 0�1p�o�� l� i�hi�i�o�, p�o��c� h�p �o�oxici�	256a

Li�/  �� co��� g��l226,  l s���  l 7o����� ��  �a288, h v� poli��� �h � �h� m�� �io�l c �l� �h� � lc���

po�	p�p�i�� �o milfo��, �h����	 i���ci�g  l���ll ��lpo�l�, � �g��	 coo��i� ��� si�hi� �h� E#, shich

�� �l �o  pop�olila 9�����, �h��� il l��l� ��i � l�ppo�� fo� �hil h	po�h�lil i� c��� mo���l of �h� �ilo����

i� shich p ��ic�� � m�� �io�l  �� �xp��ll�� i� c������� c���l  �� fo��� �o i���c� m �/��l of E# l���ll

��lpo�l�, i�c���i�g �xp��llio� of :iP;G#P<=  �� lp�ici�g of >:P� m#NA2?@a A��i�io� � l�ppo�� fo� �hil

h	po�h�lil ���iv�l f�om l���	 of �� �lg��ic mic� c ��	i�g  � �g���� m�� �io� of BCDFH "G�I3>
 fo��� i�

h�m � $%N, shich p�o��c�l  ����c ��� po�	p�p�i��2?5a Al si�h o�h�� mo�l� mo���l, �h� mic� i�i�i ��	

f i��� �o 	i���  �����op��ic ph��o�	p�a Jos�v��, ��� �m��� si�h �h� p�o�� lom� i�hi�i�o� �o���zomi�,

shich  mo�g o�h�� �ff�c�l ��l���l i� i�hi�i�io� of E#1 lloci ��� ��g� � �io� p �hs 	l, �i� �vo/�  

�����op��ic ph��o�	p�a A l�ppo��iv� o�l��v �io� f�om h�m � g����icl i�vo�v�l Ko�co��1# ��ilo�

l	���om�a Th � �ilo���� il c �l�� �	 m�� �io�l i� BMOQRSV,  /i� l� fo� �� �l� �io� i�i�i �io� f c�o�1W,

shich f��c�io�l  l  p�oxim � l��lo� of E# l���lla Xil��p�io� of BMOQRSV p�o��c�l E# l���ll i� p �c�� �ic

Y1il��� c���l, �h����	 �v���� �i�g i� � ��	1o�l�� �i ����l m���i��l2?Za No� ��	, m �	 p �i���l si�h
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W�l��tt-R�lli��n � ndr�me ex�ibit ne�tr�peni�1��. W�en mi�e ��nt�ining t�e 	
93X �llele �f E��
� were

�r���ed wit� E����k�-defi�ient mi�e� t�ere w�� ��wever n� ne�tr�peni� �r �t�er �pp�rent effe�t� �p�n

gr�n�l�p�ie�i�. W�ile t�i� m� n�t be entirel ��rpri�ing in lig�t �f t�e f�il�re �f m��t m���e geneti�

m�del� t� re��pit�l�te � ne�tr�peni� p�en�t pe ��rre�p�nding t� t�e e��iv�lent ��m�n di��rder� it

d�e� r�i�e t�e p���ibilit t��t n�n-�������� ������� �� �������!��"� �#�!��$% �&#������& �� �#�

pr�te���me1�' mig�t be ��ntrib�ting t� ne�tr�peni� in t�e�e experiment�. sn �dditi�n�l ��n�ern i� t��t�

�� wit� t�e �t�er � p�t�e�e� �dv�n�ed t� expl�in ��w E(A)E m�t�ti�n� event��te in ne�tr�peni�� n�t

�ll m�t�ti�n� �re ��p�ble �f ��n�i�tentl experiment�ll ev�*ing t�e �nf�lded pr�tein re�p�n�e. T�e

�nf�lded pr�tein re�p�n�e � p�t�e�i� ��� �dditi�n�ll  et t� �ffer in�ig�t int� di�ting�i��ing between

��w different E(A)E m�t�ti�n� mig�t pr�d��e eit�er � �li� ne�tr�peni� �r +,/� b��ed �n t�e pr�pertie�

�f t�e m�t�nt pr�tein. 0in�ll � it ����ld be emp���iaed t��t t�e mi�l���lia�ti�n � p�t�e�i� �nd t�e

�nf�lded pr�tein � p�t�e�i� �re n�t m�t��ll ex�l��ive. 2ndeed� in t�e e�rlie�t rep�rt �f ind��ti�n �f t�e

�nf�lded pr�tein re�p�n�e b 5�llner �nd ��lle�g�e�1��� it w�� felt t��t �berr�nt � t�pl��mi� l���lia�ti�n

w�� �����i�ted wit�� if n�t re��ired� f�r ind��ti�n �f t�e �tre�� re�p�n�e.

sn�t�er ���llenge t� t�e �nf�lded pr�tein � p�t�e�i� i� t� expl�in w� it i� t��t �nl m�t�ti�n� in

ne�tr�p�il el��t��e �re f��nd in ��m�n ne�tr�peni�. ,�n�eiv�bl � m�t�ti�n� �f t�e �l��el rel�ted

pr�tein��e 3 �r �a�r��idin� w���e gene� lie �dj��ent t� E(A)E �nd �re �imil�rl pr�minent gr�n�le

��mp�nent�� ��ve n�t been dete�ted. 6�wever� t� d�te� n� m�t�ti�n� �f t�e�e gene� ��ve been

rep�rted.

Ch788:;<:= >o=:? @y BD7;=87BFo; F;FBF7BFo; GuB7BFo;=

O�r l�b �nd �t�er�1HI ��ve f��nd +,/ p�tient� w�� ��ve m�t�ti�n� in t�e initi�t�r met�i�nine ��d�n �t

t�e fir�t tr�n�l�ted re�id�e en��ded b E(A)E. st fir�t gl�n�e� ���� m�t�ti�n� �re pr�blem�ti� in lig�t �f

�t�er � p�t�e�e�. T�e�e �llele� ����ld n�t pr�d��e � p�l peptide �nd t�eref�re ��ntr�di�t �b�erv�ti�n�
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ba��� �n an ab��n � �f ��n� ��e��i�n mu�a�i�n� �u�����in� �ha� ha�e�in�uffi i�n c �f n�u����hie

�ea��a��  au��� n�u�����nia	 
����v��� �h�c a�� in �m�a�ibe� wi�h b��h �h� mi�e� aeiza�i�n an� �h�

mi�f�e�in� hc���h����	 (�f �h��� i� n� mu�an� �����in �� b� ma��� �h�n h�w  an i� mi�e� aeiz� ��

mi�f�e�?) Ou� ���eimina�c ��u�i�� in�i a�� �ha� �h��� mu�a�i�n� f�� � ��an�ea�i�n f��m ��wn����am

in���nae ini�ia�i�n  ���n�� whi h w�ue� ��h��wi�� �n ��� in���nae m��hi�nin� ���i�u��� an� ����u � a

��ec����i�� ��un a��� a� �h� amin�-���minu�	 W� fin� �ha� ��m� �f �h��� in���naeec ��an�ea���

��ec����i��� a�� ae�� in��a �eeuea�ec mi�e� aeiz��	 (Ou� ���eimina�c ��u�i�� �h�w i� a  umuea�in� in �h�

nu e�u�	) �� i� m��� �iffi ue� �� ima�in� h�w �h��� ����i���  �ue� inv�k� �h� tR ������ �����n��� �in �

�h�i� �ff� � i� �� ��e��� �h� �i�nae ��
u�n � ��
ui��� f�� �a����in� �� �h� tR	 Eu��h�� ��u�c �f �hi�

unu�uae  ea�� �f mu�a�i�n� i� eik�ec �� b� inf��ma�iv�	

C�ll�l�r �o�s�q�����s o� ��� ������o�s

Wha��v�� �h� bi� h�mi ae  �n��
u�n � �f mu�an� n�u����hie �ea��a��� i� mu�� ��m�h�w ��an�ea�� in�� a

faieu�� �f n�u����hie ma�u�a�i�n	 Onec a f�w ���eana�i�n� f�� n�u�����nia a�� ��nabe�� n�u����hie

�����ni����  an ���� ���eif��a�in�� �h�c  an �i�� �� �h�c  an �iff���n�ia�� in�� an ae���na�� fa��	 �h� ea��

����ibiei�c i� in��i�uin� in ei�h� �f �h� �� i��� ae ��ea�i�n�hi� b��w��n n�u����hie an� m�n� c��  �un�� in

b��h  c ei n�u�����nia an� ���	 Wi�h ����� � ��  �ee ��a�h� in��i�uin�ec� ��m� �f �h� �a�ei��� �e� ���n

mi ��� ��c ��u�i�� �f  c ei n�u�����nia ��m�n���a��� ab���an� ���mc�e� c�� ��anue� f��ma�i�n

a  �m�ani�� bc au���ha�c1��� an� ��v��ae �f �h� ��n��  au�in� ���  an in�u �  �ee ��a�h66	


ue�i�e� �u���an�in� 
u���i�n� ��main� Wha� a  �un�� f�� h�w mu�a�i�n� in �h� �am� ��n�� !"A#!�  an

����u � �w� �iff���n� f��m� �f n�u�����nia ( c ei v� ���) an� whc� f�� �ha� ma����� i�  c ein� �����n� a�

aee? �m����an�ec� h�w ���� �ha�ma �e��i a�mini���a�i�n �f �h-G��E im���v� ��anue� c��  �un��?

$n��h�� im����an� 
u���i�n �ha� i� fa� f��m b�in� an�w���� a�� whc ���� 
D� an� $
L ��v�e�� in ���

bu� u�uaeec n�� in  c ei n�u�����nia? $ �� �n� ������ �f mue�i-���� �v�eu�i�n �f a u�� mc�e�i� e�uk�mia
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f��m  �� �it� �� ELA�E mut�ti�� �ve� � 	7 
e�� �e�i�d i�v�lved t�e ��
ui�iti�� �f five di�ti��t CSF�R

mut�ti���s �it� t��ee �f t�em di����e��i�g
11�

. ��m���ed t� �t�e� leu�emi�-��edi����i�g ���e m�����

f�ilu�e �
�d��me�s ��
 ��e mut�ti��� i� t�e ge�e e���di�g t�e G-� � �e�e�t�� �u�� � ��mm�� fe�tu�e

i�  ��? ��ds d�e� ����m���l�gi� �dmi�i�t��ti�� �f ��-G� � ���m�te �l���l �utg���t� �f t�e mut�ted

�e�e�t��? �� d�u�t t��t ����e�� t� �u�� 
ue�ti���s ���uld ��d ��e� t�e
 ��mes �ill �e ����dl


�elev��t t� ��t� ���m�l ��d m�lig���t �em�t���ie�i�.
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Chapt�r 3: N�utrop�nia-associat�d ELANE Mutations Disrupting

Translation Initiation Produc� Nov�l N�utrophil Elastas� Isoforms
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Abstract

He�e������  e���ope �� ����		� �e��	�� 
�om �e�e�oz�go�� ge�m	� e m�����o � o
 E�
�E, e �o�� g

 e���op��	 e	�����e �N��� How m�����o � ����e ���e��e �em�� � � �e���� � .wo ��po��e�e� ��ve �ee 

p�opo�e�� � o e, E�
�E m�����o � 	e�� �o m��	o��	�z���o o
 N�� � ��e o��e�, E�
�E m�����o � �������

p�o�e� 
o	�� g, � ���� g � � 
o	�e� p�o�e� �e�po �e �(PR� � ��e e �op	��m�� �e����	�m ��R�� He�e

we �e�����e  ew ��pe� o
 m�����o � �����p�� g ��e ��� �	���o �	 ����� ���e� �� 
���� g	� �e, ��e� ��o�	�

�	o�� ��� �	���o � � ��e � �omp����	e w��� e���e� ��e m��	o��	�z���o o� m��
o	�� g ��po��e�e�, w����

�e����e m��� � p�o�e� 
o� p���oge ������ �e 
� � ���� ����� ���e m�����o �, � ��e��, 
o��e ��� �	���o 


�om �ow ���e�m, � -
��me � ������o �o�o �, ��e	�� g �m� o-�e�m� �		� ��� ���e� ��o
o�m� 	���� g �R-

	o��	�z� g �p�e� � � z�moge -m�� ��� � g �p�o� �e��e �e�, �e� �e��� e��e ���	 ����	���� �e����e��

P���e �-�e��ve� � ���e� p	���po�e � ��em �e		� ��PS�� �e��p���	��e �em��opo�e��� � � mo	e��	��

p�e o��pe�� �xp�e���o o
 ��e �m� o-�e�m� �		� �e	e�e� ��o
o�m� i� �i��� �e���e� m�e	o�� �e		

�	o oge �� ��p������ �e �e
� e � � �e� �	 ���o�ome e ��� ���e ��R�S� w���� E�
�E � � �emo �����e

���� ��!��e � m�����o � mo��	��e �R�S ����v���, � �epe �e �	� o
 p�o�e� -�o�� g �e��e �e �	�e����o ��

Some E�
�E m�����o � ��e�e
o�e �ppe�� �o ����e  e���ope �� v�� p�o�����o o
 �m� o-�e�m� �		�

�e	e�e� N� ��o
o�m� ����e� ��� �� �	�e�� g ��e �o�� g �e��e �e o
 ��e 
�		-	e g�� p�o�e� �
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Introduction

T���� a�� �w� �a��  ���s � ����e��a�	 ��
���p���a� �� 
	
��
 ��
���p���a� ��
���p��� 
�
��s �s
���a��

w��� ��-ea	 p����e�
��	�1�� �� s�v��� 
��g����a� ��
���p���a ����)� ��
���p��� 
�
��s a�� s�a��
a��	 ��w�

p���	���
	��
 �a�
�a���� a���s� �


�s �� ��� ���� �a���w� a�e e�s�as� � ��� p��g��ss�s ��

�	���e	sp�as�a �� a

�� �	����e ��
����a �A�L)�1�� H�����z	g�
s �
�a���� � E���E 
a
s�s a���s� a��


as�s � 
	
��
 ��
���p���a1�9 a�e ��� �a�����	 � ����9� B�
a
s� ��
���p���a �s � ��� ����a�� g�������

�
�a����s  ���
����	 a��s� �� !"#"�1�� Aee�����a� g���s 
a
s��g ��� ��
�
e� $�%&�'0( G*+&�',0 G.PC/�62

a�e �����s�191

E���E ��
�e�s ��� ��
���p��� g�a�
�� s����� p����as�� ��
���p��� ��as�as� ��3)�94 W���� �� �s 
�
��a�

��w E���E �
�a����s 
a
s� ��
���p���a� ��a��	 a�� � ��s �	��ae �
�a����s a�� ������ a���� a
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��ss��s� s
�s���
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�a����s �s
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���
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a
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���g

a�s��
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c�c��c �e����pe��a	1
� a�d	 a� �eal� �� d�gl	  � �l m�l��ca��zed
173 C�éd�a� -H�gal�� l��d��me	 ca�led ��

m��a����l �� a d���e�e�� ��l�l�ma� ��a���c���g p���e�� �LY���	 ma� a�l� ca�le �e����pe��a	17� a�d �� a

m��le m�de� �� ��e d�l��de�	  � �l m�l��a���c�ed
17� F��a���	 m��a����l �� ���e� ge�el ��v��ved ��

��l�l�ma� ��a���c���g	 ��c��d��g V����B��� a�d V��4�	���,��8 a�l� ca�le �e����pe��a


Rega�d��g ��e m�l���d��g ��p���el�l	 w�e� ce��a�� E!A"E m��a����l a�e e#p�elled i$ %i&ro	 'PR

ma��e�l	 ��c��d��g (�P	 )(P*	 a�d +RP./	 a�e �p�eg��a�ed
1002169 : l�pp����ve ��le�va���� ��v��vel

W��c���-Ra���l�� l��d��me	 w��c�	 �� add����� �� ���e� �ea���el	 ��c��del �e����pe��a a�d �l ca�led ��

m��a����l �� E;<=A>�	 e�c�d��g P�R? ���ale	 w��c� ���c����l al a le�l�� �� �R l��ell
1

 +e�e-�a�ge�ed

m�ce ca�����g a �e����pe��a-all�c�a�ed E@D$G m��a���� deve��p �e����pe��a w�e� �R deg�ada���� �l

���c�ed w��� ��e p���eal�me ��������� ����ez�m��	 �el�����g �� ��g� �eve�l �� �R l��ell
163

He�e we delc���e a �ew ca�eg��� �� E!A"E m��a����l d�l��p���g ��e ��a�l�a���� �����a���� c�d�� �� ��e

�mmed�a�e�� adIace�� ?�za� les�e�ce ��a� d�el ��� eal��� ��� w��� e���e� ��e m�l��ca��za���� ��

m�l���d��g ��p���el�l
 (eca�le ��e� m�g�� ��� �e e#pec�ed �� p��d�ce a p���e��	 ��ele m��a����l

w���d leem c����a�� �� ��e c��cep� ��a� a m��a�� p���pep��de ca�lel d�leale
 ��e a�m �� ��e p�ele��

l��d� �l �� de�e�m��e ��e m��ec��a� e��ec�l �� m��a����l ��v��v��g E!A"EJK MNMOMQOMSN TSUSNX

Z[t\]^[_` [nb Z\thfb`

jukqkxy{q| q{q|}~x~

�a�ge� � : les�e�c��g �� E!A"E ���m PCR-amp����ed pe��p�e�a� ����d ge��m�c � : wal pe����med al

delc���ed
16
 Relea�c� wal app��ved �� ��e '��ve�l��� �� Wal���g��� ��l��������a� Rev�ew (�a�d	 a�d

pa���c�pa��l gave w����e� �����med c��le��
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t���s���t�e �it� t�� Am�x� au�c�	���t	� rL	�z�
  �s�c
 ��itz��c��e) Kit �
 2 µg 	� DaA
 ��e 
�	g��mW-

01. 2� �	u�s 
	st-t���s���ti	�
 si�gc� ��ccs ���� s	�t�e i�t	 96-��cc 
c�t�s usi�g � �A��A�i� �� r D
 ���

J	s�
 �A)
 g�t�e 	� �s����� �cu	��s���t 
�	t�i� �x
��ssi	�. ��	 ����s c�t��
 
c�t�s ���� s�	��e �	�

����� ���������� � !" �����#

ER $%&'$$ (*d (+o+%o$,$ ($$(y

HL-60 ��ccs ���� t���s���t�e �it� t�� s�m� v��t	�s �s t�� �c	�	g��i� ��
��it/ �ss�/
 �it� 1.25 3

DM�S.478 �s�����-
	sitiv� ��ccs ���� s	�t�e �it� � �A��A�i� ��
 ��e :aA is	c�t�e usi�g :a��s/ Pcus Mi�i

Kits rQi�g��
 ���m��t	��
 MD). :aA ��s ��v��s�-t���s��i;�e �it� �u
�� ���i
t �� :� rLi�� �����	c	gi�s).

<=>?@ rHs0060B129_gH) �x
��ssi	�
 �	�m�ciz�e t	 ?CTF r�G529G5I)
 ��s Nu��ti�i�e usi�g ��NM�� rLi��

�����	c	gi�s) �ss�/s 	� �� A

ci�e  i	s/st�ms BG00 ���c-tim� P�: i�st�um��t. I: st��ss ��s i�eu��e i�

����O�� ����� ���U ! V�XYZ �[����Y\��� ]�O ^` U�[O�# b�O �f�ft	sis �ss�/s
 t���s���t�e HL-60 ��ccs ����

i��u;�t�e �	� 2� �	u�s
 t��� s��um-st��v�e �	� 16 �	u�s. A
	
t	sis ��s �ss�ss�e �it� t�� A���xi� h-PI

A
	
t	sis D�t��ti	� Kit 1 r D P���mi�g��) 
�� m��u���tu��� i�st�u�ti	�s 	� � �A�����t	 ��
 g�ti�g

�s�����-
	sitiv� ��ccs.

j&o%'oly%,k (k%,n,%y ($$(y

P�	t�	c/ti� ��tivit/ ��s �ss�ss�e �s e�s��i;�e
8pq �	cc	�i�g 16-�	u� i��u;�ti	�.

w%(%,$%,k(l {'%|od$

�	m
�O����� }������ �O�[f� �Yf��\�~ ��[~����� ���-t�ic�e t-t�st.

�������

{�%(%,o*$ d,$&�+%,*� %|' ����� %&(*$l(%,o*(l $%(&% $,%'

A� ��a-�ss	�i�t�e ��?�� mut�ti	�
 �it� A�� su;stituti	� �t t�� �i�st 
	siti	� 	� t�� A�� m�t�i	�i��

t���sc�ti	� i�iti�ti	� �	e	� r��;c� 1)
 ��s ��
	�t�e 
��vi	usc/ ;/ t�� ������ a�ut�	
��i� :�gist��.874
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Ne���e� ���e��  �a ���e��ed 	� �	aaeaaed ��e mu����	�, ��d������g �� ��	ae 
� �
�
. �a �� �a	l��ed ��ae,

�� �em���ed u��e�����  �e��e� ��e mu����	�  �a ��ua����e. ����e ��e�, ��e ��	b��d ��a ��d �� ���e��ed

���ld ���e�����g ��e mu����	�, ��d  e ���e 	bae��ed ��	��e� 
� �
�
 	��u��e��e �� �� u��el��ed ����e��

�� ��e F�e��� Reg�a�e�. ��e a�me mu����	�, �g��� 
� �
�
, ��a aubaesue��ly bee� dea���bed �� � 	

�dd���	��l, u��el��ed ����e��a,
192�202

���lud��g 	�e u��ea�	�a��e �	 �e�	mb����� �um�� g���ul	�y�e

�	l	�y a��mul����g ����	� ��e���y.
202 Re�e��ly, �dd���	��l ��N ����e��a  ��� mu����	�a 	� ��e ae�	�d

(�>�� ��d ����d (�>�� �	a���	�a 	� ��e ��� me���	���e ��������	� �	d	� ���e bee� dea���bed
192
��d, ��

��e ��ae 	� ��e �	�me�, �la	 aee� �� ��e F�e��� Reg�a�e� (��ble ��.

We �e�	�� �e�e �	� ��e ���a� ��me, � d���e�e�� mu����	� (�>�� �� ��e ����d �	a���	� 	� ��e ��� ��������	�

�	d	� ���a��g 
� �
�
 �� �� ��N ����e��,  �	ae ���e��ed ���ld �la	 ���e���ed ��e mu����	� (��ble � ��d

�u��leme����y F�gu�e 3-���. We �dd���	��lly dea���be �	� ��e ���a� ��me, � �y�l�� �eu��	�e��� ����e��

 ��� mu����	� (�>�� 	� ��e �	�ae��ed -3 �	a���	� 	� ��e K	z�� ����al���	� ��������	� aesue��e,  �e�e �

�u���e, �a �	u�d ��  �ld�y�e E�A�E, �a a��	�gly ��e�e��ed
20� (��ble � ��d �u��leme����y F�gu�e 3-�B�.

I� aum, ��e�e ��e � u��el��ed ��	b��da  ��� �eu��	�e��� �	m���a��g 5 d���e�e�� ����al���	� a����

mu����	�a (��ble ��. N	 	��e� E�A�E �	d��g aesue��e �������a ��e 	bae��ed �m	�g ��eae ����e��a.

��eae �������a ���e �	� bee� dea���bed �� �,5�3 ��d���du�la �� ��e NHLBI e�	me aesue��e ��	je��

(����!//e�a.ga. �a���g�	�.edu�, 	� ����l	ged �� ���� �e�	mea
20"
, db�NP

117 (�e�a�	� �35�, 	� �m	�g

�u�d�eda 	� �	���	la
192
. Be��uae ��ey ��e e��lua��ely �	u�d �� ����e��a  ��� �eu��	�e���  �	 l��� 	��e�

��ua����e mu����	�a ��d 	��e� ���ae 
� �
�
 ye� ��� be �u�	a	m�lly d	m�����ly ����am���ed,  e

�	��lude ���� ��ey ��e ��ua�l. �m	�g � �	��l 	� ��� d���e�e�� ��	 � E�A�E mu����	�a,
192
�ll, e��e�� �	�

��eae, ��e ��ed���ed �	 �eaul� �� ����al���	� 	� �	��ea�	�d��gly mu���ed N# ��	�e��. � �l	ae� l		� �� ���a

�l�aa 	� mu����	�a �a  ������ed.



5�

ELANE st�rt site mut�tio�s �ativ�te tr��sl�tio� from do��stre�m i�iti�tio� aodo�s

W�  ���� �	
��� � 
� 
�	��
� �� �������
�g ��
�	�
�
�� �� ��� ���
�
��	 �� ������� ��!"�#!�$%"!# ��!��

	
�� �
�� 
�	��
�� ��
� �� ��
�	�
�
�� &�����&
�g ���� 
�����
� ��� 
��
�� '() &����	* ( ��� 
��

� ��� ��w�	���
�� 
�-��
�� '() &����	 � 
� &���� ������

��� +� �	�� 
	 	�
�� 	
��	 w �� � � &
���
&
�


�
�

�
�� &���� 
	 ���
��� ,.
g��� 3-1'/* ,( ��� 
�� 
�	� �w� ���-��-��
�� 
�
�

�
�� &����	* O�� 
	

�����w�� 
����

���� 
����w
�� +� 
 	��� &����� 
�� � � �� �� 
	 ����
�
��� 
���� 9 &����	*/

(� ��	� � 
	 ��		
+
�
��� w� ��
�	��&��� ����� &c�' &���

�
�g ���
�
��	 
�����
�g � � 
�
�

�
�� &����


�� � � K��
0 	�2���&� 
� R46-1 &���	� w 
& 
�� &������
��
��� �������� ��� � � 	���� �� �� +�&
�	�

� �� �
&0 ����g����	 �� ��� &����&��� �
�g�� 
� �� g�
����	�78: 
�� ��������� 
 w�	���� +��� w
� 
�


��
+��� ����&�
�g 
 &
�+�x��-����
�
� ��
����* W �� � � 
�
�

�
�� &���� 
	 ���
��� ���� '() ��

�
� �� '(' �� )()� 	 ������� ����	 �� �� 
�� ��
���� ,.
g��� 3-;� &*3)G'� &*1'G)/* W �� � �  
g ��

&��	����� ��&����
�� 
� � � K��
0 	�2���&� 3 ��&����
��	 ��	���
� ���� � � 
�
�

�
�� &���� 
	

���
��� ���� ' �� (� � �� � � 	 ����� �����
�	 
�� �����&�� 
���g w
� � � w
������ �����
� ,.
g��� 3-

;� &*-3'G(/* (� ���
�� � 
� 	 ������� ����	 �� �� �����	��� ��
�	�
�
�� 
�
�

�
�� ���� 
�����
�� 	
��	 
��


�� ��� ��� �� ��	�-��
�	�
�
��
� ���&�		
�g� �x���		
�� ��&���	 w��� g����
��� &���

�
�g <�	� � �

���� ��
�
�g ��
��	 ,OR.	/ �����	���
�g 
�� 
�-��
�� ��� 
��
�� &����	 ,w
������ &���
��� �� '();�

'()3� 
�� '()T/* =����	����
�g�� 	 ����� 
	�����	 w��� 
�	� �����&�� w �� � � ��g
�� ��	���
� ����

�
& 
�����
� 
�-��
�� '() w
	 �������� w
� � � �x&���
�� � 
� � ��� w
	 �� ����&�
+�� �x���		
��

���� '()T OR. ,.
g��� 3-;/*

W� ��	��� ��� � � ���	��&� �� 	 ����� �� 
	�����	 
� �
�
���-���
��� 	
����	* 4��� �
���w w
	

��
�

�
+�� �� �
�
���	 w
� 	�
�� 	
�� ���
�
��	* W�	���� +��� ��������� �� ���
� ��
� +���� w
	

��
��������
+�� ��� �� ���������

 ,��� 	 �w�/* W� � ������� g����
��� 
���&�� ����
������ 	���

&���	 ,
PS=/ ���� 
 �
�
��� w
� � � &*1'G) ���
�
�� ,S���������
�� .
g��� ;/� w 
& 	 �w�� ����
�



5�

k���ot�pe� pl��rpote�t �tem  ell m��ke� exp�e��ro�� ��d ��rlrt� to dr		e�e�tr�te r�to �ll th�ee 
e�m l��e���

Upo� hem�toporetr dr		e�e�tr�tro��  omp��ed to  o�t�ol� the�e ��� �o �r
�r	r ��t dr		e�e� e r� the level

o	 fD34+  ell�� ��t ����e
�e�t m�elord dr		e�e�tr�tro� demo��t��ted 	e�e� ���d� ��d �e�t�ophrl�s

r� �e��ed p�om�elo �te�� m�elo �te�� met�m�elo �te�s mo�e mo�o �te�s ��d r� �e��ed �popto�r� o	

fD34-/fD33+  ell� �S�ppleme�t��� �r
��e 3�3��3D)� �The exte�t o	 �popto�r�� ho�eve�� m�� 	�ll �ho�t o	

expl�r�r�
  �tope�r�� ��d  o�ld �e �� eprphe�ome�o��) .e�te�� �lot o	 fD34-/fD13+/fD11���w/fD15++

m�elord  ell� de�rved 	�om rPSf �S�ppleme�t��� �r
��e 3�3E)  o�	r�med �ed� ed ����d�� e o	 	�ll�

le�
th �E ��� expe ted �rth hete�oz�
o�rt� 	o� the m�t�tro�� �he�e �rldt�pe r� �l�o p�e�e�t) ��d

��r
�el� r� �e��ed ����d�� e o	 �t le��t o�e �ho�te� r�o	o�m� �ddrtro��l hr
he� mole �l�� �er
ht

p�od� t�� �� �l�o �ee� r� �B��1  ell�� �e�e dete ted� ��o	o�m �rze� r� rPSf �ppe�� �hr	ted �p���d �lr
htl��

 omp��ed to �B��1  ell�� ��

e�tr�
 dr		e�e� e� r� po�t�t����l�tro��l modr	r �tro�� Expe�rme�t� �rth

rPSf the�e	o�e  o��o�o��te phe�ot�pe ��d do���t�e�m r�rtr�tro� o	 t����l�tro��

�������g a� �LAN� ������a! ��i"#"$� ����y #��� (%&'*,

�r
��e 3�2 �ho�� th�t t����l�tro� �o�m�ll� r�rtr�tr�
 	�om the  ��o�r �l �T01 �t��t �rte r� �rldt�pe

67896 doe� �ot le�d to t����l�tro� o	 pol�peptrde� 	�om r�te���l O���� :o�eve�� the �T02 O��

exp�e��ro� ve to� �reld� � ���
e o	 �ho�te� pol�peptrde�  o��e�po�dr�
 to t����l�tro� r�rtr�tro� 	�om

�T02� �T03� ��d �T04� .e �e��o�ed th�t the�e  o�ld �e �� r�te���l �r�o�ome e�t�� �rte ���ES) �rt��ted

�et�ee� �T02 ��d �T03� ��ES �e
�e� e� ��e �e
ro�� o	 m��� th�t �e ��rt the �r�o�ome to �rte� �dj� e�t

to r�te���l �T0  odo�� ��d pe�mrt r�te���l r�rtr�tro� o	 t����l�tro� r� �  �p�r�depe�de�t m���e��;<=

To  o�	r�m the p�e�e� e o	 �� ��ES ��d ex l�de the po��r�rlrt� th�t the  �p �rte r� �trll ��ed 	o� �r�o�ome

e�t�� �he� the  ��o�r �l r�rtr�tro�  odo� r� m�t�ted� �e r�t�od� ed � te�mr��tro�  odo� � �c3fC�>p�S�

2X) �et�ee� �T01 ��d the 	r��t r�te���l methro�r�e  odo�� �T02� r� ?@F �rth the Koz�k �e
�e� e

m�t�tro� � ��3�CT)� The �ho�te� r�o	o�m� ��e p�e�e�t r� 
�e�te� ����d�� e �hrle pol�peptrde� r�rtr�tr�
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f��m  ��1 �e�mi�a�e ��i�� �� �te �a�	�xyl �e�mi�us a�d a�e ���se
ue��ly �� l��ge� de�e��ed 	y

a��i	�dy �� �te �a�	�xyl-�e�mi�us �Su��leme��a�y �igu�e 3-4)


O�e IRES, f�u�d i� m�use Nk�6�2, exti	i�s �eve�se ��m�leme��a�i�y �� 1�S �R� , a�d mu�a�i��s

dis�u�	i�g 	ase�ai�i�g 	e�wee� Nk�6�2 mR� a�d 1�S �R� dis�u�� IRES a��ivi�y

���
We s��u�i�ized �LAN�

mR� a�d f�u�d i� i�deed ����ai�s a �egi�� �f �eve�se ��m�leme��a�i�y �� 1�S �R� jus� d�w�s��eam

f��m  ���, s�a��i�g �te �egi�� �f ��m�leme��a�i�y �� 1�S �R� defi�ed i� Nk�6�2 ��igu�e 3-1B)
 I�

��m�u�e� simula�i��s wte�e �a�d�m se
ue��es �te same le�g�t as �te �u�a�ive IRES we�e ge�e�a�ed

f��m �LAN�mR� a�d ��m�a�ed �� 1�S �R� , se
ue��e ��m�leme��a�i�y was de�e�mi�ed �� 	e tigtly

���-�a�d�m ��=1
3×10
��
) �Su��leme��a�y �igu�e 5)


We �te�ef��e evalua�ed wte�te� �te �egi�� �f 1�S �R� ��m�leme��a�i�y ��ssesses IRES a��ivi�y
 We

used a �es� ve���� ����ai�i�g dis�i�guista	le �a�dem, �u�ife�ase �������� a�d fi�efly) �e����e�s
 �te

���e��ial IRES was i�se��ed i�-	e�wee� �te �w� �u�ife�ase ge�es
 �te u�s��eam ������� �u�ife�ase

����ai�s a ��za! ���se�sus se
ue��e �eeded f�� ��a�sla�i�� i�i�ia�i��; t�weve�, ��a�sla�i�� �f �te

d�w�s��eam fi�efly �u�ife�ase �e
ui�es �ta� �te i�se��ed se
ue��es ��ssess IRES a��ivi�y
 We �es�ed

seve�al �ve�la��i�g segme��s f��m wi�ti� �te �egi�� �f �LAN� exti	i�i�g ��m�leme��a�i�y �� 1�S �R� 

f�� IRES a��ivi�y i� ��a�sfe��ed "e�a �ells
 Regi�� 1 st�wed a �
5-f�ld i���ease i� IRES a��ivi�y, 	u�

�egi��s � a�d 3 did ��� exti	i� IRES a��ivi�y, ��m�a�ed �� ve���� al��e ��igu�e 3-3 ), ��ssi	ly due ��

��ese��e �f addi�i��al s�a�� ��d��s wi�ti� �t�se �egi��s
  dd#$#%&'((*+ ' ./-U�R �f simila� le�g�t f��m a�

a�	i��a�y ge�e �KLHDC78) la�!ed IRES a��ivi�y ���� st�w�)
 �� fu��te� ve�ify �ta� �egi�� 1 ����ai�ed a�

IRES, we evalua�ed i�s a��ivi�y wte� i� was ��i�li�a�ed i� tead-��-�ail se
ue��e
 IRES a��ivi�y was

i���eased 	y 9:-f�ld, ��m�a�ed �� ve���� al��e ��igu�e 3-3B), sugges�i�g �ta� IRES a��ivi�y is ���

adve��i�i�us
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ELANE mutat�o�s act�iat��g t�e IR�S
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Cell�la� and bi�chemical p��pe�ties �f amin�-te�minally t��ncated NE

T�  ���r��	� �
 ���	����r��	�

� �r�	���� 
�r�� �
 �� r����	 �	������� ����v���, �� ����� ����r ���
���

�� �
��v� ��� ��������
�� �����r��� M�O�S���A
��A
��Pr��V�
���A 
�

���	w ���r�����	 �	 �r�	�
���� 

R���1 ��

�� W� 
��	 ���� ��� ��1A>� �������	 r����	� ��	���
, ��� ����������

� ��w	�
���	�, r��� ��


����v���, ��� ���� ���
��� OR�� ��rr����	 �	w �� ��� ����	 �	 ���r AT�� 
���� ����v��� (��w�r� 3�5A,

S���
���	��r� ��w�r� 6)�

W� ������� ������r ���	����r��	�

� �r�	���� 
�r�� �
 �� �	 ��� �R ��r��� �� �����r�	w ���r�����	

�
 H!"#$, ����� �� �� 
�r ��� �r����	 ��P� W� 
��	 	� �	�r���� �	 H!"#$ �	 %��6� ��

� �r�	�
���� 

���� &L#'& �������	� �
��r�	w ��� �r�	�
����	�
 ���r� ���� (��w�r� 3�5�), ���r��� ��	�r�
 ��

� �r�	�
���� 

���� ��
 ���� &L#'& �	 �����
��� ���� ��	�������	, ����� �	 ���� �R ��r���,*+. ����� � 12�
�
 

�	�r���� �	 H!"#$ ���r�����	 (S���
���	��r� ��w�r� 7)�

W� ����� ������r ���	����r��	�
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�r�� �
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� �r�	�
���� 

���� v����r� ���r����	w �����r ��
 ���� �r ���	����r��	�
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�r�� �
 ��� T��r� ��� 	�

�	�r���� �	 ��������� �� ����rv� �� �		���	 V ��	 �	w (��w�r� 3�5/ �	 S���
���	��r� ��w�r� 0)�

A  ����	�

�, RT�P/R ������ r�v��
� 	� �	�r���� �	 ���r�����	 ��r��� � ��	�
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 ����������r�
��� w�	��
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ut���zat��n �f ��wn�t�ea� �n�t�at��n  ���n�s208,209 Ne�e�t	e�e��
 �n �n�l ju�t a few �n�tan e� 	a� t	e

p	en��en�n a tua��l �een �e��n�t�ate�s .ne exa�p�e �n����e� a �u��e� �utat��n� �f t	e

	e�at�p��et� t�an� ��pt��n fa t�� 
���� a��� �ate� w�t	 t�an��ent �le��p����fe�at��e ������e� an�

�e�a�a�l���a�t� �eu�e��a �f D�wn �ln����es
2�0 Sta�t  ���n �utat��n� ��
 ���e �ften
 p��x��a�  	a�n-

te���nat�n� �utat��n� ju�t ��wn�t�ea� f��� t	e �n�t�at��n  ���n
 �ea� t� p���u t��n �f a �	��te�


���� �a��ant  ���en �n� f��� a �e �n� �n�t�at��n  ���n
 w	� 	 �a �� t	e a t��at��n ���a�n let

�eta�n� a����tl t� ��n� DN� an�  �fa t���s
2��,2�2 S����a� �utat��n� p���u �n� �����a� effe t� �  u� �n t	e

������������� ������ ���!"# �� $%&'
2�( �n�t	e� exa�p�e �n����e� �e����ne �utat��n �f TPO
 en ���n�

t	�����p��et�n
 �n 	e�e��ta�l t	����� lt�pen�a
 ����upt�n� a �p�� e-��te
 w	� 	 �ea�� t� �e�et��n �f t	e

 an�n� a� �ta�t ��te w�t	 �n�t�at��n �	�ft�n� ��wn�t�ea� t� t	e next �n-f�a�e ��
  ���ns2�) He�e
 we

�	�w t	at neut��pen�a-a��� �ate� �e����ne �utat��n� ����upt�n� t	e �n�t�a� ��
  ���n an� a�ja ent

n�n- ���n� *�za� t�an��at��n �n�t�at��n �e�uen e �f ELA+E �ea� t� p���u t��n �f a��n�-te���na��l

t�un ate� ���f���� �f N/ �n�t�at�n� t�an��at��n f��� ��wn�t�ea�
 �n-f�a�e �et	��n�ne ��
  ���n�s

1�tent�a� a�te�nate t�an��at��n �ta�t ��te� a�e p�e�� te� f�� a� �anl a� �34 �f 	u�an �ene�s
2�5

Fu�t	e����e
 p�tent�a� a�te�nate �ta�t ��te� a�e e���ut��na���l  �n�e��e� an� a�e ut���ze� �n �anl

 a�e�s
2�7:2�8

.ne �f t	e 	lp�t	e��ze� ���e� �f a�te�nate t�an��at��n �ta�t ��te� �� t� a�te� a��n� te���na� �� a��zat��n

���na�� an� u�t��ate�l p��te�n �� at��n; <=4 �f p��te�n� �e���e� f��� p�tent�a� a�te�nate �ta�t ��te� a�e

p�e�� te� t� 	a�e ��ffe�ent �u� e��u�a� �� a��zat��ns2�5 .ne exa�p�e �� Neu��pept��e Y
 w	� 	 	a� tw�

t�an��at��n �ta�t ��te�s �	e p��te�n p���u e� f��� t	e f���t �n�t�at��n  ���n �� ta��ete� t� �e �et��l

�e�� �e� w	e�ea� t	e p��te�n �n�t�at�n� ��wn�t�ea� �� ate� t� ��t� 	�n���as
2�9 We �	�w t	at
 at �ea�t i>

vi?@o
 pat	��en� ���f���� �f N/ �e�u�t�n� f��� �ta�t ��te �utat��n� �����a��l �e ��e ����� a��ze� w	en

t�un ate� at t	e a��n� te���nu�
 p���a��l �e au�e t	e �	��te� ���f���� �a � t	e /B-�� a��z�n� ���na�

�e�uen es
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W�  �mons����� I��� ���ivi�	 
o� � ��eion o
 E�A�E b��t��n �
� s��on �n �
i� in���n�a �T� �o ons�

B�s� on ��io� s�� i�s o
 �kx�-2, t� s�s���� �
is ���ivi�	 is  �� �o  i���� �ibosom�a bin ine m� i��� b	

E�A�E m�R� s����n�� �om�a�m�n���i�	 �o �8� ��R��
��0

T
is I��� ���mi�s ��o ���ion o
 bo�
 �
� �T��

�n �T�� O�� R� �oa	����i �s 
�om � sinea� m�R� t
�n �
� ini�i�a �T� �o on is m����� � I� is a�ss

�a��� i
 �
is I��� no�m�aa	 ini�i���s ���nsa��ion t
�n �
� ini�i�a �T� �o on o� 
a�n�ine �oz�� s����n�� ���

no� �a���� � �no�
�� in����s�ine obs��v��ion is �
�� m����ions o
 �
is ��eion �n
�n�� ���ivi�	  �s�i��

�� ��ine �om�a�m�n���i�	 �o �8� ��R� �om���� �o tia �	��� In ���vio�s s�� i�s, i� t�s 
o�n �
�� �
�

o��im�m a�ne�
 o
 �om�a�m�n���i�	 �o �8� ��R� t�s � n��a�o�i �s, �n �n	 s����n�� aone�� o� s
o����

 �����s� I��� ���ivi�	�
���

I� is ai��a	 �
�� o�
�� �o ine s����n��s ti�
in E�A�E m�R� �on��ib��� �o ���nsa��ion�a ��e�a��ion

 i����a	 �i�
�� b	 in
a��n�ine bin ine �o �
� �ibosom� o� o�
�� ���nsa��ion 
���o�s o� in i����a	 b	

�

���ine m�R� 
oa ine� I
 so, som� �o ine s����n�� E�A�E m����ions m�	 
�vo� ��o ���ion o


in���n�aa	����nsa��� iso
o�ms, in t
i�
 ��s�, ��o��in s����n�� �
�ne�s �o�a ��ov� in�i �n��a �n 

non�on��ib��o�	 �o ���
oe�n�sis� �onv��s�a	, E�A�E v��i�n�s invoavine s	non	mo�s �o on s�bs�i���ions

�
��  o no� �a��� �o ine s����n�� m�	 n�v���
�a�ss ��ov� ���
oe�ni� b����s� �
�	  is���b �
�

���nsa��ion�a s���� si��, I���, o� o�
�� m�R� s����n��s ��e�a��ine ���nsa��ion 
�om in���n�a s���� si��s in

E�A�E� In o�� otn e�n��i� ��s�ine o
 n����o��ni� ���i�n�s, t� 
�v�  ������ nov�a s	non	mo�s E�A�E

v��i�n�s b�� 
�v� no� ���vio�sa	  �sien��� �
�m �s  �a����io�s�
�11

E�A�E m����ions in���iv��ine �
� �T� ini�i��ion �o on ��� 
o�n in ��R ���i�n�s �n a�� �o �bs�n�� o


�
� 
�aa�a�ne�
 ��o��in ti�
 �����ssion o
 �mino����min�aa	 ���n���� iso
o�ms no� s��n ti�
 �
�

tia �	�� �aa�a�� !ot�v��, �
� �oz�� s����n�� m����ion o����s in � ���i�n� ti�
 �	�ai� n����o��ni� �n 

��s�a�s in ��o ���ion o
 bo�
 
�aa�a�ne�
 ��o��in �n , �om���� �o ��R ���i�n�s, �� ��� a�v�as o
 �
�

�mino����min�aa	 ���n���� iso
o�ms, s�ee�s�ine �
�� a�ss �����ssion o
 �
� s
o���n� iso
o�ms

�o���a���s ti�
 t
�� mie
� b� �onsi ��� mia ��  is��s��
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The shortened isoforms reduce clonogenic capacity in an assay of myeloid proliferation. Cells transfected

with the shorter forms of NE did not exhibit increases in ER stress when compared to wildtype. It is not

surprising that the mutations do not induce ER stress since they are predicted to lack the signal sequence

��������� �	 �����
	���� �	 ��� �
� �	������ ��� �������� 	� � ������� 	� ���� �	
���
�� ������ ��	�����

evident in western blots in Figure �-2 and Supplementary Figure �-�E, suggests that the shortened forms

of NE may still misfold and aggregate, albeit not in the ER. It is possible that aggregated NE may sequester

transcription factors. ORFs 2 and � are additionally predicted to lack the pro zymogen activation sequence

whose removal is required for catalytic function, yet they retain the catalytic triad of histidine, aspartate,

and serine necessary for proteolytic activity, raising the possibility that they are mature and possess

enzymatic activity immediately following translational synthesis. We found that mutation disrupting the

canonical translation start site retained only minimal proteolytic activity, yet it is possible that even

residual activity could be damaging if not properly compartmentalized.

In evaluating the relevance of this new category of mutations disrupting the translational start site, it is

unlikely that all of the numerous ��A�� mutations would disrupt translational regulation of mRN� and

lead to production of internally-translated ORFs. Nevertheless, we speculate that there may be a

mechanism through which conventional mutations altering the primary sequence of NE may lead to

production of the internally-translated isoforms via protein misfolding.

The presence of shorter isoforms of ��A�� generated by an IRES actually fits with both of the current

models of how mutations may cause disease (Figure �-6). If the misfolding hypothesis held true, the

shorter isoforms could be produced by the IRES through a  !"#$ mechanism. In times of stress, protein

misfolding within the ER activates PERK kinase, which phosphorylates EIF2,
%%%

resulting in a preference

for IRES-mediated translation over normal cap-dependent translation.
%%&

Our observations also fit well

with the mislocalization hypothesis. Since the shortened isoforms do not contain a pro peptide signal

sequence, they are unlikely to correctly transit through the ER, where they would ordinarily become
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Tabl�s

����e 3-1� E��NE t	�n
��t�on�� 
t�	t 
�te mut�t�on


Kozak Sequence 

cDNA (NM_001972.2) No. Probands Phenotype a c c A T G Reference 

c.-3A>T 1 Cyclic neutropenia t      This report 

c.1A>G 4 SCN    g   Refs. 9, 27, 28, this report 

c.2T>G 2 SCN     g  Ref. 9, this report 

c.3G>C 1 SCN      c Ref. 9 

c.3G>A 1 SCN      a This report 
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Fi�u�es

����r� 3-1.  ocat�on of �own�tr�am �n-fram� 	TG co�on� �n 
 	A
 mRA	 an� �R
S �tr�ct�r�. (A) 

Schematic of ELANE mRNA. In-frame downstream ATG codons that may be used as initiation start sites 

are marked with an *. (B) Potential ELANE IRES showing complementarity to 18S rRNA. Nucleotide 

substitutions introduced by p.V16M, p.S17F, and p.L18P mutations are marked. 









7�

 

F��ure 3-5.  ropert�es of �m�no-term�n�lly trunc�te� �E. (A) Mutant forms of NE are unable to cleave 

MeO-Suc-Ala-Ala-Pro-Val-pNA, a NE specific substrate after a 16 hour incubation, except for c.1A>G 

which showed minimal residual activity. Data shown are mean ± standard deviation of 3 independent 

experiments. *P < 0.05 vs. GFP. (B) No significant difference in ER stress was observed, as measured by 

HSPA5 expression. Data shown are mean ± standard deviation of 3 independent experiments. (C) There is 

no observed increase in apoptosis, as measured by Annexin V staining. Mean ± standard deviation of 2 

independent experiments are shown. 
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F��ure 3-6. Con�ruence w�th current d�sease hypotheses. A schematic of ELANE is shown. Mutations 

that inactivate the translation initiation codon and the Kozak sequence force translation to initiate from 

downstream, in-frame ATG codons, resulting in amino-terminally truncated NE (NE) that lacks an ER-

localizing pre signal sequence as well as a pro zymogen sequence ordinarily restraining proteolytic 

activity prior to its removal. A second group of mutations may activate an IRES, also leading to 

translation of the internal ORFs. A third type of mutation, we speculate, may cause protein misfolding 

which activates an ER stress response and promotes IRES utilization, thereby indirectly also leading to 

translation of the internal ORFs. Catalytic triad of his, asp, ser residues is shown. Dotted line shows 

amino terminal sequences ordinarily cleaved from the mature enzyme. 
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Appendi� I: supplementary materials for chapter 3.
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Fi�u�es

S�ppl�m��t�ry  �g�r� 1. El�ctroph�rogr�m from S��g�r �NA 	�q���c��g of 
�	�	 -6 to � from �xo� 1

of �
��� from co�g���t�l ���trop���� p�t���t	. ���w��� ��� ��v���� ���������� w�� a�������� ���

b��! a�������" ��� �!� ��v���� �������� w�� �#�aa�� !���$����##% �� b����� �#��� w��! �!� ���w���

�������� &. & !�����$%���� �������� '&>() w�� �b���v�� �� �!� �.*3 a�������. B. & !�����$%����

�������� 'G>&) w�� �b���v�� �� a������� �.3.
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Suppleme�t�ry  �gure 4. Tr��sl�t�o��l e��ects o� f�r�ous E��NE mut�t�o�s �� RBL-1 cells� �	
 ���
2X (28

a�i�	 a�i�� �
	� �
a���a�i	� ��a
� �i�� a�� 
2 
��i���� b��	
� a�i�	 ��
�i��� 	� ����� �
	������ �
	��i�

�	��	wi�� �
�
�
	 ���ava���, a ��	� �	�	� wa� ����
a��� b� a �i���� �����	�i�� ��b��i���i	� (��83C��� i�

��� ��
3��> v���	
� V�6M a�� ��7� w�
� ����
a��� �
	� ����> !"A#! v���	
� ���
2X ��i�� �
	�����

��� ��	
��
 i�	�	
�� 
��
�����i�� �>$2 %&� a�� �>$3 %&� ����i�� �	� �
	���i�� ��� �> �
	��i�

b��a��� 	� ��� �
��a��
� ��
�i�a�i	� �	�	� b��w��� �>$� a�� �>$2� V�6M �
	����� a �
	��i� 	�

��	
��
 ������ ��a� �> a�� w�i�� a�i��� wi�� a ba�� �
	����� b� ��� ��
3��> v���	
� ��7� �i� �	�

�
	���� a�� a��i�i	�a� ba��� b�� ���	���
a��� �i�i��� �x�
���i	� i� &')
� �����, 
����
i�� i� ����
�ai�

a� �	 w�����
 i� i� �a�ab�� 	� �i���i�� ��	
��
 i�	�	
��� 'a�*�
	��� ba��� �
	� ����� v���	
 (+V� a��

a� �x�
���i	� v���	
 �	
 �
��� ���	
������ �
	��i� ($�F� a
� �
����� i� ��i� ��
i�� 	� �x��
i������



8�
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Suppleme�t�ry  �gure 7. Co�trol e�per�me�t for H�PA� �ct�v�t�o�� �L-60 	
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Suppleme�t�ry  �gure �.  low Cytometry ���togr�m� of ��-60 cell� tr���fecte	 w�t� E
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Suppleme�t�ry  �gure 9. �CR p��el �f �p�pt�s�s rel�ted ge�es� ��A 	
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