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Never Let Monkeys Eat Bananas!

The five types of leukocytes, in order of prevalence

* Never
(NEUTROPHILS)
* Let

(Lymphocytes)
* Monkeys
(Monocytes)

* Eat

(Eosinophils)
* Bananas
(Basophils)




Bone Marrow

Confined to cavity of bone

Red (active)
Yellow (inactive)

Not all bones have red marrow

By adulthood the following do:

Pelvic bone Ribs
Vertebra Cranium
Sternum

Extreme proximal portion of humerus/femur
Manufactures billions of WBC'S


http://www-sdc.med.nagasaki-u.ac.jp/n50/disaster/BMFum-b-big.gif

Stem Cells: The Origin Of All Blood Cells

MNOAYAYNAMO
APXEIONO KYTTAPO
KL
-1
1L-3
Ipoyoviké kitrapo 1L-6 KL
poehikilg oewpag 1L-11 IL-1
IL-6 IL-3 IL-6
M2 GMLCAE KL Hpoyovixé kiTrapo
AEPQOKVTTAPIKTG GEIPhg
Further
Divisions IL.3 L3
Create GM-CSF GM-CSF L2
- EPO ) IL-3 KL KL 1L-4
Specialized Blood Cell 2 GM-CSF IL-3
S IL-6
Stem Cells A o AN
(Blood Stem Cells) IL-11 i tmc GO
GM-CSF = IL-1
Puowéd IL-2
KUTTAPOKTOVO 1L-4
v 13 IL-3
GM-CSF Baocbpiio IL-3 IL-3 IL-6 1L-2
Hoat végiio M-CSF M-CSF IL-4
EPO
M-CSF G-CSF
Meyaxkapvoxirrapo
B .
Movokirrapo MHHORVIRaRY T Aapeoninriige
EPO Pafidomdpnvo C IL-6
M-CSF
l AwgoreTda GM-CSF IL-3
Tt GM-CSF
G-(}F
Epvbpd
aposaipia ) OsTupo
Ovderepbpuio

Maxpogayo



Mn €10IKN Kai €101KN avoaoia

Innate mmunity Adaptive immunity

{rapid response)

(slow response)

INNATE- no exposure to an
antigen to mount a response
(ex. NK cells, neutrophils and
macrophages)

SPECIFIC- respond

effectively on 2nd exposure |

to antigen (Band T
lymphocytes)

Nature Reviews | Cancer



AEMO®OKYTTAPA

Lymphoid Orgg@ns:
(Link hematologic & immune
system)

The “IMMUNE"” WBC

Divided into 2 types: (both formed in bone

marrow)
1. T cells — mature in THYMUS: cell-mediated

iImmune response (attack & destroy specific

foreign cells)
2. B cells —» mature in BONE MARROW

produce ANTIBODIES that react against foreign
antigens (ie., bacteria & viruses)
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MONOKYTTAPA

4-9%

Major function — potent
phagocytosis

» Fight bacteria similar to
neutrophils

Second fto arrive at the

scene of an injury (occur
during LATE PHASE of
infection)

Only present in blood for a
short time before they
migrate intfo fissues &
become macrophages

The Process Of Phagocytosis
“Attack, Engulf, Destroy”




HQIINODIAA
> 0-3%

» Function: phagocytosis of antigen-antibody complexes

» T with allergic reactions & parasitic infections

BALEO®DIAA

» 0-2%
» Function: PHAGOCYTOSIS




AEYKOKYTTAPA

AA /103 pl 8-38 6-17 5-19 5-19,5 6-18 6-17,5 5,5-15,5 4,5-13,5
Na”

OYAETEPO®IAA 7

% 59 51 34 34 36 39 55 60
47-224 |386 1,7-6,5 1,7-6,7 2,2-6,5 2,3-6,8 38,5 3,7-8,1

AA /103 yl

HOZINODIAA

% 2 3 3 2,5 2 2 2 2
0,16-0,76 _1.0,18-0,5 0,15-057 | 0,12-0,5 0,12-036 |012:035 |0,11-03 0,1-0,27

AA /103 pl ( 3

N’

AEMOOKYTTAPA

% 29 35 55 56 55 53 36 31
2,3-11 2,1-5,9 2,7-10,4 2,8-10,6 3,3-9,9 3,2-9,3 2-5,6 1,4-4,2

AA /103 yl

MONOKYTTAPA

% 10 9 8 7 6 6 7 7
0,8-3,8 0,5-1,5 0,4-1,5 0,35-1,35 0,36-1,1 0,36-1,05 0,4-1,1 0,3-0,95

AA/ 103 pl




AlIQYV®OTIKOG AAYOPIOHOG AELKOTTEVIAG

/

-OAPMAKA: avTipAeyuovwdn, avTiBupeoIdIKA, avTIETTIANTITIKY,
XAWPAUPEVIKOAN, KOTPINOEAZOAN, @aivoBeIadideg

-AOIMQZ=EIZ: 1oyeveig, TUQOG, KEYXPOEIONG QUUATIWON, TTPWTOLWA,
e\ovooia, kala-azar

-AYTOANOZA: 181011abng, ouvdpopuo felty, epuBnuatwdng AUKog
-OIKOI'ENH KAl KAHPONOMIKA NOXHMATA

-XPONIA KAAOHOHZ oudetepoTrevia TnG TTaIdIKAG NAIKIAg
-KYKAIKH OYAETEPOTIIENIA

-MYEAIKH ANENAPKEIA: atrAacTikr) avaiyia, jueAoduaoTtrAaaia,
MugAoivwon, MUENIKEG BINBANCEIG, HEYOAOPBAACTIKA avaiyia, @apuaka Kal
XNUIKOI TTapAyovTEG

- ZUYYEVEIG OVOOOQVETTAPKEIEG

- AOIMQZ=EIZ: BakTtnpiakég, HIV

-OAPMAKA: KopTIKOOTEPOEIDN,
QVOOOKOTAOTAATIKA, XNUEIOBEpaTTEiQ

-YNOOPEWIA

-éviovn ZOMATIKH AZKH>H

-AYTOANOZA: ZEN, PA

-NEOTMNAAZMATA: Aeuxaipieg



AEYKOTENIA (ekTOC ovdeTepoTtTeviag)

A) Hooivomrevia (<0.04 x109/L)

- Common causes = excess glucocorticoids (stress, Cushing's, iatrogenic),
significant epinephrine release, acute inflammatory state

B) Baceomevia (<0.01 x109/L)

- Common causes= excess glucocorticoids, acute inflammation,
hyperthyroidism

) Movokvutrapormevia (<0.2 x109/L)
- Usual cause= prednisone administration, w/i first 12h
A) Aeppomrevia (<1.5 x109/L for adults; <3.0 x109/L for children)

- Common causes= iatfrogenic (glucocorticoids, chemotherapy/radiation),
infections (Hodgkin's, HIV, TB), chronic disease (sarcoidosis), aging



—
BONE MARROW COMPARTMENT

MITOTIC

% Total cells
Myeloblast 1

{23 h)

e OuvéerTepoPpiNa
pPoPp
"

Myelocyte 16
(17-1266 h) 4

v

MATURATION/STORAGE QpiuavoTn HVEAOKVTTAP®V
g 3
swgpin 30 ‘Mswunoycmn AeCapevn ‘
onon , ,
AnelevBépmon oty TEPLPEPELN
‘ v Katovoun
VASCULAR COMPARTMENT
=@ w7 Ag&opevn KokKAOPopoHVTMOV

(4-10h)

4 AeCapevn meptimplokm

(LKpA ayyeio NTATOC, GTANVOC, TVEDLLOVOG)

Marginated 3

PMN

(4-10h) :

TISSUE COMPARTMENT Ll‘ , ,
it ;| ‘Icsruco AopéEpiopa
(0-3 days) ¢




OvdeTeporrevia Opiopde (WHO)

»> H eAATTWON TOU ATTOAUTOU APIOOU TWV KUKAOPOPOUVTWV
oudeTePOPIAWY (AAO) oT1o aipa KATw atrdé 2000/l

Oudetrepotrevia (ICD-10 D70) = AAO < 2000/pl (undapivég Kivouvog Aoipwng)
"Hma Oudetepotrevia = 1000/ul < AAO < 1500/l (eAaxI0TOC Kivouvog Aoipweng)
Mérpia Oudeteportrevia = 500/ul < AAO < 1000/l (METPIOG KivOuvOoG AoinwENng)
2oBapn Oudetepotrevia = AAO < 500ul (ooBapdcg Kivouvog Aoipweng)

Oceia (<3unveg) - Xpovia (>3PrRveq)



Aitia Ovderepomeviag

| amoOnKeEC TOU HUEAOU TWV OCTWV
> MpwToTTaoI
2 UYYEVNC Bapid oudETEPOTTEVIO
2.UvOopopo Kostmann
2.Uvdopouo Schwachman-Diamond-OskKi
KUKAIK- ) OUOETEPOTTEVIQ
2.uvdpopo Chediak-Higashi
> AgUTEPOTTOONG
XnueloBeparreia
Ddapuaka (XAWPAPPEVIKOAN)
Alatpo@ikn ({B,, |PUAIKO ogu, |Cu)
loyeveic Aopweeic (VZV, HBV, EBV, CMV, HIV....)




Aitia OvdeTepotmeviag

Xpovia KaAonbng oudeTePOTTEVIA VEOYVIKNC/TTAIOIKNG NAIKIAC
Autodavoon (2EA, PA, o.Evans)

AANNoGvoon (VeoyviKn TTEPIOOOC)
ddappaka (e AVvOOO PNXAVIOUO)
2 XETICOMEVN ME AOINWCEIC (TTpwTOlWAa, oAWN)

YTTEPOTTANVIOUOC (QUUATIWON, KAKONBOEIA, KOAAQYOVWOEIC,
e\ovoaia)




AlQYV®OOTIKN TPOCTIEAQON TOL
OLSETEPOTTEVIKOL TTAISION

ANYn I0TOPIKOL
XPOVOG eEvaping oLEETEQOTTEVIAC (TTOONYOLUEVN YEV. AiUATOG)
AVAPEQOUEVEC NOIUWEEIC

O||<oy§vs:|o|<c'> IOTOPIKO (CLYYEVEIC peE AolpwEelc, aveEnynToc B6AvaTog
Ppepwv)

ANWN GAPUAK®Y
KAIVIKN €€€TQON UE Eppacn OFE:
DAIVOTLTTIKEC AVWUAAIES
[MooNyoLHEVES AOINWEEIC SEPUIATOC, TTEPITTOWKTIKAG XWEAS, OTOUATOG
A&loAOyNoNn OTTAPENG AepPadevoTTABEIas, OTTANVOUEYAAIAG



EpyaoTtnpiakog eAeyxoc (1)

MéTpnon apiOUoL Kal TOTTOS ALLKQV aljooPalpiaV 1-2 popig/efSouada
TEKUNPION OLEETEPOTTEVIAC KAl ATTOKAEITHOG KLUKAIKNG OLEETEQOTTEVIAC
Moueloypappa-Bioyia M.O.
KotTrapoRpifeia pueAoL, HoPPOAOYId, WEINAVON KOKKIOKLTTAPWY, TOUXOV SINBNoN
KuTTrapikéG KaAANIEPYEIEC KOKKIOKLTTAP WV

ETTApKEIQ QpXEYOVWV HLEAIKGV KLTTAPWY, DTTAPEN AVACTOAEWY AVATITLENG AELKNC
ofalelels

AVTIOLSETEQPOPIAIKA AQVTICOMATA
ALTOAVOON, ICOAVOON OLEETELOTTEVIA

'EAEYXOG QVTITTUPNVIK®V AVTICWHATOV

PeouaTikG voonuaTta



Méetpnon B12, ¢G
AVETTITOXNG JLEAOTTOINCN

AvOOOMAOYIKOG EAEYXOG (avoooopaipiveg, cLUTTANP®HA, T Kal B AgpgpokoTrapa)
YTTOYQUUAOPAIPIVAIMIa, ADCYAUUAC(AIQIVAIUIa, K.Q.

'EAEYXOG 10YEV®V Kdal HIKPOPRIAK®V AOIHDEEDY

AUivoypaupua opol Kdl oLP®V

'EAeyx0G £€yevoLG HOIPAC TTAYKPEATOG
Y. Schwachmann

AKTIVOYPAQPIKOG EAEYXOS
Avaluia Fanconi

Kapvortumog

Avaiyia Fanconi, Avamtoén O.M.A.



OuvdeTePOTTEVIEC OPEINOMEVES TE AOIHRDEEIC

loyeveIC AOIUGEEIC: CLXVOTEPN AITIA TTAPOSIKNG OLEETEQOTTEVIAC OTA
Taidid. YovNBwWS atTokaBioTaTal PYeTA aTTo 3-4 epdopadec.

MNXAVIOUOG EAATTONG TWV OLOETELOPIALV

Meion OLEETELOPIAGWY AOYW CLYKEVTOWONG HEYOAOL APIBUOL OTA AYYEIa
TNC TTEPIBWPITKNG Se€apevng

Mg EVEQYOTTOINCN TOL CLPUTTANPWHATOGS, UE ATTOTEAECHA TNV AELKOCLYKOANCN
(AevkoeuPoAa), Kivbuvocg amopeaéng TTVELHIOVIKWY TPIXOEISWY,
KAQPSIOTTVELUOVIKES ETTITTAOKEG

AVTIOLEETELOPIAQ AVTICWUATA
Apeon S§paocn ToL TTABoYOvoL OopyaviIouoL oTo M.O.



NAOINWEEIC TTOL TTPOKAAOVLYV OLSETEPOTTEVIA

BakTnpiakeg
TOPOEISAG TTLPETOG
Neoyvikn onyaiyia
KepavvoPOAOG onyaiia
dopaTicoon
loyeveic
HmmaTtinéa A kail B
|OC €TTIKTNTNG AVOCOAVETTAPKEIAC
[piTTTTN
EovBpa
Aoluwéelc amo EB, CMV
Mpwrolwikég
EAovoaoia
Agicuaviaon



Xpovia kaAkondng

(Xpovia 181omaéng-Xpovia oIKoyevng)

OtlPA PLOIOAOYIKN

XapakTNPEIZETAI UOVO QIO Oreranee
KAIVIKN €IkOva
‘Hma
Mot diayvwon (?20%) og nAikia 18 punvov
MBavn avTopATN IacN PEXP! TNV NAIKIA TV 4 XOOVWV
[TOAANEC POPEC ATTOTEAEI TLXAIO ELENHA
EpyaoTnpiaka evpnuara
A.A.T.: 500k0T/UL — puCIOAOYIKG OPIA (I6IC OTIC AOIUWEEIG)
M.O.: LTTEPTTAATIA KOKKIWSEOLC CEIPASC PE AVACTOAN OTNV WEIPAVON OTO OTASIO TV paBSoTTuPNV®Y

MNaBoyeveTIKOG HNXAVIOHOG

Atv gival YVWOTOG, MOavOov opeiAeTal Ot ATEAN TTAPAYWYN OLEETELOPIAGY AOYW EAATTWHEVNG
ammeAeLBEPwon GCSF N oe Avooo PNXAvIouO

AVTIUETOTION

Em TTOQETOL: eKTIUNON YEVIKNG KATAOTACNG ATTO TTAISIATOO, K/€G OVPWYV, AIJATOGS, KATT., AvTIRiconN.
YTTAVIA XOPNYNON ALENTIKGWYV TTAPAYOVT®Y (0€ Papid Aoiuwen)



AvTtoavoon ovdeTepoTTevia

Epgaviletal kata TNV NAIKIa 5-24 punvov. Eival TpTomabng (1610TTabNg) ) SeLTEQOTTABNG YETA ATTO AOIUWEN,
%\%Lp/(] czpopuom)v. LTOAVOON OLOETELOTIEVIA UTTOPEI VA ATTOTEAEl CLVOSO CLUTTTWUA TNG N.P.A., TOL

LXVOTEPN €ival N TTOWTOTTABNG HE KAAN €KPAOCN, £V EXEI TTEQIYPAPE TTANPNG iIaoN WETA ATTO 4-6
XPOVIa.

MNaBoyeveTIKOG UNXAVIOHOG

QeiAeTal OTNV EPPAVION TNV KLKAOPOPIA EISIKWY AVTICWUATWY EVAVTIOV TWV AVTIYOVWY TV |
TTOALUOPPOTTLPNVGYV. TA KLPIOTEQT )ovnyovo TV TTOALDHUOPPOTTVPNVWY TTOL EVOXOTTOIOLVTAI, EiVAl

TOL cvoThuaTtoG ‘N’ (NA,NB, ND, NE
KAIvikn eiIkova

YOXVEC AOIUGEEIC SEOQUATOC KAl AVWTEPOL AVATIVELOTIKOUL, TTIBAVH SIOYKWON OTTANVA
EpyaoTnpiaka svpnuara

AAT 500 koT/uL, abENoN HOVOKLTTAPWY , NWTIVOPIAWV.

MULEAOYPAUUA: PLTIOAOYIKO N EUPAVICEl DTTEPATTACIA TNG PLEAIKNG CEIPAG PE EAATTWPEVO APIBUO
WPIMWV OLEETELOPIAWV

AvTipeTOTION
Ye ooPapic Aolpwec avTiRicon, IVIg, kopTilovn, avénTIKOi TTAPAYOVTEG.



MeyaAn TITWO N OLOETEDOPIAGYV OTO
O&cia — Xpovia

H o&cia eival avaoTpiwiun he avEnon TV TTOALUOPPOTTVENV®Y 3-4 NUEPES PETA TN SIAKOTTN
TOL PAPPAKOL. ATTOKABICTATAI TTERITTOL TN 14N NUEEA

OVNOoIPOTNTA £WG KAl 22%

MNXAVIOUOI TTIOOKANONG (ogpeiAovTal O€ ISIOCLYKPATIAKOLS TTAPAYOVTEC)
ALENUEVN ELAICONCIA TV TTEPOYOVIKWYV KUTTAPWY TNC MLEAIKNG OEI0AC OTA pAPPAKA
AVOOOAOVYIKOI UNXAVICUOI

To pdpuako §pd cav aTTivn he SNUIOLPYIA AVTICWUATWY TTOL OTPEPOVTAI EVAVTIOV TWV TTOALHPOPPOTTVPAVY
To PAPUAKO TTPOKAAEI TN SNUIOLEYIA AVOCOCLUTIAEYUATWY E TIOOCKOAANCN OTNV ETIPAVEIA TV TTOAVUOQPOTTVPNVRV

MeTaBAAAETAI N PAPPIAKOKIVNTIKN KAl SNUIOLEYOLVTAI TOEIKA ETTITTESA TOL PAPUAKOL TTOL SPOLY OTO PIKPOTIEPIBAAANOV TOL
MLEAOL



LVUYYEVNC aKOKKIoKLTTapaipia (o. Kostmann

KAIVIKA €IKOVa

Bapid. Euttopetn oLAOCTOUATITION, AOIUWEEIC SEQUATOS, ATTOCTHUATA
TTEQITTPGKTIKNG XWPAC (LTAPULAOKOKKOC, Wevdopovada, KoOAoRakTnEidIo)

ALENUEVOC KivoLvog eupavionc O.M.A.

EoyaoTnpiaka evpnuaTta
AATM 200 k/uL, T povordpnva, pérpia T Nwoivopiloy
MoeAOypaupa: AwPA KOTTAPA-TTOOPLEAOKOTTAPA, MLEAOKOTTAPA
ATTOLCIA WEIUWY TTOALVUOPPOTTLPNVWYV

AVTILETOTTION
Xopnynon avénTiKwy TapayovIwy
M.M.O, pe HLA couPato 501N



KukAIKn ovdeTepotevia

Eivar ommavia, kahonong. Emeicodia ovdetepoteviag (A.A.T. 300-1500 kout/ulL, siapkeiag 3-
10 Nu. eppavicopeva ava 21 (14-30) nuepecg. OiKoyevnG N oTToOPASIKN
MaBoyevETIKOG HNXAVIOHOG

MBavoAoyeital Taposikn SiIakLUAVON OTNY TTAPAYWYN N ATTEAELBEPKON ALENTIKGWYV TTAPAYOVTWYV Ol
oTToi0I PLBWICOLY TN SIAPOPOTTIOINCN TWV KLTTAPWY TNC PLEAIKNG TEIPAC

KAIVIKN &iIKkOva

OvAooTouaTitidéda, papuyyiTida pe SI0YKwWwon ToAxNAIKwV Aeupadevay, Trepitovitidéa (10% 6avartocg)

AVTIMETROTTION
AVTIUETWTTION TWV AOINWEEWY
ALENTIKOI TTAPAYOVTEC

KaBapiotnta oTOuATOG-66PUATOC



20vépopo Schwachman-Diamond-Oski

AVETTAPKEIO EEWKPIVOLCS UOIPAC TTAYKEEATOC + SLOTTAACIC
UETAPLOEWV

ALTOOCWUATIKO DTTOAEMTOUEVO / OTTOPASIKA
AOINEEIC + OTEATOPPOIA OTNV 1N §eKAETIO
50% A1TIa KAIVIKN €ikova

OMB (LTTOTTAQCTIKOG, Siatapaxn xNueloTa&iag)
G-CSF / Beiapivn

1/3 avarmrroooel OA



10vépouo Chediak-Higashi

ALTOOCWUATIKO LTTOAEMTOUMEVO
MeTAANaEN LYST (puBuilel Siakivnon AVOCOCWUATIWV)

YLOTNUATIKA TTOOCROAN (ETITAXLVOPEVN PACN — IOYEVNC
AOIUWEN — AVEECEAEYKTOC TTOANATTAQCIACHOGC AELKWYV —
TOOORAAANOLY Opyava)

[AclopNngia v pTAVE OTNV EVNAIKIGOON

ETTiXoIOpa HLEAOL (YIYAVTIO EYKAEIOTA OTA AELKQ)
MeTapooxevon HLEAOL



looavoon veoyVvIiKn oLSETEPOTTEVIA

IgG avTicpuaTa amo PNTéEpa oTo TTaidi
[MaBoyevela Oopola pe Rh-aigoALTIKn VOO OG
YOVNBWC 6eV UPAVICOLY KAIVIKEC EKONAWOEIC
MNTPIKA Ab e€apavi{ovTal JETA aTTo 3-4 unvec
AAQO ETTAVEQXETAI OTA PLTIOAOYIKA



MEPITPAPH ALOENOYL

AITIA EIZATQIHL: Kopitol NAKKIOC 4 €TV eionx6n otn B’ Maidiatpikn
KAIVIKN AOY@ EUTTOPETOL ATTO SNUEPOL PE CLVOSO PNXa

LYNOAA IYMITQMATA:
MOPETIKG KOPATA £C 40°C, ava 4wEO
EAQTTGOUEVN CITION, KATAROAN

AANYOC OTO APIOTEQO TTAQYIO KAI OTTICBIO BWEAKIKO TOIXWHA



ATOMIKO KAI OIKOTENEIAKO IXTOPIKO

ATOMIKO lOTOPIKO
YoPapn ovdeTepoTTevia e

OLXVEG AOIMWEEIG TOL SEPUATOG (AVTILETATTIOVTAI JE AVTIRIOTIKN AYWYN N
XEIDOLPYIKNA TTAPOXETELON) ATTO TNV NAIKIA TV 40 NUEPGV KAl

OLXVEG AOIMWEEIC TOL AVATIVELOTIKOL (AVAPEPOVTAI 2 ETTEITOSIA TIVELHOVIAG PEXP!
TNV NAIKIA TV 4 £TQOV)

Etreicobiakr cLEITTOLCA AVATIVON

Oikoyevelako loTopIko
[eplyoQpeTAl EAELOEOO



EYPHMATA AMNO THN KAINIKH EZETAXH

Ywoc 104cm (107-251 EQ), BY 15kg (101 EO)

0: 39°C

SpO2 97%, opLeic 100/min, RR 25/min

AW, : eAATTON TNG €I0080L aépa oTIG BATEIS AUPOTEQOTTAELPT

S1/52: pLBUIKOI-ELKPIVEIC, UNPICIEC YNAQPNTEC AUPOTEQOTTAELPA
‘QTa/CTONATOPAPLYYAG: K.P.

XWPIC TABOAOYIKOUC YNAAPNTOULG AEUPAEEVEC

KOIANIQ HOAGKN-ELTTIECTN-AVOLVN, NTTAP WYNAAPNTO ~2CM, EVTEQIKOI NXOI K.Pp.
NevpoAoyikn e€ETaon K.p. ELENUATA



APXIKOL EPTALTHPIAKOL KAI AMEIKONILTIKOLX EAEMXOX

WBC
HBG
HCT
PLT

OuvdeTepOpIAa

AgppokdTTapa

MovokOTTapa

CRP

TKE

ATTOTENEC T

5.010/uL
10,3gr/dL
47 9%

250.000/pL

10,6%
(500/uL)

47,9%(2400/uL
)

35%(1750/uL)

8,7mg/dL

70mm

5.500-15.500
>11,5
>34%

150.000-350.000

1.500-8.500

2.000-8.000
u.0. 500
<0.,8

0-20mm

*BloXNUIKEG £EETATEIG: K.¢.
evpnuara

«£AeyXOG TTHENG: K.¢. ebPAUATA

*KAANIEQYEIQ QiATOG/0VPWV:
apvnTIKEG

*€AEYXOC YIQ JLKNTIACIKA AOipwEN:
apvnTikog

*Mantoux: apvnTikn




MAANO ANTIMETQIIZHL

AVTIHETOTTION vuovia l
evoOPAERBIa AVTIBIOTIKN aywyn

xopnynon G-CSF mapayovta

21adIaKn KAIVIKN) KAl EpyaoTnEIakn BeATicooN

INuavTikn BeATicoon TV TTveLUoVIKWY BAaBwv oe erravaintrikn CT
Bwpaka

UETA QTTO 3 UNVvec

Algpedvnon ovdeTEPOTTIEVIAG
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Genetic etiologies of severe congenital neutropenia

Kaan Boztug and Christoph Klein
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Introduction

Children presenting with severe or recurrent bacterial
infections should be worked up for quantitative and
qualitative deficiencics of ncutophil  granulocyees.
Although children with autoimmune ncutropenia or
benign ethnic neutropenia usually do not develop severe
infections, patients with congenital neutropenia are at
high risk for life-threatening bacterial infections In
recent years, several nove genctic defects causing con-
geninl ncutropenia have been clucidated. Knowledge of
the underlying genctic defects i not only relevant with
respect to risk assessment of affected patients but also
highlights gencral biological principles goveming life and
death of neutrophil granulocytes,

Clinical features and molecular subtypes

Neutropenia is a condition defined by low absolute
numbers of peripheral neuwophil granulbeyres (e,
fewer than 1500 ncutrophil granulocytesimicroliter
blood). Severe neutropenia refers o counts less than
500/l peripheral blood. As a comsequence, patients
develop severe bacternial infections affecting lungs, skin,
and deep tissucs. A characteristic fearure is the absence of
pus In addition, parients often show chronic gingivitis

10408708 © 2011 Woltars Kluwer Haaith | Lippinoott Willems & Wilkkns
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and ostcopenia leading to carly loss of teeth (Fig. 1a
and b).

Neutropenia & mostly an acquired condition. Auto-
immune and alloimmune neutropenia account for the
majority of pediatric paticnts referred to assess bow
ncuwophil counts.

During the last few yearss, several genctic causes of
neutropenia have been clucidated, highlighting the
heterogencity of these disorders. The most common
genctic variant associated with low neutrophil counts is
found in geographic arcas whae Plammodum vitax is
endemic. A polymorphism in DA RC (Duffy null) confers
protection against Plasmodam ofvax and has recently
been asociated with ethnic ncutropenia [17]. Despite
low ncutrophil counts, individuals with cthnic neuo-
penia usually do not develop severe infections

The first genctic defects identified in patients with SCN1
involved the gene encoding ncutrophil clastase, EIANE
(formerly referred 1o as ELA2) (23] ELANE mutations
were initially discovered in patients suffering from a
cyelic variant of congenital neutropenia with oscillating
neutrophil counts at 21-day intervals, cyclic neutropenia
(CyN) [3]. Monoallelic mutations in ELANE cither are
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The Many Causes of Severe Congenital Neutropenia
David C. Dale, M.D [professor of medicine] and
University of Washington School of Medicine, Seattle.

Daniel C. Link, M.D [associate professor of medicine]
Division of Oncology, Section of Stem Cell Biology, Washington University, St. Louis.

In 1956, RolfKostmann a Swedish pediatrician, described an sutosomal recessive disorder
that he called infantile genetic agranulocytosis-which is now called severe congemital
neutropenia. The Kostmann form of this disorder is very rare; it is caused by disabling
mutations in the H4¥] gene, which encodes HAX], a mitochondrial protein that inhibits
apoptosis (see table).! There are also sutosomal dominant and sporadic forms of severe
congenital neutropenia that are caused by mutstions in the EL42 gzene, which encodes the
serine p neutrophil ek 2 E7.42 mutations account for spproximately 50 to 60%
of cases of the disorder. Rare cases of severe congenital neutropenia associated with
nmtations of the genes encoding the Wiskott-Aldrich syndrome protein (W.AS), growth
factor independent 1 protein (GF), and colomy-stinmiating factor 3 receptor (granunlocyte)
(CSF3R) have also been reported (see table). Neutropeniz ofvarying severity occurs in
WMWCWM@,MSMW&MW
(a rare, autosomal recessive mmitisy disords ing di enzyme
mmmmmm),mmm(nx-
linked genetic disorder of lipid metsbolism causing cellular lipid deficiency, with
cardiomyopathy, neutropenia. muscular hypoplasia or weakness, and growth delay), the
‘WHIM syndrome (an sutosomal dominant disorder causing warts,

leukopenia and neutropenia), and the Chédiak-Higashi syndrome (an autosomal recessive
neutropenia). Another hallmark of some forms of severe congenital neutropenia is a
predisposition to the myelodysplastic syndrome and acute myeloid lenkemis; the rate of
malignant transformation exceeds 20%.3

Clinically, examination of the bone is the most imp diagnostic test for
evalusting severe congenital neutropenia In children with this disorder, the marrow
typically contains an ample mumber of early myeloid precursors but has a paucity of matare
neutrophils. There is also a reduced mumber of circulating neutrophils. Treatment with
granulocyte colony-stimulating factor (G-CSF) has changed the natural history of this
disease; more than 90% of patients have a clinically significant increase in the mumbers of

No othar poteatial conflict of intarest ralevant to Sas a rticie was ruported.
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Cytokine signalling
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Severe congenital neutropenia,
a genetically heterogeneous
disease group with an
increased risk of AML/MDS
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Registry (SCNIR), in Seanle (USA) and Han-
mover {Germany) and the French SCN regisury.
The genes most commonly involved are ELANE
(im 50-50% of cases) and HAXJ (in 4-30% of
cases), while mutations im GFIJ, WAS and
G6PC3 bBave been described in smaller oum-
bers of patients 343 Recemly, four patients
with concurrent mastations in 2 of these genes
have been described, (ELANEs HAXJ, EIANE+
GEPC3 and 2 wnh HAXT+G6PC3), challenging

algorithens jn SCN Y As of
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Introduction

Severe congenital neum:pm'ua (SCN) was

M enmths the serine protease new-

negatve 2on, leading to upreg-

in the

alati ol’Mexpreasm postulated to in-
&mﬂnmwmuhnnmbeen

first described im 1956 by Rolf as in-
fantile gemetic agranulocyrosis. ! Since then,
almonh:lfnmnmryp-nedhel’mMm—

were disc d as the first geoetic
cause underlying SCN_Z Two years kater, a mew
SCN subtype, mamed Xdinked neutropenia,
was idemtified, camsed by gain-of-function
WAS mutations > 6 years later, HAXT] muta-

tions, underlying Kostmann syndrome or auwo-
somal recessive SCN, were discovered 4 GFIJ
mutations and G6PCY mmmations, both ex-
mlymmmplenmbelm of causal ge-

im SCN kn todays5 SCN is
nnmdnease_mthmmﬂdemeol’lmm
000 births.” SCN

ls&etdﬂmmmmcﬁm
lower meutrophil counts and oaly modest re-
spunses o rG-CSE to some, ELANE
mutant SCN patients may also have a higher
incidence of AML/MDS. =77

For a long time, &t remained ill-understood
how loss-of-function ELANE mutatioms can
amtahem&urycimmlhdunm-n i
hennnm“An 2 new hypoth was

a4 - the eaa 2

spon:e (UPR) |n SCN with EDINE nmn—
um“hmmmmmﬂm
fold and mature in the end

pr

HAXT

More than 50 years after Kossnann's orig-
inal report, Klein ef af. discovered HAXT muta-
tions as the @ ic cause of K s dis-
ease, tbenmmmducessmlumdscni
HAXT ¥ stop codoas
-ndmlm-nf-ﬁmmnmnou explaining
the astoscmmal recessive inheritance pattern
mnlsmqulmﬂywd.mnmmme
inner mitochondrial membrane potemtial and
protects myeloid cells from apopeosis. Absence
of HAXT leads to intreased apoptosis. Patients
with lnnmmnlisemhmverykmnes

mdndlemeddnmdemmmby
absolute newtrophil coants below O.MIM in
the peripheral biood on 3 oce

(ER). Imbalances in the bad of d pro-
mmmﬂuhﬁﬂmgmqo‘mem
winleadw!:lmunmul’lmienmam

during 6 months of observation, early onset of
severe bacrerial imfections and a m.nm

protecting the cell
from El stress_ Ipy astenuating protein sym-
lhzﬁl.bylnamng ER hnndmg c‘pxuy ol'

arrest of granulopoéesis at the p
Wmume&md&wu
is wsually made at binh or during the first
manths of life, based on recurrent severe in-
fections -most © jy muco-< <

OPFEN a ACCESS

fokded and by d
pme:lm.-hm.eolm‘hdnmgﬂlm
apoptosis will be triggered 1 Mad UPR acriva-
tmwm.idu-nleadmmemgevemphem-
oype of oyclic ia and inc UPR

[Pediatric Reports 2011; 3(sZ):ef9]
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only, wh affecting
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associated with nestropemia and neurclogical
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Mutations m the £L.A4/7 gene correlate with more severe expression of neutropenia:
a study of 81 patients from the French Neutropenia Register

Christine Beflanne-Chanteiot, Séverine Clauln, Thiemy Lebéanc, Bruno Cassinat, Femando Rodrigues-LIma, Sandrine Beauflis,
Cheistelle Vaury, Mohamed Barkaoul, Odile Fanneteau, Micheline Maler-Redeisperger, Cheistine Chomienne, and Jean Donadieu

Heterozygous mutations of the gene en-
coding neutrophil elastase (ELA2) have
been associated with cyclic neutropenia
(CN) and severs congenital neutropenia
(SCN). To date, 30 different mutations
have been reported, but no cormelation
has been found with the degree of neutro-

characteriatics of 81 unrelated patients
with SCN (n=54) or CN (n=27). We
igentiled mutations In 31 patients, two
thirda of whom had sporadic forms. Famil-

Introduction

Ial cases were consistent with dominant
inheritance. Seventsen novel mutations
were Identified, showing that the muta-
flonal spectrum encompasses not only
the region encoding the mature enzyme
but also the prodomains and promoter

neutropenta, specifiically in patients diag-
nosad with SCN. This study underiines
the iImportance of ELA2 molecular screen-

ing to identily patients who may be at

particular risk of severs bacterial infec-
flons andior acuts mysiold leukemia/
myefodyspiasia. By phenotypic analysie
of affectsd redafives and carriers of the
same ELA2 mutations, we showed that
the expression of neutropenia in CN and
SCN may be sither homogeneous or vari-
able according to the type of mutations,
suggesfing different pathogenstic mechs-
niams. (Blood. 2004;103:4113-4125)
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cases of SCN have been sporadic ’* A few cases consistent with
autosomal dominant inheritance have been identified’ CN is

timical

stadies of large cohorts of patients with severe neutropenia. no
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with a 21-day cycle® Patients are susceptible to opportunistic
mnfections during neutropenic periods. Both sporadic and auto-
somal dominant inherited cases of CN have been reported ™*
Classical forms of SCN and CN are readily distinguishable, but
2 continuum of phenotypes hinders clinical diagnosis in some

ERpression
charactenstics of 81 umrelated patients with severe congenital or
cyclic peumopenia. We also discuss the variable expression of
peutropenia by analyzing 13 pairs of first-degree affected relatives
and camiers of the same E7.42 mutations.
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Aliogeneic hematopoletic stem cell ranspiantation (HSCT) is the only curative frestment
of severe congenitaineutropeni a(SCN), but dataon cutcome arescarce. We reportaon the
= The outcome of HSCT in this | outcome of 136 SCN patients who underwent HSCT between 1990 and 2012 in European

large SCN cohort is accepiable. | and Middie East centers. The 3-year overall survival (OS) was 82%, and fransplant-related

= Given the TRM, a careful mortality (TRM) was 17%. In mul Svark Y per under the age
salaction of HSCT candidatas | ©f 10 years, in recent years, and from HLA ched or o ‘were
should be undertaken. -mmm--mmo&nmd’mm-nwe&wm
inci d (day +90) of acute graf. di (GVHD) grade 2.4 was 21%. In
multhvark s, HLA d donor and proghylaxis with cyclosp A and methotr exate were as sod ated with lower
ooemolmm Cumuiative incidence (1 ymamem—-mm-amry-momum-m
amedan follow-up of 4.6 years. These data show that the outcame of HSCT for SCN from HLA P in recent
yesrs, in patients younger than 10 years is acceptable. Nover thel ess, given the TRM, a careful of HSCT cand dates should b

undertaken. (Bfcod. 201 5;126(1 6): 1885-1892)

umcmuaum-uu

'nnmviyh-bmphd-ﬂ dm ck with the Es 1 Areas and policies of the A it Council for
Conta g Medical Education ‘thjun.- videmhip of Meds 11LC and ghe American Society of Hematology.
Med: - LLC is dited by the ACCME to pmvide nuing medical ed for physici
Subenited Febyuary 21, 2015 accepied June 10 2015 Fepctishad cnine The peticaton coms of s amde wee dedmyed in past by page chame
as Hood Fmt Edion papes, Jdy 16, 2015 DOI 10.1182bicod 2015 (2. and soldy % Indicals Tis %act, Tis aicle & hemby
28850, —uwnm:.mwwc-uonim
C20150y e Society of

BLOOD, 15 OCTOEER 2015 - VOLUME 126, NUMEER 16 1885



NAEYKOTIENIA - TAKE TO HOME MESSAGES

TOXVOTEPA AOIUMEEIC, KAAORONC OLEETEPOTTEVIA
MPOYOXH-XOPHIHIH ®APMAKQN
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