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Hemophagocytic Lymphohistiocytosis

Sun Young Park, M.D, and Jae Min Lee, M D,

Department of Pediatrics, College of Medicine, Yeungnam University, Daegu, Korea

Hemophagocytic lymphohistiocytosis (HLH) is a potentially fatal disease caused by dys-
regulated immune responses and overwhelming inflammation to infectious or other trig-
gers of the immune system. HLH may be inherited (primary) or may be secondary to
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any severe infection, malignancy or rheumatologic disease. Clinical progress of HLH is

usually rapid and fatal, Early recognition and assessment of potential causes of HLH
is critical to improve survival, Urgent treatment is needed for immunosuppression and
degradation of the activated antigen. Over the last two decades, research on genetics
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and pathophysiology of HLH has much improved treatment outcome of the patient.
Here, we review recent advances in our understanding of etiology, pathophysiology,

diagnosis and treatment of HLH.
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9] A3to| cytotoxic granule exocytosis?} 7504
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HLHS} Avhd 4 ol o= 71 WA W e 2L PFRI
frzbolt}, Perforind PRFI f-747ke] ofal] i =)=
2 AZEA T AZS NK AE7 FHAES APEAZ )

FAA L] AEe] o] AES] APEE FiEshs gran-
yme S| Bdol FUsE $28 YL 15S dUe
tHs5l, %3 vesicle priming 7]5& B93h= Muncl3 ¢
UNDI3D §-7x}2] Wol7} A7, A X W 33
"ﬂi"} 719

< AQsE Ul
o] A E 9= (exocytosis)ol] Adto] A7)
frkstel HLH (FHL3)E 2AYAIZITHO)

Perforin®} Munc13 2]o| %, syntaxinll, syntaxin 2 gk
(syntaxin binding protein)& I Hs= FHAQ] UNCI3D,
STX11, STXBPZ’} FHL¥} ¥ko] ItH7). FHL1S A7)
Ao g oed §HAE A 9q21.3-220] EA|scia <
PV Slox ok EaThe. ol FA S
UNCI3DSy PREI frdAbdol7h 743 go] 2 ¥ tH9,10].

HLHE B 2035E0E A8 713 i, A%
U 23X (vesicle)] Aoy o]} At Zgo] e 2E
Eolt}. Griscelli syndrome type 1I, Chediak-Higashi syn-
drome, Hermansky-Pudlak syndrome type 11 %5-©| o]¥l &34
& 7H FFoH, MAZ(albinism) T £FF 2 4% V)
s A s vt

E3F Ebstein-Barr virus (EBV)U} Th2 vlo]2 A3t 9f
3 fatEo] 29l HLHE F¥Al7]& X-linked lympho-
proliferative syndrome (XLP), X-linked inhibitor of apopto-
sis (XIAP) deficiency, Interleukin-2-inducible T-cell Kinase
(ITK) deficiency, CD27 deficiency, XMEN 5% I 2 4
g SFwEo]l Hal Hal QltK(Table 1),

2) O|x}d(FMd) HLH

Organ infiltration and excessive phagocytosis in BM, liver, other organ

Fig. 1. Pathophysiology of HLH.
HLH represents a hyperinflamma-

Multi-organ failure tqry uncontrolled. immune response
triggered by various stimuli.
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Table 1. Gene mutations associated with inherited hemophagocytic lymphohistiocytosis

Type Gene Protein Chromqsome Function Inheritance Clinical features
location
1. Familial HLH
FHL1 Unknown  Unknown 9921.3-q22  Unknown AR Early onset with severe clinical
manifestations
FHL2 PRF1 Perforin 10g21.1 Pore formation AR Usually early onset with
severe clinical manifestations
FHL3 UNC13D Munc13-4 17925.1 Vesicle priming - Usually early onset with
severe clinical manifestations
Increased incidence of central
nervous system (CNS)
symptoms
FHL4 STX11 Syntaxin11 6024.2 Vesicle fusion AR Usually mild recurrent HLH
FHL5 STXBP2 Munc18-2 19p13.2 Vesicle fusion - Colitis and
hypogammaglobulinemia
2. Immune deficiency syndrome
Griscelli syndrome RAB27A  Rab27a 15921.3 Vesicle docking AR Partial albinism and
type Il silvery-gray hair
Chediak-Higashi LYST Lyst 1942.3 Vesicle trafficking AR Partial albinism, bleeding
syndrome tendency, recurrent pyogenic
infection
Hermansky Pudlak AP371B7  AP3B1 5q14.1 Vesicle trafficking AR Partial albinism, bleeding
syndrome type |l tendency, immunodeficiency,
recurrent infection
XLP 1 SH2D1A  SAP Xg25 Signaling in T, NK, XR Hypogammaglobulinemia,
and NK T cells Lymphoma
XLP 2 XIAP* XIAP Xg25 Signaling pathways - Colitis
involving nuclear
factor kB
ITK deficiency ITK ITK 5q33.3 Signaling in T-cell AR Hodgkin’s lymphoma
pathways
CD27 deficiency CD27 CD27 Lymphocyte - Combined immunodeficiency
costimulatory
molecule
XMEN syndrome  MAGTT  MAGT1 Xqg21.1 Magnesium - Combined immunodeficiency,
(Magnesium transporter, severe chronic viral
transporter 1) induced by infections, and lymphoma

TCR stimulation

HLH, hemophagocytic lymphohistiocytosis; TCR, T cell receptor.

79 99 F HIHE FEA71E 7P 83 vlolgx
EBVOIt}, Zotellr] fd#H o2 ool gl & Mlﬂvu
HLHE FrEA7] A XLPy XMEN 22 A48 295 7}
A AR 58] HIHE A2 $13o] i%t} EBV ©]9]

o= HIV, CMV, influenza, adenovirus 5= HLHE F2A]7]
= Ao B3 HJAY. AT fEe 2= Mycobacterium tu-
berculosis?} Rickettsia7} 7}V &3k Qelo|t}, Leishmania=
7P &3t 7SR Yelold, HistoplasmaZ} 7V E3F 21
T Aot 12].

HLHE ofgdsto] gl& Wi fukeo] & & gled, F2

Clin Pediatr Hematol Oncol

1=

1ol HIHE

£ vng =g

];H Al /‘ﬂ jl_._i]—}\é] §;]_.Z__ ko3

58} Yxgat 22 Foloko] G1glo

I
TR 7P &3 Alo] ARt aofellA

Alo|t}13,14],

T (macrophage activation syndrome,

MAS)2 A7 B A7ha g dge] sl EAdlA wags)

= HLHY| Wo|golt}, tjii o] MASE Aol St o]
(systemic juvenile idiopathic arthritis, sJIA)¥} ©]2] A<l wF
X

4, ANFIRFA

(systemic lupus erythematosus) 5

fr o 1:]

7|6t FrbEls g @apol A S ITHISL MASE sJIAY)

z7] SR Y

F& oA, 53] #Edo] Aol

13



Sun Young Park and Jae Min Lee
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U, sEAd An 9Rdde] glole HLH S7e] wa =~
ok o m[22], mouse modeloA] oJH FZ Ho|E 7A=
Lol wheh S| Algk Aot debAl=t, o] el Al
A Awo] Wk Lro]sh X STHPREL >Rab27a >STX1
1>Lyst >HPS2), 53} mouse strain®] w24 HIHZ 2d &
T AwTt 2bol7} SlvH23l. o] HES Hol AltelME
A&l wjgo] HLH Hel| Mes 288 + glvka 3449
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Fig. 2. Pathogenesis of FHL. Cytotoxic T lymphocyte activation
results in polarization and transport of cytotoxic granules. Lyst
and AP3B1 are involved in sorting and transport of cytotoxic
granules. The granules are docked by Rab27a. Granule priming
is mediated by Munc13-4, and membrane fusion is mediated by
STX11 and STXBP2. Granule fusion results in perforin mediated
pore formation and release of lysosomal enzymes leading to
target cell death.
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o] Acte| =g-0] 1 9t} Histiocyte Society?] HLH study
groupol|Al HLH-94 97 9175 AlgfstwA], HLHS| ®+%
F71EE AAEEATH24]. HLH-9404] A|AgE 2ek7]E <
dA 7o g 1) #wdF 2) v (splenomegaly), AR

270 3) ﬁ?él'i%ﬂr 4) BFAA A8 Z(hypertriglyceri-
demia) = A2 Y8 Z(hypofibrinogenemia)o] 9).0.™
5) EFU v B gx%oﬂ/q 2ol #aE opgd
ko] A7} §loke 74l 71Es BT WEAIZ ) HLHE

Agd & glonl, Aol 9g o FHLE Wdd & I3
t}, o] 7|52 HLH-200491A4 6) NK Al ZZAHE(NK cell ac-
Childhood  Adult onset  IAHS MAS MAHS Normal

onset HLH HLH

P

Threshold for
development
of HLH

\/

Null Hypomorphic Polygenic None
Genetic mutation/polymorphism

Fig. 3. Evolving views about the diversity of hemophagocytic
lymphobhistiocytosis (HLH). HLH represents a group of syn-
dromes in which pathologic inflammation results from a
combination of immune dysfunction and immune activation.
The contributions of inherited and acquired immune defects
relative to the role of antigen stimulation may vary with age.
IAHS, infection-associated hemophagocytic syndrome; MAHS,
malignancy associated hemophagocytic syndrome; MAS, mac-
rophage activation syndrome.

Clin Pediatr Hematol Oncol

tivity) 2] A3} B Jd
=] 8).}-_:9_ }.r_l:o
=

7) 18 2] ¥l ¥ F(hyperferritinemia)
L-2r (soluble interleukin-2 receptor,
CD25) & 3744 71"01 F7HASAAL, 87449 71 571
ol WMEAZIAY, EAASEH ko] ¥ 7 HIHE
Ads e 8]—7 )tH(Table 2) [25]. NK A £
Brjol QubH oz Yol AR Ee] Qov, el per
forin AFHAE 14449 NK AZRAEE Bt g
Hl (ferritin) 9] 7-$-, HLH-20049 A& 500 pg/Lol/d= 7]
Fom AASD glonk, A2 AllenFel Aol Aelelel
10,000 pg/L o]Fo & F7ksk el vl, HLH ZIeke] vzt e
Solng ¥4 4 odrka Raug wh glrhae)

2 X =2 T
HLH-2004 Aet7]5 HIH $HAbo] Jaekast Axazs
o]

)
o ek
it
=)
BN
- N
=2
re
N
)
rir
>,\1
9
T
=
jas)
1o
™
ut!
2
ofy
fo
ol
ful
i)

=g AIETRL ER7E B AR £ FEA717] el A

Table 2. Diagnostic criteria for HLH?

A. Molecular diagnosis consistent with HLH: pathologic
mutations of PRF1, UNC13D, Munc18-2, Rab27a, STX11,
SH2D1A, or BIRC4

Or

B. Clinical and laboratory criteria (5/8 should be fulfilled)

1. Fever

. Splenomegaly

. Cytopenia =2 cell lines
Hemoglobin <9 g/dL (below 4 weeks of age, <10 g/dL)
Platelets <100x 10%/L
Neutrophil <1x10%L

4, Hypertriglyceridemia and/or hypofibrinogenemia
Fasting triglycerides =265 mg/dL (=3.0 mmol/L)
Fibrinogen <150 mg/dL

. Ferritin >500 pg/L”

. Soluble CD25 (soluble IL-2 receptor) =2,400 U/mL

. Decreased or absent NK cell activity

8. Hemophagocytosis in BM or spleen or lymph nodes

w N

N O Ul

Jadapted from Henter et al [25]. A higher cutoff of 3,000 pg/L
has been suggested as being more specific [28].

Supportive evidence is cerebral symptoms with moderate pleo-
cytosis and/or elevated protein, elevated transaminases, bi-
lirubin, and lactate dehydrogenase.
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3) HLH 94/2004 trial
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28 AFEH kA2 alemtuzumabo] JUTh. Alemtuzumab&
CD52¢l gt TF2@ Ao, old dAp=dl theh 7AlaH
o2 64%e] ¥H-ES HSITH3IL

5) ZEZAZ0[4

HLH $ka}ellx] o] 2 RAEo]2 o] tfifo] HE b= &
22l o] o] WHH S, 7tEHo] Sle S}, WA A
£ o]&g #3f X5l Aol AU At Fafolt,
1980\ HLHZFA}A A FAZE FFo]2 o] AF o2 o] Folx]

3L40], o] F 1087E of# o] FeElEo] B F T}, 19961

d

Z
<l
=

— Initial therapy > < Continuation therapy/HSCT —_—
10 mg 5 mg 25mg 1.25mg
DEXA I —
vwo  VYWWVVVVVVV V V. V. V V V V
CSA | |
(CNS s o) NN

0O 1 2 3 4 5 6 7 8 9 10

12 13 14 15 16 17 18 19 20 21 22 23 24

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Week

Fig. 4. Treatment scheme of HLH-2004. Dexamethasone daily with 10 mg/m? for 2 weeks, 5 mg/m’ for 2 weeks, 2.5 mg/m* for
2 weeks, 1.25 mg/m’® for 1 week; and taper then discontinue during 8" week. During continuation therapy, pulse every second
week with 10 mg/m’ for 3 days. Etoposide 150 mg/m” 1V, twice weekly for first two weeks, then weekly during the initial therapy.
During continuation therapy, every second week. Cyclosporin A start with 6 mg/kg daily orally (divided in 2 daily dose, drug level

200 pg/L). IT therapy start only if progressive neurological symptom, or if an abnormal CSF not has improved. DEXA, dexamethasone;
VP-16, etoposide; CSA, cyclosporine A; IT therapy, intrathecal therapy.
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