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SUMMARY

 

We measured serum interferon-gamma-inducible protein 10 (IP-10) and monokine induced by gamma
interferon (MIG) levels to investigate the role of these molecules in the pathophysiology of haemoph-
agocytic lymphohistiocytosis (HLH). Serum IP-10 and MIG levels were significantly increased in
patients with active HLH compared with those of healthy controls. Serum MIG levels decreased grad-
ually during the course of disease in a patient who recovered without therapy. On the other hand, rapid
reduction of MIG and IP-10 levels was observed after chemotherapy in a patient with severe HLH. IP-
10 and MIG mRNA expression was enhanced in liver and spleen, and IP-10 mRNA expression was
enhanced in bone marrow in the patients, suggesting activated macrophages that infiltrated in these
organs as one of the main producers of these cytokines. Serum IP-10 and MIG levels showed a signif-
icant correlation with serum IFN-

 

g

 

 levels. In addition, these chemokines had a significant correlation
with fever and serum LDH levels, which are clinical indicators of disease activity of HLH. These results
suggest that IP-10 and MIG which are produced by activated macrophages by the stimulation of IFN-

 

g

 

, play an important role in the pathophysiology of HLH, by recruitment of activated Th1 cells into the
tissues or organs.

 

Keywords

 

Chemokine IP-10 MIG Th1 cells haemophagocytic lymphohistiocytosis

 

INTRODUCTION

 

HLH is an unusual syndrome characterized by fever, cytopenias,
hepatosplenomegaly, coagulopathy and the pathological finding
of haemophagocytosis in bone marrow and other tissues, accom-
panied by aberrant hyperactivation of macrophages and T lym-
phocytes with excessive secretion of cytokines [1–5]. HLH is
triggered by various infectious agents but familial or nonfamilial
immune deficiencies often contribute to the development of the
disease [6]. Most of the clinical manifestations are attributable to
hypercytokinaemia [5,7,8]. Among them, TNF-

 

a

 

 and Th1 cytok-
ines such as IFN-

 

g

 

 play important roles in the pathogenesis of
HLH by activation of macrophages [7,9–12]. We previously
reported that serum levels of IL-18 were significantly increased in
patients with HLH, suggesting the important role of this cytokine
in the induction of IFN-

 

g

 

 along with IL-12 [13].
Chemokines are a family of cytokines initially characterized

by their capacity to induce chemotaxis or migration of leucocytes,

and play important roles in the inflammatory response [14,15].
However, the role of chemokines in the pathophysiology in HLH
has not been clarified. Luster 

 

et al

 

. [16] reported the isolation of a
CXC chemokine gene that encodes a 98-amino acid protein called
interferon-gamma-inducible protein 10 (IP-10), which is pro-
duced mainly by macrophages stimulated with IFN-

 

g

 

 [17,18]. It is
a chemoattractant for human T cells, and monocytes, and pro-
motes T cell adhesion to endothelial cells [16,19]. In addition, it
inhibits bone marrow colony formation [20] and angiogenesis,
and also has antitumour activity [21]. Monokine induced by
gamma interferon (MIG) is also a T cell chemoattractant strongly
inducible by IFN-

 

g

 

 through NF-

 

k

 

B dependent pathway, and is
very similar to IP-10 in its molecular structure, biological func-
tion, and chromosomal location [17,22]. IP-10 and MIG are
involved in the selective recruitment of lymphocytes, as the recep-
tor of IP-10 and MIG, CXC receptor 3 (CXCR3), is predomi-
nantly expressed on memory/activated T cells, especially on T
helper 1 (Th1) cells [23–25]. It is reported that these chemokines
play an important role in the pathogenesis of inflammatory and
autoimmune diseases by inducing the recruitment of activated
Th1 cells [25–27]. To investigate the role of these chemokines in
the pathophysiology of HLH, we measured serum levels of these
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cytokines and analysed the correlation with other cytokines and
clinical parameters. We found that serum IP-10 and MIG levels
were significantly increased in patients with HLH. These cytokine
mRNA expression levels were enhanced in liver and spleen, and
IP-10 mRNA expression levels were enhanced in bone marrow of
HLH patients. IP-10 and MIG significantly correlated with serum
levels of IFN-

 

g

 

, fever, and serum LDH levels. These results sug-
gest IP-10 and MIG which would be induced by IFN-

 

g

 

 in vivo

 

,
play important roles in the pathophysiology of HLH by recruit-
ment of activated Th1 cells into the tissues or organs with mac-
rophage infiltration, leading to further macrophage activation by
the interaction of macrophages and T cells.

 

MATERIALS AND METHODS

 

Patients

 

The concentrations of serum IP-10, MIG, IFN-

 

g

 

, and IL-18 were
measured in 12 patients with HLH, including 3 patients with
familial haemophagocytic lymphohistiocytosis (FHL), 6 associ-
ated with Epstein-Barr virus (EBV) infection, 1 associated with
anaplastic large cell lymphoma, and 2 of unknown aetiology
(Table 1). All patients were diagnosed as having HLH by clinical
findings (prolonged high fever and hepatosplenomegaly), labora-
tory data (coagulopathy, pancytopenia, and hyperferritinaemia),
and histopathological findings (haemophagocytosis in the bone
marrow). Three patients were diagnosed as having FHL by the
defect of perforin (case 3), and by the presence of family history
(cases 1 and 2). All patients met the criteria for HLH by Henter

 

et al

 

. [28] and Imashuku [29]. Diagnosis of primary EBV infection
was made by serological examinations. Controls included 12
patients with infectious mononucleosis (IM) and 21 healthy vol-
unteers. Informed consent was obtained from all patients and
healthy donors.

 

Cytokine assay

 

Serum IP-10 and MIG levels were measured by enzyme-linked
immunosorbent assay (ELISA). Murine antihuman IP-10 and
MIG monoclonal antibodies (mAb) (R & D Systems, Minneap-
olis, MN, USA), and biotinylated goat antihuman IP-10 and MIG
polyclonal Abs (R & D Systems) were used for IP-10 and MIG

ELISA, respectively. ELISAs were performed according to the
manufacturers’ instructions. Briefly, each ELISA plate was coated
overnight at 37

 

∞

 

C with anti-IP-10 or MIG mAb at the concentra-
tion of 2 

 

m

 

g/ml. After washing with PBS, each well was filled with
blocking solution (PBS containing 1% BSA and 5% sucrose) and
incubated for 3 h at room temperature. After washing, IP-10 or
MIG standard (31·25–2000 pg/ml) and serum samples were added
into each well, and the plates were incubated for 2 h at room tem-
perature. After washing three times, biotinylated antihuman IP-
10 or MIG polyclonal antibody was added and incubated at room
temperature for two hours. The plates were washed 3 times and
100 

 

m

 

l of a 1 : 1000 dilution of streptavidin (Dako A/S, Denmark)
was added to each well. Thirty minutes after incubation, 100 

 

m

 

l of
1 : 1 mixture of H

 

2

 

O

 

2

 

 and tetramethyl benzidine (Genzyme Diag-
nostics, San Calros, CA, USA) was added to each well. Thirty
minutes after incubation at room temperature, the reaction was
stopped by the addition of 50 

 

m

 

l of 2 

 

M

 

 H

 

2

 

SO

 

4

 

. IP-10 and MIG
concentrations were determined from standard curves of human
IP-10 and MIG, respectively (R & D system) by absorbance at
450 nm using a micoplate reader (Immuno Reader NJ-2000, Nip-
pon InterMed K.K., Japan). The detection limits of IP-10 and
MIG were 62·5 pg/ml. Serum cytokine levels of and IL-18 were
determined by ELISA using ELISA kits according to the manu-
facturers’ instructions (IFN-

 

g

 

: Biosource International Inc. Cama-
rillo, CA, USA; IL-18: MBL, Nagoya, Japan). The minimum
detection limits for IFN-

 

g

 

 and IL-18 were 2 pg/ml and 12·5,
respectively.

 

Analysis of IP-10 and MIG mRNA expression

 

Total RNA was extracted from peripheral blood mononuclear
cells, bone marrow mononuclear cells, liver, and spleen using
ISOGEN (NIPPON GENE, Osaka, Japan), according to the
manufacturer’s instructions. Random hexamer-primed reverse
transcription (RT) of RNA was performed on total RNA by using
First-Strand cDNA synthesis kit (Amersham Pharmacia Biotech,
Uppsala, Sweden). IP-10 and MIG mRNA levels were compared
by semiquantitative RT-PCR with glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) mRNA levels as an internal control.
The primer pair for IP-10 was 5

 

¢

 

-GGA ACC TCC AGT CTC
AGC ACC-3

 

¢

 

, and 5

 

¢

 

-GCG TAC GGT TCT AGA GAG AGA

 

Table 1.

 

Clinical findings of patients with HLH

Case no. Age† Sex
Type of
disease Fever

Hepato-
splenomegaly

Pan-
cytopenia

Liver
dysfunction DIC

Hyper- 
ferritinaemia

Hyper-  
triglyceridaemia Outcome

1 1m F FHL

 

+ + + + + + +

 

Dead
2 2m M FHL

 

+ + + + + + +

 

Dead
3 2m M FHL‡

 

+ + + + + + +

 

Alive
4 6m M Unknown

 

+ + + + + + +

 

Alive
5 1y F VHAS

 

+ + + + + + +

 

Alive
6 1y M VHAS

 

+ + + + + + +

 

Alive
7 2y F VHAS

 

+ + + + + + +

 

Alive
8 2y M Unknown

 

+ + + + + + +

 

Alive
9 3y M VHAS

 

+ + + + + +

 

– Alive
10 8y M VHAS

 

+ + + + + + +

 

Alive
11 12y F LHAS

 

+ + + + + + +

 

Alive
12 13y F VHAS

 

+ + + + + +

 

– Alive

†m, months; y, years. ‡Perforin deficient.
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GGT AC-3

 

¢

 

. Primer pair for MIG was 5

 

¢

 

-TTC CTC TTG GGC
ATC ATC TTG CTG-3

 

¢

 

, and 5

 

¢

 

-GAA GAT GGT GAT GGG
ATT TC-3

 

¢

 

. Primer pair for GAPDH was 5

 

¢

 

-GAAGGTGAAG-
GTCGGAGTC-3

 

¢

 

 and 5

 

¢

 

-GAAGATGGTGATGGGATTTC-3

 

¢

 

.

 

Statistical analysis

 

The differences in serum cytokine levels among patients with
HLH, IM, and healthy controls were analysed by Kruskal–Wallis
test and multiple comparisons (Scheffe’s test). The difference of
serum cytokine levels between active phase and remission phase
of the disease were analysed by Wilcoxon test. Spearman’s rank/
product moment correlation was used to determine an association
between two variables.

 

Ethics

 

Informed consent was obtained from all donors or their parents
in this study. This study was approved by Regional Committee of
Ethics for Human research at Faculty of Medicine of Kyushu
University.

 

RESULTS

 

Serum IP-10 and MIG levels in patients with HLH

 

To investigate the role of these chemokines in the pathophysiol-
ogy of HLH, we measured serum IP-10 and MIG levels in patients
with HLH. As shown in Fig. 1, serum IP-10 (Fig. 1a,b) and MIG
(Fig. 1c,d) levels were significantly increased compared with those
of healthy controls (

 

P

 

 

 

<

 

 0·01). In addition, serum IP-10 levels of
HLH patients were significantly elevated compared with patients
with IM (Fig. 1a,b 

 

P

 

 

 

<

 

 0·01). The IP-10 and MIG levels decreased
in remission phase of the disease (Fig. 1). The serum IP-10 and
MIG levels were serially examined in two patients in the course of
the disease: in one, spontaneous remission was achieved (case 10
in Table 1), and in the other, chemotherapy with VP-16 was per-
formed (case 5 in Table 1). In case 10, high serum MIG levels sus-
tained for longer period, similar to IL-18, compared with IP-10 or
IFN-

 

g

 

 (Fig. 2). In contrast, IP-10 and MIG levels dropped shortly
after the effective VP-16 treatment along with IFN-

 

g

 

 in case 5,
although IL-18 levels seemed to decrease more gradually (Fig. 2).

 

Correlation between IP-10, MIG and clinical data

 

We analysed the relationships between the levels of the chemok-
ines and those with IFN-

 

g

 

, IL-18 and clinical data. Three serial
samples (in active, partial remission at 5–10 afebrile days after
active phase, and complete remission phase of the disease) from
each patient (2 VAHS: patients 5 and 10, and 1 FHL: patient 3)
were available for the analysis. As shown in Table 2, Spearman’s

rank sum test revealed the significant positive correlation
between serum IP-10 or MIG levels with IFN-

 

g

 

 (Correlation coef-
ficient (CC) 0·863 and 0·929, respectively, 

 

P

 

 

 

<

 

 0·05, Table 2). In
addition, serum IP-10 levels significantly correlated with serum
IL-18 levels (CC 0·721, 

 

P

 

 

 

<

 

 0·05), body temperature (CC 0·904, 

 

P

 

<

 

 0·05), and the levels of LDH (CC 0·879, 

 

P

 

 

 

<

 

 0·05) and ferritin
(CC 0·908, 

 

p

 

 

 

<

 

 0·05) (Table 2). Also, serum MIG levels showed
significant correlation with serum LDH levels (CC 0·779, 

 

P

 

<

 

 0·05), known as one of the important clinical parameters.

 

IP-10 and MIG mRNA expression

 

To investigate the organs where IP-10 and MIG are mainly pro-
duced in patients with HLH, we analysed the mRNA expression
levels in liver, spleen, bone marrow, and peripheral blood mono-
nuclear cells of the patients. As shown in Fig. 3, significant IP-10
and MIG mRNA expression was observed in liver and spleen in a
patient with FHL (case 2 in Table 1). A slight increase of IP-10
mRNA level in bone marrow was observed in the FHL patient. In
addition, significant mRNA expression of CXCR3, the receptor
for IP-10 and MIG, was observed in liver of patient with HLH
(data not shown). These results suggested that liver and spleen
with the infiltration of activated macrophages would be the main
organs where these chemokines are produced, which leads to the
further infiltration of CXCR3 expressing T cells there.

 

DISCUSSION

 

Recent studies have indicated important roles of IP-10, MIG, and
CXCR3

 

+

 

 lymphocytes in the pathophysiology of inflammatory
and autoimmune diseases [27], such as rheumatoid arthritis, ulcer-
ative colitis [30], hepatitis C virus-infected liver [31], autoimmune
thyroid disorders [32,33], and multiple sclerosis [34,35]. This study
first demonstrated that serum IP-10 and MIG levels were signif-
icantly elevated in patients with active phase of HLH. In the
remission phase of the disease, serum IP-10 or MIG levels were
still slightly higher than healthy controls in a part of HLH patients
(Figs 1 and 2), suggesting the persistent existence of IP-10/MIG-
producing cells even in this stage. It is possible that serum levels of
these chemokines are useful for the evaluation of the smoldering
disease activity similar to IL-18 in HLH [13].

In addition to the function as a chemoattractant for T cells, IP-
10 promotes the adhesion of activated T cells to both naive and
primed human umbilical vein endothelial cells (HUVECs) [36].
In HLH, IP-10 and MIG would be mainly produced from acti-
vated macrophages by the stimulation of IFN-

 

g

 

, which is overpro-
duced in HLH patients [7,37]. As the receptor for IP-10 and MIG,
CXCR3, is predominantly expressed on Th1 cells [23–25], IP-10
and MIG may play important roles in the pathophysiology of
HLH, by inducing the accumulation and infiltration of activated
Th1 cells into tissues or organs with macrophage infiltration.
Actually we observed enhanced expression of CXCR3 in liver of
the patient of HLH (data not shown). Furthermore, CXCR3
ligands (IP-10, MIG, and I-TAC) are natural antagonists for
CCR3 [38]. It is possible that overproduction of CXCR3 sup-
presses the migration of Th2 cells even in the presence of CCR3
ligands, enhancing the polarization of T cell recruitment.
Recruited T cells would be further activated to produce IFN-

 

g

 

 by
the effect of IL-12 [10] and IL-18 [13] from macrophages, and con-
tribute to the maintenance or further enhancement of macroph-
age activation. The significant correlation of IFN-

 

g

 

 and the two

 

Table 2.

 

Correlation between IP-10 and MIG levels and clinical data in 
HLH

IP-10 MIG IFN-

 

g

 

IL-18
Body

temperature LDH Ferritin

IP-10 – NS 0·863 0·721 0·904 0·879 0·908
MIG – – 0·929 NS NS 0·779 NS

Each value represents Spearman’s correlation coefficient with signifi-
cant correlation between the two factors.  (

 

P

 

 

 

<

 

 0·05). NS, no significant
correlation.
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chemokines (Table 2) might be the result of the interaction of
macrophages and T cells.

IP-10 and MIG were produced mainly from liver and spleen
(Fig. 3). It is likely that macrophages which infiltrated in these
organs would be the main producer of these chemokines. How-
ever, IP-10 expression in hepatocytes has been reported in
patients with type 1 autoimmune hepatitis [39]. IP-10 and MIG
were selectively up regulated on sinusoidal epithelium in hepatitis
C-virus infected liver [31]. It is possible that hepatocytes and sinu-
soidal epithelium in liver, which were stimulated with inflamma-
tory cytokines, are partially responsible for the overproduction of
IP-10 in patients with HLH. Similarly, enhanced expression of IP-

10 or MIG is reported in cerebrospinal fluid in meningitis [40] and
demyelinating neuropathies [41], microglial cells/macrophages in
multiple sclerosis [42] and herpes simplex virus infection [43], and
astrocytes in brain in multiple sclerosis [34]. In experimental
autoimmune encephalomyelitis, IP-10 blocking caused reduction
of the brain manifestation [44]. Thus, possible expression of IP-10
and MIG in hepatocytes, sinusoidal epithelium in liver, and brain
lesions suggest that these chemokines also play important roles by
enhancing recruitment of activated T cells there in HLH.

CXCR3 or IP-10 deficient mice showed impaired T cell pro-
liferation and IFN-

 

g

 

 production in response to antigenic stimula-
tion, reduced contact hypersensitivity response, and impaired

 

Fig. 1.

 

Serum IP-10 and MIG levels in HLH. Serum IP-10 (a, b) and MIG (c, d) levels were determined in active phase of HLH, IM and
healthy controls (a, c), and acute and remission phases of HLH (b, d). The differences of serum cytokine levels among 3 groups were
analysed by Kruskal–Wallis test, and multiple comparison (Scheffe’s test). The difference of the cytokine levels between active and
remission phase of the disease was analysed by Wilcoxon test. *

 

P

 

 

 

<

 

 0·05, **

 

P

 

 

 

<

 

 0·01, NS not significant.
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ability to control the virus replication [45,46]. These data sug-
gested that IP-10 influences the generation of activated effector T
cells. One of the possible mechanisms of this effect would be that
constitutive IP-10 expression in lymphoid tissues might contribute
to antigen-loaded dendritic cell trafficking to lymphoid tissues
[47]. Recently, it was found that IFN-

 

a

 

/

 

b

 

 stimulation of mouse
spleen cells induced IP-10 mRNA expression in a IRF-9 depen-
dent mechanism, and CXCR3 signalling pathway is critical for
CD8

 

+

 

 T cell activation, suggesting that IP-10 may costimulate T
cell activation in an autocrine loop [48]. In HLH, overproduction
of IP-10 would be partially responsible for the dysregulation of
activated T cells.

Thus, IP-10 and MIG seems to have important roles in the
pathophysiology of HLH by their various functions on
lymphocytes.
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