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Hemophagocytic lymphohistiocytosis (HLH) is caused by the between the levels of IFN-g and IL-10 (P Ú .01). The plasma
hyperactivation of T cells and macrophages. The clinical concentrations of these cytokines were initially high, before
characteristics associated with this disease result from over- decreasing after the acute phase. However, the decrease in
production of Th1 cytokines including interferon-g (IFN-g), IL-10 levels was slower than that of IFN-g. Although the
interleukin-2 (IL-2), and tumor necrosis factor-a (TNF-a). In concentration of IL-12 was high at the acute phase, in some
this study, we analyzed the production of IL-12 and IL-4, patients, a peak in the level was delayed until the chronic
which determine Th1 and Th2 response, respectively, and phase. Thus, in HLH, production of cytokines that promote
IL-10, which antagonizes Th1 cytokines, in 11 patients with development of Th1 cells appears to be predominant over
HLH. IL-12 was detected in plasma in all patients (mean peak that for Th2 cell development. Overproduction of IL-10 was
value, 30.0 Ô 5.0 pg/mL), while IFN-g was massively pro- also observed indicating that a mechanism suppressing hy-
duced in nine patients (mean peak value, 79.2 Ô 112.0 U/ peractivation of Th1 cells and monocytes/macrophages
mL). IL-4 was not detected in any of the patients. Plasma IL- functions in patients with this disease.
10 levels were elevated in all patients (mean peak value,
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2,698.0 Ô 3,535.0 pg/mL). There was a positive correlation

H effects of IL-10 result in inhibition of the functions mediated
by T cells, monocytes/macrophages and natural killer (NK)

EMOPHAGOCYTIC lymphohistiocytosis (HLH), which
affects otherwise healthy children, is characterized by

hyperactivation of T cells and macrophages and is commonly cells.17-21 Furthermore, IL-10 suppresses the production of in-
flammatory cytokines and an anti-inflammatory agent, IL-1ra,triggered by viral infection.1-4 Patients with HLH show persis-

tent high-grade fever, pancytopenia, coagulation abnormality, as well as procoagulant activity.17-23

Thus, in addition to IFN-g, IL-10, IL-4, and IL-12 areliver dysfunction, and proliferation of benign histiocytes with
hemophagocytosis in the bone marrow, lymph nodes, spleen, major cytokines determining Th1 and Th2 response and are

supposed to play important roles in HLH.12 However, no studyand liver.1-4 These clinical characteristics result from the over-
production of cytokines, including interferon-g (IFN-g), in- of these cytokines in HLH has been conducted. We measured

the plasma levels of IFN-g, IL-10, IL-4, and IL-12 in HLHterleukin-2 (IL-2), and tumor necrosis factor-a (TNF-a), by
activated T cells (Th1 cells) and macrophages, which leads to patients to evaluate the roles of these cytokines in an immuno-

logically hyperreactive state and to shed light on the immuno-a chain reaction.5-10

Th1 and Th2 cells were initially identified in the mouse and logical mechanism causing HLH.
later in the human.11,12 Th1 and Th2 response is determined

MATERIALS AND METHODSby the balance between IL-12 and IL-4.12-16 IL-12, mainly
produced by antigen presenting cells such as B cells and Patients. The plasma concentration of IFN-g, IL-12, IL-4, and
macrophages, favors Th1 response and induces IFN-g produc- IL-10 was measured in 11 children with HLH, ranging in age from
tion from Th1 cells.14-16 IFN-g enhances IL-12 production, 8 months to 10 years. None of the children had any other diseases.

All patients had a persistent high-grade fever, hepatosplenomegaly,helping to generate Th1 cells directly as well as promoting
liver dysfunction, pancytopenia, hyperferritinemia, and hypertrigly-the differentiation of Th0 cells into Th1 cells.14-16 IL-4, one
ceridemia, while eight of the 11 patients had disseminated intravas-of the major Th2 cytokines, favors Th2 response. IL-10, which
cular coagulopathy (DIC) (cases 1 through 8) (Table 1). All 11is produced from both IL-12–induced Th1 and IL-4–induced
children were diagnosed as having HLH based on clinical character-Th2 subsets,12 inhibits production of IL-12, as well as other
istics and hemophagocytosis by activated macrophages in the bone

Th1 cytokines including IFN-g and IL-2.15-17 The suppressive marrow. All patients were treated with immunosuppressive agents
such as steroids and cyclosporine A (CsA). Cytotoxic agents includ-
ing etoposide were administered in nine patients (cases 1 through
8, and 10) and plasma exchanges were done for seven patients (casesFrom the Department of Pediatrics, Osaka University Hospital,

Osaka; Department of Pediatrics, Osaka Medical Center and Re- 1 through 7). Three patients had recurrent diseases (cases 1, 3, and
7). Four of the 11 patients (cases 1 through 4) died of uncontrollablesearch Institute for Maternal and Child Health, Osaka; Department

of Clinical Hematology, Osaka City University Medical School, disease.
Cytokine assay. Plasma IFN-g levels were measured by an im-Osaka, Japan; and Genetics Institute, Cambridge, MA.
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Table 1. Clinical Features and Laboratory Data at Accelerated Phase in Patients With HLH

Case 1 2 3 4 5 6 7 8 9 10 11

Sex M M M M M F F M M M M
Age 1 yr 4 yr 8 mo 10 yr 5 yr 8 mo 10 yr 2 yr 7 yr 2 yr 2 yr
Clinical features

Fever / / / / / / / / / / /
Hepatomegaly / / / / / / / / / / /
Splenomegaly / / / / / / / / / / /
DIC / / / / / / / / 0 0 0
Outcome Dead Dead Dead Dead Alive Alive Alive Alive Alive Alive Alive

Laboratory data
Pancytopenia / / / / / / / / / / /
Liver dysfunction / / / / / / / / / / /
Hyperferritinemia / / / / / / / / / / /
Hypertriglyceridemia / / / / / / / / / 0 0

RESULTS phages activated by IFN-g derived from T cells may induce
endothelial cell procoagulant in HLH.23 This hypothesis isIFN-g was detected in nine of 11 HLH patients at onset
supported by the finding that patients without elevation ofor in the early phase of the recurrent disease (cases 1 through
IFN-g did not have serious symptoms or DIC.8, and 10). The mean of the peak values was 79.2 { 112.0

In cases of HLH, it has been reported that IL-2, TNF-a,U/mL (0.8 to 340.0 U/mL). Levels of IFN-g decreased rap-
IL-6, macrophage colony-stimulating factor (M-CSF), andidly in all nine patients (Fig 1A). IFN-g was not detected
IFN-g plasma levels are elevated during the acceleratedin the remaining two patients (cases 9 and 11), who showed
phase, returning to normal levels in remission.6,7,25 However,no DIC. Plasma IL-12 was detected at some stage of the
there has been no study of the cytokines that determine Th1disease in all patients (Fig 1B). The mean of the peak values
and Th2 response, or of those that antagonize Th1 cytokineswas 30.0 { 5.0 pg/mL (5.0 to 212.0 pg/mL). Of the six
in HLH. We measured plasma concentrations of IL-12 andpatients whose IFN-g and IL-12 levels were serially mea-
IL-4, which stimulate the production of Th1 and Th2 cyto-sured, five showed a delayed peak in their IL-12 level, as
kines, respectively,12 and IL-10, which suppresses Th1 cyto-compared with IFN-g (cases 3, 5, 6, 8, and 10). The decrease
kines.in the IL-12 level in case 4 parallelled that of IFN-g patients.

IL-12, originally identified as a NK cell stimulatory factorThe mean of the peak values of the IL-10 concentration was
produced by monocytes/macrophages, B cells, and other ac-2,698.0 { 3,708.0 pg/mL (range, 10.0 to 14,800.0 pg/mL).
cessory cells in response to bacteria or bacterial products,In nine patients, the IL-10 plasma concentration was highest
favors Th1 response.14-16 The plasma concentrations of IL-at the active phase of the disease and decreased to within
12 were elevated in all patients. It seems possible that IL-the normal range after recovery from the illness (Fig 1C).
12 was secreted by macrophages stimulated by IFN-g. IL-Although the plasma levels of IL-10 correlated to those of
12 may induce development of cells producing Th1 cyto-IFN-g (P õ .01), IL-10 concentrations decreased more
kines and also augment production of IFN-g by these cellsslowly than those of IFN-g. IL-4 was undetectable through-
and NK cells, leading to further enhancement of IL-12 pro-out the clinical course of the disease in all patients.
duction by monocytes/macrophages, as noted in in vitro stud-Although no correlation between cytokine levels and pa-
ies.15,16 While the production of IL-12 was rapid and ob-tient prognosis was found, two cases (cases 9 and 11) of
served in the acute phase, IL-12 levels maximized after thethree patients without DIC (cases 9 through 11) showed no
acute phase and the decline of IFN-g plasma levels, in mostincrease in IFN-g levels, despite having increased IL-10
patients.levels. In addition, case 10, with a slight increase in IFN-g,

In contrast, IL-4, which is produced by Th2 helper cellsdisplayed high IL-10 levels.
as well as IL-10, suppresses IL-10 secretion from macro-
phages and favors Th2 response,12,14 was not detected in any

DISCUSSION of the HLH patients. Although the optimal plasma concentra-
HLH is caused by a variety of infections and characterized tions of IL-4 for antagonizing Th1 response might be lower

by pancytopenia and histiomonocytic proliferation and than the detectable level of our assay, it is likely that IL-4
phagocytosis in the bone marrow and the lymphoid system.1-4 does not play an important role in HLH, resulting in the
It has been suggested that the pathogenesis of this syndrome predominance of Th1 cytokines over Th2.
is uncontrolled T-cell activation, which causes oversecretion IL-10, produced by monocytes/macrophages, activated B
of Th1 cytokines such as IFN-g and IL-2, further activating cells, and Th0 and Th2 cells in the mouse and Th1 and Th2
T cells and monocytes/macrophages1-10,24 Most of clinical cells in the human, suppresses synthesis of Th1 cytokines
conditions including coagulopathy are considered to result including IFN-g, IL-2, and TNF-a by Th1 cells and of
from hypercytokinemia. Inflammatory cytokines such as IL- IL-1, IL-6, IL-8, IL-12, and granulocyte-macrophage col-

ony-stimulating factor (GM-CSF) by monocytes/macro-1, TNF-a, IL-6, and IL-8 produced from monocytes/macro-
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Fig 1. Plasma concentrations of IFN-g (A), IL-12 (B), and IL-10 (C)
in 11 patients with HLH. Numbers indicate case numbers. R indicates
recurrence of the disease. Asterisks indicate the limit of detection.

duction of IL-10, seemingly by activated Th1 cells and mac-
rophages, suppresses activated T cells and macrophages and
antagonizes an immunologically hyperreactive condition in-
duced by IFN-g.

Based on the findings of this study and others, we have
hypothesized the cytokine network in HLH (Fig 2). Th1 cells
initially stimulated with pathogens secrete IL-2 and IFN-g.
IFN-g stimulates macrophages to induce rapid production
of IL-10, IL-12, IL-1, and TNF-a. IL-1 activates T cells and
induces production of IL-2.21,23,31 Although IL-10 is pro-
duced by Th1 and Th2 cells and macrophages, it is probable
that IL-10 is mainly produced by Th1 cells and macrophages
because these cells are activated in HLH, while IL-4, a major
Th2 cytokine, was not detected. IL-10 inhibits Th1 cells and
the production of Th1 cytokines and negatively regulates the
production of IL-10 from macrophages, resulting in a rapid
decrease of plasma IFN-g and IL-10 levels. IL-12 produced
from macrophages activates NK cells and Th1 cells to pro-
duce IFN-g. This stimulatory effect seems to persist even
after the acute phase because of the sustained high plasma
IL-12 level. However, this effect does not last, as IFN-gphages.12-14,17,18 In this study, massive production of IL-10
production becomes exhausted. IL-12 also may promote dif-was found to correlate with the production of IFN-g. Several
ferentiation of Th0 cells into Th1 cells and IFN-g suppressesreports have shown that the production of IL-10 increases
development of Th2 cells.during shock, suggesting that IL-10 may be involved in the

Thus, predominance of Th1 cytokines in HLH seems tocontrol of the inflammatory response induced by bacterial
be accelerated by overproducion of IL-12 probably producedproducts.26-29 In addition, IL-10 was shown to reduce the
from activated Th1 cells and macrophages, resulting in aseverity of the shock syndrome induced by anti-CD3 mono-

clonal antibody in mice.30 Therefore, it appears that overpro- chain reaction between Th1 cells and macrophages. In addi-
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