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1. Introduction

Hemophagocytic syndrome (HPS) is a clinicopathologic
entity characterized by persistent high-grade fever, hepato-
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Abstract
To elucidate the differences in pathogenesis between lymphoma-associated hemophagocytic syndromes (LAHS) of the T-cell/

natural killer cell (T/NK) and B-cell (B) types, we comparatively analyzed the clinical features and serum cytokine profiles of 33
patients with LAHS registered in the Kyoto University Hematology/Oncology Study Group. The serum cytokine levels of each
patient group (B-LAHS versus T/NK-LAHS) were expressed as the ratio of the median to the upper normal values of the respec-
tive cytokines and were as follows: 19.05 versus 13.99 for soluble interleukin 2 (IL-2) receptor, 0.67 versus 0.67 for granulocyte-
macrophage colony-stimulating factor (GM-CSF), 0.64 versus 1.26 for G-CSF, 5.70 versus 3.61 for M-CSF, 1.54 versus 3.39 for
interferon � (IFN-�), 13.17 versus 1.17 for IL-6, 6.88 versus 1.58 for tumor necrosis factor � (TNF-�), 0.71 versus 0.41 for IL-1�,
1.99 versus 0.21 for IL-12, and 105.32 versus 29.65 for IL-10.The serum levels of IL-6,TNF-�, and IL-10 were significantly higher
in the B-LAHS group, whereas those of IFN-� were significantly lower.These differences between the 2 groups may reflect a dif-
ference in the pathogenesis. Higher serum levels of IL-6,TNF-�, and IL-10 may be derived at least partly from neoplastic B-cells
themselves. In addition, the extremely high serum levels of IL-10 suggest that a compensatory anti-inflammatory process may
operate in both groups and give rise to a profound immunosuppressive state and a poor outcome. Int J Hematol. 2003;77:286-294.
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splenomegaly, pancytopenia, coagulation abnormality, liver
dysfunction, and generalized proliferation of macrophages
that exhibit hemophagocytosis [1,2]. This syndrome has been
ascribed to hyperactivation of T-cells and macrophages and
is characterized by marked elevations in levels of serum
cytokines [2-12]. Reactive HPS is induced by a variety of
causes, such as infections, autoimmune diseases, dissemi-
nated carcinomas, and hematologic malignancies, mainly
non-Hodgkin’s lymphomas (lymphoma-associated hemo-
phagocytic syndrome, LAHS) [1,2]. LAHS is largely diag-
nosed at initial presentation; however, it occasionally occurs
at remission, relapse, or transformation and may even pre-
cede the lymphoma discovery [13,14].
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Most LAHS cases reported in Western countries have
been T-cell/natural killer cell lymphomas (T/NK-LAHS)
with only a small number of HPS cases being derived from
B-cell lymphomas (B-LAHS), and the data on their clinico-
pathologic features are very limited [1,15-21]. Recently, the
number of reported B-LAHS cases, including those in our
previous report, has been increasing, both in Western and in
Asian countries, mainly in Japan [22-30]. In a large survey of
142 Japanese LAHS cases conducted by Takahashi et al,
approximately half the cases were demonstrated to be B-LAHS,
and their clinicopathologic features are becoming increas-
ingly clear [28]. However, these patients, whether with the
B-cell or T/NK-cell phenotypes, usually shared common clin-
ical features at presentation of HPS and could not be classi-
fied into the 2 phenotypes until completion of the full patho-
logic examination.

Neoplastic T/NK cells in T/NK-LAHS, as well as the reac-
tive T/NK cells in Epstein-Barr virus (EBV)–associated HPS
(VAHS), have been confirmed to be infected with clonal
EBV, suggesting that the clinical symptoms are ascribed to
elevated serum cytokines produced by the uncontrolled pro-
liferation of EBV-infected T/NK cells [14,31-38]. On the
other hand, the mechanisms operating in B-LAHS remain ill
defined. These observations have prompted us to compara-
tively analyze both B-LAHS and T/NK-LAHS for the simi-
larities and differences in their cytokine patterns, in addition
to the clinical pictures.We then discuss the mechanisms oper-
ating in LAHS.

2. Materials and Methods

2.1. Patients

Thirty-five adult patients with malignant lymphoma for
whom the possibility of concomitant infection had been
excluded were registered in the Kyoto University Hematol-
ogy/Oncology Study Group after their informed consent
was obtained, and on examination 33 patients fulfilled the
diagnostic criteria proposed by Imashuku [2]. Of these
patients, 18 had B-LAHS, and 13 had T/NK-LAHS. The cell
lineages of the remaining 2 patients were not determined.
The profiles and routine laboratory characteristics of these
33 patients are listed in Table 1. Lymphomas were, in princi-
ple, classified according to the revised European-American
classification of lymphoid neoplasms. The serum concentra-
tions of granulocyte-macrophage colony-stimulating factor
(GM-CSF), G-CSF, M-CSF, interleukin 1� (IL-1�), IL-6,
IL-10, IL-12, tumor necrosis factor � (TNF-�), interferon �
(IFN-�), and soluble IL-2 receptor (sIL-2R) were measured
in 33 patients with LAHS.

2.2. Cytokine Assay

The sera collected at diagnosis were frozen at –20�C until
use. Serum cytokines were measured by sandwich enzyme-
linked immunosorbent assay (ELISA). The ELISA kits used
were as follows: GM-CSF, human GM-CSF ELISA system
(Amersham Biosciences, Tokyo, Japan; detection limit,
2.0 pg/mL); M-CSF, human M-CSF ELISA system (Amer-
sham Biosciences; detection limit, 9 pg/mL); G-CSF, G-CSF

CLEIA kit (Chugai,Tokyo, Japan; detection limit, 1.0 pg/mL);
IL-1�, Quantikine HS human IL-1� immunoassay kit (R&D
Systems, Minneapolis, MN, USA; detection limit, 0.10 pg/mL);
IL-6, Quantikine HS human IL-6 immunoassay kit (R&D
Systems; detection limit, 0.1 pg/mL); IFN-�, IFN-� ELISA
(Bender MedSystems, Vienna, Austria; detection limit,
1.5 pg/mL);TNF-�, Quantikine HS human TNF-� immunoas-
say kit (R&D Systems; detection limit, 0.18 pg/mL); sIL-2R,
Cellfree sIL-2R bead assay kit (Yamanouchi, Tokyo, Japan;
detection limit, 85 U/mL). Assays for IL-10 were conducted
with the Cytoscreen human IL-10 immunoassay kit (Bio-
Source, Camarillo, CA, USA; detection limit, 0.2 pg/mL),
which is specific for human IL-10 and is not affected by viral
IL-10 produced by EBV. Assays for IL-12 were conducted
with the Quantikine HS human IL-12 immunoassay kit
(R&D Systems; detection limit, 0.78 pg/mL), which recog-
nizes only the IL-12 heterodimer and not the individual sub-
units of the dimer.

2.3. Detection of EBV

EBV DNA was detected by a polymerase chain reaction
assay using the EBV BamHI–W region amplification
primers as described previously [25]. In situ hybridization
with the probe complementary to EBV-encoded small
nuclear RNA 1 (EBER1) was performed as described previ-
ously to visualize EBV-infected neoplastic cells [25]. South-
ern blot analysis to assess the monoclonality of EBV was
performed as previously described with the probe against the
terminal repetitive sequence [39,40].

2.4. Statistics

All data obtained in the ELISA assays were examined
to determine if they were normally distributed. When the
data in both B-LAHS and T/NK-LAHS groups conformed
to normal distributions, the means were analyzed with the
Student or Welch t test. Otherwise, the medians were ana-
lyzed with the Wilcoxon rank sum test. Survival analysis
was performed with the Kaplan-Meier method, and the dif-
ference was examined with the log-rank test. Correlations
between the 2 parameters were calculated with the Spear-
man rank test.

3. Results

3.1. Patient Profiles

Of the 35 patients registered, 33 patients were eligible for
the cytokine analysis according to Imashuku’s criteria [2]. As
summarized in Table 1, 18 and 13 patients were classified into
B-LAHS and T/NK-LAHS groups, respectively. HPS was
diagnosed on the initial presentation in 13 patients of the for-
mer group and in 11 patients of the latter group. Malignant
lymphoma was diagnosed in 2 patients, with the clinical fea-
tures mimicking malignant histiocytosis, by bone marrow
puncture. Considering these 2 patients’ deteriorated condi-
tions, chemotherapy preceded the determination of the cell
lineage. The patients with B-LAHS were significantly older
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Table 1.
Characteristics of the Patients with Lymphoma-Associated Hemophagocytic Syndrome*

Diagnosis B or T/NK Survival, Onset
Patient Age, y Sex Stage (Site or Method) Cell Type wk of HPS VCA IgG VCA IgM EA IgG EBNA PCR EBER

S.H. 70 M VI IVL (autopsy) B 10.6 IP ND <10 <10 10 ND ND
K.K. 56 F VI IVL (autopsy) B 55.7 IP 160 <10 <10 10 (–) (–)
T.U. 68 M VI IVL (autopsy) B 3.1 IP 80 <10 <10 20 (–) (–)
Y.A. 83 M VI IVL (autopsy) B 41.6 IP 160 <10 <10 40 (–) (–)
A.S. 75 F VI IVL (kidney) B 18.7 IP 160 <10 <10 40 ND ND
C.N. 68 F VI IVL (uterus) B 12.8+ IP 80 <10 <10 20 ND ND
T.S. 67 M VI IVL (autopsy) B 7.1 IP 160 <10 <10 40 ND ND
O.M. 65 M VI DL (bone marrow) B 6.0 IP 160 <10 <10 80 ND (–)
H.H. 83 M VI DL (lymph node) B NS IP 160 <10 <10 40 ND (–)
A.N. 83 F VI DL (lymph node) B NS IP 80 <10 <10 40 ND (–)
M.K. 65 F VI DL (lymph node) B NS IP 160 <10 <10 20 ND ND
K.S. 86 F VI DL (lymph node) B NS IP 80 <10 <10 40 ND ND
Y.I. 76 M VI DL (bone marrow) B 6.0 IP 160 <10 <10 10 ND ND
M.H. 65 F VI DL (lymph node) B 6.7 TC 40 <10 <10 10 (–) (–)
F.S. 64 F III DL (lymph node) B 3.0 TC 160 <10 <10 40 (–) (–)
S.O. 77 M III DL (lymph node) B 6.6 TC 80 <10 <10 40 ND (–)
M.T. 65 M VI DL (lymph node) B 6.0 TC 80 <10 <10 20 ND ND
R.K. 68 M III DL (lymph node) B 3.1 TC 80 <10 <10 40 ND ND
H.O. 49 M VI LGL leukemia NK 24.9+ IP ND ND 80 ND (MS) ND

(bone marrow)
M.O. 61 M VI AC (maxillary tumor) NK 5.0+ IP 640 <10 40 40 ND (+)
M.I. 17 F VI AC (skin) NK 34.1+ IP 160 <10 10 <10 (MS) (+)
T.H. 60 M VI AC (nasal tumor) NK 15.7 IP 80 <10 <10 40 ND ND
I.K. 68 M III ALCL (adrenal gland) T 7.3 IP 160 <10 <10 20 ND (+)
S.K. 78 M VI ALCL (lymph node) T 21.5+ IP 1280 <10 40 20 ND ND
Y.O. 67 M VI AILD (lymph node) T 6.9 IP 1280 <10 20 10 ND (+)
M.Y. 86 F VI AILD (lymph node) T NS IP 640 <10 ND ND ND ND
T.I. 56 M VI PTCL (autopsy) T 1.9 IP 1280 <10 <10 40 ND (+)
S.M. 67 M VI PTCL (autopsy) T 0.4 IP 2560 <10 <10 40 ND (+)
Y.K. 39 M VI PTCL (autopsy) T 3.3 IP 640 <10 <10 20 ND (+)
R.K. 43 M III AC (nasal tumor) NK 0.6 TC 10 <10 <10 <10 ND ND
T.I. 63 M VI PTCL (autopsy) T 7.1 TC 160 <10 <10 20 ND ND
A.N. 37 F VI MH-like (bone marrow) ND 33.0+ IP 80 ND ND 10 (–) ND
Y.H. 69 M VI MH-like (bone marrow) ND 52.1+ IP 160 <10 <10 40 ND ND

*HPS indicates hemophagocytic syndrome; VCA IgG, viral capsid antigen immunoglobulin G; EA, Epstein-Barr virus early antigen; EBNA, Epstein-
Barr virus nuclear antigen; PCR, polymerase chain reaction; EBER, Epstein-Barr virus–encoded small nuclear RNA; M, male; IVL, intravascular lym-
phomatosis; IP, initial presentation; ND, not done; F, female; DL, diffuse large cell lymphoma; NS, not specified; TC, terminal complication; LGL, large
granular lymphocyte; NK, natural killer; MS, monoclonal by Southern blotting; AC, angiocentric lymphoma; ALCL, anaplastic large cell lymphoma;
AILD, angioimmunoblastic T-cell lymphoma; PTCL, peripheral T-cell lymphoma, unspecified; MH-like, malignant histiocytosis-like lymphoma.

than those with T/NK-LAHS, who showed a wide age distri-
bution. Pathologically, all B-LAHS cases are classified as dif-
fuse, large B-cell lymphoma. Of note is that 7 cases were
included in the specific subtype, intravascular lymphomato-
sis. Of the 13 T/NK-LAHS cases, 5 and 8 cases were derived
from NK cells and T-cells, respectively. Patterns of antibodies
against EBV suggested remote infection in essentially all
patients with B-LAHS, and EBV could not be detected in the
tumor samples of 9 patients with B-LAHS examined with the
polymerase chain reaction and/or EBER in situ hybridiza-
tion. On the other hand, aberrant antibody patterns (viral
capsid antigen immunoglobulin G � �640; EBV early anti-
gen immunoglobulin G � �20; EBV nuclear antigen < �10)
were observed in 10 patients with T/NK-LAHS, and EBV
was detected in the tumor samples of 8 patients with T/NK-
LAHS examined with Southern blot analysis and/or EBER
in situ hybridization. Fifty percent survival rates for B-LAHS
and T/NK-LAHS were 6.64 weeks and 3.29 weeks, respec-

tively (median survival rates, 6.71 weeks and 5.08 weeks) and
were not significantly different.Anemia and thrombocytope-
nia tended to be severe; C-reactive protein levels were higher
in B-LAHS cases, and neutropenia and liver damage were
more prominent in T/NK-LAHS cases (Table 2).

3.2. Cytokines

As shown in Figure 1, the serum levels of GM-CSF were
less than the minimum detectable concentration in all
LAHS patients except the 2 NK-LAHS cases (2.7 pg/mL
and 2.9 pg/mL), which were still considered to be within the
normal range. The serum levels of G-CSF in the B-LAHS
patients ranged from 7.3 pg/mL to 127.0 pg/mL (median,
24.8 pg/mL), whereas those in T/NK-LAHS patients ranged
from 13.4 pg/mL to 112.0 pg/mL (median, 49.0 pg/mL).
Although the difference between the B-LAHS and T/NK-
LAHS groups was significant according to the Wilcoxon
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rank sum test (P = .00341), this result may simply reflect the
difference in neutrophil counts (Table 2) [41].

The serum levels of M-CSF in the B-LAHS group
ranged from 617 pg/mL to 8470 pg/mL with a median of
3760 pg/mL, and the levels in T/NK-LAHS patients ranged
from 412 pg/mL to 8810 pg/mL with a median of 2380 pg/mL.
The difference in the medians was significant (P = .00341).
These high serum levels in both LAHS groups are presum-
ably due to the effect of activated macrophages. The serum
levels of sIL-2R were very high without exception. The lev-
els in the B-LAHS patients ranged from 3890 U/mL to
43,800 U/mL with a median of 13,600 U/mL, and the levels
in T/NK-LAHS patients ranged from 2590 U/mL to 27,700
U/mL with a median of 12,500 U/mL. The median value in
the B-LAHS group was significantly higher than that of
the T/NK-LAHS group (P = .00002).

As shown in Figure 2, the serum levels of IL-1� in
B-LAHS patients ranged from 0.28 pg/mL to 5.13 pg/mL
with a median of 1.41 pg/mL, and the levels in the T/NK-
LAHS group ranged from 0.13 pg/mL to 3.43 pg/mL with a
median of 0.82 pg/mL. Although the difference in the values
of the 2 groups was significant (P = .00005), the elevation of
IL-1� in the sera of LAHS patients was not striking, because
12 of 18 B-LAHS cases and 11 of 13 T/NK-LAHS cases fell
within the normal range. The serum levels of IFN-� in
B-LAHS patients ranged from 1.6 pg/mL to 436.0 pg/mL
with a median of 14.4 pg/mL, and those in T/NK-LAHS
patients ranged from 12.4 pg/mL to 1910 pg/mL with a
median of 31.9 pg/mL. The median value was significantly
higher in the T/NK-LAHS group (P = .00008).

The serum levels of TNF-� in B-LAHS patients ranged
from 4.34 pg/mL to 83.5 pg/mL with a mean of 32.8 pg/mL

Figure 1. The serum levels of granulocyte-macrophage colony-stimulating factor (GM-CSF), G-CSF, M-CSF, and soluble interleukin 2 receptor
(sIL-2R) in healthy control subjects (n = 20) ranged from an undetectable level (75%) to 3 pg/mL, from 7.7 pg/mL to 38.9 pg/mL, from 436 pg/mL to
660 pg/mL, and from 254 to 534 U/mL, respectively. These normal ranges are depicted as dotted areas in the figure. Serum levels of these cytokines
were determined in 18 cases of B-cell (B) and 13 cases of T-cell/natural killer cell (T/NK) lymphoma-associated hemophagocytic syndrome. Of these
cytokines, only the M-CSF data followed a normal distribution and were analyzed with the Student t test; the other data were analyzed with the
Wilcoxon rank sum test. The short horizontal lines represent the mean of M-CSF levels and the median for the other cytokines.

Table 2.
Representative Clinical Parameters in the Patients with Lymphoma-Associated Hemophagocytic Syndrome*

WBC, Neutrophil, Hb, Plt, CRP, T. Bil, GOT, GPT, LDH, Ferritin NCC, Macrophage,
Age, y �109/L �109/L g/dL �109/L mg/dL mg/dL /UNL /UNL /UNL pg/mL /�L %

B-LAHS
Mean 71.30 3.15 2.42 8.44 31.2 13.30 1.72 2.25 0.92 4.47 3810 75,023 5.73
SD 8.38 1.87 1.64 1.42 17.7 5.51 1.58 1.98 0.67 1.68 2593 43,032 2.98

T/NK-LAHS
Mean 58.00 2.12 1.40 9.66 52.3 9.58 3.12 7.18 3.98 5.68 6097 70,260 10.66
SD 17.90 1.36 1.04 2.15 32.0 5.77 2.60 4.26 2.54 3.66 2078 50,564 13.40

Student t test
P .01 .10 .05 .02 .16 .02 .08 .01 .00 .19 .10 .56 .31

*WBC indicates white blood cell; Hb, hemoglobin; Plt, platelets; CRP, C-reactive protein; T.Bil, total bilirubin; GOT, glutamic-oxaloacetic transam-
inase; UNL, upper normal limit; GPT, glutamic-pyruvic transaminase; LDH, lactate dehydrogenase; NCC, nucleated cell count; B-LAHS, B-cell
lymphoma-associated hemophagocytic syndrome; T/NK, T-cell/natural killer cell.
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Figure 2. The serum levels of interleukin 1� (IL-1�), interferon � (IFN-�), tumor necrosis factor � (TNF-�), and IL-6 in healthy control subjects
(n = 20) ranged from an undetectable level (30%) to 2.00 pg/mL, from an undetectable level (65%) to 9.2 pg/mL, from an undetectable level (5%) to
3.62 pg/mL, and from 0.4 pg/mL to 10.1 pg/mL, respectively. These normal ranges are depicted as dotted areas in the figure. Serum levels of these
cytokines were determined in 18 cases of B-cell (B) and 13 cases of T-cell/natural killer cell (T/NK) lymphoma-associated hemophagocytic syndrome.
Of these cytokines, only the TNF-� data followed a normal distribution and were analyzed with the Student t test; the other data were analyzed with
the Wilcoxon rank sum test. The short horizontal lines represent the mean of TNF-� levels and the median for the other cytokines.

(median, 24.9 pg/mL), and the levels in the T/NK-LAHS
group ranged from 1.62 pg/mL to 23.2 pg/mL with a mean of
9.29 pg/mL (median, 5.8 pg/mL). The data in both groups
followed a normal distribution, and serum TNF-� levels in
the B-LAHS group were significantly higher than those of
the T/NK-LAHS group (P = .00056). The serum levels of
IL-6 in the B-LAHS patients ranged from 23.0 pg/mL to
500 pg/mL with a median of 133 pg/mL, and the levels in the
T/NK-LAHS patients ranged from 1.8 pg/mL to 173 pg/mL
with a median of 12.0 pg/mL. The median serum IL-6 level
of the B-LAHS group was significantly higher than that of
the T/NK-LAHS group (P = .00002).

As shown in Figure 3, the serum levels of IL-10 were
markedly high in both B-LAHS and T/NK-LAHS groups.
Serum IL-10 levels in the B-LAHS patients ranged from
7.2 pg/mL to 6340 pg/mL with a median of 743 pg/mL, and
levels in the T/NK-LAHS patients ranged from 28.7 pg/mL to
8900 pg/mL with a median of 209 pg/mL. The median serum
IL-10 level of the B-LAHS group was significantly higher
than that of the T/NK-LAHS group (P = .00341). The serum
levels of IL-12 in B-LAHS patients ranged from an unde-
tectable level to 43.9 pg/mL with a median of 7.45 pg/mL, and
the levels in the T/NK-LAHS patients ranged from an unde-
tectable level to 6.21 pg/mL. In 7 of 12 B-LAHS cases and in
8 of 9 T/NK-LAHS cases, serum IL-12 levels were within the
normal range. The difference in the median values between
the 2 groups was not significant (P = .10988).

As shown in the radar chart (Figure 4), the serum
cytokine levels of each patient group were expressed as the
ratio of the median to the upper normal value of the respec-
tive cytokines, and the results (B-LAHS versus T/NK-
LAHS) were 19.05 versus 13.99 for sIL-2R, 0.67 versus 0.67

for GM-CSF, 0.64 versus 1.26 for G-CSF, 5.70 versus 3.61 for
M-CSF, 1.54 versus 3.39 for IFN-�, 13.17 versus 1.17 for IL-6,
6.88 versus 1.58 for TNF-�, 0.71 versus 0.41 for IL-1�, 1.99
versus 0.21 for IL-12, and 105.32 versus 29.65 for IL-10. The
LAHS patients as a whole did not exhibit marked elevations
in the serum levels of GM-CSF, G-CSF, IL-1�, and IL-12,
but both groups showed striking elevations in the levels of
M-CSF, sIL-2R, and IL-10. Discrepancies between the
B-LAHS and the T/NK-LAHS groups were evident in the
serum levels of IL-6, TNF-�, IFN-�, and IL-10. The results
were substantially the same among the patients who had
developed HPS at initial presentation. No correlation
between cytokine levels and patient prognosis was found.

4. Discussion

In this study, we analyzed 33 patients with LAHS.
Approximately half (54.5%, 18 of 33 patients) of the LAHS
cases were B-cell lymphomas of the diffuse, large cell type,
and the predominance of the specific subtype (intravascular
lymphomatosis) was noted (53.8%, 7 of 13 B-LAHS cases
with HPS at initial presentation). These cases may fall within
the Asian variant of intravascular lymphomatosis proposed
by Murase et al [24]. As far as we were able to determine, an
association with EBV was suggested in all patients with T/
NK-LAHS, in contrast to the patients with B-LAHS, in
whom no sign of involvement with EBV could be detected.
This finding is consistent with our previous observations and
recently reported data from Japan [24,25,28] and suggests
that EBV infection of lymphoma cells is not a factor con-
tributing to the onset of B-LAHS. In addition to hemo-
phagocytic macrophages, many reactive CD3+ T-cells were
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Figure 3. The serum levels of interleukin 10 (IL-10) and IL-12 in healthy control subjects (n = 20) ranged from an undetectable level (65%) to
7.1 pg/mL and from an undetectable level (65%) to 3.74 pg/mL, respectively. These normal ranges are depicted as dotted areas in the figure. Serum
levels of these cytokines were determined in 12 cases of B-cell (B) and 9 cases of T-cell/natural killer cell (T/NK) lymphoma-associated hemo-
phagocytic syndrome. Neither cytokine followed a normal distribution, and the data were analyzed with the Wilcoxon rank sum test. The short hori-
zontal lines represent the median.

present in the bone marrow of all B-LAHS patients who
have been reported [29,30]. The morphological characteris-
tics of these reactive T-cells suggest that they are functionally
activated, but these reactive T-cell populations were not

assessable in T/NK-LAHS cases [30]. Thus, as was suggested
previously [25], reactive T-cells may be candidates for
cytokine production and play a causative role in B-LAHS.

In the great majority of T/NK-LAHS cases, including those
of the present study, the neoplastic cells have been shown to
be infected with clonal EBV similar to the reactive T-cells in
VAHS [14,31-38]. Lay et al showed that the infection of T-cells
by EBV selectively up-regulates TNF-� expression, which can
activate macrophages in combination with IFN-� and proba-
bly other cytokines [37]. These findings suggest that EBV
functions in T/NK-LAHS patients as an inducer of a complex
activation program of the infected neoplastic T-cells, and the
clinical symptoms are ascribed to elevated levels of serum
cytokines produced by these EBV-infected neoplastic T-cells.

By analyzing the serum cytokine levels of these patients,
we have shown the similarities and differences between
cases of B-LAHS and T/NK-LAHS. Although GM-CSF and
G-CSF are produced by T-cells or macrophages, neither
B-LAHS nor T/NK-LAHS patients showed marked changes
in serum levels, suggesting that the commitment of these
cytokines to the pathogenesis of HPS may be negligible. On
the other hand, M-CSF exhibited a marked increase in both
B-LAHS and T/NK-LAHS cases, reflecting a systemic hyper-
activation of macrophages. In this context, the beneficial use
of G-CSF, but not of M-CSF, during the neutropenic phase
after chemotherapy against LAHS may be substantiated.

Markedly elevated serum levels of sIL-2R have been
reported in LAHS as well as in HPS induced by other patho-
logic processes and have been interpreted as an index of
T-cell activation in HPS [3,5,6,42]. Given that serum sIL-2R
has been assumed to be a product shed out of proliferating
neoplastic T/NK cells in T/NK-LAHS cases, how should the

Figure 4. The radar chart showing similarities and differences between
the serum cytokine profiles of the B-cell lymphoma-associated hemo-
phagocytic syndrome (B-LAHS) group and the T-cell/natural killer cell
(T/NK)-LAHS group. Each point expresses the ratio of the median of
the respective serum cytokine levels of the LAHS cases to the upper
normal limit of control subjects. GM-CSF indicates granulocyte-
macrophage colony-stimulating factor; sIL-2R, soluble interleukin 2
receptor; TNF-�, tumor necrosis factor �; IFN-�, interferon �.
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present findings that serum levels of sIL-2R in B-LAHS
cases are significantly higher than in T/NK-LAHS cases be
interpreted? In our previous study, we showed that the neo-
plastic cells of our B-LAHS cases expressed CD25 uniformly
[25], and normal and neoplastic B-cells in some instances do
express CD25 and release sIL-2R from their cell surfaces
[43,44]. It is not likely, however, that serum sIL-2R is solely
derived from neoplastic B-cells in B-LAHS cases. As men-
tioned above, tumor-infiltrating T-cells reacting with dissem-
inated lymphoma cells may play an important additive role
in elevating levels of sIL-2R, as well as the other cytokines in
B-LAHS cases, as is discussed below [29,30].

The serum levels of IL-1� were not a good indicator in the
present findings for either B-LAHS or T/NK-LAHS. This
result is consistent with previous data including VAHS cases,
which showed that serum IL-1 levels did not correlate with
other clinical parameters or with survival [4]. However, it is
possible that IL-1� takes part in the pathogenesis of HPS in
the microenvironment surrounding neoplastic cells, where the
exquisitely controlled cytokine network is perturbed. Compa-
rable to the findings of previous studies, the serum levels of
IFN-� in this study were significantly higher in the T/NK-
LAHS group [5-8,45]. The difference between the 2 groups
may suggest the involvement of EBV, although the magni-
tude of the difference is small compared with that found in
children [45]. IFN-� has been speculated to be one of the key
cytokines that induce HPS, because IFN-� is a potent activa-
tor of macrophages and is a representative cytokine produced
by subtype 1 helper T-cells (Th1). HPS has been regarded as
a pathologic state created by excessive Th1 polarization
[2,11,12]. Possibly, the situation is similar to that of IL-1�.
These 2 cytokines should be estimated locally via detection of
the expression of messenger RNA or its product.

TNF-� is an autocrine growth factor for normal B-cells
[46,47]. Stimulation of B-cells by several triggers induces
rapid TNF-� gene transcription and the proliferation of
B-cells, which is augmented by TNF-�. Furthermore, TNF-�
up-regulates Bcl-2 expression and decreases the apoptosis of
B-cells [48]. Thus, the higher serum levels of TNF-� in the
B-LAHS group compared with the T/NK-LAHS group do
not appear to be strange. Presumably, serum TNF-� is mainly
derived from actively proliferating neoplastic B-cells. If T/
NK-LAHS is triggered by TNF-�, which is excessively pro-
duced by EBV-infected neoplastic T/NK cells, as has been
shown by Lay et al [37], one may assume that neoplastic
B-cells themselves trigger B-LAHS via TNF-�.

Although IL-6 is produced by various kinds of cells, ele-
vated serum levels of IL-6 have been shown to be derived
from neoplastic B-cells in patients with B-cell lymphoma
[49,50]. In B-LAHS, higher serum levels of IL-6 may also be
caused at least partly by neoplastic B-cells. In addition to
TNF-� and IL-6, B-cells produce IL-10 [51,52], which has a
potent stimulating effect on B-cells. Increased serum IL-10
levels have been found in vivo in patients with B-cell lym-
phoma [51]. Markedly higher levels of serum IL-10 in
B-LAHS may also at least partly be due to their production
by lymphoma cells themselves. Because IL-6 and TNF-�, as
well as IL-10, are produced by neoplastic B-cells, the distinc-
tive cytokine feature that serum levels of TNF-�, IL-6, and
IL-10 were higher in B-LAHS than in T/NK-LAHS may con-

firm the previous findings that these cytokines act as cooper-
ative growth factors for neoplastic B-cells [46-53]. Thus, the
higher profiles of these 3 cytokines may be unique character-
istics for B-LAHS. Of note here is that the serum levels of
both TNF-� and IL-10 remained high in both B-LAHS and
T/NK-LAHS groups and were so even when these unique
B-cell–derived factors are subtracted. If stable Th1 polariza-
tion is characteristic of HPS, the main source of serum IL-10
and TNF-� may be derived from activated macrophages in
LAHS. From the viewpoint of critical care medicine, clinical
signs and symptoms of HPS may be regarded as a kind of sys-
temic inflammatory response syndrome (SIRS) [54,55].
Actually, almost all HPS cases fulfill the criteria for SIRS
[56]. The elevation of the serum IL-10 levels may be derived
from the Th1 cells and macrophages themselves and may be
regarded as a compensatory anti-inflammatory response.

IL-12 is produced mainly by antigen-presenting cells such
as B-cells and macrophages, which are essential effectors
during the early phase of inflammation, and is the dominant
factor for the induction of Th1 development [57,58]. The
serum levels of IL-12 in the B-LAHS group were somewhat
higher than in the T/NK-LAHS group, and some cases of the
former group and most cases of the latter group fell within
the normal range. The difference in serum levels may reflect
the ability of B-cells to produce IL-12 [57]. The serum levels
of IL-12 did not show a huge impact on the serum cytokine
profiles in LAHS, especially in the T/NK-LAHS group, and
although these findings were contrary to our expectations,
they were comparable with those of previous studies
[11,12,58].

On the basis of these findings and those of previous stud-
ies, we can summarize the difference in the pathophysiology
between B-LAHS and T/NK-LAHS as follows: LAHS is
caused by the hyperactivation of T-cells and macrophages,
and the clinical characteristics associated with this disease
result from the overproduction of Th1 cytokines, including
IFN-�, IL-2, and TNF-�, by activated Th1 cells and macro-
phages. Stable Th1 polarization is caused directly or indi-
rectly by EBV-infected neoplastic cells in T/NK-LAHS,
whereas this polarization is developed by reactive T-cells in
B-LAHS. Serum TNF-�, IL-6, IL-10, and possibly IL-12 are
derived at least partly from the neoplastic cells themselves in
B-LAHS.
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