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Plasma Cytokine Profiles at Diagnosis in Pediatric Patients
With Non-Hodgkin Lymphoma
Karin Mellgren, MD, PhD,*w Chris Juul Hedegaard, PhD,z Kjeld Schmiegelow, MD, PhD,y8
and Klaus Müller, MD, PhDz8

Summary: Non-Hodgkin lymphoma (NHL) has been associated
with elevated levels of inﬂammatory and immune-regulating cytokines, and polymorphisms in the genes encoding interleukin (IL)-10
and tumor necrosis factor (TNF)-a have been associated with increased incidence of certain subtypes of NHL. The aim of the
present study was to screen for a broader spectrum of growth
factors and inﬂammatory mediators and to compare the proﬁles in
diﬀerent subtypes of NHL in pediatric patients. Serum samples
were collected at diagnosis from 31 pediatric patients diagnosed
with NHL admitted at Rigshospitalet, Copenhagen, between 1995
and 2008. Cytokines and growth factors were measured in serum
using the Luminex platform by application of a 30-plex kit. Levels
of IL-6, IL-2R, IL-10, TNF-RI, and macrophage inﬂammatory
protein-1a were signiﬁcantly higher in patients with anaplastic
large-cell lymphoma compared with patients diagnosed with B-cell
lymphomas and lymphoblastic lymphomas. High levels of IL-4, IL13, TNF-RI, and epidermal growth factor were associated with a
poorer general condition at diagnosis. The present study suggests
that NHL subgrouping and the general condition of pediatric patients at diagnosis are associated with plasma levels of growth
factors and inﬂammatory mediators at presentation.
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I

mmune mechanisms play a critical role in the pathogenesis of lymphomas.1 Longitudinal studies in subjects
infected by human immunodeﬁciency virus, as well as casecontrol studies in healthy populations that develop B-cell
lymphomas, have provided important new insights into the
role of chronic B-cell stimulation in the development of
lymphomas.2–4 Various cytokines have been found to be
elevated in serum samples preceding the diagnosis of lymphoma by many years,5–8 suggesting a genetic impact on
cytokine production with a potential impact on the individual risk of developing lymphoma. Indeed, associations
of polymorphisms of genes encoding tumor necrosis factora (TNF-a), lymphotoxin-a, and interleukin (IL)-10 with
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diffuse large B-cell lymphoma have been found in adults,9
and they are thought to play an essential role in pathogenesis of this disease.10 However, very little is known
about the specific contribution of these immune mediators
in the group of aggressive non-Hodgkin lymphomas (NHL)
in children.
Various studies suggest that the biological and clinical
characteristics of malignant lymphoma are inﬂuenced by
the interaction between tumor cells and their nonmalignant
microenvironment—including connective tissue cells, specialized organ cells, and cells belonging to the immune
system.11,12 Thus, mediators released by the surrounding
healthy tissues may play a role by regulating the proliferation of the malignant cells, and growth factors and
inflammatory mediators released from those may influence
the function and activation of healthy tissue cells.
The composition of the tumor microenvironment most
likely varies between diﬀerent classes of malignant lymphomas, and a wide range of mediators may potentially
play a role in these interactions. Despite this, cytokine
proﬁling in NHL has previously been restricted to a rather
narrow spectrum of mainly leukocyte-derived cytokines
such as IL-1, IL-6, and TNF.
In the present single-center study we have screened
plasma levels of a broad spectrum of both leukocyte-derived and tissue-derived cytokines and growth factors at
diagnosis of pediatric NHL to relate their pattern to the
immunophenotype and to the general condition and
symptoms of the patient at diagnosis. The number of cases
in the present study is too small to enable correlation of
cytokine levels with the risk of relapse.

PATIENTS AND METHODS
Patients
Serum samples were collected at diagnosis of NHL in
31 patients (25 boys and 6 girls) treated and followed at
Copenhagen University Hospital Rigshospitalet during the
period 1987 to 2008, after approval by the local ethics
committee. Median (range) age at diagnosis was 9.3 years
(range, 1.3 to 15.9 y). Sixteen patients were diagnosed with
B-NHL and treated according to Berlin-Frankfurt-Muenster protocols.13,14 Nine patients were diagnosed with
lymphoblastic lymphoma, 8 patients with T-cell phenotype,
and 1 patient with pre–B-cell phenotype were treated according to a Nordic Society of Pediatric Hematology and
Oncology protocol [modified acute lymphoblastic leukemia
(ALL) protocol].15 Six patients with anaplastic large-cell
lymphoma (ALCL) were treated according to the BerlinFrankfurt-Muenster ALCL protocol16 or the international
ALCL-99 study protocol.17 One of the patients suffered
from a preexisting immune deficiency (X-linked lymphowww.jpho-online.com |
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TABLE 1. Clinical Data of the 31 Patients Included in This Study

Study No.

Age (y)

Sex

Stage

Diagnosis

Event

EFS

Current Status

51997607
51998606
51998609
51998610
52005611
52007606
51995607
51995610
51996605
51996606
51996608
51999601
51999604
52002601
52002606
52004613
52004617
52005613
52005614
52006601
52007610
52008608
51998608
51996603
51998611
52000601
52004611
52004616
52005610
52005612
52006602

10.9
8.9
12.8
12.0
4.5
1.3
13.9
5.3
5.9
7.1
9.2
4.3
10.1
6.7
4.0
8.5
13.5
15.9
5.9
7.5
15.5
4.0
9.3
8.8
9.5
10.7
11.1
13.6
14.0
13.0
5.4

Female
Male
Male
Female
Male
Male
Female
Male
Female
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
Male
Male
Male
Male

Stage IV
Stage III
Stage III
Stage IV
Stage III
Stage III
Stage III
Stage III
Stage I
Stage I
Stage IV
Stage III
Stage I
Stage III
Stage I
Stage III
Stage III
Stage III
Stage III
Stage III
Stage II
Stage III
Stage III
Stage III
Stage IV
Stage III
Stage III
Stage III
Stage III
Stage III
Stage III

ALCL
ALCL
ALCL
ALCL
ALCL
ALCL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
B-NHL
Pre-B LBL
T-cell LBL
T-cell LBL
T-cell LBL
T-cell LBL
T-cell LBL
T-cell LBL
T-cell LBL
T-cell LBL

Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Relapse
Relapse
Relapse
Relapse/SMN
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Induction failure
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Relapse
Alive in CR-1
Alive in CR-1

152.7
138.0
122.7
146.0
9.4
9.4
6.0
181.0
165.8
163.5
169.1
135.4
126.8
95.7
87.8
74.1
65.2
0.3
62.3
41.9
35.7
29.5
141.0
168.4
143.7
121.8
75.2
66.8
6.0
59.4
43.0

Alive in CR-1
Alive in CR-1
Alive in ZCR-2
Alive in CR-1
Dead—after relapse(s)
Dead—after relapse(s)
Dead—after relapse(s)
Alive in ZCR-2
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Early death
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Alive in CR-1
Dead—after relapse(s)
Alive in CR-1
Alive in CR-1

Condition at Diagnosis
Normal
Bedridden
Bedridden
Reduced activity
Reduced activity
Normal
Reduced activity
Reduced activity
Bedridden
Few symptoms
Normal
Few symptoms
Normal
Reduced activity
Normal
Few symptoms
Reduced activity
Reduced activity
Reduced activity
Normal
Few symptoms
Few symptoms
Reduced activity
Bedridden
Few symptoms
Normal
Reduced activity
Reduced activity
Few symptoms
Reduced activity
Normal

Six patients were diagnosed with ALCL, 16 with B-NHL, and 9 with lymphoblastic lymphoma. Two of the 6 patients with ALCL had a stage IV disease.
ALCL indicates anaplastic large-cell lymphoma; CR, complete remission; EFS, event-free survival; LBL, lymphoblastic lymphoma; NHL, non-Hodgkin
lymphoma; SMN, second malignant neoplasm.

proliferative syndrome). Clinical data are given in Table 1.
General condition at diagnosis was evaluated according to
a 5-scale, standardized evaluation by the responsible
physician, and the presence or absence of B-symptoms was
recorded according to international criteria.

Methods
Sera were collected from patients at diagnosis and
stored at 801C until analysis. Collected sera were assessed
for the following mediators: IL-1b, IL-1 receptor antagonist (IL-1ra), IL-2, soluble IL-2 receptor (sIL-2R), IL-4, IL5, IL-6, IL-7, IL-8, IL-10, IL-12 (p40/p70), IL-13, IL-15,
IL-17, TNF-a, TNF-RI, TNF-RII, interferon (IFN)-a,
IFN-g, macrophage inﬂammatory protein (MIP)-1a/chemokine ligand 3 (CCL3), MIP-1b/CCL4, IFN-g-induced
protein 10 kDa [IP-10/C-X-C motif chemokine 10
(CXCL10)], monokine induced by IFN-g (MIG/CXCL9),
Eotaxin/CCL11, Regulated on Activation, Normal T Expressed and Secreted (RANTES/CCL5), monocyte chemotactic protein-1/CCL2, vascular endothelial growth
factor, granulocyte-macrophage colony-stimulating factor
(GM-CSF), granulocyte colony-stimulating factor (GCSF), epidermal growth factor, ﬁbroblast growth factors
basic, and hepatocyte growth factor (HGF), using a 30-plex
kit from Invitrogen (Taastrup, Denmark). Samples were
applied to a Luminex 100 IS (Luminex Corp., Austin, TX)
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and analyzed using StarStation version 2.0 software (Applied Cytometry Systems, Sheﬃeld, UK).

Statistical Methods
Patient characteristics and serum levels of immune
mediators are reported as median values and range. Eventfree survival (EFS) is deﬁned as the time from diagnosis to
relapse of malignant disease, secondary malignancy, or
death from any cause. Overall survival and EFS are
estimated using the Kaplan-Meier method and given as
percent ± SE.
To achieve an unbiased overview of the data, including
immune mediators, disease characteristics, and outcome parameters, a principal component analysis (PCA) including all
variables was carried out using the SIMCA-P+ software,
version 18.0 (Umetrics, Umeå, Sweden). Variables exhibiting
signiﬁcant inﬂuence on the PCA model were then subjected
to univariate and correlation analyses. Correlations between
cytokine levels and immunophenotype, events, general condition, hemoglobin (Hb) level, and lactate dehydrogenase
(LDH) at diagnosis were compared using Mann-Whitney U
test or Kruskal-Wallis test as appropriate. Diﬀerences in
proportions were assessed with the w2 test. Correlations between Hb and LDH levels at diagnosis and concentration of
the diﬀerent immune markers were calculated using the
Spearman r. Calculations were performed using the SPSS/
PC+18.0 statistical program (SPSS Inc., Chicago, IL).
r
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TABLE 2. Median Value and Range of Plasma Levels of Immune Mediators in the Different Subgroups of NHL

Subtype

IL-6 (pg/mL)

IL-2R (pg/mL)

MIP-1a (pg/mL)

IL-10 (pg/mL)

TNF-RI (pg/mL)

B-NHL
ALCL
LBL
P

0 (0-64)
49 (11-135)
0 (0-4300)
<0.001

661 (279-2558)
7509 (778-21,636)
578 (330-4704)
<0.001

37 (0-59)
113 (47-145)
29 (0-2998)
<0.001

8 (0-27)
27 (13-219)
4 (0-8)
<0.001

1392 (180-1894)
2464 (441-6307)
1031 (308-1317)
0.011

Indeed, median values of serum levels of IL-6, IL-2R, MIP-1a, IL-10, and TNF-RI were signiﬁcantly higher in the 6 patients diagnosed with ALCL as
compared with patients with lymphoblastic lymphoma or B-NHL.
ALCL indicates anaplastic large-cell lymphoma; B-NHL, B-cell non-Hodgkin lymphoma; IL, interleukin; LBL, lymphoblastic lymphoma; MIP, macrophage inﬂammatory protein; TNF-RI, tumor necrosis factor receptor I.

RESULTS
Patients
Median follow-up time for the patients was 87.8
months (range, 0.3 to 268.7 mo). Twenty-ﬁve patients were
alive in CR-1 at the end of follow-up, and 1 patient was
alive in CR-2. Four patients relapsed within 10 months
from diagnosis, and 1 patient suﬀered a very late relapse/
second cancer (second malignant neoplasm) 181 months
from diagnosis. This patient, a boy from a family with
X-linked lymphoproliferative disease, suﬀered various relapses.18 All 4 patients with relapse and 1 patient with induction failure died. The patient who suﬀered a second
malignant neoplasm was successfully treated and is still
alive.At 10 years, overall survival was at 84% ± 7% and
EFS was 84% ± 7%. Four patients (13%) were severely
sick and bedridden at diagnosis, 12 patients (39.5%) had
reduced activity, 7 patients (22.5%) had few symptoms, and
8 patients (26%) had normal activity at diagnosis.

PCA analysis
According to the PCA analysis, the tested variables
diﬀered according to the immunophenotype of the lymphoma, and ALCL cytokine proﬁle was signiﬁcantly different from that of the other NHL subgroups. The levels of
some immune mediators were signiﬁcantly associated with
lymphoma subtype, namely IL-2R, CCL11, IL-10, TNFRI, and IL-6. In addition, ﬁbroblast growth factor basic,
CXCL9, and CCL3 appeared to be of importance for this
diﬀerence. These observations were further tested by univariate and multivariate statistical methods as described
below.

Levels of Immune Mediators
At diagnosis, several mediators were detectable above
the sensitivity of the assay. These mediators represented Tcell activating cytokines and soluble receptors, including
both T helper 1 (Th1)-associated mediators {IFN-g [84 pg/
mL (range, 29 to 187 pg/mL)], sIL-2R [744 pg/mL (range,

279 to 21,636 pg/mL)]} and Th2-associated mediators {IL-4
[83 pg/mL (range, 0 to 132 pg/mL)], IL-5 [21 pg/mL (range,
0 to 693 pg/mL)], IL-10 [7 pg/mL (range, 0 to 219 pg/mL)],
CCL11 [92 pg/mL (range, 26 to 569 pg/mL)]}. Moreover, a
number of growth factors were found to be elevated at
diagnosis. These included GM-CSF [93 pg/mL (range, 0 to
2589 pg/mL)], EGF [241 pg/mL (range, 0 to 576 pg/mL)],
and HGF [285 pg/mL (range, 99 to 669 pg/mL)].

Correlation Between Cytokine Levels and
Immunophenotype
The cytokine proﬁles of the subgroups of lymphoma
patients showed signiﬁcant diﬀerences for a number of
immunoregulatory mediators, including IL-6, IL-2R,
CCL3, IL-10, and sTNF-RI. Median levels of these mediators were signiﬁcantly higher in ALCL as compared with
the other subgroups (Table 2). All the 16 patients who were
bedridden or had reduced activity at diagnosis had signiﬁcantly higher levels of IL-4, IL-13, EGF, and TNF-RI
as compared with those who had few or no symptoms
(Table 3).

Cytokine Levels With Respect to LDH Levels and
Hb Levels at Diagnosis
Median Hb level at diagnosis was at 117 g/L (range, 56
to 149 g/L). Eleven patients had Hb levels >125 g/L at
diagnosis, 13 patients had Hb levels of 100 to 125 g/L, and 6
patients had Hb<100 g/L.
LDH was elevated to above 2 times the upper normal
limit at diagnosis in 7 patients and was within normal limits
in the remaining 24 patients. The LDH level at diagnosis
correlated with levels of CXCL9 (rS = 0.42; P = 0.02), TNFRII (rS = 0.38; P = 0.034), and CCL11 (rS = 0.38; P = 0.04).
Hb level at diagnosis was associated with TNF-RII (rS =
0.49; P = 0.005), HGF (rS = 0.41; P = 0.025), and
G-CSF (rS = 0.37; P = 0.04).
The incidence of events was not signiﬁcantly associated with Hb levels. Likewise, none of the measured mediators was signiﬁcantly related to the occurrence of events.

TABLE 3. Median Value and Range of Plasma Levels of Immune Mediators in Patients With Few or No Symptoms of Their Lymphoma at
Diagnosis as Compared With the Group of Patients Who Presented With Reduced Activity or Who Were Severely Sick at Diagnosis

Cytokine

Few or No Symptoms

Reduced Activity or Bedridden

P

IL-13
IL-4
EGF
sTNF-RI

52 pg/mL (44-1736)
98 pg/mL (0-121)
159 pg/mL (34-470)
1572 pg/mL (705-6307)

47 pg/mL (14-57)
59 pg/mL (0-132)
159 pg/mL (34-470)
1089 pg/mL (180-2182)

0.024
0.024
0.013
0.008

Four patients were severely sick and bedridden at diagnosis, 12 patients had reduced activity, 7 patients had few symptoms, and 8 patients had normal
activity at diagnosis. Levels of sTNF-RI were signiﬁcantly higher in patients with few or no symptoms at diagnosis as compared with those who were
severely sick.
EGF indicates epidermal growth factor; IL, interleukins; sTNF-RI, soluble tumor necrosis factor receptor I.

r
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DISCUSSION
The data of the present study do not suggest that enhanced inﬂammation is a general phenomenon in children
with NHL. Thus, median levels of the key inﬂammatory
markers IL-6, TNF-a, sTNF-RI, and sTNF-RII were
similar to those previously reported in healthy children.19
Rather, the present study suggests that NHL patients may
be diﬀerentiated on the basis of cytokine proﬁling, into
subgroups reﬂecting NHL subtypes and clinical presentation. These proﬁles include cytokines, indicative of a
combined Th1 and Th2 pattern of T-cell activation. It is not
clear from the present study, however, whether these ﬁndings are correlated to a genetic predisposition of the individual or to other factors such as infection.
This study provides preliminary evidence of an association between cytokine/growth factor proﬁles at diagnosis
and NHL immunophenotypes in pediatric patients. In
particular, patients with ALCL appeared to present with a
distinct mediator proﬁle characterized by high levels of IL6, IL-2R, MIP-1a, IL-10, and sTNF-RI at diagnosis as
compared with children with other types of lymphoma. The
present study further extends our knowledge by the ﬁnding
of a mediator proﬁle that indicates the activation of nonhematopoietically derived tissue cells at diagnosis. Growth
factors such as GM-CSF, EGF, and HGF were elevated at
diagnosis in most of the patients with a pattern suggestive
of diﬀerences between the subgroups of NHL. Tumor environment is believed to play a key role in the growth and
survival of hematologic malignancies. In lymphomas, cancer cells are surrounded by numerous cell types, including
stromal ﬁbroblasts, endothelial cells, and cells of the immune system. Interactions between tumor cells and these
surrounding cells are thought to be critical in the initiation
and progression of the oncologic process, and individual
variability in these interactions may play important roles in
the clinical presentation and disease progression. In particular, Hodgkin lymphoma is known to be a malignant
disease with a disturbed cytokine production20 in which
cytokines that process proliferative (IL-13 and IL-17), immunosuppressive (IL-10 and TGF-b), and regulatory
functions (IL-5, IL-10, CCL5, CXCL9) may be involved in
the cross-talk between the tumor cells and their microenvironment.21
Less is known about the potential impact of tissue reactions on tumor cell growth in NHL. In the present study,
we found evidence of high levels of EGF and HGF at diagnosis. EGF has been shown to be expressed by lymphoma
cells and mediate upregulation of early growth response
protein 1 in stroma cells surrounding the lymphoma.22 HGF
is produced by stroma cells and stimulates epithelial cell
proliferation, motility, morphogenesis, and angiogenesis in
various organs through tyrosine phosphorylation of its receptor c-Met. It is involved in tissue regeneration and may be
important for tissue protection during inﬂammatory disease
through direct actions on macrophages, dendritic cells, and
lymphocytes.23,24 Emerging studies indicate a key role of
HGF during tumor metastasis, and overproduction of HGF
may accelerate tumor malignancy.25 The present ﬁnding of
elevated HGF in patients with B-NHL and ALCL may be
explained by tissue responses to the tumor. Indeed, ALCL is
known to be a highly immunogenic tumor, expressing the
oncoprotein nucleophosmin-anaplastic lymphoma kinase
(NPM-ALK), a product from the chromosomal translocation (t2;5 p23q35) that fuses NPM with ALK. NPMALK can associate with the cytoplasmic tail of CD30,26 and
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may thereby be involved in tumor genesis possibly abrogating CD30-mediated nuclear factor-k B activation.27 The
interaction between stroma cells and malignant cells in
ALCL might be similar to what has been observed in
Hodgkin lymphoma.
A poor general condition at diagnosis appears to be
associated with worse outcomes in lymphoma patients
(unpublished data from Nordic Society of Pediatric Hematology and Oncology register). In our study, the 16 patients who were bedridden or had reduced activity at
diagnosis had signiﬁcantly elevated levels of IL-13, IL-4,
and EGF as compared with patients with few or no
symptoms at diagnosis. Inﬂammatory cytokines, including
TNF, are known to induce symptoms of general malaise
including fever, anorexia, and sleepiness through systemically mediated eﬀects on the central nervous system. In line
with this, genetic polymorphisms associated with high TNF
and lymphotoxin-a production have been found to inﬂuence prognosis in B-NHL and B-ALL of pediatric patients
and to be associated with more events (relapse, progression,
tumor-related mortality).28 In a prospective study in adult
patients, a possible correlation between plasma levels of IL2, intercellular adhesion molecule, IFN-g, and TNF-a and
the risk for developing NHL was observed suggesting that a
down regulation of Th1 cytokines might be associated with
the risk of developing NHL.8 In addition, Hb levels at diagnosis have been proposed as a prognostic marker in
childhood ALL.29 In previous studies, high levels of TNF-a
and IFN-g have been associated with low Hb levels in
children with solid tumors,30 and in vitro experiments have
shown that both TNF-a and IFN-g inhibit proliferation of
erythroid progenitor cells.31 In the present study, we did not
ﬁnd any signiﬁcant association between Hb and TNF-a,
which was generally found at levels close to the detection
limit of the assay. Indeed, TNF-a is a cytokine diﬃcult to
measure reliably because of multimer formation and rapid
degeneration, with the risk of overestimation or underestimation of TNF levels in biological ﬂuids. The present
study did, however, indicate an association between Hb
levels and TNF-RII, which is considered an indicator for
increased TNF activity.
In conclusion, this small pilot study shows evidence
that plasma cytokine and growth factor proﬁles diﬀer according to the immunophenotype in patients at diagnosis of
NHL. Interindividual diﬀerences in inﬂammatory response
genes may play an important role in lymphoma-genesis,
and larger population-based studies are necessary to investigate their role in pediatric NHL.
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