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Abstract

There exists strong evidence that tumor growth can be actively controlled by the host immune system and
interleukins are known to play a significant role in immune response regulation. Inflammatory cytokines play
important roles in the pathogenesis of lymphomas. This study was conducted to investigate the serum levels of
IL-6 and IL-10 in patients with aggressive non-Hodgkin’s lymphoma (A-NHL) and the relationships with
prognostic parameters and therapy. These serum factors were measured in 46 A-NHL patients pathologically
verified before and after chemotherapy in comparison with 21 healthy controls using enzyme-linked
immunosorbent assays (ELISAS). There were significant differences in the serum IL-10 and IL-6 levels between
A-NHL patients and controls (p=0,038 and p<0,001, respectively). None of the prognostic parameters analyzed
was significantly correlated with the serum IL-6 concentrations. This was also true for serum IL-10 values,
except for LDH and bone marrow involvement. Serum IL-10 levels were elevated in the group of patients with
high level LDH compared with the group of patients with a normal level (p=0,017). Also, serum IL-10 levels
were significantly different in the presence or absence of bone marrow involvement (p=0,016). In addition, we
found a significant relationship between the serum levels of serum levels of IL-6 and IL-10 in patients with A-
NHL (r=0,47, p<0,001). We found that serum IL-10 levels decreased due to chemotherapy effect independent of
the chemotherapy response (p=0,027). However, serum IL-6 levels were not changed. In conclusion, our data
suggest that higher serum IL-6 and IL-10 levels can be useful for diagnosis of A-NHL. However, our sample size
is small, and larger scale research is needed in this field to provide new knowledge.
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Introduction treatment (Cheson et al., 2000).
Cytokines are intercellular short-acting soluble

Diffuse large-cell lymphomas (DLBCLs) and other mediators that are involved in the pathogenesis of cancer
aggressive lymphomas are heterogeneous disease wi@uri et al., 1998). Some of them, e.g. IL-8, IL-6, and IN-
vary in biological expression and clinical course.1l stimulate angiogenesis and some of the others, e.g., IL-
Depending on risk factors, approximately 60—70% ofl2 and IL-10 inhibit angiogenesis (Teicher et al., 1994).
patients achieve a complete response (CR) and th@ytokines play important roles in the pathogenesis of
majority of these patients can expect to be cured with thgmphomas. Serum concentration of the cytokines may
use of doxorubucin-containing regimens (Armitage et al.be utilized as a marker of immunity status and prognosis
1988; Fisher et al., 1991). In contrast, patients noand in cancer (Kozlowski et al., 2003).
achieving a CR after first-line treatment have a poor long- The IL-6 family of cytokines performs fundamental
term outcome (Cabanillas et al., 1998). Because of theinctions in multiple biological processes, relevant to
curative intent of treatment and the dismal prognosis gbhysiopathological conditions such as several
patients who do not achieve complete remission or whautoimmune and inflammatory diseases (Alonzo et al.,
have relapse, identification of risk groups is especiallyi998; Boe et al., 1999). In addition, much evidence
important. However, currently applied prognostic factordndicates a key role for IL-6 in lymphoproliferative
are, for the most part, clinical variables that reflect diseaseonditions. B-cell lymphomas produce high levels of IL-
development but do not have a role in pathogenesi$, wich in fact represents an important growt factor in at
Standart response criteria include clinical evaluations witheast some forms of this pathology. In addition, the
imaging techniques that depend on changes in tumour sipeesence of blasts in B-cell ymphoma patients has been
with limited prognostic value in the early course ofshown to correlate with IL-6 production (Emilie et al.,
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1992). IL-6 is a potent lymphoid growth and differntiation Table 1. Patient Characteristics
cytokine that is produced by various types of cellsp,ameter n %
including bening and malignants B and T lymphocytes

monocytes, macrophages, fibroblasts, and hepatocytggx Man 28 600
(Van Snick, 1990; Heinrich et al., 1990). Its pleiotropic Woman 18 400
activ_ities_ are ref_lectec_j by its part_icip_ation in theAge (median,range) 52 (21-82)
physiologic regulation of immune function, inflammatory <60 34
responses, bone metabolism, and neural processes and by >60 12
its effects on hematopoiesis (Kishimito et al., 1995). ILHistology Diffuse large cell 40 86.9
6 has also been implicated in the pathogenesis of several Follicular grade3 6 13.1
lymphoproliferative disorders, including multiple Stage | 15 326
myeloma, lymphoma, and Castleman disease (Ludwig et I 15 326
al., 1991; Yee et al., 1989), and it may be a prognostic :{'/ ; Eg
factor for solid tumors, such as renal cell (Blay et al. '
1992), epithelial ovarian (Berek et al., 1991) and prostextf’-iesloonse rate Complete 39 84t
/s " Partial 7 153
(Benihoud et al., 1999) cancers. B-symptoms Absent 27 586
IL-10, also known as cytokine synthesis inhibitory Present 19 414
factor, has multiple effects on lymphoid development. IL-Performance status 0 24 522
10 exerts multiple biologic effects on hematopoitetic cell 1 14 304
lineages, including monocytes, T and B lymphocytes 2 8 174
(Rousset et al., 1992). Itis a growtand differentiation factdpone marrow Positive 2 43
for B cells in humans and growth factor for Tlymphocytes. .~ . ngztnve 4117 93'77 0
in the Mouse model (MacNeil et al., 1990). Besides IL- No 29 63.0'
10 ex_grts immunsuppressive properties: It !nh|b|ts anngergerum LDH level < 1x normal 23 500
specific T cell activation and blocks cytokine production > 1x normal 23 500
by monocytes and macrophages in both human and mousgrump2 globulin < 1x normal 13 283
models (De Waal Malefyt et al., 1991). > 1x normal 6 13.0
In some studies, in patients with A-NHL, serum IL-6 Missing 27 58.7

and IL-10 levels were found to be high when compared
with healthy individuals (Girardin et al, 1988; Tewari etprocedures included computed tomography (CT) scan of
al., 1990). Knowledge of the serum levels of thesédhe chest, abdomed and pelvis and unilateral bone marrow
cytokines in patients with newly diagnosed A-NHL maybiopsy. Serum samples were obtained on admission and
help us to have some information about the possiblafter completion of chemoterapy. All patients were treated
prognosis, the activation of disease, and to decide omith cyclophosphamide, doxorubicin, vincristin and
appropriate therapeutic approaches for individual patienprednizone (CHOP) with 3-week intervals. None of the
This study was conducted to investigate the serum levefmtients had received previous therapy including
of IL-6 and IL-10 before and after chemotherapy inimmunomodulators, cytokines or steroids.

patients with aggressive non-Hodgkin's lymphoma and Further exclusion criteria were to be pregnant, severe

the relationship with prognostic parameters. infections, known allergic disease and poor performance
status. Written informed consent was obtained from all
Materials and Methods patients before study. Normal controls (n=20) were
recruited from among the institute personel, and all were
Patients in excellent health at the time of the study.

During the period 2005 to 2007, 46 patients with the
diagnosis of A-NHL admitted to the Institute of Oncology,Measurement of IL-6 AND IL-10 Levels
Istanbul, Turkey, were included in our study. Forty-six  Circulating IL-6 and IL-10 levels were evaluated by
patients are listed in Table 1. A number of clinicalsolid-phase enzyme-linked immunosorbent assay
pathological parameters were shown including on agéBiosource International, Inc. California, USA) using 96-
tumor stage, tumor histology, B-symptoms, extranodalvell microplates in accordance with the manufacturer’s
lesion, performance status, bone marrow invasion, seruimstructions.
LDH and y2-microglobulin levels. The clinical A monoclonal antibody specific for IL-6 has been
characteristics of patients are summarized in Table Toated onto the wells of the microtiter strips provided.
Histopathological diagnosis were in accordance with th&amples, including standards of known IL-6 content,
WHO classification system (Jaffe et al., 2001). The studgontrol specimens, and unknowns, are pipetted into these
population consisted of patients with newly diagnosedvells, followed by the addition of a biotinylated
aggressive lymphoma defined as DLBCL and folliculaitmonoclonal second antibody. During the first incubation,
lymhoma grade lll. Because of the fact that low-grad¢he IL-6 antigen binds simultaneously to the immobilized
lymphomas in the view of clinical and treatment(capture) antibody on one site, and to the solution phase
approaches, there were not included in the study.Initidiotinylated antibody on a second site. After removal of
staging according to the Ann Arbor system was performeexcess second antibody, Streptavidin-Peroxidase (enzyme)
at diagnosis before initiation of treatment. Stagings added. This binds to the biotinylated antibody to

670 Asian Pacific Journal of Cancer Prevention, Vol 10, 2009



Serum Interleukin-6 and Interleukin-10 with Non-Hodgkin's Lymphoma

complete the four-member sandwich. After a secondtatistical Analysis
incubation and washing to remove all the unbound Data analyses were performed using SPSS soft-ware
enzyme, a substrate solution is added, which is acted up¢8PSS-16, Chicago, IL, USA). The Wilcoxon signed
by the bound enzyme to produce color. The colofranks test was used for statistical significance. Correlation
development is stopped with the stop solution and thevas calculated with Spearman’s correlation test, p values
intensity of the color was measured at 450 nm usingf < 0,05 were considered to be significant.
ELISA reader (Rayto RT-1904C Electronics Inc.China).
A monoclonal antibody specific for Hu IL-10 has beenResults
coated onto the wells of the microtiter strips provided.
Samples, including standards of known Hu IL-10 content, Table 2 shows higher IL-10 and IL-6 levels in A-NHL
control specimens, and unknowns, are pipetted into thegmtients than controls. There was a significant difference
wells. During the first incubation, the Hu IL-10 antigenin the serum IL-10 and IL-6 levels between non-
binds to the immobilized (capture) antibody on one siteHodgkin's lymphoma patient and controlgroups (p=0.038
After washing, a biotinylated monoclonal antibody and p<0.001, respectively). Table 3 shows the correlation
specific for Hu IL-10 is added. During the secondbetween serum IL-10 and IL-6 levels and
incubation, this antibody binds to the immobilized Hu IL- clinicopathological factors. None of the prognostic
10 captured during the first incubation. After removal ofparameters analyzed was significantly correlated with the
excess second antibody, Streptavidin-Peroxidase (enzym&grum IL-6 concentrations. This was also true for serum
is added. This binds to the biotinylated antibody tolL-10 values, except for LDH and bone marrow
complete the four-member sandwich. After a thirdinvolvement. Serum IL-10 levels were elevated in the
incubation and washing to remove all the unboundyroup of patients with high-level LDH compared with
enzyme, a substrate solution is added, which is acted upone group of patients with a normal level of LDH
by the bound enzyme to produce color. The colofp=0.017). Also, serum IL-10 levels were significantly
development is stopped with the stop solution and theifferent in the presence or absence of bone marrow
absorbance of each well is measured at 450 nm usingi@/olvement (p=0.016). In addition, we found a significant
microtiter plate reader (Rayto RT-1904C Electronicsrelationship between the serum levels of IL-10 and IL-6
Inc.China).IL-6 and IL-10 levels were expressed adn patients with A-NHL (r=0.47; p<0.001).
picogram per mililiter (pg/mL). When we analyzed the effect of chemotherapy on
serum parameters, we found that serum IL-10 levels were
Table 2. Distribution of Serum IL-10 and IL-6 Values  decreased due to chemotherapy effect independently from
in Non-Hodgkin’s Lymphoma and Healthy Controls ~ chemotherapy response (p=0.027). However, serum IL-6
Patients (n=46 ) Controls (n=20) p levels were not changed by chemotherapy (p=0.19) (Table
4).

IL-10 13.0( 6.8-638.9) 11.3(8.0-13.5)  0.038

IL-6 14.1 (37.5-203.7) 6.0(2.8-12.3) 0.001 ) )
Discussion

Table 3. Distribution of Serum IL-10 and IL-6 Values
in Patients with Non-Hodgkin' s Lymphoma as a
Function of Different Variables

There exists strong evidence that tumor growth can
be actively controlled by the host immune system and
interleukins are known to play a significant role in immune

Parameter IL-10 IL-6  response regulation (Urosevic et al., 2003). Inflammatory
Age (<60 vs >60) ns ns cytokines play important roles in the pathogenesis of
Sex (Man vs Woman) ns ns lymphomas and may reflect underlying biological
Histology (Diffuse large cell vs others) ns  ns  processes including tumour-host interactions with
Stage (1,2vs 3,4) ns ns prognostic information that is not afforded by
Performance status (0,1vs2) NS NS conventional clinical parameters.

Response Rate (Complete vs partial) ns ns The IL-6 family of cytokines performs fundamental
B-symptoms  (Absent vs Present) ns ns

functions in multiple biological processes, relevant to

LDH (€ Ix normal vs > 1x normal) 0.017 ns ) T

SerumpB2 microglobulin level physiopathologycal conditions such as several
(< 1x normal vs > 1x normal) ns ns autoimmune and inflammatory disease (Alonzi et al.,

Bone marrow involvement (Yes vs No) 0.016 ns 1998; Boe et al., 1999). In addition, much evidence

Extra nodal lesion (Yes vs No) ns ns indicates a key role for IL-6 in lymphoproliferative

Progression (Absent vs Present) ns ns conditions. Serum levels of IL-6 were previously found

ns, not significant to be elevated in both relapsed and newly diagnosed cases

of hodgkin and non-hodgkin lymphoma (Kurzrock et al.,
Table 4. Distribution of Serum IL-10 and IL-6 Values 1993; Seymour et al., 1997), and IL-6 has been implicated
in Patients with Non-Hodgkin' s Lymphoma Before  in the pathogenesis of several lymphoid disorders (Ludwig
and After Chemotherapy etal.,, 1991; Klein et al., 1995). Large quantities of IL-6
Before After P are produced by the germinal centers of hyperplastic
lymph nodes from patients with Castleman’s disease and
have been implicated in the clinical manifestations of this
syndrome (Yoshizaki et al., 1989). Culture supernatants
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of neoplastic cells from a patient with advanced Ki-1-are several studies that confirm the fact that the serum
positive lymphoma associated with fever and bondevels of cytokines might also be some important
destruction have been shown to produce high levels gfrognostic factors in aggressive lymphomas. Fabre-
IL-6 (Agematsu et al., 1991) and expression of both IL-65uillevin et al found a relation with IL-6 both with
and IL-6 receptors has been demonstrated in Hodgkinfgrognosis and prognostic index but not for IL-10 in 116
disease (Pluda et al., 1993). Furthermore, an autocrig@tients with aggressive lymphomas (Fabre-Guillevin et
role for IL-6 in two lymphoma cell lines has beenal., 2006). Kurzrock et al suggest a srong correlation
suggested by Yee et al. and this molecule may act asb&tween serum IL-6 levels and the presence of B
growth factor for a Lennert’'s lymphoma derived T-cellsymptoms (Kurzrock et al., 1993). In the study of
line (Yee et al., 1989). In particular, IL-6 has been showi®erebriakov et al, the marked relationship was found
to be a growt factor for multiple myeloma cells. It hasbetween the IL-6 levels and the stage of the disease
been suggested that circulating IL-6 levels are an importaf®erebriakov et al., 1998). Stasi et al reported that there
prognostic factor for multiple myeloma (Ludwig et al., was no correlation between clinicohematologic parameters
1991) and for renal cell carcinoma (Blay et al., 1992)and IL-10 levels (Stasi et al., 1994). Our results are similar,
Recently, IL-6 has been targeted for its role inwe found no significant differance in the serum IL-6 levels
susceptibility to psoriasis and rheumatoid arthritis (Naka&nd prognostic parameters. However, we determined a
et al., 2002). statistically significant relationship between elevated IL-
B lymphoma cell lines, EBV-transformed B cells, 10 levels and high serum LDH levels. In contrary to our
activated T cells, and macrophages have the capacity $tudy, Blay et al. reported that serum IL-10 levels was not
produce IL-10 in vitro in humans (Suda T et al, 1990correlated to serum LDH (Blay et al., 1992). Further, we
Lauta, 2001). IL-10 also known as cytokine synthesigound significant correlation between IL-10 levels and
inhibitory factor, has multiple effects on lymphoid bone marrow involvement. Neither does any other study
development. Detectable IL-10 was found in all histologicexist in the literature. To our knowledge, this is the first
or immunologic subtypes of NHL; a result that would leadreport on serum IL-10 levels which shown the relation
to the conclusion that follicular and germinal B between high serum levels and bone marrow involvement
lymphocytes as well as T lymphocytes at different stageist A-NHL patients.
of differentiation are able to produce IL-10 after  Potential changes in the serum levels of cytokines after
transformation. Alternatively, IL-10 may be produced bychemotherapy were investigated. In the study of Pedersen
normal cells under deregulated stimulation by malignangt al (2005), a significant decrease of IL-6 was observed
cells (Burdin et al., 1993). The high concentrations of IL-in the first weeks after CHOP therapy in patients achieving
10 found in patients with NHL and possibly present ina complete remission, comparable with its level before
tumor sites could concervably exert an inhibitory effecthe initiation of treatment. Similarly, Seymour et al (1997)
on macrophage and antigen-specific T cell response &ported that IL-6 levels return to normal in patients with
the tumor site and thus contribute to lymphomaHodgkin lymphoma who achieve complete response after
progression in vivo (Benjamin et al., 1992). treatment. Stasi et al ( 1994) reported that IL-6 levels
In this study, we found significantly elevated serumprogressively declined to normal ranges in responding
levels of IL-6 and IL-10 in patients with A-NHL. In patients, whereas they remained elevated in responders .
aggrement with our study, El-Far et al (EI-Far M et alln the present study, we found no change in the serum
2004) reported significant difference in serum of IL-6 andevels of IL-6 after CHOP therapy. Thus, our results are
IL-10 levels of patients compared with healthy controlnot in aggrement with the literature. The other finding in
group. the present study is the serum level reduction of IL-10
A second objective of our study was to investigate thavhich occurs with chemotherapy. Application of
relationship between prognostic factors and serum IL-6hemotherapy provided significant decrease in serum
and IL-10 levels. In our study, none of the prognostidevels of IL-10 independently from chemotherapy
parameters analyzed was significantly correlated witliesponse. To our knowledge, this is the first study in which
serum IL-6 levels. However, we determined a statisticallgerum IL-10 levels decreased after chemotherapy. In
significant reletionship between serum IL-10 levels andontrast, Cortes et al (1995) found no correlation between
high LDH levels and bone marrow involvement. IL-10 levels and achievement of complete remission.
High IL-6 levels were significantly correlated with In conclusion, the present study showed higher serum
several other established clinical and laboratory adverdé-6 and IL-10 levels in A-NHL patients compared with
features, such as B symptoms, elevated serum levels Bzealthy controls. Therefore, it seems that those circulating
microglobulin or LDH, bulky disease, poor performancefactors also might have a diagnostic utility in diagnosis
status, advanced Ann Arbor stage, age older than 60 yeao§ A-NHL. However, our sample size is small, and larger
and an unfavourable International Prognostic Index Scorgcale research is needed in this field, and exciting new
(is the most widely accepted prognostic factor model foknowledge will ultimately emerge. In addition,
patients with A-NHL). Also, age, stage, LDH level, considering the critical role that cytokines play in the
performance status and number of extranodal involvemenifferentiation and/or proliferation of normal and
in aggressive lymphomas were introduced as IPI by Shippeoplastic B-cells, further investigation of the biological
et al (Shipp et al., 1993). These criteria are used fampact of high levels of those cytokines on the
treatment plans and determination of the prognosis ipathogenesis or progression of lymphomas is clearly
patients with aggressive lymphomas. In the literature, thengarranted.
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