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summary
Background: Cancerrelated cachexia is a multifactorial syndrome characterised by progressive 
loss of body weight and it affects a large proportion of patients with advanced cancer. Cachexia 
is associated with reduced treatment tolerance, response to therapy, quality of life and dura
tion of survival, whereas some of its mechanisms are shared across the whole continuum of 
diseases in the population, either cancerrelated or noncancer related e.g. systemic inflam
mation, increased lipolysis, insulin resistance and reduced physical performance. However, so 
far there has been only little effort to utilise the integrative physiology of adipose tissue to 
achieve therapeutic gain. B cellactivating factor (BAFF) is a novel member of the TNF ligand 
superfamily, is mainly produced by myeloid cells and has recently been shown to participate in 
Bcell survival and B and Tcell maturation, but also in adipogenesis. Therefore, it represents an 
elegant candidate molecule linking the immune system and adipose tissue metabolism, both 
being involved deeply in the pathogenesis of cachexia. Moreover, it has been described very 
recently that BAFF directly influences secretion of IL6 and IL10. Material and Methods: In this 
study,  pretreatment circulating levels of BAFF were investigated in a cohort of 83 paediatric 
patients with malignancy (0–18 y) with or without cancerrelated cachexia using ELISAbased 
methodology. Results: Apart from logical significant associations of BAFF circulating levels with 
disease severity in Blineage malignancies (ALL or Bcell lymphomas), we observed significant 
elevation of BAFF in adolescent patients with Ewing sarcoma and rhabdomyosarcoma, com
pared to the circulating levels appropriate for given age. Conclusion: To the best of our know
ledge, this is so far the first study focusing on BAFF in paediatric malignancies with or without 
cancerrelated cachexia. More research into whether BAFF can represent a useful circulating 
biomarker for detection and monitoring of the cancerrelated cachexia is imperative.
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Introduction
Cachexia is a  multifactorial syndrome 
characterised by progressive loss of 
body weight, often, but not always, ac
companied by anorexia [1]. The conse
quences of cachexia are detrimental and 
considered to be the direct cause of ap
proximately 20% of cancer deaths. Loss 
of fat stores as well as muscle mass in 
cancer cannot be explained by reduced 
appetite alone as it often precedes the 
onset of anorexia and is more severe in 
animal model of cachexia than that of 
food restriction  [2]. Cancerrelated ca
chexia affects more than 40% of pae
diatric patients with malignancy [3] and 
represents an important factor influen
cing the tolerance of treatment as well 
as prognosis.

The importance of white adipose tis
sue in the control of adiposity has been 
recognised with the discovery of adi
pocytesecreted adipokines which re
gulate body weight  [4]. Adipose tissue 
mass is also influenced by adipogenesis 
that involves the recruitment of new adi
pocytes (preadipocyte differentiation) 
and adipocyte maturation [5]. However, 
the role of adipocytes in the pathogenic 
cascade resulting in malignancyrelated 
lipoatrophy is still elusive.

B cellactivating factor (BAFF) is 
a  novel member of the TNF ligand su
perfamily, mainly produced by myeloid 
cells. BAFF has been shown to partici
pate in Bcell survival and B and Tcell 
maturation [6]. BAFF was recently chara

cterised as a novel member of the TNF 
ligand superfamily and is also referred 
to as BLyS, THANK, TALL1 or TNFSF13B. 
BAFF has three receptors that belong 
to the TNF receptor superfamily: Bcell 
maturation antigen (BCMA), transmem
brane activator and CAML interactor 
(TACI), and BAFF receptor (BAFFR)  [7]. 
These receptors are primarily expres
sed in Bcells, but TACI and BAFFR are 
known to be expressed by Tcell subsets 
as well [8,9]. However, it was recently re
ported that adipocytes are also capa
ble of producing BAFF and it was propo
sed that autocrine or paracrine BAFF and 
BAFFreceptor (BAFFR) interactions in 
visceral adipose tissue leads to im paired 
insulin sensitivity via inhibition of insu
lin signalling pathways and alterations in 
adipokine production [10].

Very recently, it has been reported 
that BAFF enhances interleukin6 and 
interleukin10 production by human  
Bcells stimulated via oligodeoxynuc
leotides [11]. Many cancers that induce 
cachexia were reported to have eleva
ted systemic IL6 levels. The relation
ship of IL6 to cancer cachexia has been 
well documented [12]. Crucial evidence 
for a role of IL6 in the development of 
cancer cachexia has come from studies 
using the murine colon26 adenocarci
noma, where increasing levels of IL6 co
rrelated with the development of cache
xia, and treatment with a  neutralising 
antibody to IL6, but not TNFα or inter
feron (IFN), attenuated the development 

of weight loss and other key parameters 
of cachexia [13].

On the other hand, IL10 can poten
tially inhibit the production of proin
flammatory cytokines including IL6 and  
Fujiki et al reported already in 1997 that 
the inoculation of IL10transfected cells 
kept IL10 mRNA expression at tumour 
sites and induced the elevation in serum 
IL10 levels without affecting the growth 
rates of colon 26 cells both in vitro and 
in vivo [14].

Taking into account that BAFF was 
previously demonstrated to regulate 
IL6 and IL10 production in human  
Bcells, it can be hypothesised that it 
is an elegant candidate for linking the  
proinflammatory state typical for  
endstage cachexia with metabolism of 
adipose tissue and therefore can be di
rectly involved in the pathogenic cas
cade in cancerrelated cachexia.

The aim of the study was to investi
gate the circulating BAFF levels in a Cen
tralEuropean paediatric population of 
patients with malignancies and to inves
tigate a possible association of BAFF le
vels with cachexia at the first presenta
tion of the patients.

Materials and Methods
Subjects
This crosssectional study included 
a total of 83 children (M/F: 49/34, mean 
age at diagnosis 7.5 y ± 5.9) with va rious 
paediatric malignancies, either hae
matological diseases or solid tumours. 

souhrn
Úvod: Nádorová kachexie představuje multifaktoriální syndrom charakterizovaný progresivní ztrátou tělesné hmotnosti, který postihuje vel
kou část pacientů s pokročilým nádorovým onemocněním. Kachexie bývá spojena se sníženou tolerancí léčby, sníženou odpovědí na terapii, 
poklesem kvality života i délky přežití, přičemž některé z mechanizmů kachexie jsou sdíleny napříč celým spektrem komplexních chorob, např. 
systémový zánět, zvýšená lipolýza, inzulinová rezistence. Do dnešní doby ovšem nedošlo k rozšíření účinného léčebného algoritmu, který by 
představoval efektivní terapeutickou modalitu pro kachexii. Faktor aktivující B buňky (BAFF) je novým členem rodiny TNF ligandů, je produkován 
zejména myeloidními buňkami a nedávno bylo prokázáno, že se účastní regulace přežití a maturace B buněk, ale i adipocytů. Představuje proto 
elegantního kandidáta spojujícího imunitní systém a metabolizmus tukové tkáně, tj. systémy z hlediska nádorové kachexie klíčové. Nedávno 
bylo navíc popsáno, že BAFF přímo ovlivňuje sekreci IL6 a IL10. Materiál a metody: V této studii byly měřeny cirkulující hladiny BAFF před 
zahájením léčby u skupiny 83 pediatrických onkologických pacientů (0–18 let) s nádorovou kachexií nebo bez ní. Výsledky: Kromě logických 
významných asociací cirkulujících hladin BAFF se závažností onemocnění u proliferací z B buněk jsme pozorovali významné zvýšení hladiny BAFF 
u pacientů s Ewingovým sarkomem a rhabdomyosarkomem ve srovnání s hladinami adekvátními pro daný věk dítěte. Závěr: Jedná se o první 
studii zkoumající hladinu BAFF před léčbou u širokého spektra pediatrických malignit s nádorovou kachexií či bez ní. Je nutný další výzkum k ob
jasnění, zda BAFF může sloužit jako cirkulující biomarker pro detekci či monitorování nádorové kachexie.

Klíčová slova
faktor aktivující B buňky (BAFF) – nádorová kachexie – nádorové onemocnění – pediatrická onkologie
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2001, ANBL 0531, SJMB 96, ACNS 0223, 
ACNS 0126, ANBL 00P3).

The study was conducted according 
to the guidelines of the Declaration of 
Helsinki; all procedures involving human 
subjects were approved by the local 
Committee for Ethics of Medical Experi
ments on Human Subjects.

Cancerrelated cachexia was defined 
as a  history of weight loss of at least 

sity Hospital Brno between January and 
June 2011. All sampling had been per
formed before treatment was initiated 
according to respective protocols (Inte
rim AIEOP BMF ALL 2000, Interim AIEOP 
BFM ALL 2009, Interfant 06, Interim 
AIEOP BFM 2011, AHOD031, AHOD0431, 
AHOD0831, BNHL BFM 2004, INTB 
NHL2010, EURO EWING 99, ARET 0321, 
COG ANBL02P1, EpSSG RMS 2005 SIOP 

The study cohort included patients 
with Bprecursor cell acute lymphoblas
tic leukaemia (BcpALL), acute myeloid 
leukaemia, Hodgkin lymphoma, non
Hodgkin lymphoma, neuroblastoma, 
ependymoma, medulloblastoma, Wilms 
tumour, Ewing sarcoma, rhabdomyo
sarcoma and Langerhans histocytosis 
that were diagnosed at the Department 
of Paediatric Oncology of the Univer

tab. 1. distribution of BaFF levels across the whole studied cohort (values given as mean ± sd). 

N (male) age age at onset Cachexia BMi BaFF
[years] [years] [N] [kg/m2] [pg/ml]

BcpALL (leukaemia) 19 (10) 6.0 ± 5.6 5.8 ± 5.7 4 16.8 ± 3.7 8,702 ± 11,260
Hodgkin lymphoma 13 (6) 13.2 ± 4.8 12.9 ± 4.5 0 19.0 ± 4.1 2,974 ± 3,049
nonHodgkin lymphoma 8 (8) 8.2 ± 3.3 7.9 ± 3.2 2 15.7 ± 1.3 2,376 ± 1,560
Ewing sarcoma 10 (6) 13.6 ± 3.8 13.6 ± 3.9 1 21.6 ± 4.9 4,310 ± 4,749
neuroblastoma 4 (2) 2.3 ± 1.8 2.0 ± 1.6 1 16.1 ± 1.3 1,287 ± 581
rhabdomyosarcoma 3 (2) 6.6 ± 3.9 6.0 ± 4.4 0 14.8 ± 0.7 6,593 ± 4502
CNS tumour 4 (2) 9.9 ± 5.6 9.5 ± 5.2 1 15.6 ± 1.5 1,599 ± 1,155
Wilms tumour 7 (4) 2.7 ± 2.3 2.4 ± 2.2 0 15.3 ± 1.7 2,757 ± 3,332
other diagnoses 15 (9) 3.9 ± 4.7 3.8 ± 4.6 2 16.4 ± 1.6 2,272 ± 2,451
sum 83 (49) 7.6 ± 5.9 7.4 ± 5.9 11 17.3 ± 3.7 4,227 ± 6,429

N – number of cases, BMI – body mass index
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Fig. 1. distribution of BaFF levels across the whole studied population (values given as mean ± sd). *Diagnoses with very low fre
quency were excluded from the figure.
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Evaluation of BAFF Levels in 
B-lineage Malignancies
We observed significant differences in cir
culating levels of BAFF between BALL 
and Bcell lymphoma patients (BcpALL:  
8,702  ±  11,260  pg/ml, Hodgkin lym
phoma: 2,974  ±  3,049  pg/ml; non 
Hodgkin lymphoma 2,376 ± 1,561 pg/ml;  
p  =  0.0268). When analysing the 
Hodgkinlymphoma patients against the 
nonHodgkin lymphomas, we did not 
observe significant differences between 
these two subcohorts (p = 0.64).

Evaluation of Prediction Effect 
of BAFF for Presence of Cancer- 
-related Cachexia
The distribution of BAFF levels across 
the diagnoses included in the study in 
relation to cancerrelated cachexia is 
presented in Fig.  2. In the multivariate 
logistic regression modelling with can
cerrelated cachexia as a dependent va
riable and age, BAFF levels and diagno
sis as independent variables, none of the 
independent variables served as a pre
dictor for the presence of cancerrelated 
cachexia (AUC = 0.5, β = 0.67, p = 0.77; 
AUC = area under the curve, β = partial 

viations are presented using untransfor
med values.

Statistical analysis was performed 
using the MannWhitney Utest, Krus   
kalWallis test, Fisher’s  exact test; post 
hoc Bonferroni’s correction for multiple 
comparisons was employed where re
quired. Univariate linear modelling as
sessed the relationship between BAFF 
and quantitative variables; multivariate 
linear models investigated the predic
tive role of BAFF on anthropometric and 
nutritional parameters.

Results
The basic demographic and clinical 
description of the study cohort is given 
in Tab. 1.

Evaluation of the BAFF Levels Across 
the Whole Studied Cohort
The distribution of the BAFF levels 
across the whole studied cohort is pre
sented in Fig. 1. The highest circulating 
levels of BAFF were observed in BcpALL 
(8,702 ± 11,260 pg/ml), rhabdomyosar
coma (6,593 ± 4,502 pg/ml), Ewing sar
coma (4,311 ± 4,750 pg/ml) and Wilms 
tumour (2,757 ± 3,332 pg/ml) cases.

5% reported by the parents at the first 
presentation of the patient or a drop in 
growth rate two or more percentile ranks 
on standard growth charts or a weight 
for height less than the tenth percentile 
on standard growth charts [15].

Biochemistry
Blood samples for BAFF plasma analy
sis were collected after overnight fasting 
into KEDTA tubes and were immedia
tely centrifuged at 1700× g for 20 min 
and then stored at –80  ºC until analy
sis. Plasma BAFF levels were measured 
by a commercially available ELISA (R&D 
Systems, Minneapolis, MN, USA) with the 
intra and interassay precisions <  6.0 
and 9.0%, respectively (plasma samples 
were diluted 5fold before analysis).

Statistics
Where applicable, it was first determi
ned whether the variable under consi
deration had a normal distribution using 
the Kolmogorov–Smirnov test, and in 
cases of skewed variables, logarithmic 
transformation and further normality 
testing were performed. For descriptive 
purposes, mean values and standard de
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Fig. 2. distribution of BaFF levels across the studied population in relation to presence of cachexia (values given as mean ± sd). 
*Diagnoses with very low frequency were excluded from the figure.
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mas did not present with cachexia at the 
pretreatment clinical investigation, the
refore cachexia does not serve as a sui
table explanation for such elevation.

In 2008, Kohno et al [21] reported ex
pression of BAFFR in the human fibro
sarcoma cell line HT108, not on the cell 
surface, but also in the cytoplasm. Mo
reover, the expression of BAFF was also 
detected and the reduction of endoge
nous BAFF or BAFFR by siRNA decrea
sed basal NFkappaB activity. Expression 
of BAFFR and BAFF was also demon
strated in osteosarcoma [21]. There
fore, it could be suggested that there is  
a  BAFF/BAFFRdependent autocrine 
mechanism in sarcomas that may play 
a  role in the development of certain 
types of nonhaematopoietic tumours.

Conclusion
To conclude, this is the first study of 
BAFF distribution in paediatric patients 
with malignancy, both in the presence 
or absence of cancerrelated cache
xia. The study does not provide signifi
cant evidence for association of BAFF 
with cancerrelated cachexia across the 
whole range of diagnosis, however, sig
nificantly elevated BAFF concentrations 
were observed in numerous paediat
ric patients with solid tumours, the me
chanism of which is currently unknown. 
Therefore, more research into the role of 
BAFF in host (mal)adaptation to the pre
sence of tumour is urgently needed.

Although limited in the number of 
cases, our study provides a  potential 
basis for further evaluation of BAFF in 
a wide range of malignancies across the 
whole continuum of the paediatric po
pulation with cancer.

In addition, it still seems to be impor
tant to further investigate whether BAFF 
can represent a  useful circulating bio
marker for detection and monitoring of 
the cancerrelated cachexia.
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and adipose tissue is unknown, howe
ver, novel promising studies were pu
blished recently: e.g. a study by Zonca 
et al  [19] demonstrating that the BAFF 
secretion is differentially enhanced by 
CXCL12 and interferon (IFN)γ, that are 
implicated in human adiposederived 
stem cellmediated migration and im
munosuppression, respectively. Moreo
ver, BAFF induces rapid phosphorylation 
of extracellular signalregulated kinases 
1/2 (ERK1/2) and Akt kinases and pro
motes an increase in hASC proliferation, 
without affecting the immunosuppres
sive capacity of these cells [19]. The au
thors also suggest that the PI3K transdu
ction pathway is involved in hASC basal 
growth and that BAFFmediated effects 
are ERKdependent.

Our study is the first to investigate cir
culating levels of BAFF in paediatric po
pulation with cancer. Moreover, this is 
the first study that investigated relation
ships between BAFF levels and the pre
sence of cancerrelated cachexia during 
the pretreatment period. Not surprisin
gly, we observed the highest levels of 
BAFF in the BcpALL patients, which can 
be explained by the robust proliferation 
based on the Bcells in these patients. 
However, we observed markedly eleva
ted levels of BAFF in patients with diffe
rent types of sarcomas, both rhabdomy
osarcomas and Ewing sarcoma, whereas 
these levels exceeded significantly le
vels reported for the healthy population 
of the corresponding age [20]. The ob
served increase of BAFF in sarcoma pa
tients cannot be explained solely by the 
proliferation of Bcells, typical for Bline
age malignancies, and the values remain 
significantly elevated after appro priate 
adjustment for age. It could be sugges
ted that Ewing sarcoma patients are 
substantially older than patients with  
BcpALLs and it is wellknown that the 
BAFF levels are agedependent, howe
ver, this does not offer any explana
tion for such robust elevation of BAFF 
in adolescent patients with Ewing sar
coma, whose circulating levels of BAFF 
exceed those of the healthy popula
tion more than 2.5 times. It must also be 
taken into account that BAFF levels tend 
to de crease with increasing age. Also, 
most of the enrolled patients with sarco

regression coefficient). When construc
ting two different models for males and 
females across the whole range of dia
gnosis, no prediction role of BAFF on pre
sence of cachexia was observed either 
(AUC = 0.5, β = 0.54; p = 0.76). In a diffe
rent multivariate model with BMI as the 
dependent variable, the only indepen
dent variable that exerted a significant 
prediction for BMI was age (p < 0.001), 
while BAFF did not play any predictive 
role for BMI (β = 0.88; p = 0.78).

Discussion
Cachexia is a  common but very chal
lenging problem in the paediatric po
pulation with cancer. Malnutrition ad
versely impacts a patient’s quality of life 
and above all his/her ability to tolerate 
aggressive therapeutic interventions 
and thus can represent a factor limiting 
treatment aggressiveness associated 
with better survival.

Adipose tissue was for a long time re
garded as a silent and passive organ, sto
ring excess energy as triglycerides and 
releasing energy as fatty acids [16]. Loss 
of adipose tissue in cachexia is primarily 
due to an increased lipolysis, since there 
is an increased turnover of both glyce
rol and free fatty acids compared with 
normal subjects or cancer patients wi
thout weight loss [12]. Lipolysis is incre
ased by approximately 40% in cachexia 
pa tients  [17], moreover, adipocytes in 
cachectic subjects have approximately 
3 fold increased response to natriuretic 
peptide, independently of the basal lipo
lytic rate [18]. However, the underlying 
mechanisms for triggering excessive li
polysis in the adipose tissue of cancer 
patients are unclear, as well as the indi
vidual contribution of proinflammatory 
cytokines such as IL6 to this cascade.

Bcell activating factor is an important 
regulator of Bcell immunity and there 
are many reports of increased serum 
BAFF level in haematopoietic malignan
cies [9]. However, BAFF seems to play an 
important role not only in differentia
tion and maturation of Bcells, but also 
in adipose tissue where it is capable of 
stimulating synthesis of various pro as 
well as antiinflammatory cytokines, e.g. 
IL6 or IL10 [11]. The exact nature of the 
mechanisms linking the immune system 
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abbreviations
ALL acute lymphoblastic leukaemia
BAFF b cell-activating factor
BAFFR receptor for b cell-activating factor
BCMA b cell maturation antigen 
BcpALL b-cell precursor acute lymphoblastic leukaemia
BLyS b-lymphocyte stimulator
BMI body mass index
CXCL12 chemokine (C-X-C motif ) ligand 12
ERK1/2 extracellular signal-regulated kinases 1/2
hASC human adipose stem cells
IL6, IL10 interleukin 6, interleukin 10
INFγ interferon-γ
NFκB nuclear factor kappa-light-chain-enhancer 

of activated b cells
TACI transmembrane activator and CaML interactor
TALL1 TNF- and aPOL-related leukocyte expressed 

ligand
TNF tumour necrosis factor
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