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Abstract suffering

The spontaneous as well as mi;ogen-induced in vitro produc-
tion of interleukin-6 (IL-6) was'studied in cultures of peripher-
al blood mononuclear cells (PBMC) from 14 children with

" marginal protein-energy malnutrition, 43 children with defi-

nite protein-energy malnutrition and 38 eutrophic controls of
similar age. sex, race and socioeconomical condition. PBMC

ther lipopolysaccharide (LPS) or phytohemagglutinin (PHA).
After 48 h incubation, cell-free culture supernatants were col-
lected and stored at =70°C. The amount of IL-6 in the super-
natants was determined by a specific bioassay based on the
proliferation of B9 hybridoma cells using human rIL-6 as stan-
dard. The mean level of IL-6 was significantly increased in
supernatants from nonstimulated PBMC cultures from defi-
nitely malnourished children as compared with that observed
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Children with primary protein-energy mal-
nutrition show increased susceptibility to in-
fections [1, 2]. In turn, infections aggravate
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the course of primary nutrient deficiency, in-
creasing weight loss and wasting [1=3]. This
reiterative cycle of malnutrition and infee-
tions with subsequent worsening of the nutri- -
. Vo . . o P the
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ty and mortality in children from underdevel-
oped countrics [3].

Interleukin-6 (IL-6) is a cytokine with a
broad range of biological functions. Among
them, it is an important inducer of the acute-
phase response, stimulates terminal B lym-
phocyte differentiation into antibody-secret-
ing plac=.a cells, promotes the growth of hy-
bridomas, plasmocytomas and myeloma cell
lines, activates the proliferation and differen-
tiation of cytotoxic T lymphocytes and in:
duces osteoclastogenesis and bone resorption
[reviewed in ref. 4]. IL-6 also exerts metabolic
functions, playing a role in the development
of the cachectic syndrome as demonstrated in
tumor-bearing hosts [4]. It has also been
shown that IL-6 inhibits lipoprotein lipase in
adipocytes [5] increasing in parallel hepatic
lipogenesis, thus contributing to the paradoxi-
cal hypertriglyceridemia observed in cachexia
[6]. ]

Infectious stimuli are important inducers
of [L-6 synthesis [7]. It should also be stressed
thas even in the absence of acute overt infce-
tions, malnourished individuals are exposed
to frequen: and intense stimulation by micro-
bial antigens which_ could trigger the produc-
tion of IL-6. In turn, this cytokine could con-
tribute to mediate the marked deieterious ef-
fect of infections on primary malnutrition. On
the other hand, alterations in the capacity to
produce some cytokines have been reported
in malnourished individuals, although the
findings have not been consistent [8-11]. In
view of the above, in the present work we
have studied the production of IL-6 in cul-
tures of peripheral blood mononuclear cells
(PBMC) from children with definite protein-
energy malnutrition, children at nutritional
risk (marginal malnutrition) and ffom a group
of well-nourished controls.

H

Interleukin-6 in Protein-Caloric
Malnutrition

Material and Wiethods

Study Population

A group of 96 children from cither sex (mean age &
SE 28.5 £ 2.3 months) was studicd. This population
included 44 children with definite protein-cnergy mal-
nutrition, 14 children diagnosed as bearing subclinical
or marginal malnutrition (at nutritional risk), and 38
apparently eutrophic controls according to clinical and
anthropometrical cvaluation matched for age, sex, race
and sociocconomical status with the malnourished
groups. Only children without manifestations of overt
infections at the time of sampling were included in the
study. The sociocconomical condition of each individ-
ual was assessed by the procedure of Graffar as modi-
fled by Mendez Castellano and Mendez [12]. All the
children studied belonged to the status V of Graffar's
modified classification living in conditions of critical
poverty and extreme poverty. Anthropometrical evalu-
ation of the nutritional condition was performed using
acombination of indicators [13]. Among them, weight-
for-age (W/A), height-for-age (H/A), and weight-for-
height (W/H) were compared with the WHO standard
curves. Anthropometrical indicators were also con-
verted into standard deviation units of the NCHS/
CDC reference population or Z-scores as recom-

mended by the WHO [14], using an anthropometrical
statistical package from the CDC [15].

The control group comprised childrer with indica-
torsabove the 10th percentile (>--1.28 SD) of the refer-
ence population [13, 16]. Children with a W/A index
equal or below the 10th percentile (<—1.28 SD) and
above the 3rd percentile (>-1.9 SD) of the reference
population constituted the group with marginal or sub-
clinical malnutrition [13, 17]. Definite protein-encrgy
malnutrition was diagnosed when the Z-score was
equal or below the 3rd percentile (<-1.9 SD) of the
reference population [13, 14, 17, 18]. The whole group
of children with™ definite malnutrition was further
divided into two subgroups: (a) the first bearing mild
definite malnutrition (with Z-scores <-1.9 SD and
>-3SD)and a second bearing moderate and/or severe
protein-energy malnutrition and defined by Z-scores
=-3SD (14, 17, 18]. The existence of nutritional ede-
ma was considered as an indicator of severe malnutri-
tion as stated by Bengoa et al. [19].

The percentage distribution of the deficit in W/A,
H/Aand W/H among malnourished children is shown
in table 1. Low H/A (stunting) was more prevalent
than low W/H (wasting) in the definite malnourished
group. This is in coincidence with previous observa-
tions in Latin America where chronic nutritional defi-
ciency was more frequent than acute malnutrition [re-
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Table 1. Percentage distribution of the deficit in W/A, H/A and W/ in children with
cither marginal or definite protein-cnergy malnutrition

Nutritional group

Children with deficit, %

W/A H/A W/H

Marginal protein-ecnergy malnutrition

(cutoff points < the 10th percentile or —1.28 SD) 100 43 63
Definite protein-energy malnutritian
(cutoff points < the 3rd percentile or —1.90 SD) 98 89 57

viewed in ref. 18]. However, low W/H indicating acute
nutritional deficiency occurred with a relatively high
frequency in children with either marginal or definite
malnutrition. Presumably diminished food availabili-
ty due to an economical crisis affecting a country,
which has an especially marked impact on populations
oflow socioeconomical status, could determine a situa-
tion of nutritional risk, leading to marginal prorein-
energy malnutrition. In addition, acute nutritional Jde-
ficiency could aggravate chrénic malnutrition in an
important proportion of definitely malnourished chil-
dren. Low W/A (weight deficit) was observed in all
children with marginal and in 98% of children with
definite protein-energy mainutrtion (except for 1 case
with marked nuiritional edema: table 1). The high
prevalence of low W/A in the malnourished posulation
is in agreement with the fact that it reflects the addition
of stunting and wasting [18], and with the high sensi-
tivity of the W/A indicator to nutritional deficiency
[17, 20].

The presence or absence of clinical overt infections
was assessed by anamnesis, clinical examination and
laboratory data, e.g. hematological tests which in-
cluded leukocyte count and formula as well as erythro-
cyte sedimentation rate, urine and stool analyses and
radiological examination when necessary. Patients
with signs or symptoms of overt infections were dis-
carded from the study. Following screening for the
absence of clinical overt infections, and to avoid the
effect of nutritional rehabilitation, malnowrished chil-
dren were sampled within the first 36 h upon admis-
sion to the Center for Nutritional Recovery *Menca de
Leoni” from Caracas,,Venczuela, or during the first
consultation to the outpatients clinics of that center.
Controls were sanmpted at dispensaries for the control
of healthy children located in slum arcas of Caracas.
The consent of at least one of the parents was obtained
before blood sampling in cach child. The study was
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approved by the Ethical Committees of the Instituto
Venezolano de Investigaciones Cientificas’, and of the
Ceunter for Nutritional Recovery "Menca de Lecai’.

Cell Cultures

Saraples of peripheral blood were collected into
heparinized syringes and PBMC isolatad by density
gradient ceatrifugation on Ficoll-Hypzque (D =
1,077). Foilowing 30 min of centrifugation at 400 g,
cells remaining at the interphase were collected,
wasied and resuspended at a concentration of 2 x
10%m! in medium RPMI 1640 supplemented With
2 ml/ L-giutamine, 5% fetal calf serum and 1% antibi-
otic-antimycotic mixture (al} from Grand Island Bio-
logical Laboratories, Grand Island. N.Y'., USA; com-
plete medium). One hundred microliters of the cell
suspensions were distributed into the wells of flat-bot-
tomed microculture plates (Linbro, Flow Laboratories,
McLean, Va., USA) and cultured in a final volume of
200 pl either without mitogen or stimulated with phy-
tohemagglutinin (PHA) at a concentration of 5 pg/ml
or with lipopolysaccharide (LPS) from Escherichia coli
055:B5 (both mitogens from Sigma, St. Louis, Mo.,
USA), also at the concentration of 5 pg/ml. Following
48 h of incubation at 37°C in a humid atmosphere of
5% COs in air, culture supernatants were collected and
stored at —=70°C for later determination of IL-6.

Quantitation of IL-6

The concentration of [L-6 in the culture superna-
tants was asscssed by a specific bioassay based on the
proliferation of the [L-6-dependent BY hybridoma cell
line[21, 22]. Brietly, dilutions of the supernatants to be
tested were distributed in duplicate in 96-well micro-
culture plates (Linbro). To build the standaid curve,
scrial twofold dilutions of human ll-6 (Genzyme,
Cambridge, Mass., USA), rangieg from 0.39 10 800 pg/
ml, were included in each plate. Ten thousand BY cells
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suspended in complete medium were added to each
well and the plates incubated at 37°C for 72 h in a
humid atmosphcere of CO; in air. Proliferation of BY
cells was measured using the colorimetric 3(4,5-di-
methylthiazol-2-y1)2,5-diphenyltetrazolium  bromide
(Sigma) assay described by Mosmann [23]. After addi-
tion of 20 pl of this assay solution (at a concentration
of 5 mg/ml) to cach well, the plates were further incu-
bated for 4 h. Subsequently, 100 ul of a solubilizing
solution consisting of 20% SDS (Sigma) prepared in
water/N,N-dimcthylformamide (1:1; Sigma), pH 4.7,
were added, and the plates kept overnight in the dark-
ness. Absorption was mecasured at 570 nm, and the
data calculated by interpolation of the mean optical
density obtained with each sample on a standard curve
of human rIL-6.

Statistical Analysis

Data are presented as medians and interquartile
ranges. Statistical comparison was performed by the
nonparametric rank sum two-sample (Mann-Whitney)
test. :

Results .

[L-6 bioactivity was significantly higher in
the supernatants of cultures incubated with-
out mitogen from definitely malnourished
children than from controls. Children with
marginal malnutrition only showed moder-
ately higher levels of IL-6 in the supernatants
of nonstimulated cultures than controls, al-
though the difference between these groups
was not significant {table 2). It should be men-
tioned in this regard that spontaneous synthe-
sis of IL-6 in cultures of PBMC has been first
described by Aarden et al. [21].

As expected, stimulation with LPS mark-
edly increased IL-6 bioactivity in the superna-
tants of PBMC cultures from children of the
three nutritional groups tested. Even' though
the concentration of the cytokine tended to be
higher in culture supernatants from children
with definite malnytrition than from thosc
with marginal malnutrition or from the eu-
trophic controls, the differences between the
groups were not significant (table 2).

Interleukin-6 in Protein-Calorie
Matnutrition

Stimulation with PHA induced a rise in
the bioactivity of IL-6 in the supernatants of
PBMC cultures from the different nutritional
groups tested (table 2). Interestingly, IL-6
bioactivity was significantly higher in super-
natants of PHA-stimulated PBMC cultures
from the group of children with defir...c pro-
tein-energy malnutrition than in supernatants
of PHA-stimulated cultures from controls (ta-
ble 2).

When children with definite malnutrition
were analyzed according to the severity of the
nutritional deficiency, IL-6 bioactivity was in-
creased in the supernatants of nonstimulated
PBMC cultures from the subgroup of children
with mild malnutrition and even from the
subgroup of moderately plus severely mal-
nourished patients as compared with the eu-
trophic controls (table 3). Likewise, the con-
centration of IL-6 was higher in supernatants
of PHA-stimulated PBMC cultures from eith-
er mildly or moderately plus severely protein-
energy malnourished children than in eu-
trophic controls (table 3). Upon stimulation
with PHA, IL-6 was higher in culture superna-
tants from children with mild than from chil-
dren with moderate and severe malnutrition,
although the difference between these groups
was not significant (table 3).

Discussion

This study evidences that the spontaneous
production of [L-6 was higher in nonstimu-
lated PBMC cultures from children with defi-
nite protein-energy malnutrition than from
eutrophic controls. Interestingly, significantly
higher IL-6 bioactivity was also found in the
supernatants of PHA-stimulated cultures
from malnourished children as compared
with those from the controls.

These results arc in agreement with a re-
cent work demonstrating that the production

Ann Nute Metab 1998:42:266-273 169




Tabhle 2. Concentration of [L-6 in the supernatants of PBMC cultures (rom children with
marginal malnutrition, children with delinite protein-energy malnutrition and from their

cutrophic controls

Group
No.

Nutritional
condition

Culture

Concentration of IL-6, ng/ml

stimulus

median

interquartile range

Significance

controls

- 31.85

17.57-82.50

1vs.2,NS

1vs.3,p=0021
[ vs.4,p=0.037
1vs.7,p=0.023

marginal
malnutrition

- 53.81

30.70-75.67

2vs. 3, NS
2vs. 5,p=0.054
2 vs. 8, NS

3vs.6,p=0.032

3 definite - 66.55 26.17-122.10
malnutrition 3vs.9,p=0014
4 controls LPS 75.05 56.41-125.80 4vs.3,NS
o 4 vs. 6.NS
5 marginal LPS 87.08 47.53-124.60 5vs. 6, NS
: malnutrition
6 definite ~ LPS 127.20 51.07-199.20
malnutrition
7 controls PHA 60.73 28.61-110.50 7 vs. 8.NS
7vs.9,p=0.032
8 marginal PHA 63.42 44.77-117.50 8 vs. 9, NS
Enalnutrition
9 definite PHA 88.58 46.58-172.70
v malnutrition

Statistical analysis was performed by the nonparametric rank sum two-sample (Mann-
Whitney) test (two-tailed).

of IL-6 is increased in cultures of PBMC from
aged individuals with protein-energy malnu-
trition due to chronic noninfectious diseases
[24]. In addition, in a previous study, we hgve
found that the proportion of sera with detect-
able levels of serum IL-6 (=15 pg/ml) was
higher in malnourished than in control chil-
dren, both groups being without associated
clinical infections [25].

Important differences in the procedure
and experimental design could explain the

apparent disagreement between the results of
the present work and those obtained by Do-
herty et al. [26]. In fact, they performed longi-
tudinal testing of IL-6 production in response
to LPS stimulation in whole-blood cultures
obtained from undernourished individuals be-
forc and after nutritional rchabilitation [26],
whereas the cytokine concentrations in PBMC

cultures from malnourished children were not

270 Ann Nutr Metab 1998;42:266-273

compared to those of well-nourished matched
controls. Furthermore, in the above-men-
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Table 3. Conccntru!ions of [L-6 in (1o supernatants of PBMC cultures from children wig cither mild of
moderate/seyere malnutritiog and from thejr eutrophic controls

P S
Group Nutritiona] Culture Conccntralion of IL-6, ng/ml Significance B .
No. condition stimulys ‘“‘\‘ )
median mterquartjle range _
\.-‘\. .....h_..__._\\_ —
1 controls - 31.85 17.57-82 50 1vs, 2,p=0.101;p<0.05il
Ivs.3 p= 0.022

Ivs.4,p= 0.023

25.73-97.73 2vs.3, NS

malnutritjon 2 vs, 5,p=0‘079;p<0.05a

3 moderate/severe - 63.02 24.88-125.20 3vs. 6, P=0.079; p < 0.05:
malnutrition
‘%_-.\_.\N\_\\-m_ﬁ. e ——— s _
4 controls PHA .60.73 28.61-110.50 4 V8.5, p=0.053
4vs.6,p= 0.064; p <0.05
— e S —_— -
5 mild PHA 98.37 55.78-611.1¢ S vs. 6, NS
malnuitrition :
EE ~_.,_4.N__‘\__\‘\\\A.-L\.-,—\\\,g\‘_‘ \_\\‘\\___
6 moderate/’severe PHA 82.79 44.29-164.90

malnutrition

‘\m\‘.;\‘\%-*;M%_‘\\A\\.—\_\\\‘_-\
Statisticy] analysis wag performed by the Nonparametric rant SUM two-sam ple (M:mn-Whitney) test (two.
tailed).

* One-tajled test,

\‘\_\ﬁ\&_\r\\\\\

tioned study, IL-6 was not determined iy SU-  resistance of TH2 cells o apoptosis [31] as
Pernatants of cultreg incubated without mj- that which coulg be caused by the nutritional
togen or cultyreg stimulated with PHA [26]. deﬁcienc_\'. On the other hand, it has been

Even though I1-¢ is mainly prodyced by  shown that IFN-y exerts an inhibitory effect
monocytes [7], Secretion of thig Cytokine from on the synthesis of IL-6 by Macrophages [32].
other cel] sources, e.g. T and B lymphocy[es, Thus, the depressed production of IFN-y pre-
basophils. fibroblastg and endotheljy] cells, viously found in protcin-encrgy malnutrition
has been feported {7]. Since IL-6 produced by  [8] could result in an increased IL-6 synthesis
T Iymphooytes is mostly Synthesized by TH2 mediated by cells of the monocyte/mac ro.-
cells [2 7-29], its significant Increase in ro. phage serjes Present in the PBMC cultures, [n
Sponse to a T cell mitogen ljke PHA, observed addition, IL-4 stimulates the synthesis of I[ -6
here in PBMC cultures from children witp by B l_\‘mphoc'\'lcs [33]. High levels of serum
protcin~cncrgy ma!num'tion, cQuld suggest 4 IL-4 have been foung in Mmalnourished chjl.
predominant Proportion and/or response of  drep [34]. suggesting an increased IL-4 pro-
TH2 cells in this Population group. Such 3 duction by T l_\'mphocytc& Such a fact could
fact might pe duc to the presence of increased also contribyge to the raised IL-6 bioac[i\v’ity
antigenic load jn the malnourisheg individu- observed here iy the Supernatants of PHA.
als [3) capable tobias T lymphocytcs towards stimulated cultures from the nutritionally de-
TH?2 difterentiation [28, 30], and by a higher ficient group.,
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