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ABSTRACT

Malnutrition is one of the health issues in developing countries. The most commonly found malnutrition is the
marasmus type. Infection in marasmus patient is the main cause of morbidity and mortality in developing
countries. In marasmus, there is a decrease in protein level such as cysteine which is one of the glutathione
forming components that piays a signiﬁcant role in immune system. In malnutrition, there is a disturbance of
lymphocyte in the form of down-regulation of type 1 cytokine (IL-2 and IFN-y) and up-regulation of type 2
cytokine (IL-4 and IL-10). IL-2 is needed for the development of regulatory T produced by thymus and for NK
cell cytotoxicity which piays a role in infection process, while IL-10 inhibits activation of iymphocyte T so the
cellular immunity reaction ends. Several studies about the relationship between cysteine, IL-2, and IL-10 have
been done in malnutrition-patients, but there is no study focusing on patients with marasmus. This study is to
find out the reiationship between cysteine, IL-2, and IL-10 in patients with marasmus type malnutrition. This
study was an observational analytic study using cross-sectional design consisting of 20 children with marasmus
type malnutrition and 20 well-nourished children treated in Saiful Anwar Hospitai Malang. The cysteine, 1L-2,
and IL-10 level then measured using Elisa method. Normality and the various test were done. The Pearson
correlation test was done to find out the relationship between cysteine and IL-2 level, cysteine and IL-10 level, and
IL-2 and IL-10. The standard of cysteine and IL-2 level in children with marasmus is signiﬁcantiy lower than the
control group, which was 1.616 = 1.039 vs 3.298 = 0.519 pg/mL; p = 0.000 dan 12.38+4.94 vs. 16.58 = 4.80 pg/mL;
p = 0.010, respectively. IL-10 in children with marasmus was significantly higher than control group (19.08+ 5.93
vs 10.46 = 3.90 pg/mL; p = 0.000). The cysteine level was positively correlated to the IL-2 level (p = 0.000; r =
0.71), while the cysteine and IL-10, IL-2 and IL-10 was negatively correlated with p = 0.014; r= -0.53 and p=0.037;
r= -0.46 in marasmus. There was a positive correlation between the cysteine and IL-2 level and negative
correlation between IL-10 and IL-2 also IL-2 and IL-10 in children with marasmus.
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INTRODUCTION

Malnutrition is one of the health issues in the
world, especiaiiy in developing countries in Asia,
Africa, Central America, and South America [1, 2].
RISKESDAS 2013 data shows that the national preva-
lence of malnutrition in 2013 is 5.7%. There is an in-
crease compared to 2007 (5.4%) and 2010 (4.9%). In
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East Java alone, there is 19.1% children under the age
of 5 with malnutrition with the absolute number of
568.482 from 2.976.344 children under the age of 5 [3].
The most commoniy found malnutrition patients are
the marasmus type. Arif from Dr. Sutomo Hospitai
Surabaya finds 47% children with marasmus type mal-
nutrition [4].

Data from WHO shows that 54% morbidity in
children under the age of 5 is caused by malnutrition,
19% diarrhea, 19% acute respiratory tract infection,
18% perinatal, 7% measles, 5% malaria, and 32%

other causes [5].
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Table 1. Subject characteristics

Subject characteristics Patient (n=20) Control (n=20)

Mean age (months) 53.35 + 35.38  64.15 = 39.54

< 5 years old 13 11

Age 5-10 Id 5 6

distribution years o
10-15 years old 2 3
Boys 12 11

Sex
Girls 8 9
Pneumonia 8 7

Acute respirato
Diagnosis P v 2 6
tract infection

Diarrhea 4 3

Acyanotic CHD 6 1

Dengue fever 0 3
Hemoglobin (g/dL) 10.07+0.94 12.49+1.10
Albumin (g/dL) 3.20:0.27 3.84:0.34
Leukocyte (g/dL) 11.74=4.01 11.95+4.24
Ureum (mg/dL) 25.76+11.57 22.59+9.99
Creatinin (mg/dL) 0.61+0.24 0.46+0.20
SGOT (U/L) 28.25+8.42 23.60+8.63
SGPT (U/L) 29.95+9.87 21.45+9.26

Malnutrition can affect immune response mediated
by T-cell [6]. Ozkan et al. has related the lymphocyte
function disturbance in malnutrition children with
down—regulation of type 1 cytokine such as IL-2 and
IFN-Y and marked by the up»regulation of type 2 cy-
tokine such as IL-4 and IL-10 [7]. IL-2 and IL-10 plays
a signiﬁcant role in cell biology. IL-2 is needed for the
development of regulatory T produced by thymus and
for NK cell cytotoxicity which plays a role in infection
process [8]. IL-10 inhibits the activation of T lympho-
cyte, so the cellular immunity reaction ends. Therefore,
IL-10 is assumed to have suppressive effect for the im-
mune function [9].

Cysteine (Cys) is a nonesensial sulfur amino acid
(SAA) which plays a significant role in cell function.
Cys is used for protein and glutathione (GSH) synthe-
sis. The GSH and GSH disulfide (GSSG) system play a
significant role in determining the balance of intracel-
lular redox and antioxidant function [10]. In lympho-
cyte, giutathione is involved in the initiation and devel-
opment of cellular activation. Intracellular glutathione
depletion can inhibit the lymphocyte activation [11].

Several studies about cysteine, IL-2, and IL-10 level
in children with malnutrition have been done. Ranjit
shows that there is a decrease in IL-1, IL-2, and IFN-y
in malnutrition [12]. Badaloo et al show that the

serum cysteine level in kwashiorkor type malnutrition

is low [13]. Until today, there is no study which specifi-

fically discuss the relationship between cysteine, IL-2,

and IL-10 level in marasmus type malnutrition.

MATERIALS AND METHODS

This study was an observational analytic study us-
ing cross-sectional design in June 2015 at the pediatric
department of Saiful Anwar Hospitai Malang under
the approval of the ethical committee.

Clinical characteristic of subjects

This study consisted of 2 groups, marasmus Patient
group and control group. The inclusion criteria were
children diagnosed with marasmus type malnutrition
treated in dr.Saiful Anwar Hospital Malang, aged 1 to
15 years old, and had been given consent from parents
after informed consent. The exclusion criteria are chil-
dren with marasmus type malnutrition with renal dis-
turbance, hepatic disturbance, malignancy, and autoim-
mune disease such as Systemic Lupus Erythematosus,
Nephrotic Syndrome, etc.

Blood samples

Two cc of peripheral blood sample was taken for
the ELISA assessment. The blood was taken using va-
cutainer EDTA tube, stored in the temperature of 40 C
and immediately sent to the Biomedical Laboratorium
of Brawijaya University for the ELISA assessment.

Measurement of Cysteine, IL-2, and IL-10 Level

Laboratory examination in both groups was done
to measure the level of cysteine, 1L-2, and IL-10 using
ELISA technique. Cysteine measurement used Creative
Diagnostics Human Cysteine ELISA kit cat No.
DEIA5203 in ng/mL.

Statistical analysis

Normality test and the various test was done. After
that, it was analyzed using unpaired t-test (normal dis-
tribution) or Mann-Whitney test (abnormal distribu-
tion), Pearson correlation test, multivariate analysis,
and path anaiysis test with a confidence interval of us-

ing SPSS 17 system.

RESULTS AND DISCUSSION

There were 40 subjects in this study. The subjects
were divided into two groups, 20 children in marasmus
group and 20 children in the control group. The mean
age of marasmus and control group were 53.35 + 35.38
months and 64.15 + 39.54 months respectiveiy with the
youngest age of 15 months and the oldest age of 12
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years and ten months in the marasmus group. The
youngest age in the control group was 16 months, and
the oldest age was 13 years old. There was 12 boys and
eight giris in the marasmus group while there was 11
boys and nine girls in the control group. The most
commoniy found disease in this study was pneumonia
The sample characteristics were explained in Table 1.

Before the data analysis was done, the normality
test was done. In this study, the data distribution was
normal in both groups. After that, the unpaired t test
was done.

Table 2 showed the signiﬁcant difference in cysteine
level between the marasmus and control group (p =
0.000). Table 3 showed that IL-2 had signiﬁcance value
of 0.010 (p<0.05), therefore it could be concluded that
there was a significant difference in IL-2 between
marasmus and control group. Table 4 showed that IL-
10 had significance value of 0.000 (p < 0.05), thus it
could be concluded that there was a significant differ-
ence in IL-10 level between marasmus and control
group.

The Pearson correlation test showed that the cys-
teine level was positiveiy correlated with IL-2 level (p:
0.000; r = 0.71), therefore, it could be concluded that
there was a significant relationship between cysteine
and IL-2 level, with positive correlation which means
that the lower the cysteine level, the lower the IL-2
level, and vice versa.

The Pearson correlation test showed that the cys-
teine level was negatively correlated with IL-10 level (p:
0.014; r= »0.53), therefore, it could be concluded that
there was a significant relationship between cysteine
and IL-10 level, with negative correlation which means
that the low the cysteine level result in high IL-2 level
and vice versa.

The Pearson correlation test showed that the IL-2
level was negativeiy correlated with IL-10 level (p:
0.014; r= »0.53), therefore, it could be concluded that
there was a signiﬁcant relationship between IL-2 and
IL-10 level, with negative correlation which means that
low IL-2 level result in high IL-10 level and vice versa.

From the data characteristics, the age range was 15
months to 13 years old. From 20 marasmus samples,
13 (13/20) children were aged under five years old.
This age group was consistent with the epidemiology
of malnutrition, where marasmus mostiy occurred to
children under the age of 5, especially in Asia [14].

According to sex, there were more boys with mal-
nutrition than girls (12 boys and eight girls). This data
was consistent with the study by Kandala et al in
Congo and Hirani in Pakistan which stated that mal-

nutrition was more commoniy found in boys [14].
According to the albumin level, there was a differ-
ence between serum albumin degree in sample and
control group, where the mean albumin level in maras-
mus group was 3.20 and 3.84 in the control group.
This was consistent with study by Muller et al. which
showed that there was an increase of albumin defi-
ciency degree in malnutritionl. A study by Avram et
al. stated that serum albumin could be used as an indi-
cator of nutrition for malnutrition patients [16]. A re-
view by Gupta and Lis also stated that among the most
common tool to assess nutrition status was serum albu-
min level [17]. Low albumin level in malnutrition was
caused by an imbalance of intake and need of protein.
According to hemoglobin level, there was a differ-
ence of hemoglobin level in sample and control group.

Table 2. Comparison of mean cysteine level in marasmus and

control group

Mean cysteine level

Nutrition status 8D p-value
(pg/mL)
Well nourished 3.298 0.519
Marasmus type 0.000
P 1.616 1.039

malnutrition

NOte: P*VH]LIE < 0.05 means there was a signiﬁcant difference and P’V&]Lle >

0.05 means there was no signiﬁcant difference.

Table 3. Comparison of mean IL-2 level in marasmus and

control group

Nutrition status Mean IL-2 level ~ +SD  p-value
(pg/mlL)

Well nourished 16.58 4.80

Marasmus type 12.38 4.94 0.010

malnutrition

Note: p—Va]ue < 0.05 means there was a signiﬁcant difference and P—Va]ue >

0.05 means there was no signiﬁcant difference.

Table 4. Comparison of mean IL-10 level in marasmus and

control group

Nutrition status Mean kadar ~ zSD  p-value
IL-10 (pg/mL)

Well nourished 10.46 3.90

Marasmus type 19.08 5.93 0.000

malnutrition

Note: p—Va[ue < 0.05 means there was a signiﬁcant difference and P—Va]ue >

0.05 means there was no signiﬁcant difference.
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Figure 1. Relationship between cysteine and IL-2 level in
children with marasmus. There was a significant
positive correlation between cysteine and IL-2 level in
children with marasmus
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Figure 2. Relationship between cysteine and IL-10 level in
children with marasmus. There was a significant
negative correlation between cysteine and IL-10 level

in children with marasmus
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Figure 3. Relationship between IL-2 and IL-10 level in children
with marasmus. There was a significant negative
correlation between IL-2 and IL-10 level in children

with marasmus

In malnutrition group, the average hemoglobin level
was 10.07, while the mean level in the control group
was 12.49. This result was consistent with a study by
Bhoit R, which showed that 73% children with malnu-
trition had anemia [18]. A study by Yang et al. showed
that there was a close relationship between malnutri-
tion and anemia in China. Factors suspected were
breastfeeding for more than six months and several so-
cial-demographic factors [19]. SGOT and SGPT level
in this study were higher in patients with malnutrition
compared to control group, but both were still with in

normal range. This was consistent with study was done
by Chrowdury et al. which obtained a result that there
was an increase of SGOT and SGPT in patients with
malnutrition [20]. In this study, the samples were lim-
ited to patients with normal hepatic function marked
by normal SGOT and SGPT value.

In this study, the ureua and creatinine level of the
sample and control group were between normal range
with higher ureua and creatinine level in children with
malnutrition. This result was not consistent with the
study by Hary et al. which showed that serum creati-
nine was decreased in patients with malnutrition [21].
In this study, there was a sampie limitation in patients
with normal renal function because renal disturbance
could be a confounding factor.

There was a significant difference in cysteine level
in patients with malnutrition compared to a well-nour-
ished patient. This result was consistent with a study
by Jahoor et al. which showed that there was a de-
crease of cysteine level in malnutrition [22]. Cysteine is
one of the amino acid needed by the body. In new-
borns, cysteine was considered as a semi-essential
amino acid which indicated that external supply of cys-
teine was needed because of the low plasma cysteine
and protein synthesis [23].

This study showed that the IL-2 level was signifi-
cantly lower in patients with malnutrition compared to
the control group and the IL-10 level was considerabiy
higher in marasmus patients compared to control
group. This result was caused by lymphocyte function
disturbance in children with malnutrition, down-regu-
lation of type-1 cytokine, and up-regulation of type 2
cytokine such as IL-107. A study by Fock et al. evalu-
ated the plasma serum IL-10 level in the rat model
with malnutrition. The IL-10 level in circulation in-
creased in an animal with malnutrition compared to
control group. This change was partialiy responsible
for the immunodeﬁciency observed in rat with malnu-
trition [8].

In this study, the cysteine level had a significant re-
lationship with IL-2 and IL-10 level. Cysteine is one of
the important precursors for the production of glu-
tathione protecting cells from free radicals in the hu-
man body and other organisms. The GSH content in T
cell was proved important in its response toward mito-
genic stimulation. The lack of GSH in T cell was in-
volved in the pathogenesis of AIDS and many general
immunodeficiencies, inciuding malnutrition, therefore,
cysteine could increase the T cell function [24]. This
result was consistent with previous study about the eff-
ffect of sulfur amino acid in HIV infection treated with
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NAC (market product of cysteine) for seven months
compared to placebo which showed that NAC caused
an increase of immunologic function in the form of the
rise of T helper 1 [25]. Giordani et al also stated that
N-Acetylcysteine (NAC) increased the production of T
helper 1 which Produced cytokine such as IL-2 and
conversely, NAC decreased the activation of T»depen»
dent B cell which produced cytokine such as IL-10
[26]. IL-10 inhibited the activation of T lymphocyte, so
the cellular immunity ended. Therefore, it was assumed
that IL-10 had a suppressive effect to the immune func-
tion [10]. That suppressive effect probably playecl a
role in the infection risk of children with malnutrition.

This study showed that there was signiﬁcant and
negatively correlated relationship between IL-2 and IL-
10 level in patients with marasmus type malnutrition.
This was consistent with a review by Geng et al., where
Treg cells depended to IL-2 in inhibiting T cell prolifer-
ation. The Treg cell was immunosuppressive toward
many immune cells thus, it could inhibit the prolifera»
tion of T helper 2. The decrease of IL-2 reduced the ex-
cess Treg cell from type 2 T helper, therefore, it in-
creased the level of IL-10 [9]. Suppressive effect of IL-
10 on monocyte and cytokine synthesis by T helper 1
cells was assumed because IL-10 had a general suppres-
sive effect to the immune function. Recently, IL-10 was
used in a preclinic study to evaluate its potency as an
immunosuppressive agent for several diseases such as
infection, transplantation, and cancer [10].

CONCLUSIONS

The cysteine and IL-2 level in marasmus patients
were signiﬁcantly lower than the control group while
the TL-10 level was higher in marasmus patients. There
was a signiﬁcant positive correlation between cysteine
and IL-2 level and also a negative correlation between
cysteine and IL-10 also IL-2 and IL-10 in patients with

marasmus.
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