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Abstract: During pregnancy, the fetus requires
substantial elements including protein for growth and
development. A pro-inflammatory cascade can cause
TNFα expression through NF-κB due to the presence of
casein which binds to the TLR. Knowing the effect of
case in supplementation diet on chorioamniont issue of
premature Rattus norvegicus pregnancies by evaluating
the expression of TLR-4, NF-κB and TNF-α. The study
was a real experimental laboratory with post-test only
control group design. The sample using 32 Rattus
norvegicus separated into two Groups (G). G1 who
received a regular diet of case in 40 g kgG1 BW/day (G1)
and compared with G2 which case in supplementation
diet 200 g kgG1 BW/day (G2), since, the first day of
pregnancy. Chorioamnion specimens taken on the 10, 12
and 14th days of gestation. Immunohistochemical
examination was performed and examined using the
Remmele Immuno Reactive Score index. The data was
analyzed statistically by SPSS25. LR-4 among G1 control
group) has an average value of 3.675±2.001 (95% CI:
0.40-7.00) whereas the treatment Group (G2) has
3.037±2.202 (95% CI: 0.20-7.20), there was no significant
difference between both groups. NF-κB was 1.862±1.138
(95% CI: 0.60-5.60) in G1 and was not significantly
difference (p = 0.055) against G2 (average 2.455±0.608;
95% CI:2.00-4.20). TNFα was also not significantly
different between G11.912±0.655 (95% CI:0.00-2.80)
against G-2, 3.644±2.795 (95% CI:1.00-11.40). The
administration of casein supplemented nutrition to
pregnant Rattus norvegicus was not a significant
difference in the expression of TLR-4, NF-κB and TNFα
in chorioamnion preterm pregnancy.
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INTRODUCTION

Pregnancy is believed to require the best nutrition to
ensure maternal health and fetal growth. Therefore,
protein components are needed for protein synthesis to
fulfill the developmental needed form a ternal and fetalt
issues. After that can reduce the risk of complications that
may occur both in the mother and the fetus[1]. Pregnancy
is expected to last until term have healthy offspring than
can further develop and grow well.

The chemical formula of casein is C38H57N9O9,
with have a molecular weight of 738.928 g moLG1

(PubChem). Casein comes from the Latin “caseus” or
cheese  and  the  composition  of   casein  is  around
2.75% of cow’s milk[2]. The proportion of proteins casein
includes 34% α-casein, 31% β-Casein, 16% Κ-Casein,
2.1% α-lactalbumin and 9.7% β-lactalbumin[3]. Some
studies state that the components of peptides in cow’s
milk  contain  natural  substances  as  immuno 
modulators. Bovine Glyco-Macro-Peptides (BGMP) is a
sizeable bioactive  peptide  in  casein-kappa  which  can 
directly bind to various microbial toxins of intestinal
pathogens. Casein  has  a  play  a  role  in  inducing 
monocytes through Mitogen-Activated Protein Kinase
(MAPK) and NF-κB to express cytokines IL-1, IL-6, IL-8
and TNF-α through MAPK and NF-κB pathways.
Lactoferrin,    lactoperoxidase,     lysozyme,     α-casein, 
α-lactalbumin and β-lactoglobulin are substance incasein.
There are known to prevent the effects of pathogenic
bacteria[4, 5].

During pregnancy, TLR-4 will increase, especially
during  labor  and  chorioamnionitis  and  expressed  more
in  the  chorion  membrane  than  amnion[6].  TLR-4
activation in the first trimester will cause a pro-
inflammatory response. Needed to protect the
implantation process, placentation and fetal growth as
well  as  in  the  third  trimester  or  at  the  end  of
pregnancy to plays a role in the labor  process[7].  Immuno 
modulatory  effects  of  casein can pass through the
proinflammatory pathway. Cheng[8] in his study has
reported that casein was  able  to  inhibit  the  expression 
of  cytokine cascade[8]. Casein influence TLR by inhibit
the  signaling  of  TLR-2,  TLR-3,  TLR-4,  TLR-5  and
TLR-9.  Casein  inhibits  TLR-4/MyD88/NF-κB  bond
and    TLR-4/MD-2    receptor    bond    then    secretes
pro-inflammatory cytokines[8]. The infection has an
essential role in inducing prematurity, so that, casein
supplementation during pregnancy is expected to reduce
the risk of premature labor by overcoming the infection[9].
The purpose of this study was to analyze the role of
casein, which could modulate the expression of TLR-4,
NF-κB and  TNF-α  in  the  chorioamnion  of  Rattus 
norvegicus pre-term pregnancies.

MATERIALS AND METHODS

This research has received an ethical clearance
research animal care and use commission: 3.
KE.042.03.2018 by Veterinary Faculty of Airlangga
University. Thirty-two of female Rattus norvegicus aged
2-3 months with a weight of 100-180 g, healthy, never
been pregnant were injected with pregnant mare hormone
serum at a dose of 10 IU (gonadotropin). After that 48 h
later, infused with Human Chorionic Gonadotropin
(HCG) at a dose of 10 IU, after that the female Rattus
norvegicus mated to male rats. About 17 h later, a vaginal
plug examined. If there was a vaginal plug, the female rat
then defined to have pregnant on day 0. Since, it was
identified to be pregnant, 32 Rattus norvegicus  were 
divided  into  two  groups  randomly. G1consisted of
Rattus norvegicus and obtained are regular daily diet
containing case in 40 g kgG1 BW and G-2 received case in
supplementation diet 200 g kgG1 BW. In this study, casein
sodium CAS 9005-46-3 used from Tokyo Chemical
Industry Co., Ltd. Rats treated in 45×35 cm plastic cages,
each cage contains six rats according to the standard
Office of Laboratory Animal Care (OLAC).

Chorioamnion specimens were taken from groups of
pregnant mice on days 12 and 14. The TLR-4, NFκB and
TNF-α expressions examined by immuno histo chemistry
and quantitative calculations performed. Slides of the
chorioamnion specimen were carried out by
deparaffination in different xylene, three times, 5 min
each. Rehydration in 100% ethanol two times for 5 min,
then  dipped  in  succession  of  90%  ethanol,  80,  70%
and 5 min of distilled water for each. Slides were
unmasked in the citrate buffer solution at 90°C for 20 min
then dipped in H2O2 solution in Phosphate-Buffered
Saline (PBS) for 20 min at room temperature. Slides then
were was hed in PB Satp H7.4 and were blocked by Fetal
Bovine Serum (FBS)  and  Bovine  Serum  Albumin 
(BSA)  in  PBS for 60 min.

Subsequently, each slide labeled with TLR-4 primary
antibody n FBS 5%, BSA 1% overnight temperature
40°C. The slides then washed by PBS pH 7.4. After that
labeled with second ary antibodies for an hour at room
temperature and removed by PBSp H7.4 once again.
Slides poured with StreptAvidin-Horseradish Peroxidase
(SA-HRP) 1: 500 for 40 min at room temperature. Than
was hed by PBS pH 7.4, then given 3.3 chromogens
substrate Di-Amino Benzidine tetra-hydrochloride (DAB)
for 20 min and washed again with PBS pH 7.4 and rinsed
by distilled water for minutes, three times. Counterstain
was performed using methyl green at room temperature.
Next, the slides were soaked and rinsed by H2O for 5 min,
dried for 5 min over night at room temperature. Finally,
mounting did with entellan.
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Table 1: Composition of supplementation diet and a daily diet of casein
Substance (g KgG1 BW) Supplementation Daily diet
Casein (>85%-protein) 200.0 40.0
Sucrose 100.0 100.0
Fiber 10.0 10.0
Corn oil 80.0 80.0
Mineral mixture 40.0 40.0
Vitamin mixture 10.0 10.0
L-methionine 1.5 1.5
Choline bitartrate 2.5 2.5
Corn starch 556.5 716.5
*Iso-calorie 410 kcal 100 gG1; American Institute nutrition recommendation for adult mice (Xavier, 2007)

Table 2: The semi-quantitative scale of the Immuno-Reactive Score (IRS)
A (Percentage Scores of positive cells) B (colour reaction intensity score)
Score 0: No positive cell Score 0: No color reaction  
Score 1: Positive cells <10% Score 1: Weak color intensity 
Score 2: Positive cells between 11-50% Score 2: Medium color intensity
Score 3: Positive cells between 52-80% Score 3: Vigorous color intensity 
Score 4: Positive cells >80%
*The semi-quantitative scale of the Immuno-Reactive Score (IRS) defined by the multiplication result of A and B

Method for calculating TLR-4, NF-κB and TNF-α: By
using immunohistochemical methods on chorioamniotic
cells, TLR-4, NF-κB and TNF-α expressions can
calculate. Sample data were assessed semi-quantitatively
according to the Remmele modification method[10]. The
Remmele scale index (immuno-reactive score/IRS) was
the result of multiplying the percentage of reactive-
immune cells cores with color intensity scores (Table1).
The data for each sample is the average of IRS score
observed in ten Fields of View (FV) at 100 and 400×
magnification (Table 2).

Statistical analysis: The Shapiro-Wilk test is used to
identify data normality. The Homogeneity Levene
Variance was used to calculate TLR-4 data and TNF-α.
The Mann-Whitney U test was used to determine whether
there were differences in the mean values between the two
groups of data.

RESULTS AND DISCUSSION

The Shapiro-Wilk normality testing carried out
because the number of samples is the treatment group of
TLR-4 a value was p = 0.254 means that the data usually
distributed, TNF-α and NF-κB were 0.002 and 0.000,
respectively, meaning those data not normally distributed.

TLR-4 expression: The expression of TLR-4 calculated
on  the  Rattus  norvegicus  chorioamnion  cells  showed
a normal distribution (p = 0.254 Shapiro-Wilk test>0.05)
and     had    the    same    variant    distribution   (Levene
p-test>0.05) (Fig. 1).

Mean value of TLR-4 in G-1 was 3.675±2.001 (95%
CI: 0.40-7.00). While in G-2 was 3.037±2.202 (95% CI:
0.20-7.20). The  TLR-4  expression  in  the  second  group

Fig. 1: Columnar cells in chorioamnion layer with
positively immunoreactive (TLR-4) which
indicated by brown chromogen color (arrow)

was found to be lower; nevertheless, the difference
between these two groups was not statistically significant
(p-value of t-test = 0.398) (Fig. 2).

NF-κB  expression: The Nuclear Factor of kappa-light-
chain-enhancer  of  activated  B  cell  (NF-κB)  functions
as the  transcription  controller  of  the  DNA  pro-
inflammatory   cascade.   The   results   show   that   the
NF-κB expression distributes  the  data  is  abnormal 
which   is    identified    by   the   Shapiro-Wilktest  with 
p = 0.000 (p<0.05). The Levene   Homogeneity   test   of 
 variance  has  p>0.05  (p = 0.168) its mean found no
differentiation on the variance between 2 groups. Group-1
has to mean value 1.862±1.138  (95%  CI:  0.60-5.60)
whereas for  G-2  has  increased   the   mean   value  of 
NFκB  to  2.455±0.608 (95%  CI:  2.00-4.20).  The Mann 
Whitney   U  test    for   both  groups,  found   of   p-0.006
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Fig. 2:  Mean value of TLR-4 in group 1 with a regular
daily diet of casein 40 g kgG1 BW compared to
group   2   with   case  in  supplementation  diet 
200 g kgG1 BW

Fig. 3: Mean value of NFκB in group 1 with a regular
daily diet of casein 40 g kgG1 BW compared to
group 2 with casein supplementation diet 200 g
kgG1 BW

(p<0.05). It can be concluded that there was a significant
difference in NFκB expression between groups (Fig. 3
and 4).

TNFα expression: The TNFα expression in G-1 and G-2
have  a  Mean  value  1.912±0.655  (range  0.00-2.80,
95% CI) and 3.644±2.795 (range 1.00-11.40, 95% CI
respectively. The Saphiro-Wilkho mogeneity of variance
test  of  TNFα  expression  in  both groups have obtained
p value of 0.023 and 0.002 (p<0.05), means that the data
was  abnormally  distributed.  Mann-Whitney  test  of
TNFα expression in both groups was performed and
obtained p value of 0.012 (p<0.05), there was a significant
difference of  TNFα  expressions  between  both  groups
(Fig. 5 and 6).

Effect of casein on tlr-4expression: The protein in cow’s
milk is  around  3.2-3.8%  of which 20%  contains  whey

Fig. 4: NF-κB expression in chorioamnion layer, a)
Showing  no  NF-κB  expression  and  b)  There is
NF-κB expression indicated by brown chromogen
color (arrow) (immunohisto chemical staining,
400× magnification; Nikon H600L microscope;
DS Fi2 300 megapixel camera)

Fig. 5: Mean value of TNFκ in group 1 with a regular
daily die to fcasein 40 g kgG1 BW compared to
group 2 with casein supplementation diet 200 g
kgG1 BW

protein and 80% casein or about 26 g LG1[3, 11, 12]. Casein
has bioactive properties which has an immunomodulatory
effect and can involve itself in response to infection[3].
Casein-alpha can bind to TLR-2 and TLR-4 receptors on 
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Fig. 6(a, b): TNF-α expression in chorioamnion layer, (a) Showing no TNF-α expression and (b) There is TNF-α
expression indicated by brown chromogen color (arrow) (immunohisto chemical staining, 400×
magnification; Nikon H600L microscope; DS Fi2 300 megapixel camera

macrophage cell walls. This bond can activate cytokine
synthesis where this process does not depend on the
presence of LPS[5]. Analysis of the results of the study
was carried out based on various case in exposure doses.
These results found a significant difference between G-1
and G-2 (p>0.05). At 40 g kgG1 case in BB exposure,
TLR-4 expression was found to be >200 g kgG1 BW
exposure. The 5-fold case in exposure dose can suppress
TLR-4 expression, so that, the cytokine synthesis process
can suppress. It has been reported that TLR-4 can
produced by various female genital cells[14]. During
menstruation or pregnancy, the production rate can be
different[15]. TLR-4 is a Pattern Recognition Receptor
(PRRs) and is a trans membrane protein that functions to
recognize bacteria through molecular patterns related to
pathogens (PAMP). It can also be a Damage receptor
Associated with Molecular Patterns (DAMP)[16]. TLR is
not only expressed by immune cells such as macrophages,
monocytes, dendritic cells, neutrophils, B-lymphocytes
and T-cells but as well as expressed by non-immune cells
such as fibroblast cells, endothelial cells and genital
epithelium[16].

In pregnancy, many cells express TLR such as
endometrial, decidual, myometrial. It has found that cell
life resistance to intrauterine infections is specifically
associated with the presence of TLR-2 and TLR-4. TLR-2
is associated with gram-positive bacteria while TLR-4 has
a relationship with gram-negative bacteria[17]. If the
expression of TLR-4 during the pregnancy period
decrease, it will cause resistance to LPS induction,
decrease of monocyte mobilization and delay the
production of genes responsible to uterine activation.
Furthermore, it can avoid the risk of uterine
contractions[18].

Intrauterine infections originating from a bacterial
infection in the vagina are the leading causes of
chorioamnionit is pre labour ruptured of membranes[19]

and preterm labour[20]. Ligands of pathogenic bacterial
bacteria (PAMP) will be known by TLR which will
trigger activation to synthesize pro inflammatory
mediators. This activation is also followed by
prostaglandin production which causes uterine
contractions[21]. The TLR on the surface, namely TLR-1,
TLR-2, TLR- 4, TLR-5 and TLR-6 have the introduction
of cellular responses to ligands composed of
Lipopolysaccharide (LPS), Peptidoglycan (PG) and CpG
microbial nucleotides that do not experience
methylation[22, 23].

TLR-4 expression will increase during labor or during
chorioamnionitis[6]. This high expression from TLR-4 is
more obvious when compared to the amnion TLR-4.
TLR-4 will decrease if gestational age increases
chorioamnionitis[24]. The results of this study, TLR-4
chorion expression and amniotic membrane cannot be
separated but calculated into one unit.

Vondenbaumen et al.[5] in his study used human
kidneye mbryos293(HEK-293) which were known not to
expressTLR-4[5]. If this cell exposed to casein-a, it is true
that it does not secrete IL-1 cytokines. The conclusion is
that TLR4 is a receptor for casein-a as its ligand. It can
also be stated that TLR-4 expression is not affected by
increased casein or LPS exposure 4[5]. Thus, a decrease in
TLR-4 expression may not be due to case in exposure but
because of an increase in gestational age. The reduction
in TLR-4 expression is expected to reduce the secretion of
pro-inflammatory  cytokines,  especially  IL-6  and  IL-8
and  the  synthesis  of  Matrix  Metallo  proteinases
(MMPs) which can cause softening of  cervix  and
chorioamnion[25, 26]. The synthesis of IL-10, IL-12 and
CRH can also induce uterine contractions and premature
rupture of membranes (PROM).

NF-κB expression: The mean value of NF-κB in group
G-1  =  1.86,  compared  with G-2 = 2.45. Statistically, the 
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differences between the two groups were found to be
significant (p = 0.006). Nuclear factor-kappa B is a factor
responsible for the process of transcription and expression
of pro-inflammatory mediators, the cytokine and
chemokine which occur in innate and adaptive immunity.
This factor is also a major factor in cell proliferation,
differentiation and survival[27]. Liu[28]  activation of NF-κB
has three types, canonical, non-canonical and atypical
pathways. In the canonical path, it is also called the
classical  pathway,  NF-κB  secretion  is  triggered  by
pro-inflammatory receptor signals such as the Interleukin-
1 Receptor (IL-1R), Tumor Necrosis Factor Receptor
(TNFR) and Toll Like Receptor (TLR)[28]. This receptor
activates the IkB kinase complex through phosphorylation
and ubiquitination. Furthermore, the p65/p50 and c-Rel/
p50 dimer forms translocate into the nucleus to activate
gene expression[29]. However, little is known about the
activation of this pathway in chorioamnion. Lim[30] who
examined the expression of NF-κB in amniotic
membranes of pregnancy samples successfully found a
positive correlation between activation through canonical
and non-canonical path ways but not for atypical
pathways Lim et al.[31].

TLR-4 can bind to casein which causes activation of
the proinflammatory cascade through activation of
phosphorylation and transcription of the family NF
family, NF-κB-1, NF-κB-2, RelB, c-Rel, p65 (RelA).
Expressions of NF-κB-1 and NF-κB-2 in the form of
precursor proteins p105 and p100 will sequentially form
dimers p50 and p52. Furthermore, p50 and p52 will bind
to the trans-activation domain p65 or RelB; eventually,
both are transcriptional activators[31, 32]. Although, casein
can bind to TLR4, it does not cause phosphorylation
activation, so it does not affect the expression of NF-κB.

Effect of casein on TNFα expression: Tumor Necrosis
Factor (TNFα) is known as a cytokine which has the
function of controlling the expression of cytokines,
immune responses, proteases, growth factors,
inflammatory regulation, survival, apoptosis, cell
migration, proliferation and differentiation. A lot of data
from the results of the research have been studied
regarding the expression of TNFα, especially in the
reproductive organs. Including the presence of alpha TNF
in early pregnancy in the endometrium, myometrium and
chorioamniotic membrane. This finding is related with
choriomnionitis, early puerperal birth and Premature
Rupture of Membranes (PROM). Cytokines IL-1b have
an important role in the initiation of uterine contractions
and preterm labor; this role is related to TNFα
involvement whereas intra-amniotic IL-6 and IL-8
administration did not increase uterine contraction activity
and did not trigger an increase in IL-1b and TNFα[33].
Research in mice induced by Shiga toxin-2 caused fetal
death and activation of labor; this has been proven
because of TNFα activity and is mediated by an increase
in NOS production. Increased TNFα induces an increase

in PGE2 which causess of tening of the cervix and causes
an increase in PGF2a which will cause myometrium to be
sensitive to oxytocin. Then what happens is the
occurrence of preterm labor[34]. The mean TNFα in G-2
compared to G-1, there were differences of 3.64 and 1.91,
respectively. The results of the statistical test showed that
there were significant differences between the two groups
(p = 0.012).

In this study, exposure to case in (200 g kgG1 body
weight) were five times higher turned out to have no
significant effect on TLR-4 expression. Casein does not
trigger TLR-4 expression but casein binds to extracellular
TLR to trigger pro-inflammatory signaling and
subsequently, expression of NF-κB, synthesis of IL-1B,
TNFα, IL-6 and IL-8[35]. Using mono mac cell 6, casein-a
exposure which binds to TLR-4, causes IL-1B synthesis.
If the casein concentration is 10 times higher, IL-1B
synthesis will be four times higher. Case in-a sand TLR-4
bonds involve proinflammatory mediators MD2 and
CD14[5].

Protein in cow’s milk is around 3.2-3.8% of which
20%  contains  whey  protein  and  80%  casein  or  about
26 g LG1[3, 12]. Casein has bioactive properties which has
an effect as an immuno modulator and can involve it self
in response to infection[13]. Casein-alpha can bind to TLR-
2 and TLR-4 receptors on macrophage cell walls. This
bond can activate the synthesis of cytokines where this
process does not depend on the existence of LPS[5].
Analysis of the results of the study using various casein
exposure doses. These results found a significant
difference between G1 and G2 (p>0.05). At exposure to
40 g  kgG1 Bbcasein, TLR-4 expression was found to be
>200 g kgG1 exposure. The 5-fold case in exposure dose
can suppress TLR-4 expression, so that, the cytokine
synthesis process can be suppressed. It has been reported
that TLR-4 can be produced by various female genital
cells and is known to also have different levels of
production during menstruation or pregnancy[14, 15]. TLR-4
is a Pattern Recognition Receptor (PRRs) which is a
transmembrane protein that functions to recognize
bacteria through Pathogen-Associated Molecular Patterns
(PAMP) or Damage-Associated Molecular Pattern
(DAMP)[16]. TLR is not only expressed by immune cells
such as macrophages, monocytes, dendritic cells,
neutrophils, B-lymphocytes and t-cells but can also be
found   in   non-immune   cells   such   as   fibroblast 
cells, endothelial cells and epithelium[16].

In pregnancy, there are many TLRs expressed by
endometrial or decidual cells, myometrium and pregnancy
products such a splacenta, chorion and amnion which are
found to be associated with cell survival against
intrauterine in fections, especially, TLR-2 and TLR-4.
TLR-2 is associated with gram-positive bacteria while
TLR-4 is associated with gram-negative bacteria[17].
Reduced TLR-4 expression during pregnancy causes
resistance to LPS induction, decreased  monocyte
mobilization and delay inuterine activation gene
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production, thus avoiding the risk of uterine
contractions[18]. Intrauterine infection originating from
increase dvaginal bacterial infection is the main cause of
chorioamnionitis, prelabour membrane rupture and
preterm labor[19].

Bacterial Pathogenic associated molecul arpatern
(PAMP) ligands will be recognized by TLR and trigger
the activation and synthesis of proinflammatory mediators
and can be followed by the production of prostaglandins
which induce uterine contractions[21]. Surface TLRs
including TLR-1, TLR-2, TLR-4, TLR- 5 and TLR-6
have cellular responses to ligands in the form of Lipo
Poly Saccharide (LPS), Peptidoglycan (PG) and non-
methylated CpG microbial nucleotides. This receptoris
activated by ligand activation signals[22, 23]. TLR-4
expression will increase during laboror during
chorioamnionitis[6]. Higher expression of TLR-4 is found
in the chorion membrane compared to a mnion and will
decrease with increasing gestational age[16]. In this study,
chorion and amniotic membrane expressions were not
separated but were counted into one unit.

Vondenbaumen et al.[5] studied using embryonic
Human  Kidney  293  (HEK-293) that did not express
TLR-4, in casein-a  exposure,  there  was  no  secretion of
IL-1 cytokines, it  concluded that TLR4 had receptors for
casein-a[5]. It also states that TLR-4 expression is not
affected by increased casein or LPS exposure[5]. Thus, a
decrease in TLR-4 expression may not be due to exposure
to case in but because of gestational age. The decrease in
expression of TLR-4 is expected to reduce the secretion
of proinflammatory cytokines, especially, IL-6 and IL-8,
by the synthesis of Matrix Metallo Proteinases (MMPs)
which can causes of tening of the cervix and
chorioamnion[25, 26]. The synthesis of IL-10, IL-12 and
pCRH can also induce uterine contractions and Premature
Rupture of Membranes (PROM).

CONCLUSION

From the current research, it can conclude that the
administration of casein supplementation diett opreterm
pregnant Rattus norvegicus did not show a significant
decrease in the expression of TLR-4 but show a
significant increase in NF-κB and TNFα expressions in
chorioamnion it is membrane. Further, research is still
needed to determine the role of casein-a in suppressing
the occurrence of cytokine release by involving various
precursor proteins which may explain the role of the
inhibitors of the emergence of uterine contraction
mediators, so that, it is further expected to know the role
of maintaining gestational age to the maximum extent
aspossible.
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