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R E S E A R C H  A R T I C L E

BACKGROUND: Premature Rupture of Membranes 
(PROM) is significantly linked to the infections-
related maternal deaths. In the inflammatory 

process, the influencing stressor will stimulate the activation 
of Nuclear Factor Kappa B (NF-κB) and Receptor of 
Advanced Gyclation End product (RAGE). Yet up to date, 
the expression of NF-κB and RAGE in pregnant women 
with PROM are still rarely studied. Therefore, this study 
aimed to observe the differences of NF-κB and RAGE 
expression from PROM and non-PROM subjects.

METHODS: This was a cross-sectional study involving 20 
PROM subjects and 20 non-PROM subjects with infections 
and complications. Samples from the fetal membrane 
tissue of subjects were obtained and put into paraffin block 
preparation for the determination of NF-κB and RAGE 
expression. The detection of NF-κB and RAGE expression 
was conducted using immunohistochemical staining and 

observed under an upright light microscope. The expressions 
were later calculated using ImageJ software.
 
RESULTS: Both NF-κB and RAGE expression were found 
to be higher in PROM subjects compare to the non-PROM 
subjects. The median of NF-κB in PROM and non-PROM 
subjects were 32.47±1.22 and 5.59±1.09, respectively 
(p=0.000). While the median of RAGE in PROM subjects 
was 53.58±3.46, and in non-PROM subjects was 11.64±2.49 
(p=0.013). 

CONCLUSION: There is significant difference between 
NF-κB and RAGE expression in fetal membranes of PROM 
and non-PROM subjects. Therefore, the increased of NF-κB 
and RAGE expression can be used as a potential marker to 
detect complication of PROM.
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Abstract

Introduction

Maternal death has become a global health concern in many 
countries, especially in poor and developing countries.(1,2) 
Around 358,000 maternal deaths occur annually worldwide 
(1), while in Indonesia, the Maternal Mortality Rate (MMR) 
was 305 per 100.000 live births in 2015 (3). Maternal deaths 

are mostly caused by preeclampsia/eclampsia, bleeding, and 
infection.(4-7)
	 Premature Rupture of Membranes (PROM) is 
significantly linked to the infections-related maternal 
deaths.(4) Complications of PROM that might occur consist 
of premature birth, compression of the umbilical cord, 
respiratory distress syndrome, prolapse of the umbilical cord, 
and placental abruption. The influence of oligohydramnios 
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severity, gestational age, and duration of the latent period on 
PROM can also increase the risk of fetal and neonatal death.
(8) Since PROM is defined as a rupture of fetal membranes 
at a gestational age of less than 37 weeks or before the 
delivery, thus, the main cause of PROM is an infection in 
the fetal membranes.(9) 
	 In case of infection, local inflammatory response 
produces cytokines that will reach the maternal and liver 
to upregulate the C-Reactive Protein (CRP) level, which 
has been known as a marker of inflammation.(10,11) As 
a pro-inflammatory factors, High Mobility Group Box 
1 (HMGB1) molecules can stimulate pro-inflammatory 
response, such as the Receptor for Advanced Glycation End-
products (RAGE) by interacting with multiple receptors.(12) 
The bond between AGE and RAGE produces conduction 
process of cellular signals that activate the Nuclear Factor-
kappaB (NF-κB) pathway.(11,13)
	 NF-κB is one of the transcription factors that play a 
central role in inflammation. It induces the transcription 
of proinflammatory cytokines, chemokines, and adhesion 
molecules.(10,11) A study showed that the expression of 
NF-κB is upregulated only in infectious inflammation but 
not in non-infectious inflammatory processes, implying NF-
κB, hence when the fetal membranes are infected, NF-κB 
level in maternal blood will also increase.(10) 
	 Based on above reasons, the possibility that 
combination of NF-κB and RAGE expression can be 
a potential marker for PROM complications should be 
considered. However, the expression of NF-κB and RAGE 
in pregnant women with PROM are still rarely studied. 
Therefore, we conducted this study to observe the differences 
of NF-κB and RAGE expression in fetal membranes from 
PROM and non-PROM subjects. 

Methods

Results

Table 1 showed the characteristics of subjects regarding 
the parity. The age of subjects while during the delivery 
were divided into three age group. In both PROM and non-
PROM subjects, most of the subjects gave birth at the age 
range of 20-29 years old, followed by 30-39 years old and 
>40 years old. For the gestational age, 6 PROM subjects had 
preterm birth and 14 others had term birth. Meanwhile for 
the non-PROM subjects, 2 subjects have preterm birth and 
18 others had term birth  

Study Design and Sample Collection
This was a cross-sectional study involving 20 PROM 
subjects and 20 non-PROM subjects. Total of 40 pregnant 
women who had preterm and term labor with infections 
and complications were recruited. This research has been 
declared ethically feasible by the Health Research Ethics 
Commission, Faculty of Medicine, Universitas Hang Tuah, 
Surabaya (No. I/150/UHT.KEPK.03/VIII/2021).

Preparations of Tissue Samples
Samples from the fetal membrane tissue of subjects were 
obtained and put into paraffin block preparation for the 

determination of NF-κB and RAGE expression. The 
paraffin block preparations were sliced with microtome into 
slices with size of 5 µm, deparaffinized, antigen-retrieved, 
endogenous-peroxidase-blocked and applied with blocking 
solution. Then slices were taken with an object glass. The 
selected pieces were dried at 38-40˚C, then the preparations 
were incubated at 38-40˚C for 24 hours.

Immunohistochemistry
For the detection of NF-κB expression, reagent from NF-κB 
p50 (E-10) (No Cat.: sc-8414, Santa Cruz Biotechnology, 
Dallas, TX, USA) was used according to the manual.(14) 
Meanwhile for the RAGE expression, Anti‐RAGE, V 
Domain [2A11] Antibody (Kerafast, Boston, MA, USA was 
used. The detection of NF-κB and RAGE expression was 
conducted using immunohistochemical staining by Olympus 
light microscopy (Tokyo, Japan) at 400x magnification in 
three fields of view.
	 After the immunohistochemical results were 
documented under an upright light microscope, five fields 
were selected randomly for each sample, tested by the 
Threshold method. Area with brown color will be selected 
and then analyzed for particles containing NF-κB and 
RAGE. The NF-κB and RAGE expressions were later 
calculated using ImageJ software (National Institutes of 
Health, Bethesda, MD, USA).

Statistical Analysis
Statistical analyses were performed using IBM SPSS 
Statistics (SPSS IBM, Armonk, NY, USA). Mann-Whitney 
U test was performed to find the differences of NF-κB 
expression in fetal membranes of PROM and non-PROM 
subjects. Meanwhile, Biner Logistic Regression test was 
performed to find the differences of RAGE expression 
in fetal membranes. A p-value<0.05 was considered 
statistically significant.
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Table 1. Subjets’ characteristics regarding the parity.

PROM 
Subjects
(n=20)

Non-PROM 
Subjects 
(n=20)

20-29 years old 10 10
30-39 years old 7 9
>40 years old 3 1

Preterm 6 2
Term 14 18

Vaginal Labor 17 18
Sectio Caesaria (SC) 3 2

Primigravida 6 7
Multigravida 14 13

Characteristics

Age Group

Gestational Ages

Delivery Methods

Amount of Parity

	 Most of the PROM and non-PROM subjects had 
vaginal labor, and only 3 PROM subjects and 2 non-PROM 
subjects had Sectio Caesaria (SC). Six PROM subjects 
were primigravida (pregnant for the first time), while 14 
others were multigravida. While among the non-PROM 
subjects, 7 subjects were primigravida, while 13 others were 
multigravida.

IHC Expression of NF-κB and RAGE
Expressions of NF-κB and RAGE were clearly observed by 
the brown color in the fetal membrane cells (Figure 1). Both 
NF-κB and RAGE expression were found to be higher in 

A B

C D Figure 1. Immunohistochemistry 
results of NF-κB and RAGE expression 
in fetal membranes. A: NF-κB 
expression in PROM subjects; B: NF-κB 
expression in non-PROM subjects; C: 
RAGE expression in PROM subjects; D: 
RAGE expression in non-PROM subjects. 
Expression of NF-κB and RAGE in fetal 
membrane cells were shown in brown 
color (black arrow). Black bar: 10 μm.

PROM subjects compare to the non-PROM subjects. The 
median of NF-κB in PROM and non-PROM subjects were 
32.47±1.22 and 5.59±1.09, respectively. While the median 
of RAGE in PROM subjects was 53.58±3.46, and in non-
PROM subjects was 11.64±2.49 (Figure 2).
	 Mann-Whitney U test was performed to find the 
significance  difference  of  NF-κB  expression  in  PROM 
and non-PROM subjects. The result of the test showed 
significant difference (p=0.000) with 100% sensitivity and 
specificity. We also found significant difference of RAGE 
expression in PROM and non-PROM subjects (p=0.013) 
(Figure 2). Binary Logistic Regression Test of RAGE 
expression was performed to assess the effectiveness of 
using RAGE expression against the actual case in case 
prediction. The result showed that RAGE expression 
had  100%  sensitivity,  90.9%  specificity,  90%  Positive 
Predictive Value (PPV), and 100% and Negative Predictive 
Value (NPV).

Discussion

In current study, the value of NF-κB expression from fetal 
membranes of PROM subjects’ was higher than the non-
PROM subjects. Similar situation is also shown in previous 
study which report that the NF-κB p65 level in maternal 
blood in subclinical chorioamnionitis with PROM is higher.
(10) Expression of NF-κB are also found to be increased 
in other tissues, such as in papilloma and squamous cell 
carcinoma.(15)



292

NF-κB and RAGE Expression in Fetal Membrane of PROM Subjects (Sudiarta IKE, et al.)
Indones Biomed J. 2022; 14(3): 289-93DOI: 10.18585/inabj.v14i3.1859

Figure 2. NF-κB and RAGE expression. NF-κB expression 
was tested with Mann-Whitney U test, with significance *p<0.05. 
RAGE expression was tested with Binary Logistic Regression 
Test, with significance *p<0.05. P: PROM subjects; NP: Non-
PROM subjects.
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	 Similar to NF-κB expression, the result of this study 
also showed that the RAGE expression in fetal membrane 
was higher subjects with the condition of PROM compare 
to the non-PROM. A study comparing the RAGE expression 
on normal, PROM, and preterm-PROM also showed similar 
result, where the RAGE expression in the preterm-PROM 
and PROM subjects are significantly higher than the 
normal subjects.(16) Other study also report that expression 
of RAGE increased in fetal membrane of subjects with 
gestasional diabetes mellitus.(12)
	 These results indicated that there was an increase in 
NF-κB and RAGE expression caused by the inflammatory 
response, thereby increasing the risk of PROM. During the 
initiation of delivery, some stressors can weaken the fetal 
membranes which might results in distension of the fetal 
membranes and myometrium, hypoxia, or oxidative stress 
in the fetal membranes which increases with gestational 
age. Stressors that arise due to the inflammatory process can 
activate pathogen-associated molecules, such as Toll-Like 
Receptors (TLR). Activation of TLR causes activation of 
the pro-inflammatory transcription factor NF-κB, changes 
in Matrix Metalloproteinase (MMP) levels, and stimulates 
apoptosis. Changes in the biochemical components of fetal 
membranes are the cause of rupture which increasing the 
risk of PROM.(17) 
	 The binding of HMGB1 to RAGE was stimulated by 
NF-κB activation and release of proinflammatory cytokines 
and chemokines.(18) Infection of the decidual and amnion-
chorionic membranes (chorioamnionitis) can stimulate NF-
κB expression, cause inflammation, and cause rupture of 

the membranes. Ruptured membranes result from injury to 
collagen structures due to an increase in pro-inflammatory 
cytokines, and the release of cytokines causes preterm 
labor or PROM by blocking progesterone receptors and 
stimulating prostaglandin synthesis.(16) 
	 Humans have glucocorticoid hormones produced 
by the adrenal cortex which that is able to inhibit the 
inflammatory process by activating Heat Shock Protein 
(HSP) in the cytoplasm, and binding to glucorticoid 
receptors.  Glucocorticoids  can  inhibit  the  activation  of 
NF-κB in 4 ways, namely by inducing Inhibitor of NF-
κB (IκB) degradation, synthesizing Interleukin 10 (IL-
10),  binding  to  p65  so that  it  interferes  with  NF-
κB activity, and damaging Tumor Necrosis Factor (TNF).
(19) Complex of glucocorticoids-glucocorticoid receptors 
(GC-GR) migrates to the cell nucleus to transactivation of 
anti-inflammatory genes and expression of genes encoding 
RAGE.(20)
	 Eventhough this study reported the difference of 
NF-κB and RAGE expression in PROM and non-PROM 
subjects with infection and complications, however only 
limited number of samples included. Hence further study 
with more number of sample and by using different methods 
should be conducted.

Conclusion

There is significant difference between NF-κB and RAGE 
expression in fetal membranes of PROM and non-PROM 
subjects. These expressions play important roles in 
inflammation pathways of fetal membrane, hence indicating 
that the increased of NF-κB and RAGE expression can be 
used as a potential marker to detect complication of PROM. 

Authors Contribution

MZA and CJC were involved in the research conception, 
design, processed the experimental data, analysis, and 
drafted the manuscript. KES, S, AUR are involved in the 
data analysis and result interpretation. All authors discussed 
the results and commented on the manuscript.

References

1. 	 Maryuni, Kurniasih D. Risk factors of premature rupture of 
membrane. Kesmas. 2017; 11(3): 133-7.



293

Print ISSN: 2085-3297, Online ISSN: 2355-9179The Indonesian Biomedical Journal, Vol.14, No.3, September 2022, p.226-328

2. 	 Judistiani RTD, Samosir SM, Irianti S, Purwara BH, Setiabudiawan 
B, Mose JC, et al. Correlation of maternal serum hepcidin, soluble 
transferrin receptor (sTfR) and cholecalciferol with third trimester 
anemia: findings from a nested case-control study on a pregnancy 
cohort. Indones Biomed J. 2020; 12(4): 361-7.

3. 	 Kementrian Kesehatan Republik Indonesia. Profil Kesehatan 
Indonesia 2019. Jakarta: Kementerian Kesehatan Republik 
Indonesia; 2019. 

4. 	 Dinas Kesehatan Jawa Timur. Profil Kesehatan Provinsi Jawa Timur 
2019. Surabaya: Dinas Kesehatan Jawa Timur; 2019. 

5. 	 Karmia HR, Afriwardi, Ali H, Mose JC, Yusrawati. The correlation 
of L-citrulline levels with blood pressure in severe preeclampsia. 
Indones Biomed J. 2020; 12(1): 15-8.

6. 	 Akbar MIA, Sari IM, Ernawati, Aditiawarman. Plasma Level of 
Umbilical Cord Hemeoxygenase-1 (HO-1) and Neonatal Outcome 
in Early Onset and Late Onset Severe Preeclampsia. Mol Cell 
Biomed Sci. 2019; 3(1): 54-9.

7.	 Yusrawati, Habibah RL, Machmud R. Differences in maternal leptin 
serum levels between normal pregnancy and preeclampsia. Indones 
Biomed J. 2015; 7(1): 37-42.

8. 	 Abouseif HA, Mansour AF, Hassan SF, Sabbour SM. Prevalence and 
outcome of preterm premature rupture of membranes (PPROM) 
among pregnant women attending Ain Shams Maternity Hospital. 
Egypt J Community Med. 2018; 36(2): 99-107. 

9. 	 Aprilla N. Faktor risiko ibu bersalin yang mengalami ketuban pecah 
dini di RSUD Bangkinang tahun 2017. Prepotif. 2018; 2(1): 48-57.

10. 	 Wang F, Wang Y, Wang R, Qiu H, Chen L. Predictive value of maternal 
serum NF-κB p65 and sTREM-1 for subclinical chorioamnionitis 
in premature rupture of membranes. Am J Reprod Immunol. 2016; 
76(3): 217-23. 

11. 	 Hamuaty RB, Sukmawati IR, Sandra F. Relationship between sRAGE 
and hsCRP as markers of cardiovascular disease risk factors in 
diabetic and non-diabetic men with central obesity. Mol Cell 

Biomed Sci. 2017; 1(2): 70-4.
12. 	 Santangelo C, Filardi T, Perrone G, Mariani M, Mari E, Scazzocchio 

B, et al. Cross-talk between fetal membranes and visceral adipose 
tissue involves HMGB1–RAGE and VIP–VPAC2 pathways in 
human gestational diabetes mellitus. Acta Diabetol. 2019; 56(6): 
681-9.

13. 	 Zenerino  C,  Nuzzo  AM,  Giuffrida  D,  Biolcati  M,  Zicari  A,  
Todros T, et al. The HMGB1/RAGE pro-inflammatory axis 
in  the  human  placenta:  modulating  effect  of  low  molecular 
weight heparin. Molecules.  2017;  22(11):  1997.  doi:  10.3390/
molecules22111997.

14. 	 NFkB  p50 (E-10):  sc-8414.  Dallas:  Santa  Cruz  Biotechnology; 
[n.y].

15.	 Rahaju P, Kintono RA, Wahyudiono AD, Satria A, Sandra F. 
Immunohistochemical expression of EGFR, NF-kB and cyclin d1 in 
sinonasal inverted papilloma and squamous cell carcinoma. Indones 
Biomed J. 2020; 12(3): 239-44.

16.	 Erşahin SS. The comparison of amniotic fluid nuclearfactor-kappa 
B levels in pregnant women who underwent cesarean section or 
normal vaginal labor. Perinat J. 2021; 29(1): 8-12.

17. 	 Padron JG, Saito Reis CA, Kendal-Wright CE. The role of danger 
associated molecular patterns in human fetal membrane weakening. 
Front Physiol. 2020; 11: 602. doi: 10.3389/fphys.2020.00602.

18. 	 Yan H, Zhu L, Zhang Z, Li H, Li P, Wang Y, et al. HMGB1-RAGE 
Signaling Pathway in pPROM. Taiwan J Obstet Gynecol. 2018; 
57(2): 211-6.

19. 	 Widaningrum Y, Ernawati, Widjiati. Peluang baru pemberian 
kortikosteroid sebagai terapi pada kasus preeklampsia. Maj Obs 
Ginekol. 2014; 22(1): 22-30. 

20. 	 Santoro T, Azevedo CT, e Silva PMR, Martins MA, Carvalho VF. 
Glucocorticoids decrease the numbers and activation of mast cells 
by inducing the transactivation receptors of AGEs. J Leukoc Biol. 
2019; 105(1): 131-42. 


