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Abstract 
Objective: To evaluate the level of Integrin and IKβ expression on Uterosacral ligament in women after vaginal delivery.   

Method: This research was conducted by collecting samples of biopsy Uterosacral ligament from primigravida who underwent 
cesarean section after obstructive labor at stage 1 and stage 2 by using consecutive sampling technique. Uterosacral ligaments of 
primigravida a term that have not entered labor phase and underwent elective Caesarean section surgery were taken as control. 
The method in this study was cross sectional. Examination of Integrin and IKβ expression by immuno histochemistry in this 
study, level of Integrin and IKβ activity between samples and control will be compared. 

Result: There were increased levels of Integrin and IKβ in the Uterosacral ligament of primigravida women in labor

Conclusion: There are increased levels of Integrin and IKβ in the Uterosacral ligament of primigravida women who underwent 
cesarean section due to obstructive labor at stage 1 and stage 2     
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Introduction
Pelvic organs prolapse is the most common manifestation of 

pelvic floor dysfunction, characterized by a condition where the 
pelvic organs, such as uterus, vesica urinary, rectum, and vagina, 
down from its original position. Pelvic organ prolapse caused by 
weakness of the pelvic floor buffer [1]. The structure of Pelvic 
floor is supported by fascia endo pelvic (sacrouterine ligaments, 
cardinal ligaments, pubocervical fascia and rectovaginal fascia) 
and the pelvic floor muscles (levator ani muscle). Uterine prolapse 
is one manifestation of pelvic organs prolapse that characterized 
by the decline of the uterus from its original position as a result 
of the weakness of the pelvic floor buffer especially sacrouterine 
and cardinal ligament [2,3]. Prevalence of pelvic organ prolapse is 
about 7-23%, and expected to rise with the increasing of women 
life expectancy [4]. The cell receives signals from the physical 
environment through mechanotransduction mechanism. Mechano 
transduction describes as a cellular process in translating mechani-
cal force stimulus into biochemical signals. Mechanical strength 
will be responded by the cell, then converted into a biochemical 

signal to obtain cellular and molecular cascade [5,6].

There are several mechanotransduction pathways that have 
been identified, namely integrins, ion channels, G-protein and a 
growth factor. Intracellular signaling pathways activation involved 
in the maintenance and regulation of cell function that are inter-
fered by mechanical forces Mechanical load can be  detected by 
Mechano sensor membrane  as well as  activated ion channels, cell 
layer membrane G-protein coupled receptors, growth factor recep-
tors and integrins. The signaling pathway activated by Integrin and 
related protein through mechanical stimulation is MAPK and NF 
kB pathway [7]. Initiation of MAPK pathway for cell adhesion 
mediated by Integrin is important in various strained and torn cell 
types (heart cells, smooth muscles and endothelial) [8,9]. Pathway 
activation due to mechanical stress is NF kB pathway, which is ac-
tivated and translocated towards the nucleus [10]. Mechanical load 
is also known to trigger signaling through NF kB pathway. Mem-
bers of the family MAP3K has been shown to activate the I-kB 
Kinase (IKK), a complex that Phosphorylates I-kB [7]. Therefore, 
this study aim is to evaluate the level of Integrin and IKβ expres-
sion on Uterosacral ligament in women after vaginal delivery
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Method
Ethical clearance

This research was equipped with a feasibility study of eth-
ics approval from Research Ethics Committee, Medical Faculty of 
Brawijaya University.

Sample Preparation
This research was conducted by collecting samples in con-

secutive sampling from biopsy Uterosacral ligament of pregnant 
women who undergo cesarean section due to obstructed labor 
on stage 1 and stage 2 labors. Samples were collected from Ute-
rosacral ligament of pregnant women who have not entered the 
phase of labor and undergoing elective Caesarean section surgery 
were used as control. The method in this study was cross sectional. 
In this study, Integrin and IKB phosphorylation examination was 
performed to see the activity of Integrin and IKB in the samples. 
The examination carried out after samples of Uterosacral ligament 
were stained by Immunohistochemistry will be compared whether 
there are differences between the sample and the control. Sampling 
was carried out in the delivery room of department Obstetrics and 
Gynecology of Dr. Saiful Anwar Hospital Malang while examina-
tions were conducted at the   Biomedical Laboratory, Faculty of 
Medicine, and University of Brawijaya.

The study population was healthy women aged 20 to 40 
years. The samples were taken at the Uterosacral ligament from 
the population according to the inclusion criteria and variables that 
have been determined. The sample is selected by using purposive 
sampling technique of inclusion and exclusion criteria that have 
been determined. Each sample group minimum consisted of 11 
people. Uterosacral ligament samples were taken at operating room 
during cesarean section. Uterine was stretched to expose the Utero-
sacral ligament. Uterosacral ligament then was held with tweezers 
and cut using Metzenbaum scissors in order to get ± 3 mm- 5 cm 
samples. Samples were inserted into formalin containing tube that 
was labeled in accordance with the specimen. Samples stored at 
20-25ºC and then prepared for immunohistochemical examination.

Protein expression analysis 
Calculation procedure of Integrin and IKβ expression: Ex-

amination conducted on each slide using a light microscope at 
400x magnifications. Each visual field then was shot 10 times. Im-
aging results in the form of files (.jpeg) uploaded to then processed 
through applications JPEG 2000 Immuno Ratio virtual microscope 

slide(online application from the Institute of Biomedical Technol-
ogy Tampere Finland)This application calculates the percentage of 
nuclear area that were positive smeared (labeling index) by using 
algorithms to separate components of color deconvolution out-
ward appearance. Results obtained from the output in the form of 
presentation DAB smeared area of the total area of the nucleus. To 
ensure the representation and reduce errors in the results analysis, 
observations were performed to approximately 10 field of view 
with 400x magnification.
Statistical Analysis

The results of the data analysis have been tested using sev-
eral normality tests: Normal Probability Plot analysis, the ratio of 
the value of the ratio of skewness and kurtosis. The results of Nor-
mal Probability Plot analysis showed that all the data values of 
the activity of Integrin and IKβ are around a diagonal line (green) 
and delivered two red lines, except for the activity Integrin. Fur-
thermore the skewness and kurtosis ratio are laid between -2 and 
+2 either for both women in labor/never in labor group, it can be 
concluded that the data were normally distributed and has met the 
prerequisites of parametric test. Furthermore, the data were ana-
lyzed with statistical parametric test in order to prove the research 
hypothesis that has been proposed. Before the sample data were 
analyzed using t-test (one side / one-tailed) mentioned above, the 
data were analyzed with the prerequisite test parametric test data 
normality by using test Normal Probability Plot, the value of the 
ratio of skewness and kurtosis ratio. The decision criteria when the 
Normal Probability Plot observed values around a diagonal line 
(green) and no observed values are out of the red boundary lines 
and the value of the ratio of skewness and kurtosis ratio is between 
-2 and +2, then concluded the data were normally distributed [9] 
Calculation for all data analysis were conducted using software 
tools (software) GENSTAT Procedure Library Edition Release 
16.1 Release PL24.1.

Results and Discussion
The level of Integrin

The result shows that there were significant differences mean 
of Integrin activity in pregnant women has not been in labor group 
(92.8 ± 2.4%) compared to women in labor (95.99 ± 3.98%). When 
based on the mean value ± SD Integrin activity seen in woman in 
labor groups larger when compared with a mean value ± SD Integ-
rin activity on the group of woman who never in labor. This means 
that there is significant increased Integrin activity in the woman in 
labor (Figure 1). 
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Figure 1:  Compartion of MAPK expression of woman in labor compare 
to woman who is never in labor (significancy, p<0.001).

Integrins are one of the plasma membrane proteins that play 
an important role in cell adhesion and extracellular matrix. Integ-
rins as transmembrane proteins on the cell surface bind to cytoskel-
eton participate in intercellular adhesion; hand in adhesion to the 
extracellular matrix. Ligand binding to Integrin leds to formation 
of focal adhesion complex that has a role as a receptor activated 
for signals conduction [11]. Besides as molecular glue that binds 
the extracellular matrix, integrins are also involved in conveying 
extracellular signals into the cell and regulates the cytoskeleton 
assembly. Integrin bound to the intracellular domain of Focal Ad-
hesion Kinase (FAK) - protein signaling and act in filaments of the 
cytoskeleton. Integrins are transmembrane proteins that can pen-
etrate the plasma membrane and bind to the extracellular matrix 
using its extracellular domain. Extracellular signaling mechanisms 
that are transferred into cells through the use of Integrin cell adhe-
sion. After extracellular matrix components is bound to Integrin, 
signal then transducer into the intracellular domain of Integrin, 
thereby activating focal adhesion kinase which is attached to the 
intracellular domain. As a result, the target protein in the intracel-
lular signaling system is Phosphorylates FAK, thus bypassing the 
extracellular signal to the intracellular signaling system. Then the 
signal is transmitted into the nucleus to alter gene expression [12]. 
Cells attached to the extracellular matrix through specific cell re-
ceptors. Integrins are transmembrane receptors that mediate adhe-
sion between cells and the surrounding tissue as well as extracel-
lular matrix. In signal transduction, Integrin convey information 
about the chemical composition and mechanical status of the cell 
into the extracellular matrix. In addition to transmitting mechani-
cal strength across the membrane, Integrin also is involved in cell 

signaling and regulation of cell cycle, cell shape and motility of 
cells [13].

Integrins are composed of alpha and beta chain subunit of 
heterodimers. Integrins that are not bound to the extracellular ma-
trix ligand will be distributed free in the plasma membrane, but 
after the binding of extracellular matrix to Integrin on the cell sur-
face it will induce the formation of plaque proteins in the cytoplas-
mic surface. Acting microfilaments plaque protein is connected to 
the cell cytoskeleton. Integrins and the cytoskeleton complex build 
the focal adhesions. Integrin role as mediator mechanical cytoskel-
eton due to its association with the extracellular matrix Integration 
between the cytoskeleton and extracellular matrix is important for 
both cells, where Integrin used as sensors to compose the extracel-
lular matrix and align internal cytoskeleton. The resulting tension 
from communicated cell cytoskeleton and extracellular matrix 
through Integrin able to regulate and lay new fiber matrix on the 
damaged area in this way the network architecture can adapt to 
trauma extracellular matrix [14].

Integrins as major transmembrane protein have strategic lo-
cation that directly contacts the extracellular matrix. That makes 
integrins able to detect changes in pressure due to stretching on 
the cell surface and convert the mechanical signal into a chemi-
cal signal [8]. Previous study has been reported that mechanical 
stimulation of the extracellular matrix- integrins would trigger a 
signal that would cause cellular adaptive responses, such as the 
remodeling of the extracellular matrix that regulates mechanical 
specificity for change as expected. Integrin acts as mechanotran-
ducer when it triggers a signal after ligand binding to response the 
changes in the strength of its interactions with the extracellular 
matrix [7]. Role of integrins in cell signaling has been known. Ini-
tial adhesion of Integrin ligands lead to activation of extracellular 
matrix, grouping and assembly of focal adhesion complex. It also 
serves as assembly signaling pathways for: protein kinase (FAK, 
ILK, Src, Fyn), adapter proteins (She, Grb-2, Crk) and GTPase 
(Rho, Ras) and will trigger the protein Mitogen-Activated Protein 
Kinase (MAPK) directly and synergy with growth factor receptor 
[7,15].

The level of IKβ 
There were significant differences between mean of IKβ ac-

tivity in pregnant group of women who never in labor (77.55 ± 
6.77%) and group of pregnant women in labor (4:12 ± 93.59%). 
It can be seen from mean ± SD value of IKB activity in the group 
of pregnant women in labor has greater compared to the group of 
pregnant women who never in labor. It means there is an increase 
in activity IKB on Uterosacral ligament in labor (Figure 2).
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Figure 2: Comparison of IKβ activity of woman in labor compare to 
woman who never in labor (significancy, p<0.001).

Nuclear Factor Kappa Beta (NF kβ) is important in regulat-
ing the cellular response because it has a fast response in the pri-
mary transcription. Activation of NF kβ is initiated by signals that 
degrade IKβ protein. This occurs primarily through the activation 
of the IKβ kinase (IKK). When activated by extracellular signals, 
IKβ kinase phosphorylates two serine residues located in the IKβ 
domain. When Phosphorylates on serine, IKβ inhibitor molecule is 
modified by a process that makes IKβ Ubiquitination followed by 
proteasome degradation with the degradation of IKβ, NF kβ com-
plex then freed to enter the nucleus where it can 'switch on' the ex-
pression of a particular gene which has a DNA binding site NF kβ 
nearby. NF kβ activation of this gene will cause cell response [2]. 
NF kβ activation in response to mechanical stretching associated 
with the phosphorylation and degradation of IKB and IKβ kinase 
activation. Mechanical stretching resulting in increased activation 
of ERK ½ and p38 MAPK

The signaling pathway activated by Integrin and related pro-
tein through mechanical stimulation is MAPK and NF kβ pathway 
[7]. Initiation of MAPK pathway for cell adhesion mediated by 
Integrin is important in various strained and torn cell types (heart 
cells, smooth muscles and endothelial [8,16]. Pathway activation 
due to mechanical stress is NF kβ pathway, which is activated and 
translocated towards the nucleus [10]. It has been proved occur in 
tear endothelial cells. NF kβ activation is also required for Integ-
rin ability of fibroblasts to contract the collagen gel. IKB Kinase 
Complex (IKK) seems to be activated by NIK and MEKK1, two 
enzymes of the MAP kinase (MAPKKK) [10]. This show there is 
crosstalk between MAPK and NF kβ pathway in mechanotrans-
duction signaling on connective tissue. Additionally, obtained lane 
indirect among which due to strain release autocrine of growth fac-
tor (angiotensin II and or PDGF) through the smooth muscle cells 
resulting in the activation of several protein kinase isoenzyme that 

can affect MAPK or NF kβ pathways either directly or indirectly 
[9]. Previous study illustrated that the strain that happened to bond 
the extracellular matrix and Integrin is responsible to trigger the 
MAP kinase pathway (MAPKKK, MAPKK, and MAPK) through 
GTPase. MAPK translocate to the nucleus to activate transcription 
factors such as AP-1 or SRF. Mechanical load is also known to 
trigger signaling through NF kβ pathway. Members of the family 
MAPKKK has been reported to activate the I-kβ Kinase (IKK), a 
complex that Phosphorylates I-kβ. Furthermore, NF kβ is released 
to the nucleus and binds to the promoter sequence of the target. 
In addition, there is indirect pathway in the regulation of gene ex-
pression through the release of growth factors that activate Protein 
Kinase C (PKC) and MAPK pathway [7]. Previous research has 
been done to prove that the mechanical strain can cause a rapid 
induction of the extracellular matrix components in fibroblasts. 
The composition of the extracellular matrix specifically to adapt to 
changes in mechanical load is given. Evidence has been found is 
that menacing C, a component of the extracellular matrix, directly 
regulated by mechanical strain. In that study, Integrin activation 
through MAPK / NF kβ pathway is involved in the trajectory of 
these changes [7].

Conclusion
It can be concluded that there is increased of Integrin and 

IKβ levels in the Uterosacral ligaments in labor.

References
John, Joseph, Halvorson, Hoffman, Bradshaw, et al. (2008) Pelvic Or-1.	
gan Prolapse. Williams Gynecology 1066-1070

Goepel C (2007) Differential elastin and Tenascin imunolabelling in 2.	
the Uterosacral ligaments in postmenopausal women with and without 
pelvic organ prolapse. Acta Histochemica 110: 204-209. 

Jelovsek J, Maher C, Barber MD (2007) Pelvic Organ Prolapse. Lan-3.	
cet 369: 1027-1038.

Hunskaar S, Burgio K, Clark A, et al. (2005) 4.	 Epidemiology of Urinary 
and Faecal Incontinence and Pelvic Organ Prolapse. In: Abrams P, 
Cardozo L, Khoury S, Wein A, Eds Incontinence 2005 edition Paris: 
Health Publication 255-231.

Ingber DE (2003) Mechanobiology and Diseases of Mechanotrans-5.	
duction. Annals of Medicines 35: 564-577.

Wu MP (2010) Regulation of Extracellular Matrix Remodeling Associ-6.	
ated With Pelvic Organ Prolapse. J Exp Clin Med 2:10-16.

Chiquet M, Flu¨ck M, (1999) Early responses to mechanical stress: 7.	
from signals at the cell surface to altered gene expression. In: Storey 
KB, Storey JM (Eds) Cellular and Molecular Responses to Stress 2. 

Burridge K, Chrzanowska-Wodnicka M (1996) Focal adhesions, 8.	 con-
tractility, and signaling. Ann. Rev Cell Dev Biol 12: 463-519.

Santoso, Singgih (2005) Mengolah Data Statistik Secara Profesional. 9.	
Jakarta: Elex Media Komputindo (Gramedia).

Mercurio M, Manning AM (1999) Multiple signals converging on NF kB. 10.	
Curr Opin Cell Biol 11: 226-232.

http://doi.org/10.29011/BMAP-109. 100109
http://doi.org/10.29011/BMAP-109. 100109
https://www.ncbi.nlm.nih.gov/pubmed/18155129
https://www.ncbi.nlm.nih.gov/pubmed/18155129
https://www.ncbi.nlm.nih.gov/pubmed/18155129
https://www.ncbi.nlm.nih.gov/pubmed/17382829
https://www.ncbi.nlm.nih.gov/pubmed/17382829
https://www.ics.org/publications/ici_3/v1.pdf/chap5.pdf
https://www.ics.org/publications/ici_3/v1.pdf/chap5.pdf
https://www.ics.org/publications/ici_3/v1.pdf/chap5.pdf
https://www.ics.org/publications/ici_3/v1.pdf/chap5.pdf
https://www.ncbi.nlm.nih.gov/pubmed/14708967
https://www.ncbi.nlm.nih.gov/pubmed/14708967
https://www.chimei.org.tw/main/cmh_department/57726/09/data/2010 Regulation of Extracellular Matrix Remodeling Associated With Pelvic Organ Prolapse.pdf
https://www.chimei.org.tw/main/cmh_department/57726/09/data/2010 Regulation of Extracellular Matrix Remodeling Associated With Pelvic Organ Prolapse.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8970735
https://www.ncbi.nlm.nih.gov/pubmed/8970735
https://www.ncbi.nlm.nih.gov/pubmed/10209157
https://www.ncbi.nlm.nih.gov/pubmed/10209157


Citation: Rahajeng (2017) Increased MAPK and NF- IKβ on Uterosacral Ligament after Childbirth. Biomark Applic: BMAP-109.

5 Volume 2017; Issue 03

Hynes RO (2002) Integrins: Bidirectional Allosteric Signaling Ma-11.	
chines. Cell 110: 673-687.

Benjamin L (2007) Cells Jones & Bartlett Learning 67112.	 .

Humphries MJ (2000) Integrin structure. Biochem Soc Trans 28: 311-13.	
339. 

Davies PF, Barbee KA, Volin MV, Robotewskyi A, Chen J, et al. (1997) 14.	
Spatial relationships in early signaling events of flow-mediated en-
dothelial mechanotransduction. Annu Rev Physiol 59: 527-549.

Jaalouk DE, Lammerding J (2009) Mechanotransduction gone awry. 15.	
Nat Rev Mol Cell Biol 10: 63-74. 

Schmidt C, Pommerenke H, Durr F, Nebe B, Rychly J (1998) Me-16.	
chanical stressing of Integrin receptors induces enhanced tyrosine 
phosphorylation of cytoskeletally anchored proteins. J Biol Chem 273: 
5081-5085.

https://www.ncbi.nlm.nih.gov/pubmed/12297042
https://www.ncbi.nlm.nih.gov/pubmed/12297042
https://books.google.co.in/books/about/Cells.html?id=2VEGC8j9g9wC
https://www.ncbi.nlm.nih.gov/pubmed/10961914
https://www.ncbi.nlm.nih.gov/pubmed/10961914
https://www.ncbi.nlm.nih.gov/pubmed/9074776
https://www.ncbi.nlm.nih.gov/pubmed/9074776
https://www.ncbi.nlm.nih.gov/pubmed/9074776
https://www.ncbi.nlm.nih.gov/pubmed/19197333
https://www.ncbi.nlm.nih.gov/pubmed/19197333
https://www.ncbi.nlm.nih.gov/pubmed/9478959
https://www.ncbi.nlm.nih.gov/pubmed/9478959
https://www.ncbi.nlm.nih.gov/pubmed/9478959
https://www.ncbi.nlm.nih.gov/pubmed/9478959

