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ABSTRACT

Endometriosis debilitates many women in the U.S. and around the world which is characterized by lesions either
localized on the uterus or attached to other organs. These lesions act as endometrial tissue which means that during
the monthly menstrual cycle, this tissue sheds which results in blood being stuck in body cavities. The only definitive
way to diagnose endometriosis is to go through a laparoscopic procedure which is invasive and expensive. Patients
may avoid their endometriosis and rely on pain medications to get relief from their symptoms. Biomarkers can be the
next method of diagnosis which is noninvasive. Biomarkers can be taken from proteins during angiogenesis, blood,
urine, saliva, and genomics. Blood and saliva have a common biomarker of miRNA. CA-125 in the blood is the most
common biomarker used to detect endometriosis but it isn’t always accurate. Saliva can remain stable without extra
precautions, which makes it an ideal method of gaining and testing biomarkers. However, a panel of biomarkers may
also be beneficial. Additionally, there may be specific genes in DNA that can show that a patient has endometriosis.
An efficient, non-invasive diagnosis method is needed to reduce the amount of time taken to get a diagnosis and get
treatment for symptoms closer to the onset of the disease.

Introduction

Endometriosis is a gynecological disease characterized by lesions on various organs that emulates the uterine lining.
These lesions shed blood which gets stuck in the abdominal cavity, and the scar tissue and inflammation associated
with endometriosis can cause infertility. One out of ten women have endometriosis, but this common disease doesn’t
get diagnosed until 8-10 years after the onset. Symptoms include heavy, painful cramps, so when women visit gyne-
cologists, they often label them as menstrual cramps associated with the regular menstrual cycle. As endometriosis
gets diagnosed at a later time, it gets increasingly more difficult to treat this disease and manage the unbearable cramps
that debilitate women from participating in society and putting their best foot forward. Biomarkers are proving to shed
some light on a new method of noninvasive diagnosis, especially in saliva, blood, or urine which would be less ex-
pensive and more accessible than a laparoscopic invasive procedure. This would lead more women to get diagnosed
closer to the onset of the disease which means that doctors can treat their patients with this condition at an earlier
stage. There are so many different types of endometriosis, different phenotypes, and various stages where different
biomarkers may be needed to properly diagnose endometriosis. Additionally, multiple biomarkers may need to be
detected to confidently diagnose endometriosis rather than one biomarker, so research on noninvasive diagnosis meth-
ods is still underway.

Clinical Diagnosis Method

Currently, laparoscopy is the standard and the most accurate way to diagnose endometriosis, but it consists of invasive
surgery with heavy costs which leads women to postpone this diagnostic procedure and rely on pain medication to
relieve the symptoms of endometriosis. A camera is placed through the body to visualize the structures and any lesions
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that may be attached to the uterus or other surrounding structures. Lesions are usually large and can vary in color (Hsu
etal., 2010).
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Figure 1: Laparoscopy is an invasive procedure that consists of a laparoscopic grasper, a laparoscopic port, and a
camera. Image inspired by (Jacobson 2018).

Symptoms include heavy, painful cramps, so when women go visit gynecologists, they often label it as just
menstrual cramps associated with the regular menstrual cycle. But sometimes the case isn’t that doctors aren’t taking
patients’ concerns seriously but it’s that endometriosis doesn’t have extensive research done on it. This can also be
due to the gender gap in research where male bodies are researched extensively, and those findings are then applied
to female bodies which doesn't always work out due to different structures and hormones.

Additionally, endometriosis can also present itself as asymptomatic which makes it even more difficult to
diagnose, or even appear in men which is a whole different perspective. Transvaginal ultrasounds and regular ultra-
sounds are sometimes used to try to diagnose endometriosis, but often the lesions can be hidden or the results can be
inconclusive. Most imaging techniques to diagnose endometriosis do not have the best resolution to detect the lesions
(Hsu et al., 2010). Additionally, the medication that people take lowers estrogen levels since estrogen is the driving
force behind endometriosis which can then lead to infertility. Endometriosis can be found in the abdominopelvic
cavity, thoracic cavity, and nasal mucosa is an example that retrograde menstruation is not the only process affecting
the progression of endometriosis. Having different phenotypes of endometriosis increases the chance of false-negative
laparoscopic surgery in women presenting symptoms which increases the need to find other techniques to help with
the diagnosis process (Soo Hyun Ahn et al., 2017).

Role of Pathogenesis and Angiogenesis

Angiogenesis has an important role in the pathogenesis of endometriosis since the growth of new blood vessels is
necessary for lesions to persist in patients with endometriosis (Chung & Sang Jun Han, 2022).
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The formation of veins includes molecules such as vascular endothelial growth factor. IL-17A is associated
with being an important angiogenic factor and increases levels of VEGF and IL-8 which increase ectopic foci in
endometriosis patients. IL-17A is further noted as an integral part of endometriosis, as levels of this biomarker de-
creased after patients went through surgery to treat their endometriosis. High levels of IL-17A are present in peritoneal
fluid, serum, and lesions. IL-17A is present in the promotion of the progression of a disease, infection, pathogenesis
of autoimmune diseases, injury, and chronic inflammatory disorders (Shi et al., 2022).

Blood Biomarkers

CA - 125 is the most common biomarker to diagnose endometriosis, but the specificity and sensitivity tend to be
higher when combined with other biomarkers such as TNF-a and IL - 8. Another panel of biomarkers includes chem-
okine receptor type 1, mRNA, and MCP1. This panel has a sensitivity of 92.2% and a specificity of 81.6%. CA-125
presents itself in higher levels in patients with endometriosis, but decreases after surgery takes place and lesions are
removed (Costin Vlad Anastasiu et al., 2020). CA-125 is an important predictor for patients with endometriosis and
should be considered when there are signs of surgical need, especially if the stage of disease, lesion size, and adhesion
score are taken into consideration (Karimi-Zarchi et al., 2016).

CA - 19-9 is another tumor marker like CA-125, CA - 19-9 also has elevated levels in the blood, but the
sensitivity of this molecule is lower than that of CA - 125 (Costin Vlad Anastasiu et al., 2020).

Interleukin 6 has been known to have increased serum levels in people with endometriosis, and it is a proin-

flammatory cytokine. Specifically, stages I-II in endometriosis had increased levels of this molecule. It has a sensitiv-
ity of approximately 75% and a specificity of 83.3% (Costin Vlad Anastasiu et al., 2020).
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Figure 2: miRNA can be collected from a blood sample to help diagnose endometriosis. Image inspired by (Misir et
al., 2021).
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Urine Biomarkers

Enolase is a urine biomarker and may be increased during tissue inflammation or inflammatory disease states. Enolase-
1 can be found in various tissues, including several tumors associated with chronic inflammatory change. Enolase -1
is not commonly used as a biomarker to detect endometriosis as levels of this molecule are relatively the same in both
people with and without endometriosis. This biomarker has a less powerful detection ability but has the potential to
be used in a panel of biomarkers (Chen et al., 2022).

A panel of three combined biomarkers (serum CA125, urinary VDBP, and A1AT creatinine ratio) had a
sensitivity of 90.9% and a specificity of 76.5%. Double urine markers used in along with VDBP and A1AT creatinine
ratio also presented good chances of being potential valid biomarkers (sensitivity 81.8% and specificity 76.5%). VDBP
is a protein that is a key factor in the immune system, as it activates macrophages, neutrophils, and monocytes during

inflammation. VDBP has increased expression in patients with endometriosis like the blood biomarkers covered pre-
viously. There was increased expression of VDBP in urine from people with endometriosis compared to people with-
out the disease. However, the diagnostic performance was less than that for serum CA125. Although the AUC value
for the urinary VDBP-creatinine ratio was not higher than that of serum CA125 (0.841 vs. 0.888), it still has potential
as a non-invasive detection biomarker (Chen et al., 2022).
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Figure 3: Urine biomarkers can be derived from the kidneys or uterus and then can be processed to detect biomarkers.
Image inspired by (Njoku et al., 2020).

Saliva Biomarkers

Hsa-mir-16-5p and hsa-mir-191-5p are present in samples of the saliva of patients with endometriosis. However, hsa-
mir-145-3p was less common. Hsa-mir-135a had a greater presence in the saliva of women with endometriosis in
comparison with women without endometriosis (Perricos et al., 2022).
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In a study, 109 mi RNAs were tested with their sensitivity, specificity, and AUC ranging from 80% to 96.8%,
80% to 100%, and 79.9% to 98.4%. 84 of the miRNAs were tied to malignant and benign disorders. However, miR-
34c-5p and miR-19b-1-5p have specifically been associated with the disease of endometriosis. Additionally, 29 of the
miRNAs were correlated to the signaling pathways of the disease. These included PTEN, PI3K/Akt, YAP/TAZ/EGFR,
HIF1o/NF «B, and Wnt/B-catenin. Saliva is an increasingly attractive body fluid in the search for disease biomarkers
since it has great stability in severe conditions, can be stored for extended periods, and is more accessible for men-
struators in third-world countries as there is less risk of infection and doesn’t require a procedure to obtain (Sofiane
Bendifallah et al., 2022).
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Figure 4: This graph displays the potential of different miRNAs to be biomarkers for endometriosis. Data derived
from (Costin Vlad Anastasiu et al., 2020).

Genomics/Proteomics

Genomics may be a potential way of diagnosing endometriosis, especially in the earlier stages of the disease. Some
gene-based technologies include cDNA hybridization and cDNA microarray techniques. Studies show that women
with endometriosis have higher plasma concentrations of cDNA than those without the disease. Mitochondrial DNA
also has the potential to be a biomarker for endometriosis, but further research needs to be conducted (Costin Vlad
Anastasiu, 2020).

Using SELDI-TOF MS, a study examined different patterns of serum proteins in 90 women with endometri-
osis. The researchers concluded that a panel of proteins, with molecular weights ranging between 2000 and 20,000 Da
differentiated affect women and women without endometriosis. The panel had a sensitivity of 81.3% and a specificity
0of 60.3%. Using, ELISA, AXIN1 and ST1A1 were examined in endometriotic women and women without the disease.
These molecules are presented at higher levels in women with endometriosis than women without. AXIN1 seems to
have great potential to be a non-invasive diagnosis protein for endometriosis (Costin Vlad Anastasiu et al., 2020).
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Drawbacks of Biomarkers

Instead of relying on blood or even urine for potential biomarkers, which may contain other information and molecules
than to indicate the presence of endometriosis in women, using the direct source of the disease-like tissue might be
more beneficial to study, but this is still invasive. Additionally, physicians may have to have a panel of biomarkers
which could be hard to get all the samples if they are from different substances (Soo Hyun Ahn et al., 2017).

Conclusion

A couple of blood biomarkers have been the most commonly used to help diagnose endometriosis, but there are so
many other biomarkers that have the potential to help the diagnosis process, especially in a panel. Genomics also has
a promising outlook and could be the next reliable step to diagnose endometriosis. MirNA also has a high potential to
be a biomarker, especially considering the accessibility to acquiring this molecule through saliva. Biomarkers can be
the new diagnostic tool due to the ease of getting these molecules which is mostly noninvasive. MiRNA can be ob-
tained through blood and saliva which is easier to get a sample of than going through surgery which can lead to
complications that the woman may not be able to afford. Endometriosis is a disease that negatively affects the way
many women lead their lives and also impacts the progress of a country due to its debilitating effects. A noninvasive
diagnosis is a priority to getting treatment in the earlier stages of endometriosis to reduce the risk of infertility.
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