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Abstract
OBJECTIVE—To validate a rat model of endometriosis using cDNA microarrays by identifying
common gene expression patterns beween experimental and natural disease.

DESIGN—Autotransplantation rat model.

SETTING—Medical school department.

ANIMALS—Female Sprague-Dawley rats.

INTERVENTIONS—Endometriosis was surgically-induced by suturing uterine horn implants next
to the small intestine’s mesentery. Control rats received sutures with no implants. After 60 days,
endometriotic implants and uterine horn were obtained.

MAIN OUTCOME MEASURES—Gene expression levels determined by cDNA microarrays and
QRT-PCR.

METHODS—Cy5-labeled cDNA was synthesized from total RNA obtained from endometriotic
implants. Cy3-labeled cDNA was synthesized using uterine RNA from a control rat. Gene expression
levels were analyzed after hybridizing experimental and control labeled cDNA to PIQOR™

Toxicology Rat Microarrays (Miltenyi Biotec) containing 1,252 known genes. Cy5/Cy3 ratios were
determined and genes with >2-fold higher or <0.5-fold lower expression levels were selected.
Microarray results were validated by QRT-PCR.

RESULTS—We observed differential expression of genes previously shown to be upregulated in
patients, including growth factors, inflammatory cytokines/receptors, tumor invasion/metastasis
factors, adhesion molecules, and anti-apoptotic factors.

CONCLUSIONS—This study presents evidence in support of using this rat model to study the
natural history of endometriosis and test novel therapeutics for this incurable disease.
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INTRODUCTION
Endometriosis is a gynecological disease associated with severe pelvic pain and infertility, thus
affecting the reproductive health and quality of life of millions of women around the world
(1). The pathogenesis of endometriosis is still unknown, and the mechanisms whereby
endometriotic lesions establish, progress, and migrate to extrapelvic sites are not well
understood (2). Human studies are limited by ethical and practical considerations including: i)
the need for repeated surgical procedures to monitor disease progression; ii) difficulties in
controlling variables (individual genetic variation, environment, diet); and iii) difficulties in
studying the early steps of disease development. Animal models of this disease, such as the rat
autotransplantation model developed by Vernon and Wilson in 1985 (3), would therefore offer
an invaluable tool to study the early steps of disease pathogenesis and to test novel therapeutics.

Despite the clear advantages of using animal models in biomedical research, whether results
obtained using experimental models of disease could be extrapolated to the human scenario
remains controversial (4–7). Therefore, animal models need to be carefully evaluated to ensure
that they accurately represent the disease they are meant to mimic. Care must always be taken
when making extrapolations from a rat model to the human, especially since the rat does not
have spontaneously occurring endometriosis and it does not menstruate. However, rats with
surgically induced endometriosis exhibit similar pathophysiological symptoms as humans with
spontaneous endometriosis. The rat ectopic and eutopic endometrium have the same
differential secretory pattern of protein synthesis and are histologically similar to what has
been observed in human endometriosis. Furthermore, rats with surgically induced
endometriosis exhibit a decrease in their fecundity and NK cell activity that parallels the human
disease (8–11). Moreover, we have recently shown that, similar to the human disease, this
animal model is characterized by a dysregulation of the TNF system systemically and at the
peritoneal level (12).

The aim of the present study was to further evaluate the validity of this animal model by
identifying functional biological categories in common with human disease. We propose that
gene expression profiling and functional characterization of transcripts that are differentially
regulated in the experimental condition could serve as the basis for validating physiological
mechanisms at play in the natural disease. Such transcripts may, in turn, represent possible
therapeutic targets for this incurable condition. There have been some reports of gene
expression and protein production patterns that are shared by experimental and human disease,
but these are mostly single gene/protein studies. cDNA microarrays are increasingly being used
to identify gene expression profiles associated with complex genetic diseases of unknown
etiology (13). This powerful technology reveals disease-specific patterns in gene expression,
thereby accelerating the identification of candidate genes (14).

In order to expedite the identification of relevant genes that may play a role in the establishment,
survival and growth of ectopic endometrium, we applied cDNA microarray technology to
compare gene expression patterns of ectopic and normal endometrium in a well-known rat
model of endometriosis. To validate the cDNA microarray results, selected genes were further
evaluated by RT-PCR, and gene expression profiles were analyzed using GoMiner™, a systems
biology data mining tool (15). GoMiner™ identified significantly enriched Gene Ontology
(GO) categories, and the results were compared with what has already been reported in the
literature for the human disease, including previous cDNA microarray studies on endometriosis
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(16–22). In this study we report the identification of common pathway-specific patterns of gene
expression that support the use of this model for pre-clinical drug testing.

MATERIALS AND METHODS
The experiments reported herein were performed in accordance with the principles described
in the “Guide for the Care and Use of Laboratory Animals”, Publication No. DHMS (NIH)
86-23.

Animal Model and Collection of Tissues
Studies were performed with 15 female Sprague-Dawley rats weighing 275–300g (Southern
Veterinary Service, PSM, PR). All animals were maintained in restricted-access rooms with a
controlled temperature (23°C) and a 12 hour light-dark cycle. Standard laboratory chow and
drinking water were provided ad libitum. All experimental procedures involving animals were
approved by the Animal Care and Use Committee at Ponce School of Medicine.

Intestinal endometriosis was induced surgically in mature female rats under pentobarbital
anesthesia, based on the method by Vernon and Wilson (1985) (3). Briefly, the distal 1 cm of
the right uterine horn was removed and immersed in warm (37°C) sterile culture medium. The
endometrium was exposed by opening lengthwise with a pair of sterile scissors and four pieces
of uterine horn measuring 2mm × 2mm were cut. Four implants of uterine tissue were sutured
next to the mesenteric vessels of the small intestine in the experimental group (n = 9). In the
control group (n = 6), four silk sutures were attached to the mesentery of the intestine without
implants, and the uterine horn was massaged with fingertips for two minutes. All animals were
allowed to recover for 60 days before sacrificing with an overdose of sodium pentobarbital.

Vaginal cytologic smears were carried out for all rats before and after surgical intervention, as
well as at the time of sacrifice, in order to monitor their reproductive cyclicity. A laparotomy
was performed and the peritoneal cavity was opened and systematically examined for the
presence of implants and the original sutures. Peritoneal fluid was aseptically aspirated using
a sterile micropipette taking care not to contaminate with blood, a smear with Wright’s stain
was prepared for quantification of white blood cells (wbc), and the remainder stored at −80°
C for RNA analyses. The number of wbc per high power field was determined in 5 randomly
selected fields as previously described (12). The classification of implants in terms of grades
of growth was carried out following the criteria described by Ingelmo et al. (1999) (23). Tissue
samples (e.g., uterine horn, endometrial implants), were immediately immersed in RNAlater
reagent (Ambion, Austin, TX) and stored in tightly closed containers at −80°C.

Total RNA Extraction and Linear Amplification
Total RNA was isolated by standard methods using a commercially available RNA isolation
kit (Qiagen, Valencia, CA). The integrity of the extracted RNA was evaluated with capillary
electrophoresis using a Bioanalyzer 2100 (Agilent Technologies, Palo Alto, CA). RNA
quantity was determined by spectrophotometry at OD260 in a GeneQuant™ DNA/RNA
calculator (Pharmacia, Piscataway, NJ). Linear amplification of RNA was done following a
modified protocol of a previously described method (24). The quality and quantity of amplified
RNA (aRNA) were determined by capillary electrophoresis and spectrophotometry as
described above.

cDNA Microarrays
Rat-specific PIQOR™ Toxicology arrays (Miltenyi Biotec, Cologne, Germany) consisting of
1,252 selected cDNA fragments were used to generate gene expression profiles of ectopic
(array #1: a pooled sample of four endometriotic vesicles from three rats, 1–2 vesicles from
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each) versus eutopic endometrium (array #2: uterine rat tissue from a control rat). Two
micrograms (μg) of aRNA from eutopic and ectopic endometrium were reverse transcribed in
a reaction containing 8 μl of 5x First Strand Buffer (Invitrogen, Carlsbad, CA), 2μl Primer Mix
(oligo dT and randomeres, Miltenyi Biotech GmbH, Cologne, Germany), 2 μl low C-dNTPs
(10mM dATP, 10 mM dGTP, 10 dTTP, 4 mM dCTP), 2 μl FluoroLink Cy3/5-dCTP
(Amersham Pharmacia Biotech, Freiburg, Germany), respectively, 4 μl 0.1 M DTT and 1 μl
RNasin (20–40 U) (Promega, Madison, WI). Reverse transcription was conducted by
incubation with SuperScript II Reverse Transcriptase (Invitrogen, Carlsbad, CA) at 42°C for
30 min.

After RNAase H treatment, Cy3- and Cy5-labeled samples were combined and purified using
Qiaquick columns (Qiagen, Valencia, CA). Samples diluted 1:1 in pre-warmed 2x
hybridization solution were then subjected to a predefined PIQOR rat toxicology microarray.
Hybridization and post-hybridization washes were carried out as described before (25). Slides
were scanned by Miltenyi on a ScanArray 4000 Lite scanner (Perkin-Elmer, Wellesley, MA).
ImaGene software version 4.1 was used for signal quantification and analysis as described
(26). Normalized ratios are shown as Cy5 signal intensity divided by Cy3 signal intensity of
the respective gene. Microarray experiments were performed according to MIAME guidelines
(27).

Validation of Microarray Data by Real-Time RT-PCR
To validate the gene expression data obtained with cDNA microarrays, real-time RT-PCR was
performed on 9 selected genes, using total RNA from endometriotic vesicles from experimental
rats (n = 6) and uterine horn tissues of control animals (n = 5). The six experimental rats used
for RT-PCR did not overlap with those used for microarrays (n = 3). The five control rats used
for the RT-PCR experiments did not include the control rat used for microarrays. Genes were
selected based on level of expression and plausible role in disease etiology, and included
PDGRB (2.1-fold), LOXL1 (2.1-fold), IL2RG (3.2-fold), BCL2 (9.1-fold), OPG (4.8-fold),
MMP9 (24.3-fold), TGFB (2.4-fold), APRIL (3.1-fold), and PGH2 (2.2-fold). Primers were
designed based on published sequence data using Primer3 software and synthesized by a
commercial vendor (IDT DNA Technology, Inc., Coralville, IA).

In brief, total RNA was isolated from tissues using the Trizol LS reagent (Invitrogen, Carlsbad,
CA). To remove contaminating DNA, samples were treated with DNAse I (DNA-free, Ambion,
Austin, TX). Reverse transcription was performed on the PTC-200 thermalcycler (MJ
Research, Waltham, MA) using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA)
following the manufacturer’s protocol. After cDNA synthesis, PCR reactions were performed
in triplicate with specific oligo-primer pairs using the iQ SYBR Green Super Mix kit according
to the manufacturer’s recommendations (Bio-Rad, Hercules, CA). The PCR amplification
profile was as follows: 94°C for 4 min followed by 50 cycles of denaturation at 94°C/30 sec,
gene-specific annealing temperature/30 sec, and extension at 72°C/40 sec. Annealing
temperatures per primer set were determined empirically. A melting curve was generated after
each run to verify the specificity of the primers, shown by the presence of a single band and
no primer-dimer artifacts. Real-time analysis of PCR amplification was performed with an
iCycler iQ Optical System software, version 3.0a (Bio-Rad, Hercules, CA).

Relative expression levels were calculated for each sample after normalization against the
housekeeping gene HPRT, using the ΔΔCt method for comparing relative fold-expression
differences (28). Statistical analysis was performed using unpaired two-tailed t tests to compare
relative mRNA expression levels in experimental and control samples (GraphPad InStat 3).
Statistical significance was defined as a p value of <0.05.
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GO Category Analysis of Gene Expression Data
In order to better understand the biological meaning of the cDNA microarray results obtained,
gene expression data was analyzed using GoMiner™, a freely available computer-based data
mining tool that automates the functional categorization of differentially expressed genes
according to their biological, cellular and molecular functions. GoMiner™, which uses the
hierarchical structure of the Gene Ontology program, calculates enrichment or depletion of
functional categories (Biological Process, Cellular Component, and Molecular Function).
Potentially important categories are easily identified by sorting quantitative and statistical
results by either enrichment factor or p-value. GoMiner™ allows for bioinformatic integration
by providing links to external databases such as LocusLink, PubMed, GeneCards, NCBI’s
Structure Database, and pathway maps (BioCarta and KEGG).

RESULTS
Animal Model

All rats were sacrificed at the same time, exactly 60 days after surgery. Vaginal cytologic
smears were carried out for all rats before and after the surgical intervention in order to monitor
their reproductive cyclicity. The estrous cycle stage (i.e., estrus, anestrus, proestrus, metestrus)
at the time of sacrifice was also recorded. While rats are surgically induced when in estrous
(or proestrus in some cases), there was a spread among the various cycle stages within both
control and experimental rats at the time of sacrifice; however, there was no statistically
significant difference in the cycle stage between the groups. Also, there was no difference in
the body weight between experimental and control rats at the time of sacrifice.

After sacrifice, classification of the implants was performed as described by Ingelmo (1999)
(23). Briefly, vesicles at the suture sites (four sutures per rat) were classified in grades 1 to 4
(1 = no vesicle, 2 = vesicle is < 2 mm in diameter, 3 = vesicle is ≥ 2 mm but < 4.5 mm in
diameter, 4 = vesicle is ≥ 4.5 mm in diameter). The experimental (implanted) rats (n = 9)
developed a vesicle in 67% of their sutures. None of the six control rats developed a vesicle at
the site of the suture. The peritoneal fluid of experimental rats had a significantly higher wbc
number (48.85 ± 12.38 cells per high-power field) compared to controls (8.96 ± 1.92; p<0.05).

cDNA Microarray Analysis
From the 1,252 genes printed on the microarrays, 123 were found to be more than twofold
overexpressed and 45 were underexpressed (≥0.5-fold) in ectopic endometrium as compared
to eutopic tissue (Table 1). From this gene list, genes that have been previously associated to
human endometriosis were identified by conducting a comprehensive search of the literature
using PubMed. Novel genes which have not been previously associated to human disease were
also identified; further characterization of such transcripts is expected to result in the generation
of new hypotheses that would need to be tested.

Real-time RT-PCR Validation of Microarray Data
To validate the microarray data, we conducted real-time RT-PCR quantification of the
expression of 9 selected genes in a second set of samples (not included in the microarray
experiments). RNA was extracted from vesicles obtained from 6 experimental rats, and from
uterine horn samples from 5 control animals. Due to the limited amount of RNA obtained from
each vesicle, RNA obtained from two to three vesicles per animal was pooled. Relative
expression levels of the genes of interest was compared to those of a reference gene. We tested
four different reference genes (HPRT, CYP, β-actin, and GAPDH), and found no significant
differences in the expression between groups, i.e., none of the tested reference genes were
differentially regulated during the disease process and therefore all were valid to normalize the
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data (29). Arbitrarily, we selected HPRT as our reference gene for analysis. Relative expression
levels were calculated for each sample after normalization against HPRT, using the ΔΔCt
method for comparing relative fold-expression differences. All PCR reactions had efficiencies
of over 90%. From the 9 selected genes, RT-PCR analysis validated the results for seven:
PDGFA, LOXL1, IL2RG, BCL2, OPG, MMP9, and TGFB. In Figure 1, scatter plots for each
gene show the mean and individual variation in gene expression levels in experimental vs.
control rats. For LOXL1, IL2RG, BCL2, MMP9 and TGFB, the differences in means between
experimental and control groups reached statistical significance. A comparison between the
cDNA microarray and RT-PCR expression data is shown in Figure 2.

Functional Categorization of Microarray Data
Data mining using GoMiner identified 58 potentially important functional categories based on
both a high enrichment factor and statistical significance (p-value <0.5). A total of 41
Biological Process (121 genes)-, eight Cellular Component (113 genes)-, and nine Molecular
Function (112 genes)-categories were significantly enriched (Table 2). The largest group of
the functional categories was, as expected, those related to immune modulation/inflammation.
In particular, IL-6 biosynthesis and action was one of the categories with the largest enrichment
factor value (6.32), together with positive regulation of T cell proliferation (6.32), and
neutrophil chemotaxis (4.74). Other interesting categories— which strongly relate to the human
condition— were integrin binding (6.32), extracellular matrix (2.56), response to wounding
(2.25), angiogenesis (2.28), and metallopeptidase activity (2.95) (Table 3).

DISCUSSION
At the present time the cause of endometriosis and its natural history are still unknown,
treatment options are limited, and there is no cure for this debilitating disease. Animal models
represent an invaluable tool to study the initiating events leading to survival and establishment
of endometriotic implants at ectopic sites, as well as for the development of novel therapeutic
strategies. Drug discovery and development require that model organisms used in preclinical
assays can accurately predict the clinical efficacy and safety of new drugs. One of the major
obstacles to drug discovery is the lack of— or inadequacy of— animal models available to
conduct preclinical studies of safety and efficacy, target identification and validation, and drug
screening. Therefore, determining the validity of animal models of disease has great
implications for the pharmaceutical and biotechnology fields.

Animal model validation has been limited to pathological, histological, and pharmacological
considerations. Single-gene studies have been conducted in an attempt to genetically validate
animal models, but this approach cannot provide a broader picture (30). For instance, we have
identified common gene expression phenomena between experimental and human disease,
such as the significant decrease in expression of the TNF receptor 2 (Tnfrsf1b) (12). However,
for a complex disease such as endometriosis, with no clear understanding of its etiology and
progression, and for which no specific biomarker has been identified despite decades of
research, there are very few obvious candidate genes to study.

In this study we proposed that gene expression profiling is the most appropriate tool to validate
a much needed accurate, inexpensive, and accessible preclinical model for endometriosis.
Therefore, we applied a comprehensive, high-throughput technology such as cDNA
microarrays to solve the complex question at hand: Is the autotransplantation rat model of
endometriosis a valid model of this disease? To answer this question we conducted cDNA
microarray analysis to compare gene expression profiles of ectopic and eutopic endometrium
in this animal model.
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To validate the cDNA microarray results, real-time RT-PCR analysis of the level of expression
of selected genes was conducted. This technology constitutes an independent way of validating
the cDNA microarray results, while providing a cost-effective way of quantifying gene
expression levels in additional sample sets. Of the nine genes initially selected for microarray
data validation (PDGFA, LOXL1, IL2RG, BCL2, OPG, MMP9, TGFB, APRIL, PGH2) we
confirmed the results for the first seven (Figure 2). Discrepancies between microarray and real-
time PCR results in both direction and level of expression have been reported before, providing
further support for the use of real-time RT-PCR to confirm cDNA microarray data (31,32).

A difficulty related to cDNA microarray studies relates to the fact that large gene sets are
identified in a single experiment, making these large-scale studies problematic for data
interpretation. While gene annotations (National Center for Biotechnology Information/
Entrez/Online Mendelian Inheritance in Man Database, and others) are helpful, searching for
patterns or for interesting gene functions that can be ascribed to disease is labor intensive,
subjective, and therefore impractical. Data mining tools such as GoMiner™ make selecting
significant trends from such large data sets a more user-friendly process. GoMiner™ compares
the expression of genes from an experiment against the distribution of all of the genes of the
genome on the GO hierarchy of gene functions. Those branches that are not enriched by chance
alone are flagged, and the investigator can easily select those interesting categories for further
experimentation (15).

GO category analysis was conducted to provide biological meaning and functional coherence
to the results. Using GoMiner™, we analyzed the biological classifications of the 168 genes
that were differentially-expressed (123 upregulated, 45 downregulated) in ectopically growing
endometrium. We observed that, in particular, defense-related cellular pathways were
significantly enriched, including inflammatory response (10 genes), immune response (23
genes), and chemotaxis (9 genes). In addition, angiogenesis (5 genes), response to wounding
(18 genes), programmed cell death (14 genes), metallopeptidase function (8 genes), cell
adhesion (14), extracellular matrix (16 genes) and collagen metabolism (6 genes) were also
significantly enriched. Of the downregulated genes, only tube development (2 genes),
regulation of ossification (3 genes), and G1/S transition of mitotic cell cycle (3 genes) reached
statistical significance (Table 3).

It is now widely accepted that angiogenesis plays a major role in the pathogenesis of
endometriosis (34–36). In fact, angiogenic inhibitors have been proposed as a novel therapy
for this disease, since it has been shown that they suppress the growth of endometriotic lesions
in an animal model (37,38). Likewise, both integrin and metalloproteinase expression have
been associated with the metastatic potential of endometriosis lesions. The fact that the immune
system and inflammatory mechanisms are activated in endometriosis is also well known. This
study also served to identify new gene expression profiles that may characterize endometriosis.
Interesting novel functional categories that deserve further exploration include: metal ion
binding and transport, regulation of bone ossification and remodeling, cell cycle arrest and
response to reactive oxygen species. These findings are expected to promote the development
of novel hypotheses that will likely guide future research directions.

The present study has uncovered many interesting biological themes shared between the natural
and experimental disease. In agreement with observations made in patients, we observed gene-
and pathway-specific patterns of expression that may explain the observed survival and growth
of ectopic endometrium in rats. Endometriosis is most likely the result of the stepwise activation
of a complex series of molecular events that begin when endometrial cells present in the
menstrual fluid reach the peritoneal cavity by retrograde menstruation (according to Sampson’s
theory). Our observations support the current knowledge from both the natural and
experimental disease, which can be summarized as follows (Figure 3): the initial attachment
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of cells that reach the peritoneum to the extracellular matrix [adhesion molecule, integrin
expression], is followed by tissue invasion [metalloprotease (MMPs) and tissue inhibitor of
metalloprotease activity (TIMP)], cell growth to form lesions [cell division, growth factors,
steroid hormones, k-ras mutations], survival at the ectopic site [angiogenesis, resistance to
apoptosis, induction of local immunosuppression], and finally activation of wound healing
mechanisms ensues which may result in the fribrosis, scarring and adhesion formation that
characterize severe endometriosis. Concomitantly, inflammatory [neutrophil chemotaxis,
complement] and immune mechanisms [T cell activation, cytokines, chemokines] are activated
in response to the growth of cells at the abnormal location, and these probably feed into the
proposed pathway.

It should be noted that there are limitations to the use of cDNA microarrays for the study of
endometriosis. Endometriotic tissue is heterologous, i.e., it is a mixture of endometrium,
myometrium, serosa, connective tissue and immune cells. Therefore, there is no guarantee that
the gene expression profiles that we have identified derive from tissue that is significantly
contributing to the pathophysiology of this disease. The recent application of laser capture
microdissection to molecular studies will undoubtedly facilitate follow up studies of gene
expression in the different cell lineages that comprise heterogeneous tissues such as the
endometrial lesions (20). Also, since cDNA microarrays are assaying the message for protein
synthesis but not the actual protein levels, it is important that follow up studies are conducted
to determine the extent to which relevant proteins are produced. Similarly, functional studies
in vitro and in vivo should ask whether differences in protein production are indeed related to
disease.

In summary, while it is generally accepted that non-human primate models of endometriosis
most closely resemble the disease (39), this study provides evidence in support of the
autotransplantation rat model as a simple, inexpensive and useful alternative to study certain
aspects of this condition. This model of endometriosis originally developed by Vernon and
Wilson in 1985, has already been used for testing possible new drugs, including studies
showing for the first time the potential of anti-TNF agents for the treatment of endometriosis
(40–45). The common themes of gene expression between the experimental and the natural
disease described herein should be considered evidence in support of this surgically-induced
rat model as an appropriate and invaluable tool to study the natural history of endometriosis
and test novel therapeutics for this incurable disease.
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Figure 1.
Scatter plots of gene expression levels in experimental (n=6) and control (n=5) rats analyzed
by RT-PCR. Unpaired t-tests were conducted to determine significant differences in the mean
level of gene expression between the groups. Significance was set at p<0.05; * indicates a p
value <0.05, ** a p value <0.01.
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Figure 2.
Comparison of fold-expression of candidate genes in ectopic versus eutopic endometrium
analyzed by either microarrays or real-time QRT-PCR.
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Figure 3.
A model of disease for endometriosis based on data from both animal and human studies
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Table 1
Genes differentially regulated in ectopic and eutopic endometrium of a rat model of endometriosis

NAME (by fold-expression) Fold-
expression

% SDa Previously
shown to be
associated to

human
endometriosis

MMP12: (MMP12 OR HME) MACROPHAGE METALLOELASTASE PRECURSOR 70.13 7 %
MMP9: (MMP9 OR CLG4B) 92 KDA TYPE IV COLLAGENASE PRECURSOR 24.33 22 % 46–50
OPN: (SPP1 OR OPN) OSTEOPONTIN PRECURSOR (BONE SIALOPROTEIN
1

24.14 3 % 51

MMP13: (MMP13) COLLAGENASE 3 PRECURSOR 22.30 74 %
FABE: (FABP5 OR MAL1 OR KLBP OR FABPE) FATTY ACID-BINDING
PROTEIN, EPIDERMAL (E-FABP)

14.55 7 %

CCL3_RAT: (CCL3 OR SCYA3 OR G0S19-1 OR MIP1A) SMALL INDUCIBLE
CYTOKINE A3 PRECURSOR (CCL3) (MACROPHAGE INFLAMMATORY
PROTEIN 1-ALPHA)

13.78 30 %

ITGB2: (ITGB2 OR CD18) INTEGRIN BETA-2 PRECURSOR (CELL SURFACE
ADHESION GLYCOPROTEINS LFA-1/CR3/P150,95 BETA-SUBUNIT

13.67 11 % 52

CCL9_RAT: (SCYA9 OR SCYA10 OR MRP2) SMALL INDUCIBLE CYTOKINE A9
PRECURSOR (MACROPHAGE INFLAMMATORY PROTEIN 1-GAMMA) (MIP-1-
GAMMA)

12.35 20 %

FABI: (FABP2) FATTY ACID-BINDING PROTEIN, INTESTINAL (I-FABP)
(FABPI).

10.26 57 %

LBP: (LBP) LIPOPOLYSACCHARIDE-BINDING PROTEIN PRECURSOR (LBP). 9.99 21 %
DMBT1: (DMBT1) DMBT1 PROTEIN. EBNERIN. (CRPD OR CRP OR CRP-
DUCTIN) CRP-DUCTIN PRECURSOR (CRP).

9.36 5 %

BCL2A1: (BCL2A1 OR BFL1 OR GRS OR BCL2L5) BCL2-RELATED
PROTEIN A1 (BFL-1 PROTEIN) (HEMOPOIETIC-SPECIFIC EARLY
RESPONSE PROTEIN) (GRS PROTEIN).

9.14 16 % 53–55

S100A9: (S100A9 OR CAGB) CALGRANULIN B (MIGRATION INHIBITORY
FACTOR-RELATED PROTEIN 14) (MRP-14) (P14) (LEUKOCYTE L1
COMPLEX HEAVY CHAIN)

8.99 21 % 56

C3: (C3) COMPLEMENT C3 PRECURSOR. 7.81 35 % 18,57
ITGAM: (ITGAM OR CR3A OR CD11B) INTEGRIN ALPHA-M PRECURSOR
(CELL SURFACE GLYCOPROTEIN MAC-1 ALPHA SUBUNIT) (CR-3 ALPHA
CHAIN) (CD11B)

6.88 44 %

CD36: (CD36 OR GP4 OR GP3B OR FAT) PLATELET GLYCOPROTEIN IV (GPIV)
(GPIIIB) (CD36 ANTIGEN) (PAS-4 PROTEIN)

6.70 14 %

CTGF: (CTGF OR HCS24) CONNECTIVE TISSUE GROWTH FACTOR
PRECURSOR (HYPERTROPHIC CHONDROCYTE-SPECIFIC PROTEIN 24).

6.57 12 % 58

ANPEP: (ANPEP OR PEPN OR APN OR CD13 OR LAP1 OR LAP-1)
AMINOPEPTIDASE N (MICROSOMAL AMINOPEPTIDASE) (GP150)

6.48 5 %

DUSP1: (DUSP1 OR PTPN10 OR MKP1 OR CL100 OR HVH1) DUAL
SPECIFICITY PROTEIN PHOSPHATASE 1 (MAP KINASE
PHOSPHATASE-1) (MKP-1)

6.38 9 % 59

ATF3: (ATF3) CYCLIC-AMP-DEPENDENT TRANSCRIPTION FACTOR ATF-3
(ACTIVATING TRANSCRIPTION FACTOR 3).

6.33 18 %

FGR: (FGR OR SRC2) PROTO-ONCOGENE TYROSINE-PROTEIN KINASE FGR
(P55-FGR) (C-FGR).

5.94 44 %

LIPL: (LPL OR LIPD) LIPOPROTEIN LIPASE PRECURSOR (LPL). 5.94 6 %
TNC: (TNC OR HXB OR TN-C) TENASCIN PRECURSOR (TN)
(CYTOTACTIN) (NEURONECTIN) (GLIOMA-ASSOCIATED-
EXTRACELLULAR MATRIX ANTIGEN)

5.90 14 % 60

INTEGRINB6: (ITGB6) INTEGRIN BETA-6 PRECURSOR. 5.61 22 % 19,61,62
CXCR4: (CXCR4 OR LESTR OR CMKAR4 OR SDF1R) C-X-C CHEMOKINE
RECEPTOR TYPE 4 (CXC-R4) (CXCR-4) (STROMAL CELL-DERIVED FACTOR
1 RECEPTOR)

5.48 5 %

SCYB1_RAT: (SCYB1 OR GRO1 OR GRO OR MGSA) GROWTH
REGULATED PROTEIN PRECURSOR (CXCL1) (CYTOKINE-INDUCED
NEUTROPHIL CHEMOATTRACTANT) (CINC-1) (PLATELET-DERIVED
GROWTH FACTOR- INDUCIBLE PROTEIN KC)

5.43 38 % 63

CXCL4_RAT: (SCYB4 OR PF4) PLATELET FACTOR 4 PRECURSOR (PF-4)
(ONCOSTATIN A)

4.92 8 %

MUC1: (MUC1) MUCIN 1 PRECURSOR (MUC-1) (POLYMORPHIC
EPITHELIAL MUCIN) (PEM) (PEMT) (TUMOR-ASSOCIATED MUCIN)
(CARCINOMA-ASSOCIATED MUCIN) (TUMOR-ASSOCIATED
EPITHELIAL MEMBRANE ANTIGEN) (EMA)

4.92 22 % 64,65

CD53: (CD53 OR MOX44 OR OX-44) LEUKOCYTE SURFACE ANTIGEN CD53
(CELL SURFACE GLYCOPROTEIN CD53) (LEUKOCYTE ANTIGEN MRC
OX-44).

4.87 6 %

MMP7: (MMP7 OR MPSL1 OR PUMP1) MATRILYSIN PRECURSOR (UTERINE
METALLOPROTEINASE) (MATRIX METALLOPROTEINASE-7) (MMP-7)

4.85 12 %
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S100A8: (S100A8 OR CAGA) CALGRANULIN A (MIGRATION INHIBITORY
FACTOR-RELATED PROTEIN 8) (MRP-8) (CYSTIC FIBROSIS ANTIGEN)
(CFAG) (P8)

4.81 18 % 56

TNFRSF11B: (TNFRSF11B OR OPG OR OCIF) OSTEOPROTEGERIN
PRECURSOR (OSTEOCLASTOGENESIS INHIBITORY FACTOR) (OCIF)
(TUMOR NECROSIS FACTOR RECEPTOR SUPERFAMILY MEMBER 11B).

4.81 23 % 66

CD3Z-CD3H: (CD3Z OR T3Z OR TCRZ) T-CELL SURFACE GLYCOPROTEIN CD3
ZETA CHAIN PRECURSOR (T-CELL RECEPTOR T3 ZETA CHAIN) (CD3Z OR
CD3H)

4.74 - %

UPA: (PLAU) UROKINASE-TYPE PLASMINOGEN ACTIVATOR
PRECURSOR (UPA) (U-PLASMINOGEN ACTIVATOR).

4.71 8 % 67,68

CCL4: (SCYA4 OR MIP1B OR LAG1) SMALL INDUCIBLE CYTOKINE A4
PRECURSOR (MACROPHAGE INFLAMMATORY PROTEIN 1-BETA) (MIP-1-
BETA) (T-CELL ACTIVATION PROTEIN 2) (ACT-2)

4.54 - %

MOA-TF: (MITF OR MI) MICROPHTHALMIA-ASSOCIATED TRANSCRIPTION
FACTOR (PUTATIVE TRANSCRIPTION FACTOR MI)

4.42 40 %

RAC2: (RAC2) RAS-RELATED C3 BOTULINUM TOXIN SUBSTRATE 2 (P21-
RAC2) (SMALL G PROTEIN) (GX)

4.31 7 %

LUMICAN: (LDC) LUMICAN PRECURSOR (LUM) (KERATAN SULFATE
PROTEOGLYCAN).

4.27 19 %

CD72: (LY-32 OR LYB-2 OR CD72) B-CELL DIFFERENTIATION ANTIGEN CD72
(LYB-2).

4.23 - %

IL18: (IL18 OR IGIF) INTERLEUKIN-18 PRECURSOR (IL-18)
(INTERFERON-GAMMA INDUCING FACTOR) (INTERLEUKIN-1 GAMMA)
(IL-1 GAMMA).

4.15 20 % 69

IL1B: (IL1B) INTERLEUKIN-1 BETA PRECURSOR (IL-1 BETA)
(CATABOLIN).

3.96 20 % 70

SELPLG: (SELPLG) P-SELECTIN GLYCOPROTEIN LIGAND 1 PRECURSOR
(PSGL-1) (SELECTIN P LIGAND) (CD162 ANTIGEN).

3.93 31 %

THAS: (TBXAS1 OR CYP5) THROMBOXANE-A SYNTHASE (TXA SYNTHASE)
(TXS).

3.91 20 %

THROMBOSPONDIN1: (THBS1 OR TSP1 OR TSP) THROMBOSPONDIN 1
PRECURSOR.

3.88 16 % 71

CYP7B1: (CYP7B1) CYTOCHROME P450 7B1 (OXYSTEROL 7-ALPHA-
HYDROXYLASE)

3.83 27 %

LYL1: (LYL1) LYL-1 PROTEIN. 3.73 63 %
TEF_BAD: (TEF) THYROTROPH EMBRYONIC FACTOR. 3.67 89 %
MMP11: (MMP11 OR STMY3) STROMELYSIN-3 PRECURSOR (MATRIX
METALLOPROTEINASE-11) (MMP-11)

3.66 14 %

NDRG1: (NDRG1 OR NRD1 OR RTP OR DRG1 OR CAP43 OR NDRL OR TDD5)
NDRG1 PROTEIN (DIFFERENTIATION-RELATED GENE 1 PROTEIN) (DRG1)

3.60 9 %

CD74: (CD74 OR DHLAG OR II) HLA CLASS II HISTOCOMPATIBILITY
ANTIGEN, GAMMA CHAIN (HLA-DR ANTIGENS ASSOCIATED
INVARIANT CHAIN)

3.56 4 % 16,18

ALCAM: (ALCAM) CD166 ANTIGEN PRECURSOR (ACTIVATED LEUKOCYTE-
CELL ADHESION MOLECULE) (ALCAM)

3.50 5 %

CD79A: (CD79A OR IGA OR MB1 OR MB-1) B-CELL ANTIGEN RECEPTOR
COMPLEX ASSOCIATED PROTEIN ALPHA-CHAIN PRECURSOR (IG-ALPHA)

3.49 12 %

JUNB: (JUNB) TRANSCRIPTION FACTOR JUN-B (G0S3). 3.48 4 %
ASC: (ASC OR TMS1 OR PYCARD OR CARD5) APOPTOSIS-ASSOCIATED
SPECK-LIKE PROTEIN (TARGET OF METHYLATION-INDUCED SILENCING 1)
(CASPASE RECRUITMENT DOMAIN PROTEIN 5).

3.46 8 %

VAV: (VAV) VAV PROTO-ONCOGENE 3.46 15 %
ITGA4: (ITGA4 OR VLA-4) INTEGRIN ALPHA-4 PRECURSOR (INTEGRIN
ALPHA-IV) (VLA-4) (CD49D) (LYMPHOCYTE-PEYER’S PATCH ADHESION
MOLECULES ALPHA SUBUNIT) (LPAM ALPHA SUBUNIT).

3.43 13 %

FBLN2: (FBLN2) FIBULIN-2 PRECURSOR. 3.31 13 %
COL11A1: (COL11A1) COLLAGEN ALPHA 1(XI) CHAIN PRECURSOR. 3.28 26 % 19,72,73
IL2RG: (IL2RG) CYTOKINE RECEPTOR COMMON GAMMA CHAIN
PRECURSOR (GAMMA-C) (INTERLEUKIN- 2 RECEPTOR GAMMA CHAIN)
(IL-2R GAMMA CHAIN) (P64) (CD132 ANTIGEN).

3.18 14 % 22

ZF9: (COPEB OR KLF6 OR BCD1 OR CPBP) CORE PROMOTER ELEMENT-
BINDING PROTEIN (B-CELL DERIVED PROTEIN 1) (PROTO-ONCOGENE
BCD1)

3.16 7 %

CCR5-CCR2: (CCR5 OR CMKBR5) C-C CHEMOKINE RECEPTOR TYPE 5 (C-C
CKR-5) (CC-CKR-5) (CCR-5) (CCR5) (HIV-1 FUSION CO-RECEPTOR)
(CHEMR13)

3.09 29 %

FIP2: (FIP2 OR NEMO2) TUMOR NECROSIS FACTOR ALPHA-INDUCIBLE
CELLULAR PROTEIN CONTAINING LEUCINE ZIPPER DOMAINS
(HUNTINGTIN INTERACTING PROTEIN L/HYPL)

3.09 17 %
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APRIL: (TNFSF13 OR APRIL OR TALL2 OR ZTNF2) TUMOR NECROSIS FACTOR
LIGAND SUPERFAMILY MEMBER 13 (A PROLIFERATION-INDUCING
LIGAND) (APRIL)

3.08 12 %

CXCL13: (BLC OR BCA1) B LYMPHOCYTE CHEMOATTRACTANT
PRECURSOR (CXC CHEMOKINE BLC) (B CELL-ATTRACTING
CHEMOKINE 1) (BCA-1) (ANGIE).

3.07 8 % 63,74

HMOX1: (HMOX1 OR HO1 OR HO) HEME OXYGENASE 1 (HO-1). 3.07 19 %
LCP2: (LCP2) LYMPHOCYTE CYTOSOLIC PROTEIN 2 (SH2 DOMAIN-
CONTAINING LEUCOCYTE PROTEIN OF 76 KDA) (SLP-76 TYROSINE
PHOSPHOPROTEIN) (SLP76).

3.03 24 %

CD37: (CD37) LEUKOCYTE ANTIGEN CD37. 3.01 10 %
FN1: (FN1 OR FN) FIBRONECTIN PRECURSOR (FN) (COLD-INSOLUBLE
GLOBULIN) (CIG).

2.93 7 %

RBP2: (RBP2 OR CRBP2) RETINOL-BINDING PROTEIN II, CELLULAR
(CRBP-II).

2.93 43 % 75

SFA2: (BATF) ATF-LIKE BASIC LEUCINE ZIPPER TRANSCRIPTIONAL
FACTOR B-ATF (SF-HT-ACIVATED GENE-2) (SFA-2).

2.88 15 %

GJA1_1: (GJA1) GAP JUNCTION ALPHA-1 PROTEIN (CONNEXIN 43) (CX43)
(GAP JUNCTION 43 KDA HEART PROTEIN).

2.87 11 % 76

GADD45: (GADD45A OR DDIT1 OR GADD45) GROWTH ARREST AND DNA-
DAMAGE-INDUCIBLE PROTEIN GADD45 ALPHA (DNA-DAMAGE
INDUCIBLE TRANSCRIPT 1)

2.79 3 % 18

ALDH6: (ALDH1A3 OR ALDH6) ALDEHYDE DEHYDROGENASE 6 (RALDH3)
RETINALDEHYDE DEHYDROGENASE 3

2.76 8 %

SOD2: (SOD2 OR SOD-2) SUPEROXIDE DISMUTASE [MN],
MITOCHONDRIAL PRECURSOR

2.75 12 % 77

KAI1: (KAI1 OR CD82 OR SAR2) CD82 ANTIGEN (INDUCIBLE MEMBRANE
PROTEIN R2) (C33 ANTIGEN) (IA4) (METASTASIS SUPPRESSOR KANGAI 1)
(SUPPRESSOR OF TUMORIGENICITY-6).

2.73 9 %

CCL2_RAT: (SCYA2 OR MCP1) SMALL INDUCIBLE CYTOKINE A2
PRECURSOR (MONOCYTE CHEMOTACTIC PROTEIN 1) (MCP-1)
(MONOCYTE CHEMOATTRACTANT PROTEIN-1)

2.67 17 % 78,79

LYSYLOXIDASE: (LOX) PROTEIN-LYSINE 6-OXIDASE PRECURSOR (LYSYL
OXIDASE).

2.67 22 %

CD83: (CD83) ANTIGEN PRECURSOR (CELL SURFACE PROTEIN HB15) (B-
CELL ACTIVATION PROTEIN).

2.63 7 %

CP: (CP) CERULOPLASMIN PRECURSOR (FERROXIDASE). 2.62 18 %
WNT2: (WNT2 OR IRP OR WNT-2) WNT-2 PROTEIN PRECURSOR (IRP
PROTEIN) (INT-1 RELATED PROTEIN).

2.57 11 %

TIMP1: (TIMP1 OR TIMP OR CLGI) METALLOPROTEINASE INHIBITOR 1
PRECURSOR (TIMP-1) (ERYTHROID POTENTIATING ACTIVITY) (EPA)
(TISSUE INHIBITOR OF METALLOPROTEINASES

2.55 4 % 68,80

WNT4: (WNT4 OR WNT-4) WNT-4 PROTEIN PRECURSOR (UNQ426/PRO864). 2.50 29 %
BST1: (BST1 OR BP3 OR BP-3 OR LY65) ADP-RIBOSYL CYCLASE 2
PRECURSOR (CYCLIC ADP-RIBOSE HYDROLASE 2)

2.48 10 %

AHR: (AHR) AH RECEPTOR (ARYL HYDROCARBON RECEPTOR). 2.45 17 % 81
CYP2D1-CYP2D5_RAT: (CYP2D1 OR CYP2D-1) (CYP2D5 OR CYP2D-5)
CYTOCHROME P450 2D1 (CYPIID1)

2.45 23 %

ICAM1: (ICAM1 OR ICAM-1) INTERCELLULAR ADHESION MOLECULE 1
PRECURSOR (ICAM-1) (MAJOR GROUP RHINOVIRUS RECEPTOR) (CD54)
(MALA-2).

2.44 15 % 12,82,83

TGFB1_1: (TGFB1 OR TGFB) TRANSFORMING GROWTH FACTOR BETA 1
PRECURSOR (TGF-BETA 1).

2.44 6 % 16,74,84-86

COL15A1: (COL15A1) COLLAGEN ALPHA 1(XV) CHAIN PRECURSOR. 2.42 7 %
TF: (TF) SEROTRANSFERRIN PRECURSOR (TRANSFERRIN)
(SIDEROPHILIN) (BETA-1-METAL BINDING GLOBULIN) (PRO1400).

2.40 8 % 87,88

PAP3_RAT: (PAP3 OR REG3G) PANCREATITIS-ASSOCIATED PROTEIN 3
PRECURSOR (REG III-GAMMA).

2.39 - %

THY1: (THY1) THY-1 MEMBRANE GLYCOPROTEIN PRECURSOR (THY-1
ANTIGEN) (CDW90) (CD90 ANTIGEN).

2.39 8 %

OSF: (OSTF1 OR SH3D3 OR SH3P2) OSTEOCLAST STIMULATING FACTOR 1
(SH3 DOMAIN PROTEIN 3).

2.38 13 %

CSF1R: (CSF1R OR CSFMR OR FMS) MACROPHAGE COLONY STIMULATING
FACTOR I RECEPTOR PRECURSOR (CSF-1-R)

2.36 12 %

BTK: (BTK OR ATK OR AGMX1 OR BPK) TYROSINE-PROTEIN KINASE BTK
(BRUTON’S TYROSINE KINASE)

2.35 29 %

CDKN1A: (CDKN1A OR CIP1 OR MDA6 OR CYCLIN-DEPENDENT KINASE
INHIBITOR 1 (MELANOMA DIFFERENTIATION ASSOCIATED PROTEIN 6)
(MDA-6)

2.30 20 %
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PTAFR: (PTAFR OR PAFR) PLATELET ACTIVATING FACTOR RECEPTOR
(PAF-R).

2.29 20 %

FN1_EIIIA: (FN1 OR FN) FIBRONECTIN PRECURSOR (FIBRONECTIN EIIIA
DOMAIN).

2.28 11 %

BACH1: (BACH1) TRANSCRIPTION REGULATOR PROTEIN BACH1 (BTB AND
CNC HOMOLOG 1) (HA2303).

2.26 29 %

ERO1L: (ERO1L) ERO1-LIKE PROTEIN ALPHA PRECURSOR
(OXIDOREDUCTIN 1-LALPHA) (ENDOPLASMIC OXIDOREDUCTIN 1-LIKE
PROTEIN)

2.25 17 %

IL1R2: (IL1R2 OR IL1RB) INTERLEUKIN-1 RECEPTOR, TYPE II
PRECURSOR (IL-1R-2) (IL-1R-BETA).

2.25 19 % 74,89

CD2: (CD2) T-CELL SURFACE ANTIGEN CD2 PRECURSOR (LEU-5) (LFA-2)
(LFA-3 RECEPTOR) (ERYTHROCYTE RECEPTOR)

2.24 16 %

DEC1: (BHLHB2 OR SHARP-2 OR STRA14) STIMULATED BY RETINOIC ACID
14 (BASIC-HELIX-LOOP-HELIX PROTEIN

2.23 15 %

SOX9: (SOX9) TRANSCRIPTION FACTOR SOX-9. 2.22 50 %
TNFSF12: (TNFSF12 OR APO3L OR DR3LG) TUMOR NECROSIS FACTOR
LIGAND SUPERFAMILY MEMBER 12 (TNF-RELATED WEAK INDUCER OF
APOPTOSIS) (TWEAK)

2.19 225 %

PGH2: (PTGS2 OR COX2) PROSTAGLANDIN G/H SYNTHASE 2
PRECURSOR (CYCLOOXYGENASE-2) (COX-2) (PROSTAGLANDIN-
ENDOPEROXIDE SYNTHASE 2)

2.18 26 % 20,21,90

SOCS3: (SOCS3) STAT INDUCED STAT INHIBITOR-3 (PROTEIN EF-10). (CISH3
OR SOCS-3 OR SOCS3) CYTOKINE INDUCIBLE SH2-CONTAINING PROTEIN 3

2.16 - %

ABME: (APOBEC1) APOLIPOPROTEIN B MRNA EDITING PROTEIN (HEPR)
(APOBEC-1).

2.15 16 %

INTEGRINB7: (ITGB7) INTEGRIN BETA-7 PRECURSOR. 2.15 23 %
TLR4: (TLR4) TOLL-LIKE RECEPTOR 4 PRECURSOR (HTOLL). 2.15 19 %
SRC: (SRC OR SRC1) PROTO-ONCOGENE TYROSINE-PROTEIN KINASE SRC
(C-SRC).

2.12 13 %

LRP: (MVP OR LRP) MAJOR VAULT PROTEIN (MVP) (LUNG RESISTANCE-
RELATED PROTEIN).

2.09 16 %

LAMB3: (LAMB3) LAMININ BETA-3 CHAIN PRECURSOR (LAMININ B1K
CHAIN) (KALININ B1 CHAIN).

2.08 14 %

C1S: (C1S) COMPLEMENT C1S COMPONENT PRECURSOR (C1
ESTERASE).

2.07 4 % 16,18

FMO5: (FMO5) DIMETHYLANILINE MONOOXYGENASE 5 (HEPATIC FLAVIN-
CONTAINING MONOOXYGENASE 5) (FMO 5) (DIMETHYLANILINE OXIDASE
5).

2.06 42 %

PDGFRB: (PDGFRB OR PDGFR) BETA PLATELET-DERIVED GROWTH
FACTOR RECEPTOR PRECURSOR (PDGF-R-BETA) (CD140B ANTIGEN).

2.06 10 % 20,21

LAMP2: (LAMP2 OR LAMP-2) LYSOSOME-ASSOCIATED MEMBRANE
GLYCOPROTEIN 2 PRECURSOR (LAMP-2) (LYSOSOMAL MEMBRANE
GLYCOPROTEIN-TYPE B) (LGP-B)

2.05 10 %

LOXL1: (LOX OR RRG) PROTEIN-LYSINE OXIDASE HOMOLOG
PRECURSOR (LYSYL OXIDASE HOMOLOG) (LYSYL OXIDASE-LIKE
PROTEIN) (RAS EXCISION PROTEIN).

2.05 28 % 22

POLD4: (POLD4 OR POLDS) DNA POLYMERASE DELTA SUBUNIT 4 (DNA
POLYMERASE DELTA SUBUNIT P12).

2.05 15 %

ENO2: (ENO2) GAMMA ENOLASE (2-PHOSPHO-D-GLYCERATE HYDRO-
LYASE)

2.04 3 %

DCP1: (DCP1 OR DCP OR ACE) ANGIOTENSIN-CONVERTING ENZYME,
SOMATIC ISOFORM PRECURSOR (ACE) (DIPEPTIDYL
CARBOXYPEPTIDASE I)

2.00 17 % 91

GLUL: (GLUL OR GLNS) GLUTAMINE SYNTHETASE (GLUTAMATE--
AMMONIA LIGASE).

2.00 10 %

PRKCE: (PRKCE OR PKCE) PROTEIN KINASE C, EPSILON TYPE (NPKC-
EPSILON).

2.00 19 % 20,21

ERP5: (CABP1 OR PDIA6 OR 1700015E05RIK) PROTEIN DISULFIDE
ISOMERASE A6 PRECURSOR (PROTEIN DISULFIDE ISOMERASE P5).

0.50 6 %

ILF: (ILF1 OR ILF) INTERLEUKIN ENHANCER-BINDING FACTOR 1
(CELLULAR TRANSCRIPTION FACTOR ILF-1).

0.50 16 %

PLC: (PLC-L) PHOSPHOLIPASE C (130KDA-INS (1,4,5)P3 BINDING PROTEIN). 0.50 30 %
POD1: (TCF21 OR POD1 OR COR1) MESODERM-SPECIFIC BASIC-HELIX-
LOOP-HELIX PROTEIN.

0.50 13 %

SMAD5: (MADH5 OR SMAD5) MOTHERS AGAINST DECAPENTAPLEGIC
HOMOLOG 5 (SMAD 5) (MOTHERS AGAINST DPP HOMOLOG 5) (SMAD5)
(HSMAD5)

0.50 20 % 92
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IL12A: (IL12A OR NKSF1) INTERLEUKIN-12 ALPHA CHAIN PRECURSOR
(IL-12A) (CYTOTOXIC LYMPHOCYTE MATURATION FACTOR 35 KDA
SUBUNIT) (NK CELL STIMULATORY FACTOR CHAIN 1) (NKSF1).

0.49 13 % 93

RFC5: (RFC5) ACTIVATOR 1 36 KDA SUBUNIT (REPLICATION FACTOR C 36
KDA SUBUNIT) (A1 36 KDA SUBUNIT) (RF-C 36 KDA SUBUNIT) (RFC36).

0.49 9 %

CPT2: (CPT2) CARNITINE O-PALMITOYLTRANSFERASE II,
MITOCHONDRIAL PRECURSOR (CPT II).

0.48 12 %

HJ2: (HJ2 JAGGED2) NOTCH LIGAND JAGGED 2. 0.48 - %
MMP21-22-23: (MMP-23 OR MMP21/22 OR MIFR-1 OR MIFR OR DJ283E3.2)
MMP-23 (MIFR/FEMALYSIN) (DJ283E3.2.1) (MATRIX METALLOPROTEINASE
MMP21/22A (MIFR1)) (MATRIX METALLOPROTEINASE 23B)

0.48 9 %

NOP40: (EBNA1BP2 OR EBP2) PROBABLE RRNA PROCESSING PROTEIN EBP2
(EBNA1 BINDING PROTEIN 2) (NUCLEOLAR PROTEIN P40).

0.48 3 %

TM4SF3: (TM4SF3) TUMOR-ASSOCIATED ANTIGEN CO-029 0.48 7 %
ESR1: (ESR1 OR NR3A1 OR ESR) ESTROGEN RECEPTOR (ER) (ESTRADIOL
RECEPTOR).

0.47 1 % 94,95

HSP40-3: (DNAJB5 OR HSC40) DNAJ HOMOLOG SUBFAMILY B MEMBER
5 (HEAT SHOCK PROTEIN HSP40-3) (HEAT SHOCK PROTEIN COGNATE
40) (HSC40).

0.47 26 % 96,97

FKBP5: (FKBP5) (54 KDA PROGESTERONE RECEPTOR-ASSOCIATED
IMMUNOPHILIN) (FKBP54) (P54) (FF1 ANTIGEN) (HSP90 BINDING
IMMUNOPHILIN).

0.46 - %

LRRN3: (LRRN3) LEUCINE-RICH REPEAT PROTEIN PRECURSOR
(FRAGMENT).

0.46 14 %

ACS-2: (FACL3 OR ACS3 OR LACS3) LONG-CHAIN-FATTY-ACID-COA LIGASE
3 (LONG-CHAIN ACYL-COA SYNTHETASE 3) (LACS 3)

0.45 5 %

IL4R: (IL4R OR IL4RA OR 582J2.1) INTERLEUKIN-4 RECEPTOR ALPHA CHAIN
PRECURSOR (IL-4R-ALPHA) (CD124 ANTIGEN)

0.45 7 %

TFRC_MIDDLE: (TFRC) TRANSFERRIN RECEPTOR PROTEIN (TFR1) (CD71
ANTIGEN)

0.45 26 %

THBD: (THBD OR THRM) THROMBOMODULIN PRECURSOR
(FETOMODULIN) (TM)

0.45 11 %

VGR2: (KDR OR FLK1) VASCULAR ENDOTHELIAL GROWTH FACTOR
RECEPTOR 2 PRECURSOR (VEGFR-2) (KINASE INSERT DOMAIN
RECEPTOR) (FLK-1).

0.45 - % 12

FMO1: (FMO1) DIMETHYLANILINE MONOOXYGENASE 1 (FETAL HEPATIC
FLAVIN-CONTAINING MONOOXYGENASE 1) (FMO 1)

0.44 13 %

POLD2: (POLD2) DNA POLYMERASE DELTA SMALL SUBUNIT 0.43 11 %
SULT1A1_RAT: (SULT1A1 OR ST1A1) ARYL SULFOTRANSFERASE (PHENOL
SULFOTRANSFERASE) (PST-1) (SULFOKINASE) (ARYL
SULFOTRANSFERASE IV) (ASTIV)

0.43 3 %

SYK: (SYK) TYROSINE-PROTEIN KINASE SYK (SPLEEN TYROSINE KINASE). 0.43 8 %
ID4: (ID4) DNA-BINDING PROTEIN INHIBITOR ID-4. 0.41 8 %
BCG1: (BCG1 OR MAGED2) BREAST CANCER ASSOCIATED GENE 1 PROTEIN
JCL-1 (DJ14O9.2 OR BCG1) DJ14O9.2 (MELANOMA-ASSOCIATED ANTIGEN
MAGE LIKE) (JCL-1)

0.40 12 %

IGF1: (IGF-I OR IGF1) INSULIN-LIKE GROWTH FACTOR I PRECURSOR
(SOMATOMEDIN). (IGF1 OR IBP1) INSULIN-LIKE GROWTH FACTOR IA
PRECURSOR (IGF-IA)

0.40 4 %

FKBP14: (FKBP14 OR FKBP22) FK506 BINDING PROTEIN 14 PRECURSOR
(PEPTIDYL-PROLYL CIS-TRANS ISOMERASE) (PPIASE) (ROTAMASE)

0.39 27 %

FKBP11: (FKBP11 OR FKBP19) FK506 BINDING PROTEIN 11 PRECURSOR
(PEPTIDYL-PROLYL CIS-TRANS ISOMERASE) (PPIASE) (ROTAMASE)

0.37 8 %

FKBP4: (FKBP4) P59 PROTEIN (HSP BINDING IMMUNOPHILIN) (HBI)
(ROTAMASE) (52 KDA FK506 BINDING PROTEIN) (P52) (FKBP59) (HSP56).

0.36 6 %

MT1_RAT: (MT1) METALLOTHIONEIN-I (MT-I). 0.32 4 %
TRK-B: (NTRK2 OR TRKB) BDNF/NT-3 GROWTH FACTORS RECEPTOR
PRECURSOR (TRKB TYROSINE KINASE)

0.31 23 % 20,21,98

UMAT: (ABCB6 OR MTABC OR MTABC3 OR ABCB7 OR ABC7) ABC
TRANSPORTER UMAT (MT-ABC TRANSPORTER) (MITOCHONDRIAL ABC
TRANSPORTER 3) ATP-BINDING CASSETTE

0.28 34 %

WNT5A: (WNT5A OR WNT-5A) WNT-5A PROTEIN PRECURSOR. 0.26 24 % 59
EGFR-LONG: (EGFR OR ERBB1) EPIDERMAL GROWTH FACTOR
RECEPTOR PRECURSOR (RECEPTOR PROTEIN-TYROSINE KINASE
ERBB-1).

0.24 38 % 99,100

MT2_RAT: (MT2) METALLOTHIONEIN-II (MT-II). 0.24 6 %
FKHL16: (FOXM1 OR FKHL16 OR HFH11 OR WIN OR MPP2) FORKHEAD
PROTEIN M1 (FORKHEAD-RELATED PROTEIN FKHL16) (HEPATOCYTE
NUCLEAR FACTOR 3 FORKHEAD HOMOLOG 11)

0.23 - %
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NAME (by fold-expression) Fold-
expression

% SDa Previously
shown to be
associated to

human
endometriosis

GSTM1_RAT: (GSTM1 OR GST1) GLUTATHIONE S-TRANSFERASE MU 1
(GSTM1-1) (HB SUBUNIT 4) (GTH4) (GSTM1A-1A) (GSTM1B-1B) (GST
CLASS-MU).

0.23 7 % 101

NGFR: (NGFR OR TNFRSF16) LOW-AFFINITY NERVE GROWTH FACTOR
RECEPTOR PRECURSOR (NGF RECEPTOR) (LOW AFFINITY NEUROTROPHIN
RECEPTOR P75NTR).

0.19 34 %

FUT2: (FUT2 OR SEC2) GALACTOSIDE 2-ALPHA-L-FUCOSYLTRANSFERASE
2 (GDP-L-FUCOSE:BETA-D-GALACTOSIDE 2-ALPHA-L-
FUCOSYLTRANSFERASE 2)

0.15 8 %

GLI1: (GLI OR GLI1) ZINC FINGER PROTEIN GLI1 (GLIOMA-ASSOCIATED
ONCOGENE) (ONCOGENE GLI).

0.14 20 %

LEFTY1-LEFTY2_RAT: (EBAF OR TGFB4 OR LEFTA OR LEFTYA)
TRANSFORMING GROWTH FACTOR BETA 4 PRECURSOR (TGF-BETA 4)
(ENDOMETRIAL BLEEDING-ASSOCIATED FACTOR)

0.14 51 % 102

HSD11B2: (HSD11B2 OR HSD11K) CORTICOSTEROID 11-BETA-
DEHYDROGENASE, ISOZYME 2 (11-DH2)

0.05 10 % 103

ORM1: (ORM1 OR AGP1) ALPHA-1-ACID GLYCOPROTEIN 1 PRECURSOR (AGP
1) (OROSOMUCOID 1) (OMD 1).

0.03 23 %

a
Percent standard deviation (otherwise known as the relative standard deviation RSD) is obtained by multiplying the standard deviation by 100 and

dividing this product by the average
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Table 2
Significantly enriched or depleted Go Categories in ectopic versus eutopic endometrium

Term GoMiner Fisher

Biological process: E P
 organismal physiological process 1.29 p=0.05
 regulation of organismal physiological process 2.19 p=0.01
 positive regulation of organismal physiological process 3.16 p=0.01
 angiogenesis 2.28 p=0.05
 histogenesis 1.99 p=0.04
 cartilage development 4.74 p=0.01
 tube development 5.44 p=0.05
 regulation of ossification 10.89 p=0.01
 negative regulation of bone remodeling 6.32 p=0.02
 cell adhesion 1.84 p=0.01
 cell cycle arrest 3.16 p=0.05
 G1/S transition of mitotic cell cycle 5.44 p=0.05
 cell homeostasis 2.81 p=0.04
 ion homeostasis 2.6 p=0.04
 transition metal ion homeostasis 3.42 p=0.03
 response to wounding 2.25 p=0.00
 response to external stimulus 1.6 p=0.01
 response to abiotic stimulus 2 p=0.01
 response to chemical substance 2.71 p=0.00
 response to biotic stimulus 1.53 p=0.01
 response to external biotic stimulus 2.2 p=0.00
 response to pest, pathogen or parasite 2.11 p=0.00
 defense response 1.69 p=0.00
 cellular defense response (sensu Vertebrata) 2.81 p=0.04
 immune response 1.64 p=0.01
 regulation of immune response 2.33 p=0.02
 positive regulation of immune response 3.45 p=0.00
 positive regulation of lymphocyte proliferation 3.79 p=0.03
 positive regulation of T-cell proliferation 6.32 p=0.02
 inflammatory response 2.34 p=0.01
 chemotaxis 3.35 p=0.00
 immune cell chemotaxis 4.22 p=0.01
 immune cell migration 3.61 p=0.01
 neutrophil chemotaxis 4.74 p=0.01
 cytokine production 3.16 p=0.01
 cytokine biosynthesis 2.81 p=0.04
 positive regulation of cytokine biosynthesis 6.32 p=0.02
 interleukin-6 biosynthesis 6.32 p=0.02
 regulation of interleukin-6 biosynthesis 6.32 p=0.02
 collagen catabolism 3.95 p=0.00
 response to reactive oxygen species 6.32 p=0.02
Cellular Component:
 cell surface 2.81 p=0.04
 extracellular region 1.57 p=0.00
 extracellular matrix 2.56 p=0.00
 extracellular space 1.49 p=0.00
 plasma membrane 1.51 p=0.03
 intrinsic to membrane 1.33 p=0.03
 vacuole 2.6 p=0.04
 lytic vacuole 2.6 p=0.04
Molecular Function:
 integrin binding 6.32 p=0.00
 ion binding 1.51 p=0.05
 lipid binding 4.22 p=0.01
 metal ion binding 1.51 p=0.05
 cation binding 1.58 p=0.04
 metallopeptidase activity 2.95 p=0.00
 metalloendopeptidase activity 2.71 p=0.01
 transition metal ion binding 2.17 p=0.01
 transition metal ion transport 6.32 p=0.02
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Table 3
Differentially expressed genes within relevant Go categories

Go Category Gene
Defense response: SPP1, CD2, CD4, IL18, CXCR4, CDKN1A, CEBPB, IL1B, CD4, IL18, PTAFR, SYK, B2M, LBP, CCL2,

S100A8, C3, TLR4, ITGAM, ICAM1, CXCL1, IL12A, BST1, CCL4, CD74, SOD2, IL4R, IL2RG, FN1
Inflammatory response ITGAM, PTAFR, CCL4, SPP1, CCL2, S100A8, C3, CXCL1, TLR4, IL1B, TGFB1
Immune cell migration (Neutrophils) IL1B, SPP1, ITGAM, CXCL1
Angiogenesis ANPEP, HAND2, IL18, CTGF, ID1
Bone remodeling PTGER4, OPG, SPP1, SMAD5
Response to reactive oxygen species SOD2, GPX1
Cell adhesion CD2, ICAM1, SPP1, CTGF, ITGAM CD4, FN1, CD36, ALCAM, COL11A1, IL18, TNC, CXCR4, ITGA4
Extracellular matrix SPP1, LAMA3, TNC, FN1, CTGF, HSPG2, COL11A1, OPG, TGFB1, MMP7, MMP9, MMP11, MMP12,

MMP13, MMP14, TIMP1, TIMP2
Programmed cell death OPN, HMOX1, NGFR, IGF1, GPX1, CEBPB, OPG, BCL2, FAIM, DDIT3, IL18, CDKN1A, CD2, AHR,

TGFB1
Response to wounding THBD, C3, FN1, DMBT1, TLR4, SOD2, CCL4, B2M, S100A8, TM4SF3, IL1B, CXCL1, IL18, CCL2,

ITGAM, SPP1, CD4, PTAFR
Histogenesis SOX9, PTGER4, CTGF, SMAD5, DMBT1, COL11A1, SPP1
Cell ion homeostasis MT1A, EDN1, TF, CP
Metallopeptidase function MMP7, MMP9, MMP11, MMP12, MMP13, MMP14, TIMP1, TIMP2
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