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ABSTRACT: Background: Infertility is a highly significant problem in women with
severe endometriosis and the molecular characteristics of infertile versus fertile women

with advanced endometriosis have not been fully characterized.

Methods: We reanalyzed the whole normalized Series Matrix (36 secretory-phase
endometrial samples; four balanced groups, n=9 per group) from GSE120103. The quality
control consisted of sample-distribution assessment, the principal component analysis
(PCA) and sample-correlation analysis. The main difference between the two groups was
between infertile and fertile women with grade IV endometriosis of the ovary. Probe-level
Welch tests with Benjamini-Hochberg false discovery rate (FDR) control were
supplemented by a four group specificity analysis that compared infertility effects between
disease-free women and stage IV disease. Published gene level limma, weighted gene co-
expression network analysis, protein-interaction and enrichment results were used only as
supplied external gene level benchmarks as the supplied "Series Matrix" does not include
the GPL6480 probe to gene annotation table.

Results: 37,823 Agilent probe rows were left after discarding 91 control-style rows.
Neuron 15,988 probes met FDR < 0.05 and a mean-expression difference of = 1 (13,361
probes were higher; 2,627 probes were lower). Disease-free infertility had 8,156 probes
with the same sensitivity requirement, while 3,064 of them had the same association with

1118
Natural Resources for Human Health (NRFHH)

https://nrthh.com



Natural Resources for
Human Health %

elSSN: 2583-1194

stage IV, with 12,924 probes for stage IV showing a higher association with disease-free
infertility. The first and second principal components (PCs) of the 5,000 most variable
probes accounted for 65.7% and 11.9% of the variance, respectively, and exhibited
significant heterogeneity with several stage 1V infertile samples having distributions that
were significantly shifted. Gene-level analyses of the same cohort published previously
identified 1,990 genes as differentially expressed and suggested that the pathways of G
protein-coupled receptor (GPCR), cyclic-nucleotide, cell-cycle/DNA-teplication and
metabolism were associated.

Conclusions: GSE120103 has a high and technically mixed signal of infertility. The 4-
group analysis provides evidence of probe-level disease-context specificity; however, there
is caution needed for interpretation due to wide differences in differential signal and
sample heterogeneity. Before the translation, gene-level annotation, independent
confirmation in severe endometriosis and experimental verification ate required. Journal
of Clinical Endocrinology & Metabolism, Epigenetics & Therapeutics, and
Endocrinology, Diabetes & Metabolism are the primary journals where research on
endometriosis is published. The main journals associated with endometriosis research are
Journal of Clinical Endocrinology & Metabolism, Epigenetics & Therapeutics,
Endocrinology, Diabetes & Metabolism.

1. INTRODUCTION

Endometriosis is a chronic gynecological disorder characterized by endometrial-like tissue outside the uterine cavity and is
frequently associated with infertility. Its reproductive effects are multifactorial and may involve pelvic anatomy, inflammation,
ovarian function, endocrine signaling, gamete or embryo transport, and impaired eutopic endometrial receptivity [1,2]. The
eutopic endometrium is particularly relevant because implantation depends on coordinated hormonal responsiveness, immune
tolerance, stromal remodeling, vascular adaptation and embryo-maternal signaling [12,13]. Transcriptomic profiling can
therefore reveal coordinated disturbances that are difficult to infer from single-gene studies. GSE120103 provides an unusually
useful four-group design: disease-free fertile women, fertile women with stage IV ovarian endometriosis, disease-free infertile
women and infertile women with stage IV ovarian endometriosis, with nine samples in each group [3,4]. This permits infertility-
associated expression changes in severe disease to be compared directly with infertility-related changes occurring without
endometriosis. Previous analyses of this cohort have reported co-expression modules, G protein-coupled receptor (GPCR)-
related signaling, cyclic-nucleotide pathways, cell-cycle processes and candidate hub transcripts [5,6]. More recent endometrial
transcriptomic and single-cell studies emphasize that endometriosis is molecularly heterogeneous across epithelial, stromal and
immune compartments and that receptivity-associated alterations are often modest, context dependent and sensitive to tissue
composition [16-20]. The present study therefore emphasizes effect stability, four-group specificity and technical heterogeneity

rather than treating statistical significance alone as evidence of a clinically useful biomarker.
2. MATERIALS AND METHODS
2.1 Data source and study population

The complete GSE120103 Series Matrix was analyzed. It contains 37,914 rows across 36 secretory-phase endometrial samples
profiled on GPL6480 (Agilent-014850 Whole Human Genome Microarray 4x44K G4112F). The four clinical groups contain
nine samples each [3,4]. The group definitions and sample counts are summarized in Table 1.

Group | Endometriosis Fertility status | n
1A Absent Fertile 9
2A Stage IV ovarian endometriosis | Fertile 9
1B Absent Infertile 9
2B Stage IV ovarian endometriosis | Infertile 9

Table 1. Clinical grouping of GSE120103.
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2.2 Probe filtering and quality control

The official GPL6480 platform annotation provides a separate field, called CONTROL_TYPE, to distinguish control features
from biological probes. That annotation field in the provided Series Matrix was not embedded. A total of 91 rows with
identifiers that do not start with “A_" were omitted from the matrix-level sensitivity analysis as non-standard/control-associated
rows, leaving 37,823 probe rows. This filter was based on an identifier and is only shown for the processed-matrix sensitivity
analysis and should not be used as an alternative to annotation-based control filtering. Sample-level means, medians, standard
deviations and interquartile ranges were analyzed. The distributions of expression levels are plotted at the sample level for all
36 profiles in Figure 1. The 5,000 probes that had the greatest across-sample variance were selected for PCA (Figure 2), while
the 5,000 probes were used to calculate a Pearson sample-correlation matrix (Figure 3). The processed Series Matrix was not
technically and biologically sufficient to distinguish the technical and biological sources of heterogeneity, which is why all
samples were kept.

Sample-level expression distributions
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Figure 1. Sample-level distributions across the 36 normalized GSE120103 expression profiles. Samples 32—34 and 36 show
visibly broader and/or shifted disttibutions and are treated as potential influential obsetvations rather than automatically

excluded.
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Figure 2. Principal-component analysis of all 36 samples using the 5,000 most variable retained probes. The plot
demonstrates strong global structure and substantial within-group heterogeneity.
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Figure 3. Sample-correlation matrix based on the 5,000 most variable retained probes. The matrix is used as a quality-control
diagnostic rather than evidence of a biological subgroup.

2.3 Primary stage IV infertility contrast

They compared nine infertile women to nine fertile women who had stage IV ovarian endometriosis. A two-sample t-test was
used for each probe and p values were adjusted using the Benjamini-Hochberg procedure [8]. A false discovery rate of less than
0.05 and an absolute difference between the two group means of at least 1 normalized expression unit was defined as a sensitivity
signal. Since the provided values are in the form of a Series Matrix, and the platform annotation table is not included in that

file, effect sizes are given as mean-expression differences and are not base-2 logarithmic fold changes.
2.4 Four-group disease-context specificity analysis

Disease-free infertile women and disease-free fertile women were treated in the same way. Stage IV signals were defined as
those that also had the same false-discovery-rate and effect-size criteria in the disease-free infertility cohort. The two factor
linear model including endometriosis and infertility status and their interaction was also fitted probe-wise to assess the context
effect. These estimates of interaction were not considered to be valid biomarkers but were merely sensitivity evidence. The
interaction analysis was not used as a definitive biomarker screen, but rather as a general determinant of the structure of the

expression in each group; the results were interpreted in the light of the sample distributions, PCA and sample correlations.
2.5 Gene-level interpretation and enrichment

Probe-to-gene annotation fields are available in the GPL6480 platform record, such as GENE_SYMBOL and
CONTROL_TYPE. This processed Series Matrix does not include the platform field, but rather includes probe identifiers and
normalized expression values. The original analyses for this study are thus presented at the probe level. Those published gene-
level analyses are only for biological compatison purposes and are cleatly labelled "external" evidence; they are not presented
as new results from this re-analysis.

2.6 Reproducibility

Original results were used to calculate all matrix level statistics presented in the supplied GSE120103 Series Matrix. It employed
a deterministic filter, fixed group membership based on the metadata of the GEO, variance-ranked features to perform PCA
and correlation analysis, welch testing, false-discovery-rate control using the Benjamini-Hochberg method and a two-factor
linear model. The reported estimates were not affected by any random seed used for the analysis as it was not done through
random resampling.
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3. RESULTS
3.1 Dataset and quality-control findings

There were 37,914 rows and 36 samples in the matrix, with 91 control-style rows removed, leaving 37,823 rows. The expression
distributions of several stage IV infertile samples, particularly 32—-34 and 36 depicted in Figure 1, showed broader or shifted
distributions. The first principal component captured 65.7% of the variance and the second principal component captured
11.9% (Figure 2) of the variance of 5,000 most variable probes by principal component analysis. The profile-sample correlation
matrix shown in Figure 3 also indicates high structure between the profiles. The composite quality control results suggest that
the overall differential signal requires consideration of significant sample-level variation.

3.2 Stage IV infertility-associated probe signal

Before applying an effect size threshold, 16,208 probes had a false discovery rate (FDR) < 0.05 in the stage IV comparison.
After filter expression to get an absolute mean-expression difference of at least 1, this number was decreased to 15,988 probes,
of which 13,361 were significantly more expressed in infertile women, while 2,627 were more expressed in fertile women. There
were 13,452 probes remaining at an absolute difference of at least 2. The distribution of the effect size and adjusted significance
value is shown in Figure 4. The width of this signal along with the different distributions and PCA structure observed in several
samples suggests that biological difference might also exist in conjunction with normalization, batch, or influential-sample
effects. This is therefore an interpretation of the sensitivity at the probe level, not a discovery set at the gene level.

Stage IV infertility probe-level sensitivity analysis
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Figure 4. Probe-level volcano representation of the stage IV infertile-versus-fertile sensitivity analysis. Dashed vertical lines
mark an absolute mean-expression difference of 1; the horizontal line marks false discovery rate = 0.05.

3.3 Four-group specificity analysis

Infertility (disease free) resulted in 8,156 probes with a false discovery rate < 0.05 and an absolute mean-expression difference
of 2 1, of which 4,891 were higher and 3,265 were lower. There were 15,988 stage 1V signals, of which 3,064 had also been
disease-free and 12,924 did not. The effect of infertility is compared to that observed with and without endomettiosis in figure
5. There were 17,255 probes with the two factor interaction sensitivity analysis that passed the false discovery rate test at p <
0.05, of which 17,200 showed an absolute interaction effect of 1 or more. The large numbers suggest that there was a high
degree of group structure within the processed matrix, and thus that apparent disease-context specificity should be interpreted
with caution.
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Figure 5. Four-group specificity analysis. Each point represents a probe meeting the stage IV and/or disease-free infertility
sensitivity criterion. The x-axis is the infertility effect without endometriosis; the y-axis is the infertility effect in stage IV
disease.

3.4 Published gene-level benchmark and pathway evidence

The same stage IV comparison was analyzed at the gene level using linear models for microarray data, which resulted in 1,990
differentially expressed genes and a protein-interaction network of 1,174 nodes and 12,150 edges [5]. Weighted gene co-
expression network analysis (WGCNA) was used to integrate with the 20 hub mRNAs and nine hub IncRNAs [5] were
identified. A separate public analysis was performed using a different analysis pipeline, which reported 3,149 differentially
expressed genes [6]. Special attention is given to selected published hub genes and their reported effect estimates, showing the
impact of preprocessing and analytical decisions on the discovery of genes at this level in this small cohort (Table 2).

Gene Direction | Functional context Published log2 fold change | Published FDR
ADCY6 | Down Adenylate cyclase / cAMP signaling | —4.323 1.62x10713
FSTL3 Down TGF-B/activin-related regulation —6.060 1.09%10712
ADCY1 Up Adenylate cyclase / cAMP signaling | +4.540 8.07x10712
CASR Up Calcium-sensing GPCR +4.155 7.0x1079
CCKAR | Up Peptide-hormone GPCR +5.338 3.77x10712
CFTR Up Ion transport / epithelial function +6.436 1.21%x10713
CRH Up Stress/endoctine signaling +4.785 1.38%10711
GLPIR Up Metabolic GPCR signaling +6.073 4.19%10713
GPR55 Up GPCR signaling +4.930 9.49%x10712
GPRCO6A | Up Class C GPCR / nutrient sensing +4.304 4.51x10712

Table 2. Selected hub mRNAs reported by Wu et al. [5]. Values are published gene-level benchmarks and are not presented
as newly estimated statistics.

Enrichment results published by different groups come together around the following pathways: G protein-coupled receptor
signaling, cyclic-nucleotide signaling, estrogen-related regulation, autophagy, programs of cell-cycle and DNA-replication, and
metabolic pathways [5,6]. These pathways and their biological hallmarks are biologically relevant to endometrial signaling and

receptivity. In this study, this is treated as an external, gene level evidence, instead of being new enrichment results.
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3.5 Biomarker validation evidence

A public data set that included the directly comparable combination of severe endometriosis, fertility phenotype, and eutopic
endometrium, and sampling context was not identified. As an indirect validation dataset, Wu et al. selected GSE26787, where
the fertility status was known but the status of endometriosis was unknown [5]. There were eight differentially expressed hub
mRNAs from the overlapping infertility-related dataset, while five of the reported endometriosis-associated-infertility-specific
hub mRNAs were not. These observations provide some signals of infertility, but these findings are not independent validation
of any specific biomarker of endometriosis.

4. DISCUSSION

In the enlarged analysis, GSE120103 is interpreted in an important manner. There is a clear structure in the data that has a
strong link to the infertility, however there is also a great amount of heterogeneity seen at the sample level. Several samples
exhibited a shifted distribution and weak PCA structure and broad probe-level significance, such that statistical significance is

not enough to prioritize biomarker.

The foutr-group design is still a strong one. An interpretation of the data possible only if the infertility effect in stage IV is
compared directly with the infertility effect in disease-free women is a separation of the generic infertility-associated expression
from signals that are more context dependent. In the current sensitivity analysis, few of the stage IV significant probes were
stage 1V in disease-free infertility. The number of interactions is very high, however, which suggests that technical structure
may play a role in apparent disease-context specificity. Thus, there is a need for gene-level annotation and raw-data-aware

modelling beforehand to define individual candidates as endometriosis specific.

A biologically coherent framework for interpretation is found in the published gene-level literature. Wu et al. found GPCR-
centered co-expression and interaction networks and reported 1,990 DEGs [5] while Li et al. reported a larger set of DEGs,
and focused on amino-acid metabolism, cyclic guanosine monophosphate dependent protein kinase, and cyclic adenosine
monophosphate (cAMP) signaling. The disagreement in the number of differentially expressed genes is informative in and of
itself because it shows that the processing, annotation, and statistical decisions do make a difference in discovering genes that
are differentially expressed in this small cohort. The G protein coupled receptors and cyclic-nucleotide signaling are potential
mechanistic themes as endometrial cells are able to integrate multiple endocrine, paracrine, inflammatory and metabolic signals

through receptor-mediated pathways.

The second-messenger signaling is positioned at the center of the reported network as indicated by published hub genes such
as ADCY1, ADCY6, CASR, CCKAR, GPR55 and GLP1R [5]. Other connections with cyclic remodeling, stress responses and

implantation competence include estrogen signaling, autophagy, cell-cycle control, and DNA replication.
4.1 Positioning against contemporary transcriptomic evidence

The signal level of the probe should be read in the context of the broader endometrial transcriptomic evidence in GSE120103.
A meta-analysis of 8 studies of mid-secretory transcriptomics from 2022 (125 women) showed no single transcript to survive

strict multiple testing cotrection although chemotaxis, Locomotion and Immune/defence pathways were still enriched [16].

This, combined with the present results, indicates that the very wide signal seen here is not necessarily a reflection of thousands
of universally stable infertility markers and further underscores the need for technically sensitive analyses and independent
replication and annotation-complete modeling. Recent single-cell studies also reveal the presence of transcriptional
abnormalities in endometriosis are found in separate populations of epithelial, stromal, immune and microenvironmental cells
[17-19].

In 2023, over 370,000 cells were profiled and the authors showed that the transcription of cells changes in a tissue- and cell-
type-specific manner [17] and in 2024, an integrated Human Endometrial Cell Atlas of 313,527 cells from 63 women was
created, independently validating cell states with over 312,000 nuclei [19]. This cell-type resolution highlights the high sensitivity
of whole-endometrium microarrays to potentially exhibit large aggregate changes, as changes in cell-state abundance and cell-
state composition can simultaneously occur alongside changes in within-cell transcriptional regulation. The evidence of
interpretation in the context of fertility is also limited. The altered hormonal signaling, immune regulation, decidualization, and
endometrial receptivity are supported by contemporary studies and mechanistic research, however, the results are not consistent
across clinical and transcriptomic studies [20-22].
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Specifically, there is experimental evidence of defective decidualization in endometriosis associated with impaired bone
morphogenetic protein/transforming growth factor beta (BMP/TGF-p) signaling [21], and meta-analysis of transcriptomics
scores suggests that differences in endometrial receptivity may be small, but real [16]. The current findings are thus best regarded
as a disease-context signal generating analysis, rather than a diagnostic panel that could be ready for use. Recent integrative
biomarker studies have integrated differential expression, co-expression network, and machine learning analysis with single-cell

localization to examine in detail the overlap between endometriosis and implantation failure [23].

This type of work facilitates multi-layer prioritization, but it also points to a key translational need: candidate genes must be
replicated across cohorts and must still contain discriminatory information when the generic infertility and cell-composition
effects are taken into account. The four-group structure of GSE120103 is useful for this purpose, but is not definitely validated
due to the small sample size and heterogeneity of the processed-matrices. The current results support the use of a different
approach for the selection of candidates for the development of biomarkers, rather than just true change or false discovery rate.
The following criteria should be satisfied for a candidate to pass the probe-to-gene annotation: a gene-level effect should be
stable, disease context specificity, a coherent pathway or network, and replication in an independent cohort. A lack of a truly
matched external severe-endometriosis infertility cohort continues to be the main validation gap. There are a number of cautions
to be taken. One of the first reasons is because only 9 participants are present in each group. Secondly, the data is microarray-

based and the uploaded processed matrix is highly heterogeneous.

Third, the probe-to-gene fields (gene-symbol) in the official GPL6480 platform record do exist but the annotation table was
not included in the series matrix provided, so the probe-to-gene remapping was not fabricated and published gene-level results
are clearly distinct from newly calculated probe-level results. Fourth, whole-endometrium expression might involve cell-
composition differences, which was highlighted by recent single-cell atlases [17-19]. Fifth, observational expression data cannot
prove causality. The limitations do not preclude clinical claims but they do not reduce the value of the data for hypothesis

generation.
5. CONCLUSION

The strong and heterogeneous endometrial expression pattern found in GSE120103 was later identified as being linked to
infertility in stage IV endometriosis by reanalysis. The separation in the four-group comparison and the complete-matrix quality
control indicated that the effects of infertility differed by context of endometriosis, with probe level effects differing from the
unusually broad differential signal requiring caution, as technical structure and influential samples may be responsible for the
observed separation. Here, published gene level studies of the same cohort implicate GPCR and cyclic-nucleotide signaling,
hormonal regulation, cell-cycle and DNA-replication processes, and metabolism as comparative biological evidence, not as new
findings. Before any candidate transcript can be considered a validated biomarker, independent cohorts with matched severe-

endometriosis and fertility phenotypes are needed.
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