Immuno

Article

PD-1 Expression in Endometriosis

José Lourenco Reis *(0, Catarina Martins >

Luis Miguel Borrego 23/

check for
updates

Academic Editor: Niels Schaft

Received: 27 August 2025
Revised: 26 September 2025
Accepted: 16 October 2025
Published: 17 October 2025

Citation: Reis, ].L.; Martins, C.;
Angelo—Dias, M.; Rosa, N.N.; Borrego,
L.M.; Lima, J. PD-1 Expression in
Endometriosis. Immuno 2025, 5, 49.
https://doi.org/10.3390/
immuno5040049

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

and Jorge Lima

3(0, Miguel Angelo-Dias >3, Natacha Nurdine Rosa %,
1,2,3

Department of Obstetrics and Gynecology, Hospital da Luz Lisboa, 1500-650 Lisboa, Portugal;

jorgeramoslima@sapo.pt

2 Comprehensive Health Research Center, NOVA Medical School, Faculdade de Ciéncias Médicas, NMS | FCM,
Universidade NOVA de Lisboa, 1169-056 Lisboa, Portugal; catarina.martins@nms.unl.pt (C.M.);
miguel.dias@nms.unl.pt (M.A.-D.); borregolm@gmail.com (L.M.B.)

3 Immunology Department, NOVA Medical School, Faculdade de Ciéncias Médicas, NMS | FCM, Universidade
NOVA de Lisboa, 1169-056 Lisboa, Portugal

4 UCD School of Medicine, University College Dublin, D04 V1W8 Dublin, Ireland;

natachagarciarosa@ucdconnect.ie

Department of Imunoallergy, Hospital da Luz Lisboa, 1500-650 Lisboa, Portugal

Correspondence: jose.mlreis@gmail.com; Tel.: +351-962905368

Abstract

Background: Endometriosis, believed by many to be rooted in immunology, is a chronic
disease. Upregulation of programmed cell death protein 1 (PD-1) in immune cells may
compromise their defensive function, a mechanism demonstrated in the context of cancer
spread. This study aims to explore the potential involvement of PD-1 in the pathophysiol-
ogy and progression of endometriosis. A total of 62 patients who underwent laparoscopic
surgery were analyzed, with 47 diagnosed with endometriosis and 15 serving as controls.
We collected peritoneal fluid and peripheral blood samples during surgery and examined
them using flow cytometry. Using a panel of monoclonal antibodies, the samples were
stained and the expression of PD-1 in immune cells was evaluated. Results: We observed a
statistically significant rise in the percentage of the CD56" CD16™ NK cell subset expressing
PD-1 within the peritoneal fluid of endometriosis patients compared to the control group
(p = 0.021). Similarly, we found that PD-1 expression on immune cells significantly dif-
fered based on factors such as body mass index and smoking habits. Moreover, peritoneal
subsets of PD-1* T and NK cells showed an increase in patients presenting symptomatic
endometriosis and those with more widespread disease. Conclusions: Our evaluation of the
inhibitory PD-1 receptor has strengthened the potential connection between immune escape
mechanisms often seen in cancer cells and those in endometriotic cells. This concept could
pave the way for future research in the field of immunomodulation and endometriosis.

Keywords: NK cells; T cells; PD-1; immune receptors; endometriosis

1. Background

Endometriosis is a common chronic gynecological condition, often associated with
symptoms like painful menstruation, persistent pelvic pain, and infertility. It is charac-
terized by the abnormal presence of endometrial cells, typically located on the ovaries
or the pelvic lining [1]. Despite its long history and prevalence among women of repro-
ductive age (one in ten), the condition’s cause remains a mystery [2]. Presently, treatment
predominantly involves hormone suppression, which unfortunately proves ineffective for
numerous patients [3]. Since the 1990s, the role of the immune system in the develop-
ment and progression of endometriosis has been conjectured [4,5]. Although the precise
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mechanism remains unclear, recent emphasis on the study of natural killer (NK) cells and
their receptors, spurred by advances in flow cytometry, has made this theory increasingly
significant. A comprehensive recent review has further explored this subject [6].

PD-1, a crucial inhibitory checkpoint, was first identified on T, B, and myeloid cells, but
has also been recently found on NK cells [7]. Independent studies on diverse cancer types,
including ovarian cancer, multiple myeloma, Kaposi sarcoma, and lung and digestive
cancers, have revealed that tumor-infiltrating PD-1" NK cells produce significantly fewer
cytokines upon interaction with the tumor [7]. Ahmadzadeh et al. revealed that most
tumor-infiltrating T lymphocytes primarily express PD-1, a trait linked to an exhausted
phenotype and diminished effector function [8]. Given that tumor cells often use the
PD-1 axis to avoid the immune system, it is logical that this pathway has been explored
extensively to devise new treatments intended to augment the anti-tumor immune response.
The activity of these immune checkpoints can be curtailed by using blocking antibodies
that hinder ligand-receptor interactions, both in the lab and the body [9-12].

This study aims to investigate PD-1 expression in immune cells from both peripheral
blood and peritoneal fluid in women with endometriosis. Similar to what has been observed
in oncology, altered PD-1 expression in immune cells may represent one of the mechanisms
by which these cells evade immune surveillance. Drawing parallels between the immune
escape strategies of cancer cells and endometriotic cells could offer important insights into
the development of future immunomodulatory therapies for endometriosis.

2. Methods
2.1. Study Design and Subjects

This cross-sectional study, conducted over an 18-month period, included 62 female
patients. Among these, 47 had endometriosis (EM) and 15 served as controls without
endometriosis. All participants are adult women of reproductive age, selected from the
hospital’s outpatient clinic and who have undergone laparoscopic surgery at the Hospital
da Luz Lisboa and Hospital Beatriz Angelo, those in the endometriosis group to treat this
disease and those in the control group to treat pathologies other than endometriosis. Their
gynecological issues were treated surgically under general anesthesia.

Endometriosis was initially diagnosed following the ESHRE criteria based on clinical
and imaging findings and subsequently confirmed through histology [13].

We excluded women who were pregnant within the last year, those suspected of
complications from pelvic inflammatory disease, and those with immunologic, endocrine,
cancer, or other chronic disorders.

The Ethics Committees at NOVA Medical School, Hospital da Luz Lisboa, and Beatriz
Angelo approved this study. We provided each patient with essential information about
the research, including the use of their biological materials for scientific analysis. Every
patient granted their explicit written consent before participating in the study.

2.2. Clinical and Demographic Information

We recorded each patient’s age, race, body mass index (BMI), smoking status, hor-
monal medication use, and the time span between endometriosis diagnosis and surgery. In
terms of BMI, normal weight was defined as a BMI between 18.5 and 24.9, overweight as a
BMI between 25 and 29.9, and obesity as a BMI of 30 or above.

Clinical data on various symptoms was gathered to assess the severity of the disease.
This included dysmenorrhea, dyspareunia, chronic pelvic pain, dyschesia, bowel issues
such as constipation, perimenstrual diarrhea, bloating and rectorrhagia, urinary tract
symptoms like hematuria and dysuria, and the presence of extra-pelvic endometriosis.
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Pain was assessed by the Numerical Rating Scale. The American Society for Reproductive
Medicine’s established criteria were employed to categorize the severity of the disease [14].

2.3. Sample Collection

During the procedure, peritoneal fluid (PF) and peripheral blood (PB) samples were
collected from each patient. To minimize blood contamination, PF was procured at the
surgery’s outset using EDTA-coated tubes. After surgery, these samples were stored and
transported at room temperature to NOVA Medical School’s immunology laboratory. All
PF samples were processed on the day of collection, while blood samples were processed on
the day of the collection or kept at room temperature and processed the following morning,
as per the laboratory availability.

2.4. Analysis of Immunophenotyping Using Flow Cytometry

A single-platform method with Trucount™ tubes (BD Biosciences) was used to obtain
the absolute counts of major leucocyte populations and identify lymphoid compartment
in each PB and PF sample. In this procedure, each sample (50 pL for PB samples and
100-200 pL for PF samples) was stained with CD45 for 15 min in a Trucount™ tube, and
afterwards cells were lysed with BD FACS lysing solution (BD Biosciences) for another
15 min. All samples were immediately acquired after the lysis period, without any further
washing step, according to the manufacturer’s instructions [15].

Another procedure was applied to characterize the major populations within the
lymphoid compartment. For that purpose, the PB and PF samples were stained with
an additional panel of monoclonal antibodies, including CD45, CD3, CD8, CD16, CD56,
CD57, and PD-1. A thorough inventory of all antibodies employed is available in the
Supplementary Materials (Table S1).

To concentrate cells in these samples, all PF samples were centrifuged for 5 min at
1800 rpm before the immunophenotyping procedure [16]. After the centrifugation step, the
supernatant was discarded, and the pellet was resuspended in 300 uL of BD FACS Flow
(BD Biosciences), and incubated with the monoclonal antibodies. The PB samples (100 uL)
were directly incubated. In both cases, though, a lyse-wash technique was used, including
a 20-min incubation with the monoclonal antibodies, followed by a 15-min lysis using BD
FACS lysing solution (BD Biosciences). Following this step, the cells were centrifuged,
rinsed with BD FACS Flow Solution (BD Biosciences) and fixed with BD Cell Fix Solution
(BD Biosciences).

For all the aforementioned procedures, cell suspensions were acquired in a BD FACS
Canto II (BD Biosciences, San Jose, CA, USA), with BD FACS Diva software, version 8.0.2
(BD Biosciences). Data analysis was performed with the Infinicyt™ (version 2.0) and
FlowJo™ (version 10.6.2)) software (both from BD Biosciences). Figure 1 illustrates the
gating strategy, similar to others previously defined [17,18]. This includes the assessment of
PD-1 and CD57 in T and NK cell subsets, using a Fluorescence Minus One (FMO) approach
to confirm the distinction of positive events for each relevant marker.

2.5. Statistical Analysis

The study participants’ characteristics were summarized using descriptive statistics,
which included demographic, clinical, and immunophenotyping data. We represented cat-
egorical variables as absolute and relative frequencies. If over 20% of expected values were
less than 5 in contingency tables, we used Fisher’s exact test to compare the two groups and
used the chi-squared test otherwise. The presentation of continuous variables was done
either by indicating the mean (standard deviation) (minimum-maximum) or the median
along with the first-to-third quartile (Q1-Q3). In the Supplementary Tables S1-53, continu-
ous variables are shown as average (standard deviation) [95% confidence interval (95% CI)],
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median, and quartiles (Q1-Q3). We obtained 95% Cls for normally distributed variables
using a Student’s t-distribution approximation, using bootstrap resampling for others. To
compare two separate groups, we used the Student’s t-test for normally distributed continu-
ous data and applied the Wilcoxon rank-sum test otherwise. For comparing two dependent
groups, we employed a paired-sample t-test if data was distributed normally, and the
Wilcoxon signed-rank test when it was not. For more than two groups, we used analysis
of variance (ANOVA) with a follow-up Tukey’s HSD paired-comparison test for normal
distributions, and the Kruskal-Wallis test with a follow-up Dunn’s paired-comparison test
otherwise. We assessed distribution normality with the Shapiro-Wilk test. Because of the
study’s exploratory nature, we did not calculate a formal sample size. We considered a
p-value less than 0.05 statistically significant. We executed all analyses with SAS software
(Version 9.4).
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Figure 1. Gating strategy used to characterize PD-1 in lymphocyte subsets of peripheral blood
and peritoneal fluid samples. (i) Gating Strategy used for the identification of major lymphocyte
subsets in Peritoneal Fluid (PF) and Peripheral blood (PB) samples, i.e., T cells (CD45M1 SSCLo CD3%)
and NK cells (CD45H SSCLo CD3~ CD56"), within the single cell region; (ii) Gating strategy used
for the identification of distinct NK cell subsets in PF (CD56M; CD16* CD56*; CD16HiCD56P™)
and PB CD56M; CD16MCD56P™) samples, along with the subsequent analysis of PD-1 and CD57
in these populations (FMO tubes presented in the upper row); (iii) Gating strategy used for the
identification of CD8* and CD8™ (CD4* and DN) T cells, along with CD56* T cells. The percentage
of cells expressing PD-1 and CD57 was further analyzed in each one of these subsets. (FMO tubes
presented in the upper row). DN, Double negative; FMO, Fluorescence Minus One.
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3. Results
3.1. Demographic and Clinical Characteristics of Patients

Tables 1 and 2 display the demographic and clinical attributes of the control group
(n = 15) and women suffering from endometriosis (1 = 47). No significant age differences
were observed between the groups, with a mean age of 38.5 years in the control group
and 36.2 years in the endometriosis group. The majority of women were Caucasian. As
anticipated, the only noteworthy disparity between the groups was in relation to infertility
history, where it was significantly more common in women with endometriosis (p = 0.003)
(Table 1).

Table 1. Demographic and clinical characteristics of the control group and women with endometriosis.

Characteristics glo:tlr;)l End((;n;e;;l)osm p-Value
Age, mean + SD (min-max), yr 38.5 + 9.20 (20-55) 36.2 + 6.3 (3142) 0.434 2
Race, 11 (%) 0.113°
White 15 (100) 40 (85.1)
Black 0 (0) 7 (14.9)
BMI, mean + SD (min—-max), kg/m2 23.2 + 3.0 (17-28) 25.2 + 5.6 (20.8-28.0) 0.4302
Fertile, 11 (%) 0.003 ®
Yes 14 (93.3) 24 (51.1)
No 1(6.7) 23 (48.9)
Any Pregnancy, 1 (%) 0.087®
Yes 7 (46.7) 19 (40.4)
No 8 (53.3) 28 (59.6)
Smoker, 711 (%) 0.087b
Yes 0 (0) 8 (17.0)
No 15 (100) 39 (83.0)
Hormonal therapy, 1 (%) 0.090 b
Yes 5(33.3) 31 (66.0)
No 10 (66.7) 16 (34.0)

BMI, body mass index; max, maximum; min, minimum; 7, number of patients; SD, standard deviation; yr, years.
2 Wilcoxon rank-sum test. ® Chi-squared test.

Table 2. Endometriosis characteristics of the included patients.

Characteristics End((:ln;ez;l)osm
Endometriosis diagnosis, mean + SD (min-max), yr 2.8 £25(1-14)
Endometriosis severity, 1 (%)
Stage I/11 10 (21.3)
Stage III/IV 37 (78.7)
Dysmenorrhea complaints, n (%) 44 (93.6)
Dysmenorrhea severity, 1 (%)
None/Mild /Moderate (<7/10) 11 (23.4)
Severe (>7/10) 36 (76.6)
Dyspareunia complaints, 1 (%) 28 (59.6)
Chronic pelvic pain, 1 (%) 19 (404)
Dyschesia complaints, 1 (%) 16 (34.0)
Bowel symptoms, 1 (%) 15 (31.9)
Urinary tract symptoms, n (%) 5(10.6)
Rectorrhagia. n (%) 4 (8.5)
Extra-pelvic endometriosis, 1 (%) 2 (4.3)

max, maximum; min, minimum; n, number of patients; SD, standard deviation; yr, years.

The clinical data from women with endometriosis highlights several important points.
On average, there was a 2.8 £ 2.52 (1-14) year gap between the diagnosis of endometriosis
and surgery. The majority of patients (78.7%) were classified in stages III or IV. A high
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percentage of these patients reported experiencing dysmenorrhea (93.6%), with the majority
(76.6%) describing the pain as severe. Other commonly reported symptoms included
dyspareunia (59.6%), chronic pelvic pain (40.4%), dyschesia (34.0%), bowel issues (31.9%),
urinary tract problems (10.6%), and rectorrhagia (8.5%) (Table 2). Lastly, 33% of women in
the control group and 66% of women with endometriosis were receiving hormone therapy.

3.2. PD-1 in Endometriosis: Expression Patterns in PB and PF

Table S2 in the Supplementary Materials showcases a comprehensive characteriza-
tion of primary circulating and peritoneal lymphoid subsets in both the control group
and women diagnosed with endometriosis. We focused on analyzing the expression of
programmed cell death protein 1 (PD-1) within these cells. Generally, we observed higher
percentages of T cells expressing PD-1 (p < 0.024) in PF samples relative to PB. This was
the case for both endometriosis patients and the control group (Figure 2).
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Figure 2. PD-1 expressing T cells in PF and PB samples between EM and controls. (a-d) % of PD-1*
cells in (a) total T cells, (b) CD8~ (CD4* and DN) T cells, (c) CD8* T cells, and (d) CD56" T cells.
Differences were tested with paired-samples ¢-test (a,c) and Wilcoxon rank-sum test (b,d). Scatter
plots are presented with individual values and the lines represent the median with IQR. The control
group consists of 15 peripheral blood and peritoneal fluid samples, and the EM group, 47 peripheral
blood and peritoneal fluid samples. ** p < 0.01; *** p < 0.001. DN, Double negative; EM, endometriosis;
IQR, interquartile range; PB, peripheral blood; PF, peritoneal fluid.

In this study, we identified a higher percentage of a particular type of peritoneal NK
cells, namely, PD-1* CD56" CD16" NK cells, in women with endometriosis (p = 0.021)
(Figure 3a). No additional differences were found in other NK or T-cell subsets across both

groups and compartments.
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Figure 3. PD-1 expression in peritoneal cells according to weight subgroups and smoking habits.
(a) % of PD-1* CD56* CD16™ NK cells in controls and women with endometriosis; (b,c) % of PD-1*
(b) CD8* T cells and (c) total T cells in controls and EM according to smoking habits; and (d-f) %
of PD-1" (d) total T cells, (e) CD8~ (CD4* and DN) T cells, and (f) CD8* T cells in controls and EM
according to weight. Differences were tested with the Wilcoxon rank-sum test (a), ANOVA with
post-hoc Tukey HSD test for paired-comparison (b,f), and Kruskal-Wallis with post-hoc Dunn’s test
for paired-comparison (c—e). Test. The control group considers 15 peripheral blood and peritoneal
fluid samples, and the EM group, 47 peripheral blood and peritoneal fluid samples. Considering the
EM subgroups, the EM smoke subgroup had n = 8; considering the BMI, the normal BMI subgroup
had n = 27, the overweight n = 11, and the obese 1 = 9). Scatter plots are presented with individual
values and the lines represent the median with IQR. * p-value < 0.05; *** p-value < 0.001. DN, Double
negative; EM, endometriosis; IQR, interquartile range; OW, overweight; PF, peritoneal fluid.

Patients’ clinical conditions and lifestyles can influence the expression of this marker.
Notably, smoking habits showed a significant impact, displaying differences in the groups
for peritoneal PD-1* total T cells (p = 0.021) and PD-1* CD8" T cells (p = 0.040). Higher
levels of both subsets were found in smoking EM women (Figure 3b,c). All the control
participants in the study were non-smokers.

After comparing women with and without endometriosis, the overweight group dis-
played differences in the expression of PD-1 by peritoneal T cells (p < 0.041) (Figure 3d-f).
Though the sample size of this subgroup was small (n = 4), overweight control women
demonstrated a potential upward trend in the percentages of PD-1* cells across all T-cell
subgroups evaluated (Total CD3* T cells, CD8* T cells, CD8~ [CD4* and Double negative,
DN] T cells, and CD56* T cells; Figure 3d—f). On the other hand, women with endometrio-
sis showed declining values of all PD-1" subsets, transitioning from normal weight to
overweight and obese subgroups. Furthermore, women with endometriosis and obesity
exhibited the lowest levels, specifically for PD-1* CD8~ (CD4* and DN) T cells when
compared to normal-weight women with endometriosis (Figure 3e).
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3.3. Endometriosis, Previous Pregnancies, and Fertility Status: Modulation of PD-1 Expression in
Circulating and Peritoneal Immune Cells

We also observed differing patterns of PD-1 expression in women who have been
pregnant and those who have not. In examining circulating T cells, non-pregnant EM
women demonstrated lower levels of PD-1* CD8~ (CD4" and DN) T cells (p = 0.041)
compared to others. Moreover, in EM women grappling with fertility issues, we found
diminished levels of both PD-1" CD56* T cells (p = 0.039) and PD-1* total T cells (p = 0.005)
in peripheral blood samples, especially when compared with EM women and controls who
are not struggling with fertility concerns.

Upon examining peritoneal populations, we noticed a rise in several PD-1" NK subsets
in endometriosis (EM) women who had previously been pregnant (PD-1* total NK cells:
p = 0.017; PD-1* CD56* CD16* NK cells: p = 0.027; PD-1* CD56M NK cells: p = 0.002)
(Figure 4a—c). On the other hand, there was a decrease in these subsets in EM women who
had not been pregnant when compared to their EM counterparts with past pregnancies. It
was also observed that EM women without a history of infertility exhibited a significant
increase in PD-1* CD56* CD16* NK cells, not only compared to fertile controls but also
compared to infertile EM women (p = 0.031).
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Figure 4. PD-1 expression in peritoneal cells according to fertility status. (a—c) Percentages of
circulating PD-1* CD8~ (CD4* and DN) T cells (a) in controls and EM women according to pregnancy
history, and PD-1" CD56* T cells and PD-1* total T cells (b,c) in controls and EM women with
and without fertility issues. (d,e) % of PD-1* total NK cells (d), PD-1* CD56" CD16* NK cells
(e), and PD-1* CD56M NK cells (f) in controls and EM women according to pregnancy history.
Non-Pregnant controls n = 8, Pregnant controls, n = 7; non-Pregnant EM, n = 28; Pregnant EM,
n =19. Controls without fertility issues, n = 14; EM without fertility issues, n = 24; EM with fertility
issues, n = 23. All differences were tested with Kruskal-Wallis with post-hoc Dunn’s test for paired-
comparison. Scatter plots are presented with individual values and the lines represent the median
with IQR *** p-value < 0.001. DN, Double negative; EM, endometriosis; IQR, interquartile range;
PF, peritoneal fluid.



Immuno 2025, 5, 49

9of 14

3.4. EM Symptoms Are Associated with Different Expression Patterns of PD-1 in NK and
T-Cell Subsets

Our results further revealed that in endometriosis, particularly in peritoneal popu-
lations, the expression of PD-1 can vary significantly among EM patients with diverse
symptoms. Complete data are presented in Supplementary Materials (Table S3).

We observed a trend toward higher percentages of peritoneal PD-1* CD56" CD16*
NK cells in women with endometriosis who experienced dysmenorrhea, although this
trend was not statistically significant (p = 0.069). Upon further separation of the EM women
based on the severity of dysmenorrhea, we found higher levels of this cell subset in women
with mild to moderate symptoms (p = 0.028) (Figure 4d).

In patients with endometriosis experiencing dyspareunia, we observed higher percent-
ages of peritoneal PD-1" total NK cells, as well as PD-1* CD56" CD16* NK cells (p = 0.035
and p = 0.029, respectively) (Figure 4e). In the peripheral blood of women not experiencing
this symptom, there were decreased levels of PD-1* total T cells (p = 0.021) and PD-1*
CD8~ (CD4" and DN) T cells (p = 0.049). While there was a notable increase in PD-1* total
NK cells in EM patients with dyspareunia (p = 0.052), this was not statistically significant,
especially in severe cases (T cells: p = 0.038; total NK cells: p = 0.074).

Dyschesia is a common symptom in EM patients. In our group, a trend was found
associating higher levels of PF PD-1* CD8" T cells (p = 0.052) and PD-1* total T cells
(p = 0.048) (Figure 4f) with this symptom. However, no significant variations were observed
when comparing patients with mild, moderate, or severe symptoms.

Similarly, an increase in peritoneal PD-1* CD56" CD16" NK cells was observed in
endometriosis patients without rectal bleeding (p = 0.021). This trend was also present in
patients without chronic pelvic pain (p = 0.057) and those without bowel endometriosis
(p =0.056). Lastly, endometriosis patients with urinary tract infiltration demonstrated
increased percentages of PD-1* total NK cells (p = 0.042). These patients likewise exhibited
higher percentages of circulating PD-1* CD8* T cells (p = 0.037), PD-1* CD56* T cells
(p =0.036), and PD-1* total T cells (p = 0.029).

4. Discussion

In our study, we analyzed PD-1 expression in NK and T-cell subsets from the PF and
PB of women, both with and without endometriosis. To our knowledge, this study utilizes
the largest patient sample to assess PD-1 expression in both compartments.

We observed a statistically significant increase in the percentage of CD56" CD16" NK
cells expressing PD-1 in the PF of patients with endometriosis compared to the control
group. This difference was not detected in PB. Likewise, no significant differences were
observed in PD-1 expression on T cells in either the PF or PB.

NK cells, a vital component of the innate immune system, play an essential role
in early defense mechanisms against various types of aggression through their natural
cytotoxicity activation, which is not antibody-dependent [19-21]. The increase in PD-1-
expressing NK cells in peritoneal fluid is particularly important to emphasize, as these cells
play a crucial role in the initial defense within this microenvironment. This is the same
environment where endometriotic cells attempt to implant and spread, especially within the
pelvic cavity. Interestingly, this only impacts CD56* CD16* NK cells. NK cells expressing
CD16 serve as potent mediators of antibody-dependent cellular cytotoxicity, in addition
to their inherent cytotoxicity [19,22]. On the other hand, CD56-expressing cells possess
strong immunostimulatory effector capabilities, such as producing T helper 1 cytokines
and having effective cytotoxic potential [23]. Therefore, our findings show that increased
PD-1 expression was detected in a subset of NK cells that are, in theory, functionally
more competent to perform local immune surveillance against the early dissemination of
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endometriotic cells. This upregulation of PD-1 may impair the protective role of NK cells in
controlling ectopic endometrial cell spread, a mechanism previously described in oncology,
where PD-1-mediated immune evasion facilitates tumor progression [7].

When analyzing variations based on demographic and clinical factors, we discovered
intriguing findings. In our study, BMI significantly impacted the expression of the PD-1
marker on T cells in patients with endometriosis, especially within the peritoneal cavity. In
women with endometriosis, all PD-1* immune cell subsets showed a progressive decrease
in frequency across increasing BMI categories, from normal weight to overweight and
obesity. Notably, women with both endometriosis and obesity exhibited the lowest levels
of PD-1* CD8™ T cells when compared to their normal-weight counterparts. Although the
influence of BMI on the immune system, including various aspects of the immune response,
has long been recognized [24], its specific effect on PD-1 expression remains unexplored in
prior research. Obesity is associated with chronic low-grade inflammation [25], which could
modulate PD-1 expression in immune cells, potentially leading to the downregulation of
PD-11in T cells within the peritoneal cavity. In the context of endometriosis, the peritoneal
immune environment is already altered, with increased inflammation and immune dys-
regulation. The supplementary influence of obesity-related inflammation might uniquely
impact local T-cell populations, explaining the distinct PD-1 expression patterns seen in
obese versus normal-weight patients.

In our examination of smoking habits, we discovered a heightened occurrence of PD-1*
total T cells and PD-1* CD8" T cells in the peritoneal fluid of endometriosis patients who
smoke. This implies a potential association with disease progression in such individuals. It
is well-known that smoking can modify immune responses, including NK cell function, by
promoting chronic inflammation and adjusting immune checkpoint pathways [26]. The
augmented PD-1 expression on T cells in smokers could signify an immunosuppressive
state impacted by oxidative stress and inflammation related to tobacco use. However,
these findings should be interpreted with caution, as the number of smoking patients with
endometriosis was small (1 = 8), and there were no smokers in the control group.

When considering obstetric history, we observed an increase in several PD-1" NK
cell subsets within the peritoneal populations of women with endometriosis who had
previous pregnancies. Notably, our findings revealed a significant rise in PD-1* CD56*
CD16" NK cells in the peritoneal fluid of women without a history of infertility compared
to those who were infertile. Although no current studies examine the relationship between
PD-1 and fertility, our results suggest a potential link between this marker and a woman’s
fecundity, particularly in patients with endometriosis. This hypothesis certainly merits
further investigation.

When we categorized the patients based on the typical symptoms of endometriosis,
we observed distinct patterns of PD-1 marker expression, with a higher prevalence in those
with widespread disease, particularly within the peritoneal cell population. Specifically,
we found increased levels of PD-1" CD56* CD16" NK cells and PD-1* total NK cells in
patients suffering from dyspareunia, with the count of PD-1* total NK cells significantly
higher in those experiencing severe dyspareunia compared to those with milder symptoms.
Dyschesia, a symptom often associated with bowel involvement, was linked to elevated
levels of PD-1* total T cells in the peritoneal fluid of our cohort. In endometriosis patients
with urinary tract involvement, there was a substantial increase in PD-1* total NK cells in
the peritoneal cavity, alongside higher percentages of circulating PD-1* CD8" T cells, PD-1*
CD56" T cells, and PD-1* total T cells. Overall, these findings suggest an increase in PD-1
expression in the immune cells of patients with more severe or symptomatic endometriosis.

Looking at published studies evaluating the PD-1 marker in women with endometrio-
sis, the available data is scarce. Sobstyl, M. et al. examined the expression of PD-1 and
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PD-L1 on T and B lymphocytes, but their analysis was limited to the peripheral blood of
patients with endometriosis. They found a significantly higher expression of both PD-1
and PD-L1 on T and B lymphocytes in endometriosis patients compared to the control
group [27]. Another recent study [28] examined the PD-1 expression on NK cells in PF and
PB. Although limited to 11 controls and 11 women with endometriosis, the study found
a higher percentage of PD-1* NK cells in the PF of patients with stage IV endometriosis
compared to controls [28]. Wu et al. [29] conducted a study on eutopic and ectopic endome-
tria and blood samples from 15 women with endometriosis and 15 healthy controls. They
used immunohistochemistry and western blot analysis to detect PD-1/PD-L1 expression in
endometrial tissues. Flow cytometry was used for blood analysis. Their research revealed
increased PD-1/PD-L1 expression in both eutopic and ectopic endometria of patients with
endometriosis. Additionally, they reported a heightened PD-1 expression in CD41/CD81 T
cells in PB [29].

Walankiewicz et al. [30] examined PB samples from patients with endometriosis and a
control group using flow cytometry. They found a significantly higher percentage of PD-1
and PD-L1-positive CD4" T cells, CD8" T cells, and CD19* B cells in the patients compared
to the control group [30]. Suszczyk et al. [31] used flow cytometry to study expressions
of PD-L1/PD-L2 on myeloid (m-) and plasmacytoid (p-) dendritic cells (DCs) in the PB
and PF of both endometriosis patients and healthy individuals. They found a higher
proportion of mDCs and pDCs expressing PD-L1 or PD-L2 in the PF of endometriosis
patients compared to their plasma, indicating the possible influence of the peritoneal cavity
environment on immune response modulation and the development or progression of
endometriosis. However, this study only included PB samples from the control group, and
the exclusion of endometriosis in this group was based solely on clinical inquiries, not direct
pelvic observation through laparoscopy [31]. Oksasoglu et al. [32] collected PB samples
from women with endometriosis during surgery or examination, as well as from healthy
individuals. Using an ELISA platform, they found elevated serum levels of PD-1 in women
suffering from endometriosis [32]. Nero et al. [33] used immunohistochemistry assays
on formalin-fixed paraffin-embedded tissue samples and found a higher PD-1/PD-L1
expression in endometriosis-associated ovarian cancer than in benign endometriosis-related
diseases [33].

Our study offers a distinct clinical perspective, differing significantly from previously
examined methodologies and parameters. We identified patterns of abnormal PD-1 ex-
pression in relation to specific clinical symptoms such as dysmenorrhea, dyspareunia, and
dyschezia, investigating the correlation between immune cell subsets and these symptoms.
Additionally, we systematically evaluated the influence of demographic factors, includ-
ing BMI and smoking status, on both systemic and local PD-1 expression in control and
endometriosis patients. A key distinction of our study is that the exclusion of endometrio-
sis in the control group was confirmed through laparoscopic surgery with direct pelvic
visualization, providing a more reliable method for verifying the absence of the disease,
rather than relying solely on clinical evaluation. A strength of our investigation is its
detailed examination of specific NK and T-cell subsets and immune receptors, deepening
the understanding of the immunological landscape of endometriosis at the cellular level,
which may have important implications for its pathophysiology.

This study provides valuable insights into the immunologic profile of PB and PF
concerning PD-1 expression, though it acknowledges certain limitations. Despite our
sample size being larger than previous studies in this field, it remains insufficient for
drawing definitive conclusions. The findings demonstrate complex interactions within
each subpopulation, with PD-1 expression observed in NK and T-cell subsets across various
demographic and clinical contexts. However, a major limitation of this study is that PD-1



Immuno 2025, 5, 49

12 of 14

expression was assessed only at the phenotypic level, without evaluation of its functional
implications. The presence of PD-1 does not necessarily reflect cellular exhaustion or altered
activity, and therefore these results should be interpreted with caution. Future research
incorporating functional assays, such as cytotoxicity tests and cytokine profiling, will be
essential to clarify the biological significance of PD-1 expression in endometriosis. Finally,
while the immune changes observed may contribute to the implantation and growth of
endometriotic cells, they could also reflect a response to the disease itself.

5. Conclusions

Our findings suggest that the immune system may be a key factor in the spread of
endometriotic cells, uncovering potential abnormalities in primary defense mechanisms
driven by NK and T-cell dysfunction within the pelvic microenvironment. This dysfunction
may be associated with elevated PD-1 inhibitory receptor expression, which appears more
prominent in patients with severe symptoms and disease extending beyond the pelvis.
A common pathway for PD-1 modulation may exist between endometriosis and cancer.
Further research is required to confirm these findings and investigate immunomodulatory
treatment options for endometriosis, similar to the use of checkpoint inhibitors in cancer
therapy. This is particularly important given the limitations of current hormone-based
therapies, which not only reduce their effectiveness but also cause side effects that hinder
long-term use.
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