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Abstract
Purpose  Endometrial cancer (EC) is one of the most common gynaecologic malignancies. Tumor infiltrating regulatory 
T-cells (Treg) have been reported to have a prognostic impact in many malignancies. Immunotherapeutic strategies are 
gaining interest for advanced and recurrent EC cases, where treatment options are rare. Our study was aimed at determining 
the value of Treg in EC progression.
Methods  EC specimens from 275 patients and 28 controls were screened immunohistochemically for the presence of Treg 
represented by FoxP3. Correlations with clinicopathological and survival parameters were performed. Functional assays 
were performed using EC cell lines Ishikawa + and RL95-2 after co-culturing with isolated CD4 + CD25 + CD127dim Treg. 
To assess the influence of EC on the composition of peripheral blood mononuclear cells (PBMC), flow cytometric analyses 
were performed.
Results  We found that an increased infiltration of Treg was associated with high grades and a reduced overall sur-
vival. Treg were almost absent in endometrium tissues from healthy control patients. Co-culture of tumor cells with 
CD4 + CD25 + CD127dim Treg led to functional changes: enhanced invasion, migration and viability indicated that increased 
levels of Treg in the tumor microenvironment may promote tumor growth. Furthermore, we found that the presence of EC 
cells led to phenotypic changes in PBMC, showing significantly increased levels of CD25 and FoxP3.
Conclusion  Our results indicate that the presence of Treg in the EC tumor environment is associated with a poorer outcome. 
A remarkable impact of Treg on tumor cell behaviour and vice versa of tumor cells on PBMC subpopulations support this 
notion mechanistically. Our findings provide a basis for focusing on Treg as potential future therapeutic targets in EC.

Keywords  Endometrial cancer · Regulatory T-cells · FoxP3 · Immune escape · Survival

1  Introduction

Endometrial carcinoma (EC) is the sixth most common 
cancer among women worldwide [1] and even the fourth 
most common malignancy in developed countries with 
an increasing incidence [2]. The International Agency for 
Research and Cancer estimated an incidence of 382.069 
cases and a mortality of almost 90.000 worldwide in 2018 
[1]. An imbalance in the estrogen level is one of the main 
risk factors for developing EC. Further risk factors include 
obesity, diabetes mellitus, nullipara, early menarche or 
therapy with tamoxifen [3]. EC was classified historically 
in Type I (estrogen-dependent) and Type II (estrogen-
independent) by Bokhman [4]. Based on these criteria 
therapeutic procedures comprising surgery, radiotherapy 
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and chemotherapy can be adapted dependent on the indi-
vidual risk.

15% of EC patients suffer from recurrences and espe-
cially in these cases, therapeutic options are limited [5]. 
Beside FIGO-stage and grading, immune-related genes 
have also been identified to predict the prognosis of EC 
patients [6, 7]. Based on these findings, new therapeutic 
strategies were developed, including modulation of the 
immune system by the PD-1 inhibitor Pembrolizumab 
[8]. Patients with high microsatellite instability exhibit 
higher immune cell infiltrations in tumor tissues and bet-
ter response rates to immunotherapy [9]. Immune cells 
are part of the tumor microenvironment (TME), which 
also includes mesenchymal cells, extracellular matrix 
and inflammatory mediators [9]. Interactions between 
tumor cells and the TME influence tumor growth, metas-
tasis and survival [10]. Regulatory T-cells (Treg) are an 
important component of the TME [11]. This subtype of 
CD4 + CD25 + lymphocytes, discovered by Sakaguchi 
[12], suppresses the proliferation of effector T-cells and 
pro-inflammatory cytokine production [13, 14]. In healthy 
individuals, they play an important role in the prevention 
of autoimmune diseases [15] by inhibiting peripheral auto-
immune-responses [16]. In cancer, however, Treg in the 
TME lead to immune escape and a worse survival rate 
[14, 17].

The transcription factor Forkhead box protein P3 
(FoxP3) is essential for the development of Treg [18] and 
is their most specific marker, especially in combination 
with CD4 and CD25 [19–21]. Nevertheless, there is a 
need for further research in this regard, as a plasticity in 
Treg phenotype has been observed, giving rise to strict 
subgroups with Treg unique functional properties rang-
ing from highly immune suppressive to immune reactive. 
For example, the subpopulation with the strongest immu-
nosuppressive potential has been identified by absence 
of CD45RA, high CCR4 and other markers in addition 
to CD25 and high FoxP3 [22–24]. In some tumor enti-
ties FoxP3 has also been described as being expressed 
by the tumor cells themselves [25–27], but the existing 
literature is not conclusive here. In contrast, the impact 
of FoxP3 + Treg has been confirmed in many studies, 
although Guo et al. failed to find a convincing associa-
tion with overall survival (OS) or recurrence free sur-
vival (RFS) in EC [28]. The authors of this meta-analysis, 
performed in 2020, suggested further studies in order to 
clarify the role of FoxP3 in EC.

In this study, we examined the effect of Treg, marked 
by FoxP3, in EC and its tumor microenvironment. We co-
cultured EC cells with Treg to examine their effect on tumor 
cell viability, invasion, migration, proliferation and apop-
tosis. Additionally, shifts in the phenotype of PBMC were 
investigated under the influence of tumor cells.

2 � Materials and methods

2.1 � Patients and specimens

EC specimen of 275 patients, who underwent surgery 
in the Department of Gynecology and Obstetrics of the 
Ludwig-Maximilians-University of Munich from 1990 to 
2002 were obtained and included. The present study was 
approved by the local ethics committee of the Ludwig-
Maximilians-University of Munich (reference number 
19–249). Due to the typically low number of non-endo-
metrial histological subtypes, only patients with endome-
trial adenocarcinoma were included in our study. Clin-
icopathological and survival data were provided by the 
Munich cancer register. Histological subtype and grading 
were confirmed by the Department of Pathology, Ludwig-
Maximilians-University Munich. The revision of the Inter-
national Federation of Gynecology and Obstetrics (FIGO) 
system from 2009 was respected and applied to the whole 
collective [29]. The grading of endometroid carcinomas, 
complementary to FIGO staging, was based on the pro-
portion of solid areas and the degree of differentiation. 
With increased grading, the proportion of solid tumor 
growth increased and the cells were increasingly poorly 
differentiated. [30]. A control group of 28 age-matched 
endometrium specimens was established. For this, patients 
who underwent surgery because of descensus uteri, uter-
ine fibroids or clarification of postmenopausal bleeding 
were enrolled. Malignant and inflammatory processes were 
excluded in each case according to medical records. The 
control specimens were collected routinely between 2000 
and 2002. All patients’ data were anonymized and patients 
have given informed consent before their tissue was stored. 
The ethical principles adopted in the Declaration of Hel-
sinki 1975 have been respected.

2.2 � Immunohistochemistry

Paraffin-embedded tissue microarrays (TMA, surface 
0.785 mm2 each spot) of 275 patients with EC were stained 
with a mouse anti-FoxP3 antibody (Dilution 1:300; ab 
20,034, Abcam, Cambridge, UK) using ZytoChem Plus 
HRP Polymer System mouse/rabbit (Zytomed, Berlin, Ger-
many) in accordance with the manufacturer’s instructions. 
3,3-diaminobenzidine (DAKO DAB + ; Agilent technolo-
gies, Santa Clara, CA, USA) was used as chromogen. Posi-
tive and negative control staining were performed initially 
(Supplement 1). FoxP3 positive cells were counted in each 
spot with a light microscope (lens 20x, Leitz Diaplan ligh-
microscope (Leica Microsystems, Wetzlar, Germany)) and 
the mean of three spots was calculated for each patient. 
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In addition, the ratio of tumor cells to stromal cells was 
determined for each spot and the number of FoxP3 posi-
tive cells was normalized to the ratio to ensure sufficient 
proximity of the evaluated tissue. The control group was 
stained according to the same protocol. Three representa-
tive fields of view of each sample were selected (equals an 
area of 0.503 mm2) and FoxP3 positive cells were counted. 
A normalisation to the evaluated area was performed to 
guarantee comparability between the TMA samples and 
the control group samples.

2.3 � Immunofluorescence

In order to characterize the FoxP3-expressing cells, double 
immunofluorescence staining was performed. 5 specimens 
of EC-patients were incubated with a mouse anti-FoxP3 
antibody (Dilution 1:50; 236AIE7, Thermo Fisher Scien-
tific, Waltham, MA, USA) and a rabbit anti-CD3 antibody 
(ready to use; N1580, DAKO, Agilent technologies, Santa 
Clara, CA, USA) or a rabbit anti-CCR4 antibody (Dilution 
1:50; HPA031613, Atlas Antibodies, Bromma, SWE) after 
blocking with Ultra-Vision-Proteinblock (Thermo Fisher 
Scientific, Waltham, MA, USA). Goat-anti-mouse-Alexa-
Fluor488- and Goat-anti-rabbit-Cy-3-conjugated antibodies 
(both Dianova, Hamburg, Germany) were used as secondary 
antibodies. Samples were fixed with Vectashield® H1200 
mounting medium with DAPI (VectorLab, Burlingame, CA, 
USA) and analysed using an Axiophot fluorescent photo-
microscope (Zeiss, Oberkochen, Germany) and AxioVision 
4.8.1 Software.

2.4 � Cell lines and culture conditions

The human EC cell line RL95-2 was purchased from the 
American Type Culture Collection (ATCC, Manassas, VA, 
USA) and Ishikawa + ER cells were provided by the Euro-
pean Collection of Cell Cultures (ECACC, Porton Down, 
Salisbury, UK). Both were routinely cultured in RPMI-1640 
medium + GlutaMAX (Gibco Life technologies, Carlsbad, 
CA, USA) and 10% fetal calf serum (Thermo Fischer Sci-
entific, Waltham, MA, USA).

2.5 � Isolation of human PBMC and regulatory T‑cells

Human PBMC were purified from healthy blood donors by 
density gradient centrifugation at 2000 rpm for 20 min with 
Biocoll Separating Solution (Biochrom, Darmstadt, Ger-
many). Erythrolysis was performed after which the cell sus-
pension was passed through a 0.45 mm filter (BD, Franklin 
Lakes, NJ, USA). Human Treg (CD4 + CD25 + CD127dim/- 
cells) were obtained from freshly isolated PBMC 
by magnetic-activated cell sorting (MACS) using a 
CD4 + CD25 + CD127dim/- Regulatory T-cell Isolation Kit 

II (Miltenyi Biotec, Bergisch Gladbach, Germany) according 
to the manufacturer`s protocol in a two-step isolation. Firstly, 
non-CD4 + and CD127high cells were removed by negative 
magnetic selection and, secondly, CD25 + cells were col-
lected using CD25 positive selection magnetic beads. Purity 
of the isolation was confirmed by flow cytometry and found 
to be around at 75% SD (Supplement 2). Next, the cells were 
labelled with CD4-PE, CD127-APC, CD25-FITC, CD19-
PacBlue and CD3-APC (all BioLegend, San Diego, CA, 
USA). Intracellular staining for FoxP3 was performed using 
a PacBlue anti-human FoxP3 Antibody and FoxP3 Fix/Perm 
Buffer Set (BioLegend, San Diego, CA, USA) following the 
manufacturer’s protocol. To check the quality of the isola-
tion, a Zombie NIR Fixable Viability Kit (BioLegend, San 
Diego, CA, USA) was added once after which a viability 
over 90% was found in each isolation fraction.

2.6 � Co‑culture of tumor cells and immune cells

For cell culture experiments, 1 × 105 tumor cells (Ishi-
kawa + or RL95-2) per well were transferred to a 24-well 
plate. 1 × 106 PBMC or 1 × 104 Treg were added either in a 
0.4-μm-pore Costar Transwell insert (Corning Incorporated, 
Kennebunk, ME, USA) or directly to the tumor cells without 
a physical separation. Co-culture was performed at 37 °C 
for 72 h. PBMC or tumor cells were harvested separately 
by taking advantage of their different adherence behaviour 
and washed with PBS for further experiments. Ishikawa + , 
RL95-2 or PBMC without previous co-culture were chosen 
as control in each experiment.

2.7 � Flowcytometry of PBMC

PBMC were labelled as described above after co-culture. 
PBMC of four different blood donors were co-cultured sepa-
rately and one to three technical replicates were performed 
based on the limited availability of cells. Cells were detected 
using a BD LSRFortessa flow cytometer (BD, Franklin 
Lakes, USA). To analyse the prevalence of Treg within the 
PBMC populations, CD25 + FoxP3 + Treg were expressed 
as a percentage of total CD4 + T-cells. CD127 gating was 
additionally performed to confirm the gating strategy. The 
gating strategy and analysis of PBMC-viability is presented 
in Supplement 3. Two additional biological replicates were 
analysed by expanding the staining strategy by CD45RA-
APC/Cy7 (BioLegend, San Diego, CA, USA). Flow cyto-
metric analysis was performed using FlowJo 10.7.1 (BD, 
Franklin Lakes, USA). Since the PBMC and Treg originated 
from different blood donors, individual variability is antici-
pated and, therefore, figures were constructed depicting fold 
changes to controls for the following flow cytometric analy-
ses and cell assays.
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2.8 � Real time qPCR of sorted CD4 + lymphocytes

After co-culture with tumor cells, sorting of PBMC was 
performed using FACSAria III. The obtained CD4 + cells 
were lysed for RNA-Isolation (RNeasy Mini Kit, Qiagen, 
Venlo, Netherlands) and, subsequently, the RNA was reverse 
transcribed to cDNA (Biozym cDNA Synthesis Kit, Olden-
dorf, Germany). Real time qPCR (RT-qPCR) was performed 
by Applied Biosystems 7500 Fast Real.Time PCR using 
a TaqMan Fast Universal PCR Master Mix and Taqman 
Gene Expression Assay (all from Thermo Fisher Scientific, 
Waltham, MA, USA). Relative expression of the target genes 
IFNγ, TGFβ and IL10 to the housekeeping gene β-Actin was 
calculated using the 2−ΔΔCt formula.

2.9 � Transwell invasion assay

The invasive ability of the tumor cells was assessed using a 
Transwell assay. A 8 μm-pore pore Falcon permeable sup-
port chamber (Corning Inc., Kennebunk, ME, USA) was 
covered with Matrigel (Corning Inc., Kennebunk, ME, 
USA) diluted 1:30 with sterile medium. Next, 2 × 105 cells/
well were seeded in the upper chamber and cultured in a 
5% CO2 incubator at 37˚C for 48 h. Subsequently, the cell 
coating was removed from the upper chamber with a cotton 
swab. The cells that invaded to the reverse side of the mem-
brane were fixed with 4% formaldehyde and methanol and 
stained with Mayer`s hemalum. The membranes were cut 
out and evaluated (20 × objective). Four fields of view were 
randomly selected. The cells were counted in each field of 
view after which the mean was calculated. The experiments 
were performed in biological triplicates.

2.10 � Scratch wound healing assay

5 × 105 RL-95–2 and 2 × 105 Ishikawa + cells were seeded 
into 24-well plates and incubated overnight to generate 
monolayers. A 100 μl pipette tip was used to create lesions 
(‘wounds’) after which images were taken after 0, 24, 48 
and 72 h using an inverse phase contrast microscope (Leica 
Dmi1; Leica, Wetzlar, Germany) equipped with a LEICA 
MC120 HD camera (Leica, Wetzlar, Germany). Medium 
was changed every day before image acquisition. Data were 
analysed using ImageJ 1.52e (NIH, Bethesda, MD, USA) 
and the wound closure areas were normalised to the control 
group without previous incubation with Treg. The experi-
ments were validated three times (n = 3).

2.11 � Caspase‑3 apoptosis assay

To analyse apoptosis of RL95-2 and Ishikawa + cells, a 
Caspase-3- ELISA kit (R&D Biotechne, Minneapolis; MN, 
USA) was used according to the manufacturer’s instructions. 

5 × 105 cells were collected for each group. Biological tripli-
cates and technical duplicates were performed.

2.12 � Cell viability assay

RL-95–2 and Ishikawa + cells, harvested after co-culture 
with Treg, were seeded in 96-well plates (2 × 104 cells/
well). After 4 h, cells were adherent and 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 
added to the medium. The reaction was stopped by adding 
1 M sulfuric acid after which absorbance was measured at 
595 nm using an ELx800NB microplate reader and Gen5 
software (both BioTek Instruments, Winooski, VT, USA). 

Table 1   Demographic and clinical characteristics of the study 
population

Characteristics Patient no
(n = 275)

%

Age at diagnosis (years)
    < 65
    > 65

140
135

50.9
49.1

Tumor size pT
   pT1
   pT2
   pT3
   pT4
   not available

220
18
32
3
2

80.0
6.5
11.6
1.1
0.7

FIGO staging
   I
   II
   III
   IV
   not available

212
17
38
6
2

77.1
6.2
13.8
2.2
0.7

Grading
   G1
   G2
   G3
   Not available

162
89
24
0

58.9
32.4
8.7
0.0

Nodal status
   pN0
   pN1
   pNX

176
21
78

64.0
7.6
28.4

Metastases
   pM0
   pM1
   pMX

138
5
132

50.2
1.8
48.0

Survival
   Alive
   Dead
   Not available

154
121
0

56.0
44.0
0.0

Progression
   None
   At least one
   Not available

226
49
0

82.2
17.8
0.0

1174 T. Kolben et al.



1 3

Every experiment was repeated three times and in technical 
triplicates for each.

2.13 � Cell proliferation assay

Analogue to the MTT assay, 1 × 104 RL 95–2 or Ishi-
kawa + cells were seeded in 96-well plates and cultured 
for 4 h. Next, a 5-bromo-2-deoxyuridine (BrdU) incor-
poration assay (Roche, Basel, Suisse) was performed 
in accordance with the manufacturer’s protocol. After 
twenty hours of incubation with BrdU, a microplate 
reader was used to measure the optical density at 450 nm. 
Three biological and three technical replicates were per-
formed. Proliferation was normalized to the proliferation 
rate of the control group.

Fig. 1   Nuclear expression of FoxP3+ lymphocytic cells in EC visual-
ized by immunohistochemistry and immunofluorescene. Representa-
tive immunohistochemistry images of low/negative (A), high (B) and 

median (C) (n = 25,5/mm2). Treg cell density detected by FoxP3 
staining (Scale bar 100μm, lens x20)

Fig. 2   FoxP3+ cell infiltration increases with higher Grading in EC. 
A significant difference was found between G1 and G2, as well as 
G2 and G3. Mann-Whitney-U-Test. Boxplots display the five-number 
summary of data (minimum, first quartile, median, third quartile, 
maximum) based on the numbers of FoxP3+ celss/TMA spot. Iso-
lated outliers over 250 were not shown for the sake of clarity

1175Presence of regulatory T cells in endometrial cancer predicts poorer overall survival and…‑
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2.14 � Statistics

Statistical analyses and data processing were performed 
using Excel and SPSS 26.0 (SPSS, Inc., Chicago, IL, 
USA). Survival analyses were performed by log-rank-test 
based on Kaplan–Meier curves. The median number of 

FoxP3-positive cells per spot was chosen as cut-off to gen-
erate equally distributed and thus comparable groups. Cox 
regression analysis was used for multivariate analyses to pre-
dict overall survival (OS) from the number of FoxP3 + cells. 
Stepwise increasing numbers of covariates (age, grading, 
FIGO, pT-stage) were included in order to map the inde-
pendent association between FoxP3 and OS. In the course 
of this, FIGO III and IV, as well as pT 3 and 4 were merged, 
since only few patients had FIGO IV/ pT 4. Bivariate cor-
relations between FoxP3 and clinicopathological variables 
were calculated by Spearman’s-rank-correlation coefficient. 
Differences among groups in histological analysis as well 
as cell culture settings were compared using Kruskal–Wal-
lis-test/Mann–Whitney-U-test (2-sided asymptotic signifi-
cance). Differences were considered to be statistically sig-
nificant at p < 0.05. Significances are indicated by asterisks 
as follows: *: p < 0.05, **: p < 0.01, ***: p < 0.001.

3 � Results

3.1 � Patient characteristics

The clinicopathological characteristics of the analysed EC 
patients are depicted in Table 1. The majority of patients 
was diagnosed with FIGO I stage (77.1%) and low Grad-
ing G1 (58.9%). The mean age at the time of diagnosis was 
64.6 years (median 64.8 years, range 35–87 years). The 
maximum follow-up reported by the cancer register was 
318 months. Considering the fact that the median age of the 
collective is quite high, as is characteristic for EC, we limited 
the follow-up time to 200 months. After this time, death with-
out connection to the disease is considered probable. Median 
overall survival in this time period was 138.1 months and 
128.6 months for progression-free survival (PFS). 61.1% of 
the patients received only surgical therapy, 34.2% received 

Table 2   Comparison with clinico-pathological parameters showing 
a significant association of the number of FoxP3 + lymphocytes with 
tumor grading (shown in bold). Values are median numbers of posi-
tive cells per TMA spot

Number of 
FoxP3 + lymphocytes

p-value (Mann–Whitney-U-/
Kruskall-Wallis-test)

Tumor size pT 0.429
pT1
pT2
pT3
pT4

24.4
31.1
30.7
20.7

FIGO staging 0.148
I
II
III
IV

24.9
28.6
30.7
10.6

Grading  < 0.001***
G1
G2
G3

17.7
34.1
30.3

Nodal status 0.644
pN0
pN1

27.8
24.3

Metastases 0.132
pM0
pM1

24.6
7.8

Age at diag-
nosis

0.649

 < 65
 > 65

24.3
28.1

Fig. 3   High FoxP3+ lymphocytic infiltration is associated with poor 
prognosis in EC. (A) Kaplan-Meier Curve showed a significantly 
shorter overall survival for high- grouped patiens (p = 0.013). (B) No 
difference in progression-free surival was found. The median number 

of FoxP3-positive lymphocytic cells per TMA-Spot was chosen as 
cut-off, that defined high-risk (>25.5) and low-risk groups (≤25.5). 
Results of the log-rank test are shown
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surgery and radiation therapy. The remaining 4.8% received 
different therapy combinations including chemotherapy, 
radiation therapy and hormonal therapy.

3.2 � Tumor associated stroma‑located FoxP3 
expression in EC specimens and association 
with clinicopathological parameters

Immunohistochemical staining of nuclear FoxP3 revealed 
a positive expression in a total of 94.2% of all EC specimens 
(Fig. 1A-C). The median number of positive cells per spot was 
25.5. The range was from 0.0 to 393.9 positive cells per spot, 
in 81.7% less than 100 cells per spot were counted. Nuclear 
FoxP3 was expressed exclusively by stroma infiltrating lym-
phocytes, which migrated between the tumor cells in some 

cases. Shape and size of the positive cells led to the assumption 
of being lymphocytes, which was confirmed by Immunofluo-
rescence double staining: 100% of FoxP3-positive cells were 
also CD3-positive und thus identified as Treg (Fig. 1D, E). To 
account for possible Treg subtypes described in the literature 
[22–24], we additionally performed double staining of FoxP3 
and CCR4. Immunosuppressive effector regulatory T-cells 
(eTreg) specifically express the chemokine receptor in both 
blood and tumor tissue [23, 24]. We found that 70.6% of the 
FoxP3 + cells were also CCR4 + (Fig. 1F, G).

In the following analyses, the distribution of several clinic 
pathological parameters such as grading, T-status, N-status 
and FIGO-classification were examined. Regarding the grad-
ing, a significantly higher number of FoxP3 + cells was found 
in G2 (median 34.1) and G3 (median 30.3) compared to G1 

Table 3   Multivariate Cox regression confirms independency of lymphocytic FoxP3 expression (A) as prognostic factor for OS when adjusting 
for age (B), but not with grading (C), pT (D) and FIGO-staging (E). Significant results are shown in bold

p Hazard Ratio (95%CI)

A Covariate
FoxP3 high vs. low 0.014** 1.574 (1.095–2.261) 

B Covariate
FoxP3 high vs. low 0.018** 1.549 (1.078–2.226)
Age at diagnosis  < 0.001*** 1.081 (1.058–1.103) 

C Covariate
FoxP3 high vs. low 0.221 1.271 (0.865–1.868)
Age at diagnosis  < 0.001*** 1.079 (1.057–1.101)
Grading (Reference G1) 0.001***
G1 vs. G2
G1 vs. G3

0.045
 < 0.001

1.503 (1.009–2.238)
2.936 (1.635–5.272) 

D Covariate
FoxP3 high vs. low 0.509 1.138 (0.775–1.673)
Age at diagnosis  < 0.001*** 1.084 (1.062–1.107)
Grading (Reference G1) 0.001***
G1 vs. G2
G1 vs. G3

0.294
0.000

1.249 (0.825–1.892)
3.102 (1.746–5.513)

FIGO (Reference FIGO I)  < 0.001***
I vs. II
I vs. III/IV

0.280
 < 0.001

1.473 (0.729–2.977)
2.904 (1.851–4.558) 

E Covariate
FoxP3 high vs. low 0.632 1.308 (0.894–1.915)
Age at diagnosis  < 0.001*** 1.083 (1.060–1.106)
Grading (Reference G1) 0.001***
G1 vs. G2
G1 vs. G3

0.339
0.000

1.225 (0.808–1.855)
3.008 (1.699–5.326)

pT (Reference pT1)  < 0.001***
1 vs. 2
1 vs. 3/4

0.169
 < 0.001

1.600 (0.819–3.127)
3.285 (2.042–5.286)
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(median 18.7). The Kruskal–Wallis-test revealed a signifi-
cant difference between these three groups (p < 0.001) and 
Mann–Whitney-Test revealed a significant difference between 
G1 and G2 (p < 0.001) as well as G1 and G3 (p = 0.011), but 
not between G2 and G3 (Fig. 2, Table 2). Thus, enhanced 
numbers of FoxP3 + cells also correlated significantly with 
high grading (ρ = 0.239, p < 0.001). No further correlations 
to other clinic-pathological parameters were found (Table 2).

Concerning the FIGO and pT stages, low staged and high 
staged (FIGO I & IV, pT 1 & 4) specimens showed a reduced 
number of FoxP3 + cells compared to middle-staged (FIGO 
II & III, pT 2 & 3) specimens. However, no significant asso-
ciation was reached (Supplement 4, Table 2), as well as with 
N-Status and M-Status. The data could, however, only be 
evaluated to a limited extent, since few patients had a posi-
tive N- or M- status (Table 1).

3.3 � High FoxP3 expression is associated 
with a poorer overall survival

The median number of FoxP3 positive cells (25.5) was 
chosen as cut-off to generate patient groups. A high num-
ber of FoxP3 + cells was significantly associated with a 
decreased overall survival (OS; p = 0.013, HR = 1.574, 
CI95% 1.095–2.261 in univariate regression; Fig. 3A). 
However, concerning the time of recurrence no difference 
was observed among patients with FoxP3 low or high 
(p = 0.787, Fig. 3B). The estimated 5-year probabilities 
for OS were 82.5% ± 3.3% (Mean ± Standard Error of the 
mean (SEM)) for high-grouped and 74.4% ± 3.8% for low-
grouped patients. The American cancer society suggests 
a 5-year overall survival of 81% for EC patients [31], 
which is surpassed by the FoxP3 low group and clearly 
missed by the FoxP3 high group. Multivariate Cox regres-
sion model revealed that when adjusting for age, a strong 
presence of regulatory T-cells represented a 1.549-times 
increased risk of shortened OS during the study period 
(Table 3A, B). In contrast Treg were not able to explain 
variance in OS beyond the combined explanatory power 

of age, grading and FIGO or pT staging (Table 3C-E). 
Due to the high concordance, the FIGO and pT staging 
systems were included separately in the regression model. 
The results confirm comparable HR for OS in both cases.

3.4 � Absence of FoxP3 positive cells in endometrial 
control tissue

Almost no FoxP3-expressing cells were found in the endo-
metrium control group (Fig. 4A, B). The median number 
of FoxP3 positive lymphocytes per field of view (20x) nor-
malised to the area was 0.00/mm2 (range 0–2). This result 
showed a significant difference to EC with a median number 
of 32.48/mm2 (p < 0,001; Fig. 4C).

3.5 � Increasing number of immunosuppressive Treg 
within PBMC after co‑culture with EC cell lines

The effect of EC cells on the phenotype of T-cells was 
investigated in a co-culture system of Ishikawa + and 
RL95-2 cells and healthy donor PBMC. We evaluated 
the levels of CD25 + FoxP3 + Treg in the subgroup of 
CD4 + T-cells after co-culture, and found that the percentage 
of CD4 + CD25 + FoxP3 + Treg significantly increased after 
co-culturing for 72 h, in direct co-culture as well as in inserts 
compared to healthy donor PBMC cultured alone (Fig. 5A, B 
and Supplement 5). Absolute percentages are presented in Sup-
plement 6 and 7, and confirm that the same applied when look-
ing exclusively at the shift of the individual markers CD25 and 
FoxP3 (Supplement 7B, C). A significant increase of CD25+ 
cells could be detected in every group compared to PBMC con-
trol except from PBMC after direct co-culture with RL95-2. 
Differences between direct co-culture and insert setting were 
only found in combined CD25 + FoxP3-analysis in RL95-2 co-
culture. Together a significant shift towards a higher percentage 
of CD25 + FoxP3 + cells was found in the CD4 + population, 
as well as after individual consideration of the two markers. 
According to Saito et al. [22], immunosuppressive Treg (eTreg) 
are characterised as CD25hiFoxP3high.Therefore, we extended 

Fig. 4   Representative images of Endometrium control group speci-
men with negative FoxP3 staining (A). In few cases a single regula-
tory T cell was found (B, white arrow). (C) Boxplot visualizes the 
significant (***) higher amount of Treg in EC than Endometrium 

control tissue. Boxplots display the five-number summary of data 
(minimum, first quartile, median, third quartile, maximum). Isolated 
outliers over 100 were shown for the sake of clarity. Scale bar 100μm, 
lens x20
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the gating strategy including separation of high and low popula-
tions of each marker. The percentage of eTreg within PBMC in 
all co-culture settings was found to be significantly higher than 
in the control population of untreated PBMC. No difference was 

observed between co-culture in the insert or direct co-culture 
(Fig. 5C, D). Staining for CD45RA, whose absence is also 
described as characteristic for immuosuppressive Treg, revealed 
a statistically significant shift for PBMC in co-culture with both 

Fig. 5   (A) Phenotype change of PBMC in transwell cultures after 
72h. Percentage of CD25+FoxP3+/CD4+ cells in cultured PBMCs 
is determined by flow cytometry in direct and insert coculture with 
Ishikawa+ and RL95-2. PBMC cells cultured alone served as con-
trol. The horizontal axis and vertical axis represent the correspond-
ing fluorescence phenotype expression of FoxP3 and CD25. First 
row represents PBMC coculture with Ishikawa+ cells and bottom 
row with RL95-2. (B) Histograms represent flow cytometry results 
showing increased of FoxP3 and CD25 in CD4+ population as fold 

change. Additional Gating was performed to separate the FoxP3hiC-
D25hi population (C) and results confirmed an increased percentage 
of eTreg after coculture (D). The additional Marker for immunosup-
pressive Treg CD45RA was introduced to strengthen a shift of Treg 
towards the immunosuppressive FoxP3highCD45RA-fraction after 
coculture with tumor cells (E, F) Error bars indicating ± SEM. Sig-
nificant differences are marked with */***. All experiments are per-
formed with two to three biological replicates
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cell lines, but only a trend to increased Fraction III (FoxP3high-
CD45RA-) regarding RL95-2 in insert co-culture (Fig. 5E, F). 
This result further underlines our above CD25highFoxP3high-
population analysis as being the most relevant marker combina-
tion to identify immunosuppressive Tregs.

Additional sorting of the harvested PBMC in order to iso-
late the CD4 + fraction and subsequent RT-qPCR analysis of 
the immunosuppressive markers IL10 and TGFβ, as well as 
proinflammatory IFNγ, was performed to confirm the results 
from flow cytometry. We found that the TGFβ mRNA lev-
els of CD4 + cells increased significantly in every co-culture 

setting compared to the PBMC control population (Fig. 6A), 
while IL10 showed a trend towards higher levels, but with-
out statistical significance (Fig. 6B). To exclude a general 
upregulation of cytokine mRNA in the cells, also proinflam-
matory IFNγ was analysed. We found stable levels after co-
culture, and in PBMC + Ishikawa + direct co-culture even a 
decreased level (Fig. 6C). To assess the impact of regulatory 
T-cells on tumor cells, functional assays were performed after 
co-culture of two EC cell lines with isolated Treg.

3.6 � Increased viability as well as invasive 
and migrative abilities of tumor cells 
after co‑culture with Treg

Using a MTT assay, we found that the viability of Ishi-
kawa + cells was significantly increased in direct co-
culture with isolated CD4 + CD25 + CD127low Treg 
(p = 0.047) and even more in insert co-culture (p = 0.042) 
compared to the control group (Supplement 8; Fig. 7E). 
The same applied to RL95-2 cells in indirect co-cul-
ture (p = 0.008), while their viability was significantly 
decreased after direct co-culture (p = 0.002). Conse-
quently, also a significant difference between direct and 
insert co-cultures was found (p < 0.001).

Next, the effect of Treg on the invasion potential of inves-
tigated tumor cell lines was tested in vitro in a Matrigel-
coated membrane system. A significant invasive ability 
of EC cells could be observed after co-culturing Treg and 
tumor cells indirectly. In direct co-culture a significant dif-
ference could be found in both EC cell lines (Ishikawa + cells 
(p = 0.002) and RL-95–2 (p = 0.02)). In indirect co-culture 
a significant change in tumor invasion occurred only in 
RL95-2 cells (p = 0.047). Remarkably, the invasive ability 
was stronger in both cell lines after direct co-culture than 
after indirect co-culture (Fig. 7A, B; Supplement 8).

Tumor cell migration was attenuated by scratch wound 
healing assay. We found that the migration was significantly 
activated in insert and direct co-culture settings compared to 
the control group (Fig. 7C, D Ishikawa + /Treg p = 0.04, Ishi-
kawa + /Treg insert p = 0.002, RL95-2/Treg p = 0.007, RL95-2/
Treg insert p = 0.002; Supplement 8). These results indicate that 
the presence of regulatory T-cells promotes cancer progression.

3.7 � Marginal differences in proliferation 
and apoptosis of tumour cells after co‑culture 
with Treg

Using a BrdU cell proliferation assay we found only dif-
ferences in RL95-2 cells following co-culture with Treg 
(Fig. 7F; Supplement 8). An increased proliferation rate was 
detected in a direct co-culture setting in comparison to insert 
(indirect) co-culture (p = 0.027) as well as to control tumor 

Fig. 6   qPCR results of PBMC for pro- and anti-iflammatory 
cytokines after coculture with tumor cells. mRNA-levels of intiin-
flammatory cytokine TGFβ in PBMC increases statistically signifi-
cant after coculture with tumor cells (A), while IL10 shows a trend to 
increased mRNA expression but fails to reach statistical significance 
(B). The level proinflammatory IFNγ remains stable except of an sig-
nificant increase after direct coculture with Ishikawa+. Values pre-
sented as mean ± SEM. All experiments are performed in biological 
duplicates with the two housekeeping genes β-Actin
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cells cultured alone (p = 0.009). No effect was found for Ishi-
kawa + cells. In addition, a Caspase-3 assay was performed 
to investigate apoptosis rates. We found that the overall Cas-
pase-3 expression rates were very low and no significant dif-
ferences were found in the different culture groups (Fig. 7G; 
Supplement 8). Due to the extremely low Caspase-3 activity 
(40–70 ng/ml) close to the detection limit of the ELISA, very 
high deviations resulted, indicating that EC cell apoptosis 
plays a minor role in the context of Treg co-culture.

4 � Discussion

In this study we examined the role of Treg in EC. The pres-
ence of FoxP3 positive cells in the TME were shown to 
correlate significantly with high grading and poorer overall 

survival rates. Co-culture of Ishikawa and RL95-2 cells with 
isolated Treg led to increased invasion and migration, but 
not to a significant difference in apoptosis. The features via-
bility and proliferation were dependent on the cell line used.

FoxP3 + CD25 + CD4 + Treg play an important role in 
the process of immune tolerance. They are produced by the 
thymus and can be found in lymphoid and non-lymphoid 
tissues as well as in blood. Furthermore, they can also be 
detected in the tumor microenvironment (TME). In various 
cancer entities, a high number of Treg has been reported to 
be associated with a worse prognosis by suppressing anti-
tumor responses [32–34] in, for example epithelial ovarian 
cancer [35, 36] and non-small-cell lung cancer [37]. It is 
well known, that the Treg marker FoxP3 can be upregulated 
or downregulated depending on the human cancer type [26, 
38]. Sometimes it acts as a tumor promoter and sometimes 

Fig. 7   Presence of Treg favors cancer progression by an activation 
of viability, invasion and migration, while differences in prolifera-
tion- and apoptosisrate are marginal (A) Results of the invasion assay 
reveal, that invasion ability of tumor cells increases in the coculture 
system. (B) Representative images of Ishikawa cells after membrane 
invasion in different culture settings, lens 20x (C) The wound heal-
ing assay shows that also the migration ability of cells is significantly 
activated in direct and insert coculture compared to the tumor cells 
cultured alone (D) Representative images of wound healing assay 

with RL95-2 cells after 24 and 72h (E) Viability of changes after 
72 hours coculture with sorted-CD4+CD25highCD127low Tregs. 
Only RL95-2 cells after direct coculture showed less viability com-
pared to control. (F) Incorporation of BrdU showed only significant 
differences in RL95-2 cell line. (G) Caspase-3-concentrations were 
extremely low in each coculture conditions. Error bars indicating 
mean ± SEM. Significant differences are marked with */***. All 
experiments are performed with three biological and three technical 
replicates
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as a tumor suppressor [38]. In EC FoxP3 expression in the 
TME seems to be associated with a poorer prognosis: a study 
with 200 EC patients showed that its expression correlated 
with poorer survival rates [39] and with mismatch repair-
deficiency [40]. In our cohort, high numbers of FoxP3 posi-
tive lymphocytes led to significantly worse overall survival 
rates. This observation complies with the results of De Jong 
et al. who described Treg as a prognostic factor for progres-
sion free survival [41]. Several groups reported a correlation 
between grading, deep invasion and FoxP3 expression in 
EC [25, 41]. Our findings confirm the correlation between 
high grading (G3) and high numbers of FoxP3 positive cells 
in a large, representative cohort. The correlation of FoxP3 
expression in the TME to TNM stadium remains, however, 
unclear [25, 42]. Giatromanolaki et al. showed a correlation 
between FoxP3 expression and a high vessel density, which 
may be linked to the observed poor prognosis, although they 
noted only a trend regarding survival rates [43]. This thesis 
was also supported by a mouse model: in breast cancer, Treg 
were found to play an important role in metastasis, while 
the cells could not metastasize in their absence [44, 45]. 
FoxP3 cannot only be expressed by lymphocytes, but also 
by tumor cells as has, for example, been observed in breast 
cancer [26]. As yet, it is not clear whether EC cells express 
FoxP3, and only few data exist [27]. We failed to detect any 
CD4-FoxP3 + cells, so we cannot support the idea of EC 
cells expressing FoxP3.

Using flow cytometry, we found that the amount of 
Treg in PBMC increased after co-culture with EC cells. 
This finding suggests that PBMC serve as a reservoir for 
Treg and that the differentiation of Treg can be stimulated 
by co-culture with tumor cells. This effect has also been 
observed in other tumor types like hepatocellular carci-
noma, gastric cancer and non-small-cell lung cancer [37, 
46–48]. Cao et al. additionally showed that (in hepatocel-
lular carcinoma) the proliferation of CD4 + CD25- T-cells 
is inhibited [46]. The proliferation rate of Treg seemed to 
be even more increased when the tumor cells expressed 
Human Leucocyte Antigen G [47] or by transforming 
growth factor-ß1 [48]. In summary, these data indicate 
that induced Treg are immunosuppressive and promote 
tumor progression [35].

In order to specify the mechanism of Treg influencing the 
tumor’s behaviour, we performed co-culture experiments of 
isolated Treg with two EC cell lines, Ishikawa + and RL95-
2. We found that this co-culture led to increased invasion, 
viability and migration of the tumor cells in direct as well 
as in indirect co-cultures. This goes along with the already 
described correlation to prognosis. Regarding prolifera-
tion, only RL95-2 cells reacted with a significantly higher 
proliferation rate in the direct co-culture compared to 
the indirect co-culture. This may be due to the fact that 
RL-95–2 is rather grading 2 compared to Ishikawa with 

grading 1. Regarding differences between direct and indi-
rect co-cultures, it is well-known that there are significant 
differences regarding interleukins, cell–cell adhesion and 
tumor necrosis factor alpha levels, which can influence the 
behaviour of tumor cells [47]. Our data revealed that the 
invasion and migration abilities of EC cells are increased 
in both settings, but more striking in case of direct cell–cell 
contact. To detect apoptotic rates, we used a sensitive Cas-
pase-3 ELISA method. As the Caspase-3 levels turned out 
to be very low, this assay failed to show any significant 
differences after co-culture of Treg and EC cells, although 
this method detects early stages of apoptosis. As viability, 
invasion and migration were increased after co-culture, we 
expected trends to decreased apoptotic rates. This has pre-
viously been observed in ovarian cancer cells, but also in 
that model no significant difference could be obtained [49].

Although the results of the functional in vitro assays 
support the results from immunohistochemical experi-
ments, the effects could be even better highlighted 
through an increased purity of Treg isolated from 
PBMC. Although we could show that the amounts of 
Treg increase after co-culture of PBMC with EC, it is 
still necessary to improve our understanding of Treg 
recruitment. For this, it may be helpful to examine the 
chemokines CCL22 and CCL1 in the TME of EC, as 
has been reported for other cancer entities [50, 51]. A 
better understanding of the function of Treg and their 
interactions with cancer cells will help to address them 
as potential new targets in future EC therapies. Treg in 
the TME express mostly TIM3, which can be blocked by 
a monoclonal antibody. In a mouse model, this led to an 
increased anti-tumor response [52]. The immune-escape 
phenomenon could also be overcome by an anti-GITR-
antibody in mice, while GITR was overexpressed in Treg 
[53]. These therapeutic options may complement other 
immunotherapies like ipilimumab and, thereby, improve 
the prognosis of advanced EC.

In conclusion, we showed that the presence of Treg 
in the TME is associated with a poorer prognosis in EC. 
Co-cultivation of Treg with EC cells led to an increased 
invasion, viability, migration and proliferation in EC cells, 
thereby providing a mechanistic background. A better 
understanding of the cytokines involved in this process will 
be necessary in order to identify starting points for target-
ing Treg as part of future therapy regimens in advanced 
EC.

Abbreviations  EC: Endometrial carcinoma; FoxP3: Forkhead boxpro-
tein P3; OS: Overall survival; PBMC: Peripheral blood mononuclear 
cell; SEM: Standard error of mean; TME: Tumor microenvironment; 
Treg: Regulatory T-cell

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s13402-​022-​00708-2.

1182 T. Kolben et al.

https://doi.org/10.1007/s13402-022-00708-2


1 3

Acknowledgements  This work is part of a doctoral thesis of Mareike 
Mannewitz. We thank Dr. Johannes Heßler-Kaufmann for revising 
statistical analyses.

Author contribution  Conceptualization: T.K., M.M., C.P., U.J.; Data 
curation: M.M.; Formal Analysis: M.M., C.P., K.S.; Funding acquisi-
tion: T.K., M.K.; Investigation: M.M, C.P., K.S., E.S.; Methodology: 
M.M., C.P.; Project administration: T.K., D.A., S.B.; Supervision: 
M.K, U.J.; Validation: L.H., E.S.; Visualization: M.M., C.P., K.S.; 
Writing – original draft: M.M., S.B.; Writing – review & editing: T.K., 
M.K. All authors interpreted the data and read the paper and approved 
the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This study was supported by a funding program for research 
and teaching by the LMU Munich (Förderprogramm für Forschung und 
Lehre (FöFoLe; recipient: Thomas Kolben).

Availability of data and materials  All data generated or analysed dur-
ing this study are included in this published article. For any ques-
tions, please contact M. Mannewitz: Mareike.Mannewitz@med.uni-
muenchen.de.

Code availability  Excel and SPSS 26.0 (SPSS, Inc., Chicago, IL, USA).

Declarations 

Ethics approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent  The study was approved by the ethics committee 
of the Ludwig-Maximilians-University Munich (reference number: 
048–08; 2008). Patient data were anonymized.

Consent to participate  Not applicable as all data are anonymized.

Consent to publish  Not applicable as all data are anonymized.

Conflict of interests  T. Kolben has a relative employed at Roche and 
holds stock of Roche. F. Trillsch declares Research support, advisory 
board, honoraria and travel expenses from AstraZeneca, Clovis, Me-
dac, PharmaMar, Roche, Tesaro. S. Mahner has received Research sup-
port, advisory board, honoraria and travel expenses from AstraZeneca, 
Clovis, Eisai, GlaxoSmithKline, Medac, MSD, Novartis, Olympus, 
PharmaMar, Roche, Sensor Kinesis, Teva, Tesaro. All other authors 
declare that they have no conflict of interest. The funders had no role 
in the design of the study, in the collection, analyses, or interpretation 
of data; in the writing of the manuscript, or in the decision to publish 
the results.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre, A. 
Jemal, Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. (2018). https://​doi.​org/​10.​3322/​caac.​
21492

	 2.	 American Cancer Society in Cancer Facts and Figures 2014. 
Atlanta, American Cancer Society. http://​www.​cancer.​org/ 
Accessed 27 October 2020

	 3.	 M.M. Braun, E.A. Overbeek-Wager, R.J. Grumbo, Diagnosis 
and management of endometrial cancer. Am Fam Physician. 93, 
468–474 (2016)

	 4.	 J.V. Bokhman, Two pathogenetic types of endometrial carcinoma. 
Gynecol Oncol. (1983). https://​doi.​org/​10.​1016/​0090-​8258(83)​
90111-7

	 5.	 F. Legge, S. Restaino, L. Leone, V. Carone, C. Ronsini, G.L.M. 
Di Fiore et al., Clinical outcome of recurrent endometrial cancer: 
analysis of post-relapse survival by pattern of recurrence and sec-
ondary treatment. Int J Gynecol Cancer. (2020). https://​doi.​org/​
10.​1136/​ijgc-​2019-​000822

	 6.	 P. Chen, Y. Yang, Y. Zhang, S. Jiang, X. Li, J. Wan, Identification 
of prognostic immune-related genes in the tumor microenviron-
ment of endometrial cancer. Aging (Albany NY). (2020). https://​
doi.​org/​10.​18632/​aging.​102817

	 7.	 H. Ding, G.L. Fan, Y.X. Yi, W. Zhang, X.X Xiong, O.K. Mah-
goub, Prognostic Implications of Immune-Related Genes' (IRGs) 
Signature Models in Cervical Cancer and Endometrial Cancer. 
Front Genet. (2020). https://​doi.​org/​10.​3389/​fgene.​2020.​00725

	 8.	 P.A. Ott, Y.J. Bang, D. Berton-Rigaud, E. Elez, M.J. Pishvaian, 
H.S. Rugo et al., Safety and antitumor activity of pembrolizumab 
in advanced programmed death ligand 1-positive endometrial can-
cer: results from the KEYNOTE-028 study. J Clin Oncol. (2017). 
https://​doi.​org/​10.​1200/​JCO.​2017.​72.​5952

	 9.	 J.B. Pakish, Q. Zhang, Z. Chen, H. Liang, G.B. Chisholm, Y. Yuan 
et al., Immune microenvironment in microsatellite-instable endo-
metrial cancers: Hereditary or sporadic origin matters. Clin Can-
cer Res. (2017). https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​16-​2655

	10.	 D.C. Hinshaw, L.A. Shevde, The tumor microenvironment 
innately modulates cancer progression. Cancer Res. (2019). 
https://​doi.​org/​10.​1158/​0008-​5472.​CAN-​18-​3962

	11.	 A.M. Thornton, E.M. Shevach, CD4+CD25+ immunoregulatory 
T cells suppress polyclonal T cell activation in vitro by inhibiting 
interleukin 2 production. J Exp Med. (1998). https://​doi.​org/​10.​
1084/​jem.​188.2.​287

	12.	 S. Sakaguchi, N. Sakaguchi, M. Asano, M. Itoh, M. Toda, Immu-
nologic self-tolerance maintained by activated T cells express-
ing IL-2 receptor alpha-chains (CD25). Breakdown of a single 
mechanism of self-tolerance causes various autoimmune diseases. 
J Immunol. 155, 1151–64 (1995)

	13.	 U.K. Liyanage, T.T. Moore, H.-G. Joo, Y. Tanaka, V. Herrmann, 
G. Doherty et al., Prevalence of regulatory t cells is increased in 
peripheral blood and tumor microenvironment of patients with 
pancreas or breast adenocarcinoma. J. Immunol. (2002). https://​
doi.​org/​10.​4049/​jimmu​nol.​169.5.​2756

	14.	 L.A. Ormandy, T. Hillemann, H. Wedemeyer, M.P. Manns, 
T.F. Greten, F. Korangy, Increased populations of regulatory T 
cells in peripheral blood of patients with hepatocellular carci-
noma. Cancer Res. (2005). https://​doi.​org/​10.​1158/​0008-​5472.​
CAN-​04-​3232

1183Presence of regulatory T cells in endometrial cancer predicts poorer overall survival and…‑

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
http://www.cancer.org/
https://doi.org/10.1016/0090-8258(83)90111-7
https://doi.org/10.1016/0090-8258(83)90111-7
https://doi.org/10.1136/ijgc-2019-000822
https://doi.org/10.1136/ijgc-2019-000822
https://doi.org/10.18632/aging.102817
https://doi.org/10.18632/aging.102817
https://doi.org/10.3389/fgene.2020.00725
https://doi.org/10.1200/JCO.2017.72.5952
https://doi.org/10.1158/1078-0432.CCR-16-2655
https://doi.org/10.1158/0008-5472.CAN-18-3962
https://doi.org/10.1084/jem.188.2.287
https://doi.org/10.1084/jem.188.2.287
https://doi.org/10.4049/jimmunol.169.5.2756
https://doi.org/10.4049/jimmunol.169.5.2756
https://doi.org/10.1158/0008-5472.CAN-04-3232
https://doi.org/10.1158/0008-5472.CAN-04-3232


1 3

	15.	 J. Shimizu, S. Yamazaki, S. Sakaguchi, Induction of tumor immu-
nity by removing CD25+CD4+ T cells: a common basis between 
tumor immunity and autoimmunity. J Immunol. 163, 5211–5218 
(1999)

	16.	 Y. Cheng, X. Li, Y. Dai, Y. Dong, X. Yang, J. Wang, Identification 
of an immune-related risk signature and nomogram predicting the 
overall survival in patients with endometrial cancer. J Gynecol 
Oncol. (2021). https://​doi.​org/​10.​3802/​jgo.​2021.​32.​e30

	17.	 M. Takenaka, N. Seki, U. Toh, S. Hattori, A. Kawahara, T. Yama-
guchi et al., FOXP3 expression in tumor cells and tumor-infiltrat-
ing lymphocytes is associated with breast cancer prognosis. Mol 
Clin Oncol. (2013). https://​doi.​org/​10.​3892/​mco.​2013.​107

	18.	 L.M. Charbonnier, Y. Cui, E. Stephen-Victor, H. Harb, D. Lopez, 
J.J. Bleesing et al., Functional reprogramming of regulatory T 
cells in the absence of Foxp3. Nat Immunol. (2019). https://​doi.​
org/​10.​1038/​s41590-​019-​0442-x

	19.	 M. Viguier, F. Lemaître, O. Verola, M.S. Cho, G. Gorochov, L. 
Dubertret et al., Foxp3 expressing CD4+CD25(high) regulatory 
T cells are overrepresented in human metastatic melanoma lymph 
nodes and inhibit the function of infiltrating T cells. J Immunol. 
(2004). https://​doi.​org/​10.​4049/​jimmu​nol.​173.2.​1444

	20.	 G. Roncador, P.J. Brown, L. Maestre, S. Hue, J.L. Martínez-Tor-
recuadrada, K.L. Ling et al., Analysis of FOXP3 protein expres-
sion in human CD4+CD25+ regulatory T cells at the single-cell 
level. Eur J Immunol. (2005). https://​doi.​org/​10.​1002/​eji.​20052​
6189

	21.	 D. Wolf, S. Sopper, A. Pircher, G. Gastl, A.M. Wolf, Treg(s) in 
cancer: Friends or foe? J Cell Physiol. (2015). https://​doi.​org/​10.​
1002/​jcp.​25016

	22.	 T. Saito, H. Nishikawa, H. Wada, Y. Nagano, D. Sugiyama, K. 
Atarashi et al., Two FOXP3(+)CD4(+) T cell subpopulations 
distinctly control the prognosis of colorectal cancers. Nat Med. 
(2016). https://​doi.​org/​10.​1038/​nm.​4086

	23.	 D. Sugiyama, H. Nishikawa, Y. Maeda, M. Nishioka, A. 
Tanemura, I. Katayama et  al., Anti-CCR4 mAb selectively 
depletes effector-type FoxP3+CD4+ regulatory T cells, evoking 
antitumor immune responses in humans. Proc Natl Acad Sci U S 
A. (2013). https://​doi.​org/​10.​1073/​pnas.​13167​96110

	24.	 T. Ishida, R. Ueda, CCR4 as a novel molecular target for immu-
notherapy of cancer. Cancer Sci. (2006). https://​doi.​org/​10.​1073/​
pnas.​13167​96110

	25.	 N.P. Iurchenko, N.M. Glushchenko, L.G. Buchynska, Comprehen-
sive analysis of intratumoral lymphocytes and FOXP3 expression 
in tumor cells of endometrial cancer. Exp Oncol. 36, 262–266 
(2014)

	26.	 S. Douglass, A.P. Meeson, D. Overbeck-Zubrzycka, J.G. Brain, 
M.R. Bennett, C.A. Lamb et al., Breast cancer metastasis: dem-
onstration that FOXP3 regulates CXCR4 expression and the 
response to CXCL12. J Pathol. (2014). https://​doi.​org/​10.​1002/​
path.​4381

	27.	 W. Yamagami, N. Susumu, H. Tanaka, A. Hirasawa, K. Banno, 
N. Suzuki et al., Immunofluorescence-detected infiltration of 
CD4+FOXP3+ regulatory T cells is relevant to the prognosis of 
patients with endometrial cancer. Int J Gynecol Cancer. (2011). 
https://​doi.​org/​10.​1097/​IGC.​0b013​e3182​2c271f

	28.	 F. Guo, Y. Dong, Q. Tan, J. Kong, B. Yu, Tissue infiltrating 
immune cells as prognostic biomarkers in endometrial cancer: a 
meta-analysis. Dis Markers. (2020). https://​doi.​org/​10.​1155/​2020/​
18057​64

	29.	 J. Prat, FIGO staging for uterine sarcomas. Int J Gynaecol Obstet. 
(2009). https://​doi.​org/​10.​1016/j.​ijgo.​2008.​12.​008

	30.	 R.A. Soslow, C. Tornos, K.J. Park, A. Malpica, X. Matias-Guiu, E. 
Oliva et al., Endometrial carcinoma diagnosis: use of FIGO grad-
ing and genomic subcategories in clinical practice: recommenda-
tions of the International Society of Gynecological Pathologists. 

Int J Gynecol Pathol. (2019). https://​doi.​org/​10.​1097/​PGP.​00000​
00000​000518

	31.	 American Cancer Society in Endometrial cancer. Atlanta, Ameri-
can Cancer Society. https://​www.​cancer.​org. Accessed 24 Febru-
ary 2021

	32.	 T.J. Curiel, G. Coukos, L. Zou, X. Alvarez, P. Cheng, P. Mottram 
et al., Specific recruitment of regulatory T cells in ovarian carci-
noma fosters immune privilege and predicts reduced survival. Nat 
Med. (2004). https://​doi.​org/​10.​1038/​nm1093

	33.	 K. Kono, H. Kawaida, A. Takahashi, H. Sugai, K. Mimura, N. 
Miyagawa et al., CD4(+)CD25high regulatory T cells increase 
with tumor stage in patients with gastric and esophageal cancers. 
Cancer Immunol Immunother. (2006). https://​doi.​org/​10.​1007/​
s00262-​005-​0092-8

	34.	 C. Schaefer, G.G. Kim, A. Albers, K. Hoermann, E.N. Myers, T.L. 
Whiteside, Characteristics of CD4+CD25+ regulatory T cells in 
the peripheral circulation of patients with head and neck cancer. 
Br J Cancer. (2005). https://​doi.​org/​10.​1038/​sj.​bjc.​66024​07

	35.	 X. Ke, L. Shen, Targeting cytokines secreted by CD4(+) 
CD25(high) CD127(low) regulatory T cells inhibits ovarian can-
cer progression. Scand J Immunol. (2019). https://​doi.​org/​10.​
1111/​sji.​12736

	36.	 Q. Zhu, X. Wu, Y. Wu, X. Wang, Interaction between Treg cells 
and tumor-associated macrophages in the tumor microenviron-
ment of epithelial ovarian cancer. Oncol Rep. (2016). https://​doi.​
org/​10.​3892/​or.​2016.​5136

	37.	 J. Peng, Z. Yu, L. Xue, J. Wang, J. Li, D. Liu et al., The effect of 
foxp3-overexpressing Treg cells on non-small cell lung cancer 
cells. Mol Med Rep. (2018). https://​doi.​org/​10.​3892/​mmr.​2018.​
8606

	38.	 H. Jia, H. Qi, Z. Gong, S. Yang, J. Ren, Y. Liu et al., The expres-
sion of FOXP3 and its role in human cancers. Biochim Biophys 
Acta Rev Cancer. (2019). https://​doi.​org/​10.​1016/j.​bbcan.​2018.​
12.​004

	39.	 Z. Xi, L. Jing, K. Le-Ni, L. Zhu, D. Ze-Wen, Y. Hui et al., Evalua-
tion of PTEN and CD4+FOXP3+ T cell expressions as diagnostic 
and predictive factors in endometrial cancer: A case control study. 
Medicine (Baltimore). (2019). https://​doi.​org/​10.​1097/​MD.​00000​
00000​016345

	40.	 S. Asaka, T.T. Yen, T.L. Wang, I.M. Shih, S. Gaillard, T cell-
inflamed phenotype and increased Foxp3 expression in infiltrating 
T-cells of mismatch-repair deficient endometrial cancers. Mod 
Pathol. (2019). https://​doi.​org/​10.​1038/​s41379-​018-​0172-x

	41.	 R.A. de Jong, N. Leffers, H.M. Boezen, K.A. ten Hoor, A.G.J. 
van der Zee, H. Hollema et al., Presence of tumor-infiltrating 
lymphocytes is an independent prognostic factor in type I and II 
endometrial cancer. Gynecol. Oncol. (2009). https://​doi.​org/​10.​
1016/j.​ygyno.​2009.​03.​022

	42.	 K. Kubler, T.H. Ayub, S.K. Weber, O. Zivanovic, A. Abramian, 
M.D. Keyver-Paik et al., Prognostic significance of tumor-asso-
ciated macrophages in endometrial adenocarcinoma. Gynecol 
Oncol. (2014). https://​doi.​org/​10.​1016/j.​ygyno.​2014.​08.​028

	43.	 A. Giatromanolaki, G.J. Bates, M.I. Koukourakis, E. Sivridis, 
K.C. Gatter, A.L. Harris et al., The presence of tumor-infiltrating 
FOXP3+ lymphocytes correlates with intratumoral angiogenesis 
in endometrial cancer. Gynecol. Oncol. (2008). https://​doi.​org/​10.​
1016/j.​ygyno.​2008.​04.​021

	44.	 P.B. Olkhanud, B. Damdinsuren, M. Bodogai, R.E. Gress, R. 
Sen, K. Wejksza et al., Tumor-evoked regulatory B cells promote 
breast cancer metastasis by converting resting CD4+ T cells to 
T-regulatory cells. Cancer Res. (2011). https://​doi.​org/​10.​1158/​
0008-​5472.​CAN-​10-​4316

	45.	 P.B. Olkhanud, D. Baatar, M. Bodogai, F. Hakim, R. Gress, R.L. 
Anderson et al., Breast cancer lung metastasis requires expression 
of chemokine receptor CCR4 and regulatory T cells. Cancer Res. 
(2009). https://​doi.​org/​10.​1158/​0008-​5472.​CAN-​08-​4619

1184 T. Kolben et al.

https://doi.org/10.3802/jgo.2021.32.e30
https://doi.org/10.3892/mco.2013.107
https://doi.org/10.1038/s41590-019-0442-x
https://doi.org/10.1038/s41590-019-0442-x
https://doi.org/10.4049/jimmunol.173.2.1444
https://doi.org/10.1002/eji.200526189
https://doi.org/10.1002/eji.200526189
https://doi.org/10.1002/jcp.25016
https://doi.org/10.1002/jcp.25016
https://doi.org/10.1038/nm.4086
https://doi.org/10.1073/pnas.1316796110
https://doi.org/10.1073/pnas.1316796110
https://doi.org/10.1073/pnas.1316796110
https://doi.org/10.1002/path.4381
https://doi.org/10.1002/path.4381
https://doi.org/10.1097/IGC.0b013e31822c271f
https://doi.org/10.1155/2020/1805764
https://doi.org/10.1155/2020/1805764
https://doi.org/10.1016/j.ijgo.2008.12.008
https://doi.org/10.1097/PGP.0000000000000518
https://doi.org/10.1097/PGP.0000000000000518
https://www.cancer.org
https://doi.org/10.1038/nm1093
https://doi.org/10.1007/s00262-005-0092-8
https://doi.org/10.1007/s00262-005-0092-8
https://doi.org/10.1038/sj.bjc.6602407
https://doi.org/10.1111/sji.12736
https://doi.org/10.1111/sji.12736
https://doi.org/10.3892/or.2016.5136
https://doi.org/10.3892/or.2016.5136
https://doi.org/10.3892/mmr.2018.8606
https://doi.org/10.3892/mmr.2018.8606
https://doi.org/10.1016/j.bbcan.2018.12.004
https://doi.org/10.1016/j.bbcan.2018.12.004
https://doi.org/10.1097/MD.0000000000016345
https://doi.org/10.1097/MD.0000000000016345
https://doi.org/10.1038/s41379-018-0172-x
https://doi.org/10.1016/j.ygyno.2009.03.022
https://doi.org/10.1016/j.ygyno.2009.03.022
https://doi.org/10.1016/j.ygyno.2014.08.028
https://doi.org/10.1016/j.ygyno.2008.04.021
https://doi.org/10.1016/j.ygyno.2008.04.021
https://doi.org/10.1158/0008-5472.CAN-10-4316
https://doi.org/10.1158/0008-5472.CAN-10-4316
https://doi.org/10.1158/0008-5472.CAN-08-4619


1 3

	46.	 M. Cao, R. Cabrera, Y. Xu, R. Firpi, H. Zhu, C. Liu et al., Hepato-
cellular carcinoma cell supernatants increase expansion and func-
tion of CD4(+)CD25(+) regulatory T cells. Lab Invest. (2007). 
https://​doi.​org/​10.​1038/​labin​vest.​37005​40

	47.	 L. Du, X. Xiao, C. Wang, X. Zhang, N. Zheng, L. Wang et al., 
Human leukocyte antigen-G is closely associated with tumor 
immune escape in gastric cancer by increasing local regulatory 
T cells. Cancer Sci. (2011). https://​doi.​org/​10.​1111/j.​1349-​7006.​
2011.​01951.x

	48.	 X.L. Yuan, L. Chen, T.T. Zhang, Y.H. Ma, Y.L. Zhou, Y. Zhao 
et al., Gastric cancer cells induce human CD4+Foxp3+ regulatory 
T cells through the production of TGF-β1. World J Gastroenterol. 
(2011). https://​doi.​org/​10.​3748/​wjg.​v17.​i15.​2019

	49.	 J. Liu, H. Zhang, L. Jia, H. Sun, Effects of Treg cells and IDO on 
human epithelial ovarian cancer cells under hypoxic conditions. 
Mol Med Rep. (2015). https://​doi.​org/​10.​3892/​mmr.​2014.​2893

	50.	 G.M. Wiedemann, N. Rohrle, M.C. Makeschin, J. Fesseler, S. 
Endres, D. Mayr et al., Peritumoural CCL1 and CCL22 expressing 

cells in hepatocellular carcinomas shape the tumour immune infil-
trate. Pathology. (2019). https://​doi.​org/​10.​1016/j.​pathol.​2019.​06.​
001

	51.	 N.N. Zhang, J.N. Chen, L. Xiao, F. Tang, Z.G. Zhang, Y.W. Zhang 
et al., Accumulation mechanisms of CD4(+)CD25(+)FOXP3(+) 
regulatory T cells in EBV-associated gastric carcinoma. Sci Rep. 
(2015). https://​doi.​org/​10.​1038/​srep1​8057

	52.	 T. Alissafi, A. Hatzioannou, A.I. Legaki, A. Varveri, P. Verginis, 
Balancing cancer immunotherapy and immune-related adverse 
events: The emerging role of regulatory T cells. J Autoimmun. 
(2019). https://​doi.​org/​10.​1016/j.​jaut.​2019.​102310

	53.	 A. Tanaka, S. Sakaguchi, Regulatory T cells in cancer immuno-
therapy. Cell Res. (2017). https://​doi.​org/​10.​1038/​cr.​2016.​151

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1185Presence of regulatory T cells in endometrial cancer predicts poorer overall survival and…‑

https://doi.org/10.1038/labinvest.3700540
https://doi.org/10.1111/j.1349-7006.2011.01951.x
https://doi.org/10.1111/j.1349-7006.2011.01951.x
https://doi.org/10.3748/wjg.v17.i15.2019
https://doi.org/10.3892/mmr.2014.2893
https://doi.org/10.1016/j.pathol.2019.06.001
https://doi.org/10.1016/j.pathol.2019.06.001
https://doi.org/10.1038/srep18057
https://doi.org/10.1016/j.jaut.2019.102310
https://doi.org/10.1038/cr.2016.151



