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Capsule summary: In contrast to the rodent-based conception, the output of CD4+ T-cells is 27 

preserved, and for Treg cells even increased, during human pregnancy. This indicates a central 28 

thymic role in tolerance needed for a successful pregnancy. 29 
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To the Editor: 56 

 57 

During pregnancy, immunological tolerance towards the semi-allogeneic fetus needs to be 58 

established whilst at the same time an effective immune defense must be maintained1. The 59 

pregnancy-associated thymic involution reported in rodents2 has been suggested to support 60 

maternal immune regulation by reducing the output of potentially harmful T helper (Th) cells. 61 

However, the functional importance of this thymic involution remains unclear and it is not known if it 62 

even occurs in humans3. In fact, the role of thymus during human pregnancy and in pregnancy-63 

associated tolerance remains largely unknown4, albeit a role for thymic-derived T regulatory (Treg) 64 

cells in pregnancy complications has been suggested4, supporting a role for thymus in immune 65 

regulation during human pregnancy. The aim of this study was to assess the role of thymus in Th-cell 66 

regulation during human pregnancy by analyzing the output of different Th-cell populations.  67 

 68 

To determine if pregnancy influences thymic function we used RT-PCR to analyze T cell receptor 69 

excision circle (TREC) content in flow cytometry sorted Th-cell subpopulations (Fig 1, A-B) in 2nd 70 

trimester pregnant and non-pregnant women (see detailed methods and Table E1 in this article’s 71 

Online Repository at www.jacionline.org). TREC content is a well-established measure of cells with 72 

recent thymic origin5, based on the presence of episomal DNA fragments, generated during the T cell 73 

receptor rearrangement in the thymus, and since TRECs are not duplicated during mitosis they are 74 

diluted with each cell division. Consequently, cells with a more recent thymic origin will have a higher 75 

TREC content  compared with Th-cells that have undergone peripheral post-thymic proliferation5. As 76 

expected, TREC content was significantly higher in cells with a naive (CD45RA+) phenotype,  77 

compared with memory (CD45RA-) cells (p=<0.0001; Fig 1, C), hence validating our PCR assay to 78 

measure TREC. We found that 2nd trimester pregnant, compared with non-pregnant, women had 79 

significantly higher TREC levels (p=0.043: Fig 1, D) in the naive Treg population (defined as 80 

CD25++CD45RA+Foxp3+), indicating an increased thymic output of Treg cells in pregnancy. The TREC 81 



content did not differ in the naive T conventional (Tconv; CD25-CD45RA+) cells (Fig 1, E), in line with a 82 

maintained output of conventional Th-cells in pregnancy.  83 

 84 

To corroborate and extend the finding of maintained or increased thymic output during pregnancy, 85 

we used CD31 expression, assessed by flow cytometry, as an additional marker of recent thymic 86 

emigrants (RTEs)6. Here, we investigated thymic output in both the 2nd and 3rd trimesters of 87 

pregnancy, i.e. the period when pregnancy-induced immune modulation is most pronounced (Fig 2, 88 

A and see Table E1 and Fig E1 in this article’s Online Repository at www.jacionline.org). CD31+, as 89 

opposed to CD31-, naive T cells are significantly enriched for TRECs7, and in agreement, we show that 90 

naive T cells, with higher TREC content, also have higher CD31 expression  compared with memory T 91 

cells (p<0.0001, see Fig E2 in this article’s Online Repository at www.jacionline.org). CD31 and TRECs 92 

are known to correlate, although with a slight difference in dynamics8. Overall, we found that 93 

pregnant and non-pregnant women had similar proportions and absolute numbers of RTE Tconv 94 

(CD31+ Foxp3-CD45RA+) cells (Fig 2, B-C), supporting a maintained output of the majority of T cells 95 

during pregnancy. The significantly higher RTE Tconv cell count that was noted in 3rd trimester 96 

compared to 2nd trimester pregnant women (p=0.0036, Fig 2, C) most likely reflects the 97 

corresponding increase noted in total CD4+ T cell counts in the 3rd trimester (compared to the 2nd 98 

trimester, p=0.0067; data not shown). In contrast to the TREC-based difference in Treg cells, we 99 

found no differences between non-pregnant and pregnant women, neither in the 2nd nor in the 3rd 100 

trimester, concerning the proportion and absolute numbers of RTE Treg cells (CD31+ 101 

FoxplowCD45RA+)(Fig 2, D-E). This was also true for the cellular level of expression of CD31 (median 102 

fluorescent intensity; data not shown). The reason why CD31 findings did not corroborate the TREC-103 

based increase in the Treg population might be the difference in dynamics of these markers. Indeed, 104 

CD31 expression is maintained on naive T cells for several rounds of homeostatic proliferation whilst 105 

TREC levels decrease8, supporting the notion that differences in kinetics may well explain the 106 



difference in our findings regarding Treg cells when based on CD31 (maintained output) or TREC 107 

(increased output). 108 

 109 

Proliferation of T cells influences TREC levels, although proliferation in naive T cells is assumed to be 110 

too low to significantly affect TREC levels. However, indications of a more activated maternal 111 

immune system during pregnancy9 prompted us to make a more detailed analysis of the dynamics of 112 

the T cell pool (for gating strategies see Fig E1 in this article’s Online Repository at 113 

www.jacionline.org). Overall, we found no indications of increased proliferation in naive and memory 114 

Th-cell subsets during pregnancy, neither when comparing pregnant and non-pregnant women, nor 115 

when comparing the 2nd and 3rd trimesters of pregnancy (see Fig E3 in this article’s Online Repository 116 

at www.jacionline.org). Instead, we found significantly lower Ki67 expression in RTE Tconv cells in 117 

pregnant women compared with the non-pregnant state, which could affect measured TREC levels, 118 

albeit Ki67 expression was very low in all groups (see Fig E3, B in this article’s Online Repository at 119 

www.jacionline.org). Another factor that potentially could affect measured RTE frequencies, and 120 

hence also TREC content, is peripheral consumption, leading to a different distribution of 121 

subpopulations. However, we found no major shifts in the T cell distributions as pregnant and non-122 

pregnant women had similar proportions of mature naive (CD31-CD45RA+) and memory Tconv and 123 

Treg cells, as well as of non-suppressive Foxp3+Th cells (see Fig E4 in this article’s Online Repository 124 

at www.jacionline.org). Taken together, it is unlikely that peripheral events such as proliferation and 125 

consumption of cells have had a large impact on our results.  126 

 127 

In conclusion, we found that thymic output of both Tconv and Treg cells is maintained during 128 

2nd and 3rd trimester human pregnancy. The output of Treg cells may even be increased, which would 129 

fit with the demand for fetal tolerance during pregnancy and could also contribute to the pregnancy-130 

associated improvement of autoimmune diseases, like multiple sclerosis, that are associated with 131 

defects in thymic function. Our findings challenge the general conception, based on studies in 132 



rodents, of an inactive thymus during pregnancy, but rather support a maintained and important 133 

function of thymus in human pregnancy.  134 
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Figure legends 198 

Fig 1. TREC levels in pregnant and non-pregnant women. (A) Representative flow cytometry dot plot 199 

for sorting strategy. (B) Foxp3 mRNA expression determined by RT-PCR in sorted T cell 200 

subpopulations (n=4 non-pregnant, n=4 pregnant). TREC levels in sorted (C) memory Treg and Tconv 201 

cells compared to naive T cell subsets, (D) naive Treg cells and (E) naive Tconv cells, determined by 202 

RT-PCR using GAPDH as a reference gene. Missing values are due to limited availability in the number 203 

of cells required for analysis. Median and interquartile ranges are shown. *P<0.05, ****P<0.0001. n, 204 

naive; m, memory; TREC, T cell receptor excision circles; Tconv, conventional T cell; Treg, regulatory T 205 

cell.  206 

 207 

Fig 2. RTE (CD31+CD45RA+) subsets in pregnant and non-pregnant women. (A) Representative flow 208 

cytometry dot plots for gating strategies. Proportion and absolute numbers of RTE Tconv cells (B,C) 209 

and RTE Treg cells (D,E) analyzed by flow cytometry. Missing values are due to limited availability in 210 

the number of cells required for analysis. Mean and standard deviations are shown. **P<0.01. Treg, 211 

regulatory T cell; Tconv, T conventional; RTE, recent thymic emigrants. 212 
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Supplementary materials and methods: 9 

 10 

Subjects 11 

A total of 56 healthy pregnant women (n=30 second trimester pregnant, n=26 third trimester 12 

pregnant) with no signs of pregnancy complications at inclusion, visiting the maternity care unit in 13 

Norrköping, Sweden, were included in the study. A review of medical records following delivery, 14 

showed that two pregnant women (recruited in the 2nd trimester) had delivered preterm (before 15 

gestational week 37) and were therefore not considered as normal pregnancies and were excluded. 16 

In addition, one woman (2nd trimester) who received Tinzaparin (Innohep) three days prior to blood 17 

sampling was also excluded due to the potential immunological effects of low-molecular weight 18 

heparinE1. Of the remaining 27 2nd trimester pregnant women (see Table E1 in this article’s Online 19 

Repository at www.jacionline.org), it was decided that the following three women should remain 20 

included: one woman who subsequently developed intra-hepatic cholestasis but delivered at term 21 

(gestational week 42), hence considered healthy at the time of blood sampling; one woman on anti-22 

histamine (Cetirizine) treatment; one woman on selective serotonin reuptake inhibitor (SSRI) and 23 

inhalation budesonide (Pulmicort) treatment. Of the 26 included 3rd trimester pregnant women (see 24 

table E1 in this article’s Online Repository at www.jacionline.org), it was decided that the following 25 

women should remain included: two women on SSRI; two women on Trombyl and three women who 26 

http://www.jacionline.org/
http://www.jacionline.org/


2 
 

used of pain medication (Citodon). Thirty non-pregnant women were recruited amongst students 27 

and personnel at Linköping University and Linköping University Hospital (see Table E1 in this article’s 28 

Online Repository at www.jacionline.org). All non-pregnant women were healthy and had normal 29 

blood cell counts. One non-pregnant control reported use of inhalation budesonide (Pulmicort) and 30 

terbutaline sulfate (Bricanyl Turboinhaler) treatment and two controls used SSRIs. There were no 31 

significant differences between the groups in terms of age, smoking or parity. The pregnant women 32 

had been pregnant significantly more times compared to the non-pregnant controls (p=0.012 for 2nd 33 

trimester vs. HC and p=0.004 for 3rd trimester vs HC). Due to limitations in cell numbers available 34 

from each woman, different numbers of subjects are included in the different analysis. All women 35 

gave written informed consent prior to inclusion and blood sampling. The study was approved by the 36 

regional ethical review board in Linköping (M39-08). 37 

 38 

Sample preparation 39 

Blood was collected in an EDTA-tube (BD Vacutainer®; BD Biosciences, Franklin Lakes, NJ, USA) 40 

for flow cytometry and in sodium-heparin tubes (Greiner Bio-One, Kremsmünster, Austria) for 41 

isolation of peripheral blood mononuclear cells (PBMCs) for cell sorting and subsequent analysis of T 42 

cell receptor excision circle (TREC) content with PCR. PBMCs were isolated by density centrifugation 43 

over a Lymphoprep gradient (Axis-Shield, Dundee, Scotland, UK) followed by washing in Hank’s 44 

Balanced Salt Solution (Gibco BRL, Invitrogen, Life Technologies, Paisley, Scotland, UK). The PBMCs 45 

were filtered through a pre-separation filter (Miltenyi Biotec, Bergisch Gladbach, Germany) and CD4+ 46 

T cells were immunomagnetically isolated by negative selection using the CD4+ T cell isolation kit 47 

(Miltenyi Biotec) using MS columns and a MiniMACS separator (Miltenyi Biotec) according to the 48 

instructions provided by the manufacturer. 49 

 50 

Fluorescence-activated cell sorting 51 



3 
 

The CD4+ T cells were labelled with mouse anti-human CD4-PeCy7 (clone SK3), CD45RA-V450 52 

(clone HI100) and CD25-APC (clone M-A251; all from BD Biosciences) for 30 minutes (min) at 4°C in 53 

the dark and washed in phosphate buffered saline (PBS, pH 7.4; Medicago, Uppsala, Sweden) 54 

supplemented with 0.1% heat-inactivated fetal bovine serum (FBS; HyClone, GE Healthcare, Little 55 

Chalfont, UK) by centrifugation at 500xg, 4°C for 5 min. CD4+ T cells were sorted into different T cell 56 

subpopulations based on their expression of CD25 and CD45RA (Fig 1, A). Naive (CD4+CD25-CD45RA+) 57 

and memory (CD4+CD25-CD45RA-) T conv cells, naive (CD4+CD25++CD45RA+) and memory 58 

(CD4+CD25+++ CD45RA-) Treg cells were gated using a similar gating strategy as described by Miyara et 59 

al.E2. The CD25+++ gate for memory Treg cells was based on the lowered expression of CD25 on naive 60 

Treg cells (CD25++) which in turn was set to include cells with a lower CD25 expression whilst still 61 

being positive. The CD25-gate for the Tconv cells was set to include a major proportion of the CD25-62 

cells while avoiding potential contamination of CD25dim -expressing cells. Naive (CD45RA+) and 63 

memory cells (CD45RA-) were set based on the contour of the positive and negative populations. We 64 

set stricter gates for both CD25 and CD45RA to ensure high purity of the sorted populations (Fig 1, 65 

A). 66 

The cells were sorted using the FACSAria III Cell sorter (BD Biosciences) with a 70 µM nozzle 67 

and collected in PBS with 0.5% FBS. After sorting, the cells were centrifuged and lysed in Buffer RLT 68 

Plus (Qiagen, Hilden, Germany) and stored at -70°C until RNA and DNA extraction. 69 

 70 

RNA/DNA extraction and RT-PCR 71 

RNA and DNA were extracted from the sorted cells using the Allprep DNA/RNA Micro Kit 72 

(Qiagen, Hilden, Germany) according to the instructions provided by the manufacturer. RNA 73 

concentrations were determined spectrophotometically (ND-1000, NanoDrop Technologies Inc, 74 

Wilmington, DE, USA). The DNA concentration was determined with a fluorescence-based nucleic 75 

acid method using a QuantusTM Fluorometer (Promega, Madison, WI, USA) with QuantiFluor Dye® 76 

(Promega) according to the instructions provided by the manufacturer. 77 



4 
 

The levels of the δRec-ψJα signal joint TREC (sjTREC) were measured by TaqMan real-time 78 

quantitative PCR utilizing previously validated primers and probes directed towards the signal joint 79 

region of the TRECsE3-6. The PCR reaction was performed by mixing 4 µl of DNA (TREC) or 1 µl of DNA 80 

(GAPDH) with 2x Taqman Universal Master Mix (Applied Biosystems, Foster City, CA, USA), together 81 

with primers and probes for sjTREC (forward primer: 5´-CACATCCCTTTCAACCATGCT-3´; reverse 82 

primer: 5´-GCCAGCTGCAGGGTTTAGG-3´ (both Invitrogen); probe: 6-FAM-5´-83 

ACACCTCTGGTTTTTGTAAAGGTGCCCACT-3´-TAMRA; Applied Biosystems) or glyceraldehyde-3-84 

phosphate dehydrogenase (GAPDH) (forward primer: 5´-GGACTGAGGCTCCCACCTTT-3´; reverse 85 

primer: 5´-GCATGGACTGTGGTCTGCAA-3’; both Invitrogen); probe: VIC-5´-86 

CATCCAAGACTGGCTCCTCCCTGC-3´-TAMRA; Applied Biosystems). The final concentrations of the 87 

primers and probes in the reaction mixture were 500 and 300 nM for the TREC forward and reverse 88 

primer respectively, 50 and 300 nM for GAPDH and 200 nM of both probes.  89 

The mRNA expression of Foxp3, the lineage-specific transcription factor for Treg cells, was also 90 

analyzed in a portion of the sorted T cell populations (Fig 1, B). RNA was converted to cDNA using the 91 

high-capacity cDNA reverse transcription kit (Applied Biosystems) according to the instructions 92 

provided by the manufacturer. Thermal cycling was carried out using the Arktik™ Thermal Cycler 93 

(Thermo Scientific, Waltham, MA, USA). The reaction was carried out by mixing 4 µl (Foxp3) or 1 µl 94 

(18S) of cDNA with 2x Taqman Universal Master Mix together with primers and probes (all from 95 

Applied Biosystems) for Foxp3 (forward primer: 5´- GTGGCCCGGATGTGAGAA-3´; reverse: 5´-96 

GCTGCTCCAGAGACGTACCATCT-3´; probe: FAM-5´-CCTCAAGCACTGCCAGGC-GGAC-3´-TAMRA) and 97 

18S (forward primer: 5´-CGGCTACCACATCCAAGGAA-3´; reverse: 5´-GCTGGAATTACCGCGGCT-3´; 98 

probe: FAM- 5’-TGCTGGCACCAGACTTG-CCCTC-3´-TAMRA) as previously usedE7, 8. The final 99 

concentrations of the primers and probes in the reaction mixture were 300 and 900 nM for Foxp3 100 

forward and reverse primer respectively, 200 and 100 nM for 18S and 200 nM (Foxp3) and 50 nM 101 

(18S) of each probe. 102 



5 
 

All PCR amplifications were performed using the 7500 Fast Real-Time PCR system (Applied 103 

Biosystems) with the thermal cycling conditions set to an initial step at 95°C for 20 seconds (s) 104 

followed by 40 cycles at 95°C for 3 s and a final step at 60°C for 30 s. All samples were run in 105 

duplicates. Baseline was set using the automatic baseline feature of the 7500 software version 2.3 106 

(Applied Biosystems). Threshold values were adjusted manually and only samples with a Ct <35 were 107 

considered detectable. Samples with a value above Ct 35, i.e. undetectable, were assigned a value of 108 

Ct 35. TREC content in each sample was calculated using the delta Ct-method where the Ct values for 109 

sjTREC were subtracted from the Ct values for the housekeeping gene GAPDH (formula 2Ct GAPDH-Ct 110 

sjTREC), as previously describedE3. For Foxp3, the RNA content was normalized against the 111 

housekeeping gene 18S rRNA and quantification was performed using the standard curve method. 112 

 113 

Flow cytometry  114 

Whole blood was stained with CD127-PerCP-Cy5.5 (clone HIL-7R-M21), CD45RA-V450 (clone 115 

HI100), CD31-PeCy7 (clone WM59) and CD4-APC-Cy7 (clone SK3; all from BD Biosciences) for 30 min 116 

at 4°C in darkness. Subsequently, the blood samples were incubated for 15 min at room temperature 117 

in the dark with ammonium chloride (NH4Cl, diluted 1:10 with dH2O; Merck, Kenilworth, NJ, USA), for 118 

lysis of the erythrocytes. The cells were washed in PBS supplemented with 0.1% FBS by 119 

centrifugation at 500xg, 4°C for 5 min. The cells were fixed and permeabilized using the 120 

Foxp3/Transcription Factor Buffer Staining Set (eBioscience, Thermo Fisher Scientific) according to 121 

the instructions provided by the manufacturer. Briefly, the cells were fixed for 30 min at 4°C in the 122 

dark and washed twice in permeabilization buffer and labelled with antibodies towards Ki67-FITC 123 

(clone B56; BD Biosciences) and Foxp3-PE (clone PCH101; eBioscience, Thermo Fisher Scientific, 124 

Waltham, MA, USA) for 30 min, 4°C, in the dark. The cells were then washed in permeabilization 125 

buffer and resuspended in PBS with 0.1%FBS prior to flow cytometry analysis. To determine the 126 

absolute cell count, a BD TruCountTM tube was used (BD Biosciences) as described by the 127 

manufacturer. The TruCount tubes contain an exact number of beads that, when combined with a 128 



6 
 

known volume of blood, can be used to determine the concentration, i.e. the number of cells per 129 

liter of blood, of different cell populations. Data was acquired using FACS Canto II (BD Biosciences) 130 

and analyzed with Kaluza software version 1.2 (Beckman Coulter, Brea, CA, USA). 131 

 132 

Gating and analysis 133 

Lymphocytes were gated based on size (forward scatter) and granularity (side scatter), and 134 

further characterized as CD4+. Treg and Tconv cell populations were defined based on their 135 

expression of Foxp3 and CD45RA; naive (CD4+FoxplowCD45RA+) and memory (CD4+Foxp3highCD45RA-) 136 

Treg cells, naive (CD4+Foxp3-CD45RA+) and memory (CD4+ Foxp3-CD45RA-) Tconv cells and non-137 

suppressive Foxp3+ Th cells (CD4+ FoxpdimCD45RA-). The Foxp3high gate was set based on the lowered 138 

expression of Foxp3 on naive Treg cells (Foxp3low), which in turn was gated to include cells that had a 139 

lower Foxp3 expression while still being positive. The lack of Foxp3 expression (Foxp3-) was set based 140 

on the contour of the naive Tconv cells. For gating strategy, see Fig E1 in this article’s Online 141 

Repository at www.jacionline.org. The definition of naive and memory Treg cells was based on the 142 

gating strategy described by Miyara et al.E2. To ensure that our gating strategy was correct, we added 143 

CD127 in addition to Foxp3 to the definition of Treg cellsE2, which gave the same results, i.e. no 144 

differences between pregnant and non-pregnant women (data not shown). Furthermore, more than 145 

92% of the naive Treg cells were also CD127low. The naive Treg and Tconv cells were further gated for 146 

CD31 expression based on the contour of the positive and negative populations. Ki67 expression in 147 

Th subpopulations was set based on the expression in the whole CD4+ population. All gating was 148 

performed in a blinded manner, i.e. the evaluator did not know the origin of the samples.  149 

 150 

Statistical analysis 151 

The majority of the flow cytometry data from the phenotyping and absolute counts followed 152 

Gaussian distribution and differences between groups were therefore determined using one-way 153 

ANOVA and Tukey’s multiple comparisons test. RT-PCR data was analyzed with Mann Whitney U test 154 
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and correlations between CD31 and TREC were performed using Spearman rank correlation. Flow 155 

cytometry data is expressed as mean and standard deviation and RT-PCR data as median and 156 

interquartile ranges. P-values ≤ 0.05 were considered statistically significant. Data was analyzed using 157 

GraphPad Prism version 7.03 (GraphPad Software Inc). 158 
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Table E1 192 

Supplementary Table E1. Information about the participating women     

 Pregnant  Non-pregnant 

Subject characteristics 2nd trimester 3rd trimester  
 

Number of subjects (n) 27 26  30 

Age at inclusion (years) 28 (22-34) 28 (19-35)  27.5 (22-38) 

Use of hormonal contraceptives (yes/no) N/A N/A  13/17 

Menstrual cycle (luteal/follicular)a N/A N/A  11/15b 

Smoking (yes/no) 1/26 0/26  0/30 

Current pregnancy     

Gestational age at inclusion (weeks) 26 (24-30) 36 (35-37)  N/A 

Parity week (weeks) 41 (40-43) 40.5 (38-43)  N/A 

Gender of baby (male/female) 15/12 13/13  N/A 

Birth weight (g) 3550 (2735-4465) 3408 (2460-4710)  N/A 

Birth method (PN/VE/CS) 25/1/1 20/1/5  N/A 

Pregnancy history     

Previous pregnancies (n) 1 (0-4)* 1 (0-5)**  0 (0-2) 

Previous births (n) 1 (0-3) 1 (0-4)   0 (0-2) 

Data is shown as median and ranges (in parenthesis) or as categorical data. 

a Based on a 28-day menstrual cycle     
b Four individuals on hormonal contraceptive reported not having a period. 
*p<0.05, ** p<0.01 compared with healthy controls using Kruskal-Wallis with Mann 
Whitney test   

N/A, not applicable.     

PN, normal delivery; VE, vacuum extraction; CS, caesarean section.   
 193 

 194 

 195 

 196 

 197 

 198 

 199 

 200 

 201 
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Supplementary figure legends: 202 

 203 

Figure E1. Gating strategy phenotyping by flow cytometry. (A) Subpopulations of CD4+ cells were 204 

defined by CD45RA and Foxp3 expression and further analyzed for expression of (B) CD127, (C) CD31 205 

and (D) Ki67. Representative flow cytometry dot plots from one individual are shown. MN, mature 206 

naive; RTE, recent thymic emigrants; Treg, regulatory T cell. 207 

 208 

Figure E2. Correlation between TREC levels and CD31 expression. TREC levels and CD31 expression 209 

in (A) naive and memory Tconv cells (n=9), (B) naive and memory Treg cells (n=9). TREC levels were 210 

determined by RT-PCR and CD31 expression was analyzed by flow cytometry. TREC, T cell receptor 211 

excision circles; Tconv, conventional T cells; Treg, regulatory T cell.  212 

 213 

Figure E3. Ki67 expression on CD4+ T cell subsets. Proportion of Ki67+ (A) mature naive and memory 214 

Tconv and Treg cells and non-suppressive Foxp3+ Th cells, (B) RTE T conv cells and (C) RTE Treg cells, 215 

analyzed by flow cytometry. Mean and standard deviations are shown. Missing values are due to 216 

limited availability in cell numbers required to perform analysis. *P<0.05, ***P< 0.001, 217 

****P<0.0001. NP, non-pregnant; P, pregnant; Tconv, conventional T cells; Treg, regulatory T cell.  218 

 219 

Figure E4. Proportion of T cell subsets. Frequency of (A,B) mature naive Tconv and Treg cells, (C,D) 220 

memory Tconv and Treg cells and (E) non-suppressive Foxp3+ Th cells, analyzed by flow cytometry. 221 

Missing values are due to limited availability in cell numbers required to perform analysis. Mean and 222 

standard deviations are shown. MN, mature naive; Tconv, conventional T cell; Treg, regulatory T cell. 223 

 224 
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