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Introduction
The enzyme indoleamine 2,3-dioxygenase (IDO) catalyzes the 
oxidative cleavage of the pyrrole ring of the indole nucleus of 
various indoleamines derivatives (e.g. tryptophan, 5-hydroxy-
tryptophan, tryptamine, and serotonin) upon the insertion of 2 
atoms of molecular oxygen.1 IDO is widely expressed in a vari-
ety of tissues of mammals. One tissue with particularly high 
activity is the human placenta.2 It is primarily induced by 
interferon-γ (IFN-γ) and other pro-inflammatory stimulants 
are also effective.3 By reducing the availability of tryptophan, 
IDO is thought to inhibit intracellular and other infections,4 
the growth of malignant cells,5 and immune cell function.6,7 
An isoform of IDO was identified and assigned the name 
indoleamine 2,3-dioxygenase-2 (IDO2).8,9 The original IDO 
has now been referred to as indoleamine 2,3-dioxygenase-1 
(IDO1). Although the 2 proteins have similar enzymatic activ-
ities, their different expression patterns within tissues suggests 
a distinct role for each protein.8,10

With regard to the role of placental IDO Munn et  al11 
established the proposal in mouse that expression of this 
enzyme at the maternal-fetal interface regulates the maternal 
immune response to the fetal allograft and prevents its immu-
nological rejection. It has been demonstrated that indoleamine 
2,3-dioxygenase production by macrophages7 and dendritic 
cells6 results in the inhibition of lymphocyte proliferation due 
to tryptophan depletion by this enzyme. We have shown that 
the same mechanisms are present in the human placenta which 
are able to regulate CD4 positive T lymphocyte proliferation.12 

Thus, by catabolizing tryptophan, the mouse conceptus sup-
presses T cell activity and defends itself against rejection.11 
However, several issues arise from their hypothesis. How is the 
developing fetus well supplied with tryptophan when cells at 
the maternal-fetal interface degrade it?13 It is possible that 
IDO mediated tryptophan catabolism may produce an immu-
nosuppressive metabolite. Quinolinic acid for example is a 
potent neuroexcitatory toxin that putatively could serve as a 
mediator of cell destruction in a variety of neurodegenerative 
disorders.14 Additionally IDO mediated tryptophan catabo-
lism consumes oxygen radicals1 and this might influence T cell 
responsiveness. More recently it has become possible that tryp-
tophan depletion is not advantageous in pregnancy and Badawy 
has proposed the utilization concept.15-17

In the first trimester placenta immunohistochemical staining 
for IDO was found in syncytiotrophoblast, extravillous cyto-
trophoblast and macrophages in the villous stroma. Staining was 
also seen in the glandular epithelium and stromal cells of the first 
trimester decidua.18 Sedlmayr et al,19 Sedlmayr and Blaschitz,20 
and Ligam et al21 also found IDO expressed in the glandular 
epithelium and in endothelial cells with some positive cells in the 
decidual stroma. They did however find staining of the syncytio-
trophoblast was comparatively rare. Interestingly both these 
studies used the same monoclonal antibody to indoleamine 
2,3-dioxygenase.22 The question of trophoblastic expression of 
IDO is still a continuous controversial issue.

As mentioned above, a second IDO isozyme (IDO2) was 
identified and expression of IDO2 mRNA was confirmed in 
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the human placental tissue.9,23 In other tissues IDO2 protein 
localization shows a different pattern from that of IDO1.8,10 
Hitherto no report has yet been appeared concerning IDO2 
protein localization at the maternal-fetal interface of human 
pregnancy. In this study we have mapped the immunohisto-
chemical distribution of the IDO1 and IDO2 protein at the 
human maternal-fetal interface using both a rare early preg-
nancy sample from a women at 7 weeks of gestation who 
underwent hysterectomy for cervical cancer with gestational 
sac in utero as well as term placentas.

Materials and Methods
Tissue collection and processing

The specimen was collected from an early human pregnancy 
that included the entire uterus removed for medical reasons at 
7 weeks of gestation in situ. The patient was diagnosed with 
cervical cancer and chose surgical treatment with hysterectomy. 
She consented to have her surgical specimen used for research, 
and the uterus and the pregnancy tissues were removed intact. 
Samples of term placenta (37-40 weeks, n = 5) were obtained 
directly after delivery from women without any complications 
other than cephalopelvic disproportion requiring repeat 
Cesarean section. These term samples were obtained with 
informed consent. Collection and study were approved by the 
Ethics Review Committee of Graduate School of Biomedical 
Sciences, Hiroshima University (reference number; Hi-222, 
date of approval; 14 October 2018).

Immunohistochemistry

Freshly dissected tissues were fixed in neutral buffered formalin, 
embedded in paraffin and 4 µm sections were cut onto adhesive 
slides and dried at 37°C in an oven overnight. Sections were 
heated at 60°C for 15 minutes and then standard deparaffiniza-
tion with xylene was performed. Antigen retrieval was carried 
out using an electric kettle at 98°C for 40 minutes in 0.2 M cit-
rate buffer at pH6.0. Inactivation of endogenous peroxidase 
activity was performed in 0.3% H2O2/methanol at room tem-
perature for 20 minutes. Sections were blocked with horse 
serum (for mouse antibodies) or donkey serum (for rabbit anti-
bodies) at room temperature for 30 minutes. Primary antibodies 
were diluted as IDO1 (#86630; Cell Signaling Technology, 
Danvers, MA, USA); 1/4000, IDO2 (NBP2-46021; Novus 
Biologicals, Centennial, CO, USA); 1/2000, L-kynurenine 
(ab36922; Abcam, Cambridge, UK); 1/1000, CD68 (#76437; 
Cell Signaling Technology, Danvers, MA, USA); 1/5000, 
mouse-isotype control (02-6502; Thermo Fisher Scientific, 
Waltham, MA USA) and rabbit-isotype control (#3900; Cell 
Signaling Technology, Danvers, MA, USA); depending on Abs 
concentration. Sections were incubated with primary antibodies 
overnight at 4°C. Slides were washed 3 times in phosphate-
buffered saline (PBS) and exposed to biotinylated antibodies at 
room temperature for 30 minutes, then to the streptavidin-HRP 

antibody at room temperature for an additional 30 minutes 
(Streptavidin-Biotin Complex Peroxidase kit: 30462-30; 
Nakalai Tesque, Kyoto, Japan). Color development utilized 
DAB (Peroxidase Stain DAB kit: 25985-50; Nakalai Tesque, 
Kyoto, Japan) and routine hematoxylin staining was performed 
at room temperature for 5 minutes.

Culture of villous tissue

Term human placental chorionic villi were cultured in vitro 
using a standard technique24 as described previously.25 The tis-
sue was washed 3 times with ice-cold PBS containing 100 unit/
ml penicillin and 100 unit/ml streptomycin and dissected into 
small pieces (a single piece was approximately 5 mg). All these 
procedures were carried out at 4°C. Three pieces of dissected 
tissue were placed on a polyester mesh (Netwell 500 micron 
mesh, Costar, NY, USA) and cultured in 35 mm plastic culture 
dish at 37°C in an atmosphere of 5% CO2 and 95% air for 
36 hours. The culture medium used was DMEM medium with 
addition of 5% fetal bovine serum, 100 unit/ml penicillin, 
100 unit/ml streptomycin, and 1000 unit/ml IFN-γ or vehicle. 
Cultures were conducted in triplicate. The number of placentae 
used in each study is mentioned in the figure legends. For 
immunohistochemistry cultured villous tissue samples were 
fixed, sectioned, and stained as described above for non-cul-
tured tissue.

RNA extraction and reverse transcription-
polymerase chain reaction (RT-PCR) analysis

IDO1 and IDO2 gene expression were analyzed by RT-PCR 
using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
as an internal standard. Total RNA was extracted from chori-
onic villi with QIAshredder (79654; Qiagen, Tokyo, Japan) and 
RNeasy Mini Kit (74134; Qiagen, Tokyo, Japan), and single-
strand cDNA was synthesized with ReverTraAce kit (FSK-
101; Takara, Shiga, Japan) according to the manufacture’s 
protocol. The primers used in the subsequent RT-PCR were as 
follows:

IDO1, forward, 5′-ACCAGAGGAGCAGACTACAA-3′ 
and backward, 5′-GTGATGCATCCCAGAACTAGAC-3′;

IDO2, forward, 5′-GGGCTGATGTATGAAGGAGTT 
T-3′ and backward, 5’-GTGCTGAGTGGATGTCTTC-
TATG-3′;

GAPDH, forward, 5′-GTCTCCTCTGACTTCAACAG 
CG-3′ and backward, 5′-ACCACCCTGTTGCTGTAGC 
CAA-3′.

The expected size of the PCR products were 282 bp for IDO1, 
196 bp for IDO2, and 131 bp for GAPDH. To control for DNA 
contamination, reactions were run without RNA or with RNA in 
the absence of the reverse transcriptase and revealed no amplified 
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product (data not shown). The synthesized cDNA (0.05 μg 
equivalent to RNA) was used for PCR amplification (KAPATaq 
Extra HS Ready Mix: KK3606; Nippon Genetics, Tokyo, Japan). 
The PCR conditions were: 94°C for 3 minutes, 60°C for 1 min-
utes and 72°C for 2 minutes; then 30 cycles (for IDO1 and 
GAPDH) and 32 cycles (for IDO2) of 94°C for 30 seconds, 
60°C for 30 seconds and 72°C for 30 seconds; followed by a 
10 minutes final extension at 72°C. PCR products were separated 
on a 1.5% agarose gel which was stained with ethidium bromide. 
For quantitative PCR, 6 µl of a diluted (1/10) reverse transcrip-
tion product was used for quantitative PCR with SYBR Green I 
in 25 ml total volume (Applied Biosystems Power SYBR Green 
Master Mix: 4368577; Thermo Fisher Scientific, Waltham, MA, 
USA). The primers used for quantitative PCR are the same as 
those for conventional PCR. The relative gene expression was 
analyzed by the 2−∆∆CT methods using GAPDH as an internal 
control. Statistical analysis was performed using the Mann-
Whitney U-test with Bonferroni correction.

Chemicals

Human recombinant IFN-γ was obtained from Pepro Tech 
(AF-300-02; NJ, USA), tissue culture supplements were from 

Fujifilm (Tokyo, Japan). All chemicals were of the highest 
purity commercially available.

Results
Immunohistochemistry of IDO1, IDO2, and 
kynurenine

Serial sections were stained with antibodies to indoleamine 
IDO1, IDO2, and kynurenine with mouse or rabbit immuno-
globulin as the primary antibody control. Figure 1A shows the 
section of an implantation site of 7 weeks of gestation includ-
ing the placental-decidual interface. There was strong staining 
for IDO1 in the decidual specifically of the glandular epithe-
lium with weaker staining on some cells. IDO2 protein immu-
noreactivity was seen to be obviously expressed on the 
syncytiotrophoblast in the villi of 7 weeks of gestation. In the 
term placenta (Figure 1B), the maternal blood vessel endothe-
lium of the decidua was positive for IDO1. The extravillous 
cytotrophoblast in the term placental bed also expressed IDO2. 
In the term villi, there is obvious staining for IDO1 in the vil-
lous core, specifically of the endothelium of the fetal blood ves-
sels and of macrophages (CD68 positive). There is continued 
expression of IDO2 in the syncytiotrophoblast of the term villi.

Figure 1. Immunohistochemical localization of indoleamine 2,3-dioxygenase at the maternal-fetal interface of human placenta. Immunostaining for 

indoleamine 2,3-dioxygenase-1 (IDO1), indoleamine 2,3-dioxygenase-2 (IDO2), cytokeratin 7 (CK7), CD68, rabbit-isotype control, and mouse-isotype 

control were performed. (A) Implantation site of 7 weeks of gestation. (B) Term chorionic villi and placental bed. (a) Lower magnification of the maternal-

fetal interface. Scale bar: 300 µm. (b) Higher magnification of the same area of the specimens depicted in (a). Scale bar: 50 µm. The results presented are 

from a single representative experiment performed with one 7 weeks sample and 5 term placentas.
Abbreviations: bv, blood vessel; cct, chorionic cytotrophoblast; exvct, extravillous cytotrophoblast; ge, glandular epithelium; ma, placental macrophage; stb, 
syncytiotrophoblast.
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Immunostaining for kynurenine (Figure 2), the immediate 
downstream product of IDO mediated tryptophan catabolism, 
was found in the syncytiotrophoblast and in the glandular epi-
thelium and some cells (extravillous cytotrophoblasts) in the 
decidua. These kynurenine immunoreactivity had essentially 
the same localization as that of IDO1 and IDO2.

Effect of IFN-γ on IDO1 and IDO2 expression in 
cultured placental villous tissue

In order to examine the role of IFN-γ as a regulator of IDO 
expression in placental villous tissue, IDO mRNA level, and 
immunoreactivity after treatment of IFN-γ were determined by 
RT-PCR and immunohistochemistry, respectively. A single 
band of the expected size for either IDO1 (282 bp) or IDO2 
(196 bp) was detected by RT-PCR (Figure 3A). Treatment of 
IFN-γ induced marked increase of IDO1 mRNA expression 
(Figure 3B). In contrast, IFN-γ showed no significant stimula-
tory effect on IDO2 mRNA expression level. Figure 3C shows 
immunohistochemistry of the section of villous explants cultured 
with or without IFN-γ. Immunoreactivity of IDO1 was observed 
in the villous core, specifically of the fetal vessel endothelial cells 
and of some cells which are probably macrophages. In the IFN-γ 

treated culture, the large numbers of stromal cells and endothe-
lial cells were more strongly positive for IDO1. The syncytio-
trophoblast was positive for IDO2, but in contrast to IDO1, 
immunoreactivity of IDO2 was not enhanced following IFN-γ 
treatment.

Discussion
In this paper we have studied the cellular localization of IDO1 
and IDO2, a more recently identified isoform of IDO, at the 
human maternal-fetal interface both in the 7 weeks and in the 
term placenta. A rare pregnancy sample at 7 weeks of gestation 
was obtained from hysterectomy for cervical cancer with her 
pregnancy in situ. The section of this sample includes the pla-
cental-decidual interface. Hitherto there is no information 
available on the cellular distribution of IDO2 at the human 
maternal-fetal interface.

Obvious expression of IDO1 and IDO2 is seen at the 
maternal-fetal interface both in the 7 weeks and in the term 
placenta (Figure 1). There is strong expression of IDO1 on the 
glandular epithelium in the decidua of 7 weeks of gestation. 
The cellular expression of IDO2 in the 7 week placenta shows 
obvious syncytiotrophoblastic expression. At term there is con-
tinued expression of IDO2 in the syncytiotrophoblast. There is 

Figure 2. Immunohistochemistry of kynurenine at the maternal-fetal interface of human placenta. Immunostaining for kynurenine, indoleamine 

2,3-dioxygenase-1 (IDO1), indoleamine 2,3-dioxygenase-2 (IDO2), rabbit-isotype control, and mouse-isotype control were performed as described in the 

section “Materials and Methods.” (A) Implantation site of 7 weeks of gestation. (B) Term chorionic villi and placental bed. The results presented are from a 

single representative experiment performed with one 7 weeks sample and 5 term placentas. Scale bars represent 100 µm.
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more obvious staining for IDO1 in the term villous core com-
pared to the first trimester villous tissue, specifically of fetal 
vessel endothelial cells and of CD68 positive macrophages. 
There is also staining for IDO1 in the decidua specifically of 
endothelium of maternal blood vessels. The extravillous cyto-
trophoblast in the term placental bed also expressed IDO2.

In our previous study we used monoclonal antibody to 
human IDO prepared by Takikawa et al22 and demonstrated 
that obvious trophoblastic expression of IDO with some 
immunoreactivity in the villous core and striking expression in 
the glandular epithelium with some positive cells in the decid-
ual stroma of the first trimester and the term placenta.18 
However our results of immunohistochemistry were in distinct 
contrast to those of Sedlmayr et al,19 Sedlmayr and Blaschitz,20 
and Santoso et al26 Sedlmayer et al found no IDO staining of 
placental villi in the first trimester and Santoso et al did not 
demonstrate consistent IDO expression on syncytiotropho-
blast at term. They however showed IDO strongly expressed in 
the glandular epithelium with some positive cells in the decid-
ual stroma. We attributed these discrepant results to the meth-
odological differences (e.g. concentration of antibody, antigen 
retrieval method) used in each study.18

In the present study we use the antibody to either human 
IDO1 or IDO2 raised against a recombinant protein for each 
enzyme respectively for the immunohistochemical analysis and 
demonstrated obvious syncytiotrophoblastic expression of 

IDO2 at the maternal-fetal interface both in the first trimester 
and in the term. The previous studies including ours were con-
ducted before discovery of IDO2 and the authors used the 
monoclonal antibody to IDO prepared by Takikawa et al22 for 
immunohistochemical analysis.18,19,21,26 Since Takikawa’s anti-
body to human IDO was raised by using human IDO protein 
purified from human placenta, it is possible that this antibody 
can react with both IDO1 and IDO2 protein.

Expression of IDO2 in syncytiotrophoblasts is also con-
firmed functionally by immunohistochemistry of kynurenine 
(Figure 2). Kynurenine is the major degradation product of 
tryptophan by IDO. Immunoreactivity of kynurenine showed 
essentially the same localization as that of IDO1 and IDO2, 
and kynurenine immunoreactivity was more prominent in 
syncytiotrophoblasts where IDO2 is expressed as compared 
with cells expressing IDO1. However, IDO2 enzyme activity 
has been reported to be less compared with IDO1 activity in 
recombinant protein assay and cellular model in vitro.27,28 This 
is probably because amount of kynurenine is not only influ-
enced by IDO activity, but also by downstream enzymes of the 
kynurenine pathway. Even more, kynurenine might even be 
produced somewhere else and taken up by certain cells. 
Another tryptophan catabolizing enzyme through the kynure-
nine pathway is tryptophan 2,3-dioxygenase (TDO).29 
Although information of the localization and role of TDO in 
the human placenta is still limited,30 it is possible that the 

Figure 3. Effect of IFN-γ on indoleamine 2,3-dioxygenase expression in cultured chorionic villi. Chorionic villous explants from term placenta were 

cultured with 1000 unit/ml IFN-γ or vehicle for 36 hours. (A) RT-PCR. The relative abundance of indoleamine 2,3-dioxygenase-1 (IDO1), indoleamine 

2,3-dioxygenase-2 (IDO2), and glyceraldehyde phosphate 3-dehydrogenase (GAPDH) mRNA were analyzed by RT-PCR as described in the section 

“Materials and Methods.” The results presented are representative of 3 separate experiments performed with 3 placentas yielding similar results. (B) 

Relative quantitation. IDO1, IDO2, and GAPDH mRNA expression were analyzed by quantitative RT-PCR as described in the section “Materials and 

Methods.” Data represent the mean ± SD of 3 separate experiments performed with 3 placentas. *Significantly different from values for villous explants 

cultured with vehicle alone (P < .05). (C) Immunocytochemistry. Cultured villous explant stained for IDO1 and IDO2 as described in the section “Materials 

and Methods.” The results presented are representative of 3 separate experiments performed with 3 placentas. Scale bars represent 100 µm.
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observed kynurenine immunoreactivity can also be attributed 
to TDO activity.

It has well been demonstrated that IFN-γ induces the expres-
sion of IDO1 mRNA and protein, however its effect on IDO2 
expression is still controversial either at the mRNA or protein 
level.8,9,31-33 In the present study we show stimulation by IFN-γ 
of IDO1 mRNA expression yet no effect on IDO2 mRNA 
(Figure 3B) as reported previously.8,32 We also find striking 
changes in IDO1 immunoreactivity of the villous stroma follow-
ing culture of villous explants with IFN-γ (Figure 3C). The 
endothelium of the fetal blood vessels and the presumptive mac-
rophages become even more markedly immuno-positive for 
IDO1, whereas the immunoreactivity of IDO2 on the syncytio-
trophoblast shows no detectable changes compared with control 
material incubated in the absence of this cytokine. These results 
are consistent with those of our earlier study using monoclonal 
antibody to human IDO prepared by Takikawa in which we 
showed striking enhancement of immunoreactivity of the cells 
within the stroma and no changes in syncytiotrophoblast follow-
ing culture of villous explants with IFN-γ.18

It has been shown that in early pregnancy there is a particu-
larly dense infiltrate of activated T cells and natural killer cells in 
the decidua having a different phenotype from peripheral blood 
natural killer cells34; and that decidual natural killer cells also 
produce a wide variety of cytokines.35 Secretion of interferon-γ 
by these immune cells has been confirmed.36 It is possible that 
cytokines produced by these cells regulate IDO expression and 
form a cytokine network at the site of placentation. The factors 
regulating IDO2 expression at the human maternal-fetal inter-
face are clearly in need of further investigation.

Since the expression of IDO2 has not been studied in detail 
at the human maternal-fetal interface, its biological role is still 
yet to be defined. The findings of our present study, that the 
distribution and induction of IDO2 are dissimilar to those of 
IDO1 at the human maternal-fetal interface, suggest involve-
ment of IDO2 in normal human pregnancy. Because the iden-
tification of IDO2 is so recent, the physiological role of IDO 
has not been classified into that of IDO1 and of IDO2 and the 
wording IDO may imply collective IDO functional activity in 
most published studies.

With regard to the physiological role of IDO in normal 
pregnancy, Munn et al11 have proposed the hypothesis that the 
expression of this enzyme in the placenta is crucial to preven-
tion of immunological rejection of the fetal allograft. Thus 
IDO dependent localized depletion of tryptophan at the site of 
placentation has been proposed to be the mechanism of the 
suppression of maternal T cells which attack the conceptus.7 
Badawy has recently hypothesized the tryptophan utilization 
concept in pregnancy, namely tryptophan metabolites through 
kynurenine pathway are key regulators of immune system 
responsiveness.15-17 However it has been demonstrated that 
allogeneic mating in which both parents were genetically IDO 
deficient can produced normal litters.37 The authors suggested 

that compensatory or redundant immunosuppressive mecha-
nisms protected allogeneic fetuses in IDO deficient mice. This 
study was conducted before discovery of IDO2. It is possible to 
assume that animals they used were deficient in IDO1 and 
IDO2 expressed in syncytiotrophoblasts which we show in the 
present study may compensate for IDO1 enzyme activity and 
promote tryptophan depletion at the maternal-fetal interface. 
We suggest that IDO2 expressed in syncytiotrophoblasts is the 
isoform responsible for preventing allogeneic fetal rejection. It 
is possible to test this assumption by investigating whether 
fetal rejection can be induced with IDO2 inhibitor, 1-methyl-
D-tryptophan,9 in IDO1 gene knockout mice. In tumor biol-
ogy it has also been suggested that the IDO2 enzyme may be 
involved in immune evasion by tumor.9

Other physiological roles of IDO in the human placenta 
have proposed as follows; IDO expressed in the endothelium 
of the fetal blood vessels in the villous stroma and of spiral 
arteries in the decidua reduces the biosynthesis of vasoconstric-
tor serotonin and may contribute to maintaining feto-placental 
blood flow necessary for physiological placentation, placental 
function and fetal growth.38,39 It has also been demonstrated 
that a kynurenine pathway metabolite has a role of inducing 
vasodilatation.38,40,41 That expression and activity of IDO were 
significantly reduced in the placenta of pre-eclampsia has been 
demonstrated.38,41-43 This may be a connection between IDO 
mediated vasodilation and pre-eclampsia and/or intrauterine 
growth retardation. Recently, Broekhuizen et al41 demonstrated 
that increased tryptophan uptake might compensate for 
reduced IDO1 expression and induces IDO1 mediated relaxa-
tion in preeclamptic placental arteries. This has led to the 
hypothesis that increasing kynurenine pathway activity medi-
ated by IDO may offer a new treatment strategy for preec-
lampsia.44 It has been shown in vitro model that IDO mediated 
tryptophan depletion induces apoptosis of extravillous tropho-
blast cells, thereby controlling trophoblast invasion and leading 
to normal placentation.45 We have also shown using cesarean 
scar pregnancy specimen that IDO expressed in the decidua 
may control extravillos cytotrophoblast invasion at the site of 
implantation and absence of its expression may be involved in 
the pathogenesis of over-invaded placenta.46 In addition, IDO1 
in the utero-placental unit may provide a mechanism of local 
antimicrobial activity.19,47

From these we would like to suggest IDO1 expressed in the 
endothelial cells of the fetal blood vessels and of spiral arteries 
may contribute to maintaining feto-placental blood flow and 
IDO1 in the decidua may control extravillous cytotrophoblast 
invasion at the site of implantation and lead to the normal pla-
centation; IDO2 in the syncytiotrophoblasts may be responsi-
ble for regulating maternal immune response to the fetal 
allograft at the maternal-fetal interface.

Although there are still fundamental questions about the 
role of IDO in human pregnancy, we think that the data pro-
vided here by studying IDO1 and IDO2 expression and their 
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regulation at the maternal fetal interface may help address 
some of these. The most straightforward experimental strategy 
to delineate the significance of these enzymes in mammalian 
reproductive physiology might be use of knock out animals for 
IDO1 and/or IDO2. 
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