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Significance of the Study

• National Health and Nutrition Examination Survey studies show that a significant number of women 
in childbearing age do not have optimal levels of iodine.

• The need for iodine is not limited to the thyroid glands but its modulatory effects and transporters can 
be observed in a variety of cells.

• Women with reproductive failures had a significant increase of iodide transporters suggesting a local-
ized iodine deficiency.
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Abstract
Objective: The element iodine is an essential nutrient uti-
lized by the thyroid glands, and deficiency of this element 
has been linked to reproductive failures. Iodide transporters 
are also present in reproductive tissues and cells of embry-
onic origin such as the endometrium and trophoblasts, re-
spectively. The aim of this study is to understand if levels of 
iodide transporters are linked to pregnancy outcomes. Sub-
jects and Methods: RNA derived from endometrial biopsies 
from controls or women with recurrent reproductive failures 
was analyzed utilizing RT-PCR and targeted RNASeq. Re-

sults: When compared to controls, women with 2 or more 
reproductive failures had a significant increase (> 5 fold) in 
mRNA levels of the iodine transporters NIS and PENDRIN, but 
not thyroglobulin when probed vis RT-PCR. Targeted RNA-
Seq analysis confirmed these findings when another group 
of patients were analyzed. Conclusion: These findings sug-
gest possible abnormal iodine metabolism and a deficiency 
of iodine in endometrial tissues from some of the women 
with reproductive failures. We hypothesize from these find-
ings that inorganic iodide and/or iodine is required for opti-
mal cellular function in reproductive tissues, and that iodide 
transporters may potentially be used as a marker for infertil-
ity or for probing potential localized iodine deficiency that 
may not present in a typical thyroid panel analysis.
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Introduction

Iodine is an essential element that cannot be manufac-
tured in the body and must be obtained through dietary 
means to ensure adequate metabolic functions. Body or-
gans, including the thyroid, concentrate iodine against a 
gradient and require adequate iodine levels to produce 
the necessary thyroid hormones. Production of thyroid 
hormones begins by the synthesis of thyroxine (T4) in the 
thyroid glands wherein iodine is conjugated into tyrosyl 
compounds found on thyroglobulin (TG) with 4 and 3 
iodine atoms present on T4 and the active hormone T3, 
respectively [1]. Therefore, without sufficient amounts 
of iodine obtained from the diet, optimal levels of these 
hormones cannot be produced. The recommended di-
etary/daily allowance (RDA) for iodine differs depend-
ing on age and pregnancy/lactation status. For example, 
it is indicated that adult males and females require 150 
µg of iodine per day for optimal function. However, 
pregnant and lactating women require 220 and 290 µg of 
iodine per day, respectively. Levels of iodine deficiency 
are determined through urinary iodine concentration 
(UIC) whereby levels < 100 µg/L UIC suggest a deficiency 
[2].

The World Health Organization (WHO) estimates 
that almost 2 billion people worldwide do not receive suf-
ficient amounts of iodine [2]. As of today, this pertains to 
more than a quarter of the world’s population. Similarly, 
recent work by the National Health and Nutrition Ex-
amination Survey (NHANES) demonstrated that ap-
proximately 38 and 35% of pregnant women and women 
in childbearing age, respectively, had < 100 µg/L UIC 
demonstrating insufficient iodine stores [2–4]. More-
over, about 58% of women in childbearing age had < 150 
µg/L UIC, which is below the RDA for adult, pregnant, or 
lactating women. These numbers are substantial consid-
ering the massive effects of an iodine deficiency on hu-
man health including congenital hypothyroidism and 
mental retardation, reproductive failures, goiters, and re-
duced quality of life in adults attaining hypothyroidism 
[5, 6]. Hence, early detection of iodine insufficiencies or 
deficiencies is critical in preventing irreversible fetal brain 
damage as well as the adult onset of hypothyroidism.

To date, any potential roles of inorganic iodine (iodide 
salts and molecular iodine) on cellular mechanisms (i.e., 
transcription, translation, survival, and metabolism) with 
regards to extrathyroidal cells have not been clearly estab-
lished. This is important considering recent studies dem-
onstrating the potential effects of inorganic iodine on cel-
lular function [1, 7]. Additionally, the current RDA of 150 

µg/day for iodine was solely developed to prevent goiter 
formation and hypothyroidism as it did not take into ac-
count extrathyroidal iodine requirements. In our previ-
ous work, we established that inorganic iodine has direct 
effects on the transcriptional activity and subsequent cy-
tokine release by human leukocytes [1]. We extrapolated 
that iodine could function as an immunomodulatory 
agent both in the periphery as well as in reproductive or-
gans. This is of paramount importance as the immune 
system plays a role in providing growth milieu and cyto-
kines which drive processes such as angiogenesis that aid 
in fetal development [8, 9]. We also found that immune 
cells utilize TG to release T4 and T3, which will certainly 
affect reproductive tissues and the developing fetus [1].

Total body iodine stores have been estimated to be up 
to 25 mg with the thyroid holding up to 70–80% of total 
iodine while the rest is distributed to other body organs 
[10, 11]. However, the 70–80% number is true only dur-
ing an iodine deficiency. Whole body iodine sufficiency 
is around 1,500 mg, which would lower the percentage 
that the thyroid holds to about 3.3% or 50 mg of iodine 
[12]. The thyroid glands increase the levels of sodium io-
dide symporter (NIS) in order to absorb more iodide 
against a gradient from the plasma when the demand for 
more iodine is increased. Conversely, when iodine is 
present it can suppress NIS expression indicating a pos-
sible negative regulatory role [13]. Next, other bodily tis-
sues or cells are also able to concentrate a significant 
amount of iodide including the ovaries, mammary glands, 
and leukocytes [1, 14, 15]. Since the current RDA values 
for iodine were meant to only prevent thyroidal goiters, 
other glands and organ systems may still be locally defi-
cient in this mineral and may develop abnormal cellular 
transcriptional activity [1, 7]. Moreover, for some pa-
tients, one cannot completely depend on so-called “nor-
mal thyroid panel” blood levels as the deficiency may still 
be present when the patient presents with normal range 
plasma thyroid hormone levels. For example, this was 
demonstrated by Venturi and Venturi [16] where school-
aged children (6–10 years) in an endemic goiter area were 
evaluated for immune deficiency induced by low iodine 
levels. It was found that 48% of these children had goiters 
and delayed immune responses despite some presenting 
with normal levels of thyroid stimulating hormone (TSH), 
T4, and T3. Upon therapeutic supplementation with Lu-
gol’s iodine, these children displayed normalized im-
mune responses.

In this report, we have analyzed mRNA transcripts of 
iodide transporters, NIS and Solute Carrier Family 26 
Member 6 (SLC26A6), also known as PENDRIN, in en-
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dometrial tissues from women with recurrent reproduc-
tive failures. Our analysis corroborates previous histo-
chemical studies and demonstrates that some infertile or 
women with multiple reproductive failures harbor in-
creased levels of iodide transporters when compared to 
controls that have had at least one successful pregnancy. 
From these results we hypothesize that localized iodine 
deficiency could be present in tissues such as the endome-
trium and may contribute to infertility or reproductive 
failures by affecting the local immune response and/or 
regulation of gene expression in reproductive tissues. 
Therefore, utilizing our data in conjunction with other 
previous work, we suggest that mRNA analysis of iodide 
transporters should be further investigated as a potential 
diagnostic marker in patients with recurrent pregnancy 
loss and repeated implantation failures or for probing po-
tential localized iodine deficiencies.

Subjects and Methods

RNA Extraction from Endometrial Biopsies
Endometrial biopsy samples used in the study were collected 

from women that have been diagnosed with infertility, unex-
plained recurrent pregnancy loss/failures (RPF) with 2 or more 
consecutive miscarriages of unknown etiology or underwent as-
sisted reproductive service and have a history of 2 or more failed 
embryo transfers. Control group consisted of healthy women in 
reproductive age with at least one successful pregnancy. There was 
no significant difference in age between the patient group (n = 60, 
35.7 years, 95% CI 34.3–37 years) and controls (n = 10, 39 years, 
95% CI 33.5–42.3 years). For the patient group used for RNASeq 
analysis (n = 42), the mean age was 36.2 years (95% CI 34.5–38 
years). Study exclusion criteria included patients with endocrine 
disorders, polycystic ovarian syndrome, thrombophilia, hemo-
philia, or autoimmunity. The consent as well as the documentation 
process associated with these biopsy donors were approved by the 
IRB for Rosalind Franklin University of Medicine and Science. En-
dometrial biopsies were obtained during mid-luteal phase, 7–9 
days after ovulation in natural cycles. Tissue samples were col-
lected into RNAlater solution (Invitrogen). To extract RNA from 
the endometrial tissue, approximately 30 mg of tissue was mixed 
with 500 µL of Qiagen’s RLT lysis buffer and 5 µL 2-mercaptoeth-
anol. The tissue was immediately homogenized for 5 min with 
bead beating, centrifuged at 13,000 rpm for 3 min, and then the 
supernatant was transferred to a new tube containing 250 µL of  
> 99% ethyl alcohol. The solution was mixed, transferred to Qia-
gen’s micro RNeazy columns, and then washed and eluted per 
manufacturer’s recommendations.

Purification and RNA Extraction from Peripheral Blood 
Leukocytes
Leukocytes from human peripheral blood were drawn in so-

dium heparin, extracted, and cultured as previously described [1]. 
Total RNA was extracted from leukocytes utilizing Qiagen’s mini 
RNeazy kits per manufacture’s recommendations.

Reverse Transcription PCR/qPCR
Reverse transcription and PCR reactions were performed 

utilizing 400 ng of total RNA using Transcriptor first strand 
cDNA system (Roche) as previously described [1]. For gel elec-
trophoresis analysis, 50 ng of cDNA was amplified for 37 cycles 
with Platinum SuperFi II PCR kit (ThermoFisher). PCR condi-
tions were performed per manufacturer’s recommendations 
with annealing at 60  ° C for 10 s and extension at 72  ° C for 30 s. 
The following primers were used for PCR amplification with all 
primers listed in the 5′→3′: NIS F 306 bp: CTCTTCATGCCC-
GTCTTCTAC, NIS R: GACAACCCAGAAGCCACTTA; PEN-
DRIN F 320 bp: TCCTGTCGGATATGGTCTCTAC, PEN-
DRIN R: GATCTGCCAAGTACCTCACTATG; GAPDH F 440 
bp: ACATCATCCCTGCCTCTACT, GAPDH R: CTCTCTT-
CCTCTTGTGCTCTTG.

For quantitative real-time PCR, 50 ng of the cDNA was ampli-
fied with Taqman Fast Advanced Master Mix (Applied Biosys-
tems) and then read with StepOnePlus real-time PCR instrument 
(Applied Biosystems). The following validated Taqman primers 
and probe were obtained from Invitrogen: NIS: Hs00950365_m1, 
PENDRIN: Hs01070627_m1, TG: Hs00174974_m1, B2M: 
Hs00187842_m1. Internal B2M Ct values were subtracted from 
each amplification reaction to attain dCt. Gene expression values 
were determined using the equation 2–dCt.

Targeted RNASeq
Sequencing of RNA from endometrial tissue was performed 

per Qiagen’s targeted RNASeq protocol as previously described 
[1]. Briefly, 50 ng of RNA was utilized for cDNA synthesis, and 
then unique molecular barcodes were inserted through gene-spe-
cific primer extension for a total of 50 genes. These molecular bar-
codes allow for detection and quantification of unique cDNA tran-
scripts and subsequent removal of duplicate transcripts via bioin-
formatics (i.e., cDNA copies amplified from the same molecular 
barcode strand will yield a call of one transcript). After a round of 
post-reaction purification, 2 more PCR reactions were performed 
to further amplify the set of 50 genes while adding index sequenc-
es that allow sample multiplex for next-generation sequencing 
(NGS). NGS was performed on Illumina’s MiSeq instrument per 
manufacturer’s recommendations with all quality controls, in-
cluding cluster density, total reads, and percent reads reaching Q30 
performing within optimal ranges provided by Illumina. FASTQ 
files were analyzed via Qiagen’s GeneRead DNAseq variant calling 
service. The data were then exported into a format that provides 
total unique molecular barcode reads per gene. All reads were nor-
malized to 10 internal control housekeeping genes (C16orf13, 
FBRSL1, KIAA0586, MAP3K2, PPIE, PPIL2, RFX1, THAP3, 
ZBTB22, ZNF446) after screening negative for genomic DNA con-
tamination. For Heatmap analysis, the normalized sequencing 
data was uploaded into the open-source software “Morpheus” 
(https://software.broadinstitute.org/Morpheus). Since different 
genes have a wide range of expression, each gene column was ad-
justed or normalized separately to facilitate relative comparisons 
between patients and controls.

Statistical Analysis
Analysis and graphs for all data were performed utilizing 

GraphPad Prism and Microsoft Excel softwares using two-tailed t 
test assuming unequal variance with normal distribution.
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Results

Endometrium from women with RPF expresses ele-
vated levels of the iodide transporters NIS and PENDRIN. 
Iodine has been shown to affect cellular transcription, dif-
ferentiation, and migration process in trophoblasts, 
which are of embryonic origin, in a similar manner to 
recent studies with leukocytes [1, 17]. Additionally, io-
dine treatment increased Glial Cell Missing-1 (GCM-1) 
expression in trophoblastic cells. GCM-1 is a cellular dif-

ferentiation marker expressed in the placenta and its ex-
pression is reduced in women with preeclampsia [17, 18]. 
Given that transporters of iodide have been found in en-
dometrial tissue, it is plausible that similar to leukocytes 
and trophoblastic cells, iodine could affect the functional 
activity of cells in reproductive tissues including the en-
dometrium [15, 19]. Typically, systemic iodine deficiency 
leads to increases in TSH and subsequent elevation of NIS 
in the thyroid glands. However, increased doses of iodine 
itself have been shown to downregulate NIS by reducing 
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its mRNA and protein levels [13, 20]. Accordingly, it is 
possible that low iodine levels could cause an increase of 
NIS mRNA by the mechanisms above. Previous findings 
showed that women suffering from idiopathic sterility 
display higher histochemical staining of NIS relative to 
fertile women [15]. We expanded on these previous re-
ports and asked if the endometrium of women with RPF 
harbors molecular RNA changes in 2 transporters.

RNA was extracted from mid-luteal phase endome-
trium obtained from women with RPF or control endo-
metrium from women with known successful pregnan-
cies. Quantitative reverse transcription PCR analysis was 
performed on these samples for levels of NIS, PENDRIN, 
and TG. We first demonstrate that transcripts of NIS and 
PENDRIN are expressed in the endometrium as shown 
by the expected DNA bands on gel electrophoresis 
(Fig. 1a). As shown, the levels of NIS or PENDRIN fluc-
tuate between different patients and are generally lower 
in controls. Next, confirming previous histochemical re-
sults, NIS expression was significantly higher, average 
5-fold, in women with RPF (n = 57; Fig. 1b; Table 1); as 
a reference, gene expression values for peripheral blood 
leukocytes were included. Interestingly, PENDRIN ex-
pression, which has not been previously determined, was 
also increased by approximately 5.5-fold, but had a less 
variable pattern in controls compared to subjects with 
RPF (n = 60; Fig. 1b; Table 1). On the other hand, levels 
of TG transcripts (n = 40) were not statistically signifi-
cant between the 2 groups (Fig. 1b; Table 1).

To confirm these results, we utilized samples from 42 
other women with RPF and then performed targeted 
RNASeq analysis on 50 genes including some that are re-

lated to immunity and inflammation – a process known 
to have negative effects in fertility if left unbalanced [9]. 
These genes include C1QA, C1QB, C1Q, TNFα, and IL10. 
All samples were normalized to ten housekeeping genes. 
The comparison was made against 6 controls due to sam-
ple limitation. Post normalization, we found that Beta-2 
Microglobulin (B2M), which is considered another house-
keeping gene and should be similar between all groups, 
had no significant differences between control and RPF 
biopsies (Fig. 2a, b). Next, we did not find any statistically 
significant differences for most of the gene panel probed 
with targeted RNASeq including TNFα and IL10 (Fig. 2b). 
However, in agreement with quantitative reverse tran-
scription PCR analysis, NIS (SLC5A5) and PENDRIN 
(SLC26A4) showed significant increased expression (> 14-
fold and > 5-fold, respectively) in this set of patients with 
RPF compared to controls (Fig. 2a, b). Overall, these ob-
servations suggest that NIS and PENDRIN could be used 
as a diagnostic marker to determine infertile reproductive 
tissue. These markers may also be used to probe the pos-
sibility of iodine deficiency in some women with recurrent 
reproductive failures, and iodine sufficiency levels in these 
women should be further investigated.

Discussion

In this report, we describe clinical data showing in-
creased expression of iodide transporters in the endome-
trium of women with reproductive failures. Our molecu-
lar analysis confirmed the previous study utilizing immu-
nohistochemistry staining, which demonstrated increased 

Table 1. Quantitative reverse transcription PCR analysis – statistics from experiments shown in Figure 1b

  Arithmetic
mean

SD Lowest
value

Highest
value

p value
(controls vs. RPF)

NIS – controls 26.99 51.69 0.24 158.4 0.01018
NIS – RPF 133.77 274.94 1.18 1,529.7
PENDRIN – controls 202.05 192.06 46.57 614.7 0.02601
PENDRIN – RPF 1,114.42 3,062.35 20.62 16,854.1
TG – controls 74.5 59.25 13.07 202.8 0.29961
TG – RPF 51.95 35.48 16.3 211.7

(For figure see next page.)

Fig. 2. Targeted RNASeq analysis of endometrial biopsies. Endometrial biopsy tissue was obtained from 42 more 
patients not utilized in q-RTPCR analysis. a Quantified expression from RNASeq analysis for one control gene 
(B2M) and NIS and PENDRIN represented as mean ± SEM. RPF n = 42. b Heatmap analysis was created utiliz-
ing “Morpheus” software. * p < 0.05, ** p < 0.005. NS, not significant.
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expression of endometrial NIS in infertile women com-
pared to controls [15]. In like manner, average mRNA 
levels of PENDRIN were substantially elevated in endo-
metrial tissues of women with reproductive failures com-
pared to women who had successful pregnancies. These 
data suggest that an abnormal iodine metabolism and an 
iodine deficiency could be the reason for some of the ob-
served reproductive failures.

Iodine is an essential component needed for a success-
ful healthy pregnancy. The requirement for iodine during 
pregnancy is substantially increased, by > 50%, for mul-
tiple reasons [11]. First there is an increased demand for 
T4 production as it is needed by the fetus in the first tri-
mester [11]. This fetal requirement along with hormonal 
changes in pregnancy causes alteration in the mother’s 
thyroid hormone homeostasis and subsequent increased 
maternal T4 synthesis (30–100% more than pre-pregnan-
cy levels) [21]. Second, the fetus utilizes iodine in later 
trimesters in order to make fetal thyroid hormones. 
Third, pregnant women have increased iodine clearance/
loss [11]. Alteration of thyroid hormone levels due to io-
dine deficiencies can lead to fetal neurological damage, 
congenital hypothyroidism, miscarriages, and eventual 
reproductive failures [11, 22]. Worldwide analysis by the 
WHO illustrates that iodine deficiencies are prevalent 
and that includes women in childbearing age [2–5, 11]. 
For these reasons, early detection of a deficiency is essen-
tial for the health of the fetus and newborn babies. The 
mechanisms utilized by iodine are mediated organically 
(via thyroid hormones) and inorganically (iodides and 
molecular iodine). We propose here that although organ-
ically bound iodine in the form of hormones is essential, 
iodides and molecular iodine could also play a part in op-
timizing reproductive organs and pregnancy. The mech-
anisms that stem from the actions of inorganic iodine/
iodide for regulation of reproductive tissues or immune 
cells are largely unexplored but have been shown to in-
clude transcriptional regulation of differentiation factors, 
hormone and lipid metabolism, and activation of cyto-
kine release by tissue-resident immune cells (Fig. 3) [1, 7, 
17, 18]. Further studies are needed to elucidate specifi-
cally how inorganic iodine or iodide affects the cellular 
functions of human reproductive tissues.

Recently, The NHANES reports demonstrated that 
approximately 58% of women in childbearing age have 
iodine intakes below the established RDA levels [3, 4]. 
Our molecular analysis shows elevated iodide transport-
ers in some of patients with RPF compared to controls 
(Fig. 1b, 2a). An unanswered question stemming from 
these observations was what the meaning of elevated io-

dide transporters in the endometrium is. We propose 
that localized iodine deficiency (i.e., sufficient thyroidal 
levels but insufficient levels in other organs) promotes 
increased expression of iodide transporters in affected 
cells. It is well established that NIS is upregulated direct-
ly by TSH stimulation due to feedback from low thyroid 
hormones originating from an iodine deficiency [23]. 
These transporters could also be regulated via hormone 
or cytokine signaling [13, 20, 23]. However, what is in-
teresting is that NIS could also be altered directly by io-
dine wherein high levels of iodine suppress its expression 
[20, 23].

It is important to note that TSH or T4 do not always cor-
relate with an iodine deficiency, and normal range levels of 
these analytes may be misleading with regards to iodine suf-
ficiency [16, 24, 25]. The current iodine RDA values are 
meant to optimize thyroid levels, but have no bearing on 
secondary iodine concentrating organs/cells. Even with 
these current RDA levels, iodine deficiency continues to be 
a problem worldwide suggesting that secondary organs 
(i.e., other than thyroid glands) bear the consequences of 
suboptimal iodine levels. The human body may prioritize 
iodine to be first used in thyroid hormone production fol-
lowed by the use in extrathyroidal tissues. Further research 
will be needed to delineate these ideas. Given these points, 
future studies should be considered to explore the role of 
iodide/iodine on the function of reproductive organs, and 
workups of infertility patients should include investigation 
of iodine sufficiency through simple spot urinary analysis, 
iodine loading test, or analysis of iodide transporters if en-
dometrial biopsies are sampled.

Next, in the case of TG, as with other thyroid-related 
proteins, its role is poorly understood outside of the thy-
roid glands and studies for its expression in the endome-
trium are conflicting. For example, one report found that 
its transcripts and protein were undetectable in the endo-
metrial tissue, while another report demonstrated small 
amount of transcripts that were confirmed by sequencing 
[26, 27]. Here, we report amplification of TG transcripts 
from endometrial tissue (Fig. 1b). We believe the role of 
TG could be to facilitate minute amounts of thyroid hor-
mones which is possible though not nearly to the extent 
of the thyroid glands [1, 28–30]. Overall, our findings in 
conjunction with the direct role of iodine in regulating 
NIS, suggest that higher expression of NIS or PENDRIN 
in the endometrium of infertile women could be a re-
sponse to either a systemic or a localized iodine deficien-
cy (Fig. 3).

It is important to mention some limitations of this 
short study. First, there is absence of thyroid hormone 
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testing, histological staining, and UIC analysis in these 
samples, which was due to either absence of clinical data 
or insufficient tissue quantity. In particular, although a 
previous histological study agrees with our findings, his-

tological studies of the same patients shown here would 
have determined cellular orientation of the iodide trans-
porters. This is important since PENDRIN is known to be 
localized on the apical surface of cells in order to promote 

Endometerial glandular cells

Iodide

Endometrial stromal cell

Tissue-resident immune cell

Cell nucleus

Sodium iodide symporter (NIS)

PENDRIN

?

PPARγ

Modulate hormone-
responsive genes

GCM-1

GCM-1

PPARγ

Protein
synthesis

Release cytokines and
growth factors

Transcription

T4, T3

T4, T3

-Induce transcription of cellular differentiation markers induding the transcription factor GCM-1.
-Regulation of cellular migration (as observed in embryonic trophoblasts).
-Regulation of hormonal metabolism.
-Regulation of lipid metabolism by increasing the expression of PPARγ.
-Increases transcriptional activity, release of cytokines and growth milieu by tissue-resident immune cells.
-Indirect effects of iodine: production of localized iodine-containing thyroid hormones by resident
 immune cells through breakdown of thyroglobulin or through the deiodinase activity of immune cells.

Potential Effects of Iodine/Iodide on Reproductive Tissues

Fig. 3. Endometrial stromal and immune cells express iodide trans-
porters utilized for iodide influx and alteration of cellular function. 
Iodine deficiency may occur either systemically involving the thy-
roid glands and the rest of body organs, or locally where the thyroid 
is sufficient but other organs are deficient. Based on previous work 
along with our findings, we suggest that endometrial cells (glandu-
lar and stromal) respond to iodine deficiency by upregulating the 
expression of iodide transporters to increase the chance of obtain-

ing more iodide from the surrounding cellular environment. Al-
teration of iodide transporters may be monitored with molecular 
analysis as patients undergo endometrial biopsy procedures. Upon 
obtaining optimal levels of iodine, reproductive organs and sur-
rounding immune cells respond by altering multiple cellular path-
ways which include transcription, cytokine and growth factor re-
lease, and regulation of hormone metabolism. Immune cells may 
also increase the amount of thyroid hormones locally.
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iodide efflux, but it may also be involved in iodide influx 
into the cytoplasm via iodide/chloride exchange [31, 32]. 
It is also important to note that PENDRIN is not specific 
to iodide but may also import other halogens including 
chloride. However, PENDRIN itself cannot be complete-
ly compensated for with regards to iodide metabolism, as 
malfunction of this protein results in hypothyroidism as 
demonstrated in Pendred syndrome (https://ghr.nlm.
nih.gov/). We speculate that in the case of the endome-
trium, PENDRIN is increased to facilitate iodide influx 
into the cytoplasm, but we cannot rule out other possible 
mechanisms related to thyroid hormone synthesis where-
by PENDRIN facilitates iodide metabolism into the en-
dometrial lumen in a similar manner to thyroid follicular 
lumen. Overall, our results confirm previous work utiliz-
ing antibody-based staining whereby women with infer-
tility had significant increase of NIS surface protein levels 
[15]. Second, the endometrium contains multiple types of 
cells such as stromal, glandular, and immune cells. Since 
our analysis was based on RNA, we cannot delineate what 
cells express these transporters or if the expression is lim-
ited to only one cell type. Trovato et al. [15] demonstrat-
ed that NIS is expressed in glandular and endometrial 
stromal cells, but the authors did not probe the expression 
of PENDRIN. Finally, the patient population is mixed 
and includes women that have been diagnosed with infer-
tility, unexplained RPF of unknown etiology or under-
went assisted reproductive service and have history of 
failed embryo transfers. Therefore, our data does not dif-
ferentiate or quantify the differences between the 2 popu-
lations.

Future studies should determine if the observed in-
creased level of iodide transporters is specific to one pop-
ulation or if it can be demonstrated with different diag-
noses.

Conclusion

Our data suggest further investigation into the role of 
iodide transporters in female reproductive organs and the 
possibility of iodine deficiency in women with reproduc-
tive failures of unknown etiology even in the presence of 
normal thyroid hormones. We also recommend an estab-
lishment and review of the optimal iodine levels needed 
to saturate non-thyroidal organs.
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