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Highlights 

 Hydroxychloroquine is used in pregnancy for inflammatory conditions. 

 Understanding of the effects of hydroxychloroquine on the human placenta is limited. 

 Hydroxychloroquine does not have detrimental effects on human placental explants. 

 Hydroxychloroquine may attenuate placental inflammation in vitro.  

 Further research is needed to determine the placental actions of hydroxychloroquine. 

 

 

Abstract (149) 

Hydroxychloroquine (HCQ), a toll like receptor (TLR) 7 and 9 antagonist, is used during pregnancy for 

inflammatory conditions with limited understanding of its placental toxicology. We hypothesized that 

HCQ does not have toxic effects on the placenta and can modulate cytokine release in response to 

TLR7/9 activation. A systematic review was conducted and no studies of HCQ on multicellular human 

placental tissue were identified. Accordingly, placental villous explants were cultured for 7 days with 

HCQ +/- TLR7/9 agonists. HCQ did not affect cell turnover, nutrient transport or cytokine release but 

increased IL-10 (anti-inflammatory) secretion and promoted syncytiotrophoblast regeneration. 

ACCEPTED M
ANUSCRIP

T



2 
 

Cytokine release stimulated by TLR7/9 agonists was unaffected by HCQ. In conclusion, HCQ did not 

adversely affect placental tissue and may have a protective anti-inflammatory function. Further 

research is needed to determine the mechanisms of HCQ actions on human placenta and whether 

they could be utilized to improve pregnancy outcomes. 

 

1. Introduction 

Hydroxychloroquine (HCQ) is an antimalarial and immunomodulatory agent.[1] In pregnancy, HCQ is 

prescribed for inflammatory conditions associated with adverse perinatal outcomes such as systemic 

lupus erythematosus (SLE), antiphospholipid syndrome (APS) and placental inflammatory lesions such 

as chronic histiocytic intervillositis.[2], [3] Despite the use of HCQ in pregnancy, the toxicology and 

effects of HCQ in human placental tissue has not been determined. Based on established actions in 

non-placental tissues, HCQ has therapeutic potential to improve placental function in pregnancies 

associated with heightened inflammation.[4], [5] However, it is yet to be proven whether HCQ 

produces these potential beneficial effects on human placental tissue. Before considering more 

widespread use of HCQ, it is important to demonstrate a) that HCQ does not have adverse effects on 

human placental tissue, and b) that HCQ has beneficial effects on inflammatory placental pathologies. 

In APS, circulating aPL (antiphospholipid) immune complexes activate dendritic cells and B 

cells through stimulation of TLR (toll-like receptor) 7 and TLR9, inducing pro-inflammatory cytokine 

production and disease development.[6] aPL antibodies are also able to increase the expression of 

TLR7 and TLR9, sensitizing cells to their ligands.[7] Additionally in APS, anti-beta 2 glycoprotein 1 (anti-

β2GP1) antibodies form complexes with β2GP1, which subsequently bind to anionic phospholipids on 

structures such as platelets and endothelial cells.[8] Subsequently, thrombi form, which cause 

placental ischaemia and significantly increase the risk of recurrent pregnancy loss.[9] Recent 

publications also directly implicate the signaling of TLRs in the pathogenesis of pre-eclampsia 

(PE).[10]–[12] For example, expression of TLR9 is increased in placentas from patients with PE,[13] TLR 

polymorphisms lower thresholds for early-onset and severe PE [10] and women with established PE 

have significantly increased maternal plasma concentrations of cell free fetal DNA, an established TLR9 

agonist.[14], [15] Furthermore, TLR9 agonism has been implicated as a mechanism for preterm birth 

and preeclampsia in the mouse[16]. 

In non-placental tissue HCQ antagonizes toll like receptors TLRs 7 and 9.[4], [5] Although this 

action is yet to be demonstrated in the placenta, it provides a rationale for considering HCQ as a 

therapeutic agent to reduce adverse perinatal outcome in maternal and placental inflammatory 

conditions. HCQ accumulates in intracellular lysosomes where it becomes protonated, increasing the 
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intracellular pH.[17] The activation of TLR7 and TLR9 is pH dependent (pH 4.5–6.5[18]) and in the 

presence of protonated HCQ, TLR signaling is inhibited. Subsequently, there is a reduction in the 

production of downstream cytokines and decreased immune cell activation.[16] The human placenta 

expresses TLR1–TLR10, predominantly in the trophoblast, implicating TLR7 and TLR9 in heightened 

placental inflammation evident in pregnancy complications.[19] Concordantly, the placental 

expression of TLR7 and TLR9 provides a potential mode of action for HCQ to reduce raised placental 

inflammation. 

The current study tested the hypothesis that HCQ does not damage placental tissue or 

compromise function and is able to limit the pro-inflammatory effects of TLR7 and TLR9 agonists. 

Current knowledge of the effects of HCQ on placenta was collated by performing a systematic 

literature review and this showed that there are no studies which have investigated effects of HCQ on 

multicellular preparations of human placental tissue. To better reflect the actions of HCQ in vivo, 

studies were performed using human placental explants to determine the effects of HCQ, at 

therapeutically relevant concentrations, on cell turnover, nutrient transport, endocrine function and 

cytokine secretion. Furthermore, to explore the therapeutic potential of HCQ, we investigated 

whether HCQ can modulate placental cytokine secretion in response to activation of TLR7 and TLR9. 

 

 

2. Materials and Methods 

2.1 Systematic review 

Literature searches were conducted in Medline, Google Scholar, and Web of Science and were not 

limited by dates. Reviews were excluded to ensure only original research was included and 

interpretation bias was limited. Reference lists of included studies were checked for any other relevant 

papers. All searches were completed by 17th August 2018. A PRISMA-P checklist (2015) was used to 

guide the review. Data were extracted by two independent researchers (RS, DH). An example search 

is included in the Supplementary File (Figure 1). 

2.2 Experimental Studies 

The term villous explant model was chosen due to its multicellularity and established ability to provide 

a functional environment similar to healthy term tissue. This preparation allows studies of  cellular 

turnover that maintains syncytiotrophoblast integrity, nutrient transport, endocrine function and 

cytokine secretion .[20] Placentas were selected according to the following criteria: maternal age 18-

40 years, BMI 18.5-30kg/m2 and delivery of a singleton fetus between 37-42 weeks of gestation. 
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Ethical approval was obtained (Ref 15/NW0829, Manchester, UK) and written informed consent was 

provided for all tissue used. Placental villous tissue explants were prepared within 45 minutes of 

delivery as previously described.[21] Explants were placed into Netwell permeable supports (74μm 

mesh; Corning Lifesciences, Amsterdam, The Netherlands) with 1.5ml of culture medium. [CMRL-1066 

(100 ml/L), NaHCO3 (2.2mg/ml), streptomycin sulphate (100μg/ml), penicillin G (100 IU/ml), insulin 

(1μg/ml), retinol acetate (1μg/ml), l-glutamine (100μg/ml) and 5% fetal bovine serum (pH 7.2, 

Invitrogen Corporation, Paisley, UK)] and maintained at 37°C in a humidified incubator in 20% O2/5% 

CO2 for 7 days. Culture medium was changed every 24 hours unless otherwise stated. 

In the initial studies, placental villous fragments were treated with therapeutic doses of HCQ 

(250ng/ml, 750ng/ml and 1.5μg/ml ng/ml; Sigma-Aldrich, Dorset, UK) for 48hrs from day 5 (n=4). 

Doses were chosen based on therapeutic concentrations reported in human serum and cord blood. 

[22], [23] Culture medium was collected daily for measurement of human chorionic gonadotrophin 

(hCG) to assess the time course of secretion, a marker of explant endocrine viability in this model.[21] 

Nutrient transport (taurine uptake) and cellular turnover (apoptosis, proliferation, 

syncytiotrophoblast integrity) were measured after 7 days of culture.  

Subsequent experiments (n=7) were performed using HCQ at 1.5μg/ml to determine effects on 

hormone and cytokine release. To investigate a potentially protective effect of HCQ on cytokines 

released in response to TLR ligands, explants were treated with HCQ (1.5μg/ml) alone or  

concentrations of Imiquimod (TLR7 agonist; 5μg/ml in culture medium; InvivoGen, CA, USA) or ODN 

2006 (TLR9 agonist; 2.8μM in culture medium; InvivoGen, CA, USA), alone and in the presence of HCQ. 

Imiquimod was selected for use as it stimulates TLR 7 at 5μg/ml [24] whereas ODN 2006, a CpG 

oligodeoxynucleotide, stimulates TLR 9 at 2.8μM.[25] Treatments were diluted in standard culture 

medium (composition listed above). Explants were pre-treated with HCQ (1.5μg/ml) on day 4 and then 

treated with agonists +/- HCQ on day 5 for 48hr (no medium change on day 6).  Conditioned culture 

medium was analysed on days 5 and 7 and cellular turnover assessed on day 7.   

2.3 Cell turnover 

Cell turnover of placental explants was assessed after day 7 of culture by immunohistochemistry for 

proliferation (Ki67; 0.16μg/ml; Dako, Cambridge, UK), apoptosis (M30; 0.66μg/ml; Roche, West 

Sussex, UK) and syncytiotrophoblast integrity (cytokeratin 7; 0.9μg/ml; Dako, Cambridge, UK) in 

methods previously described.[26] Non-immune mouse immunoglobulin G at corresponding 

concentrations as a negative control and biotinylated goat anti-mouse (1:200 in TBS; Dako, Cambridge, 

UK) was used as a secondary antibody. Immunostaining was visualized with using an Olympus BX41 
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light microscope (Southend-on-Sea, UK) and images were randomly captured using a QIcam Fast 1394 

camera (QImaging, Surrey, BC, Canada) and Image Pro Plus 6.0 (Media Cybernetics Inc, Rockville, MD).  

Two independent observers who were blinded to the identity of the images assessed (a) cytokeratin 

7 immunostaining for intactness of the syncytiotrophoblast layer and syncytiotrophoblast 

regeneration, (b) syncytial nuclear aggregates and (c) stromal vacuolation. 

Ki67 and M30 treated sections were analyzed using Histoquest software (Tissue Gnostics, Vienna, 

Austria). Apoptosis and proliferation were expressed the proportion of positive staining as a 

percentage of total area of villi and total number of nuclei respectively; data for each experimental 

condition were normalized to control. 

2.4 Nutrient transport 

The activity of the taurine transporter (TauT) was measured after 7 days of culture as the Na+-

dependent accumulation of 3H taurine into the  explants using a previously published method.[27] 

TauT activity was expressed per mg protein, determined by Bio-Rad protein assay (Bio-Rad 

Laboratories, Hertfordshire, UK). 

2.5 Analysis of endocrine factors and cytokines 

The inflammatory profile and endocrine function of villous tissue has been shown to vary in high-risk 

and pro-inflammatory pregnancies[28], [29],[30]. Hormone (hCG, sFlt-1, PlGF, hPL) and cytokine (IL-

10, IL16, IL1β, MCP-1, TNFα, INFy) release by the placental villous explants was determined by 

measuring their concentration in the culture medium using ELISA (hCG, PlGF, hPL; DRG Diagnostics, 

Germany, Thermo Fisher Scientific, USA; PlGF and cytokines R&D Systems, UK). Assays were 

performed according to the manufacturer’s instructions and preliminary experiments conducted to 

determine the appropriate sample dilution where necessary. Plates were read on a FLUOstar Omega 

microplate reader (450 ± 10nm; BMG Labtech, Aylesbury, UK). Endocrine and cytokine secretion was 

expressed per mg explant protein, determined using a Biorad protein assay (Bio-Rad Laboratories, 

Hertfordshire, UK) or per mg explant wet weight.  

Data are expressed as medians and were analyzed using GraphPad PRISM version 7.0 (San Diego, CA, 

USA). Differences were considered statistically significant where P <0.05. Comparisons between 

treatment groups were made using a Friedman test. If the Friedman test was significant, a post hoc 

Dunn’s multiple comparisons test was performed. To account for inherent variability in the basal 

release of placental hormones and cytokines, data were normalized to the control group if the 

Friedman test was significant.   
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3. Results 

3.1 Systematic Review 

Eight full text papers which met the inclusion criteria were identified (Figure 1). The findings of 

included studies are summarized in Table 1. Included studies reported data from human and murine 

experiments which included rodent models, isolated placental cells and choriocarcinoma cell lines. A 

further study measured HCQ in human maternal and umbilical cord blood. Importantly, no studies 

examining the effects in multicellular human placental tissue were identified. No studies reported 

detrimental effects of HCQ on placental tissue but HCQ appears to demonstrate transplacental 

passage.[31]  

Insert Figure 1 here. 

The evidence regarding whether HCQ can limit aPL binding varied; Bertolaccini et al[32] found HCQ 

did not inhibit aPL binding to mouse tissues, whilst Wu et al[33] and Rand et al[34] reported that HCQ 

reduced aPL binding to human syncytiotrophoblast and human umbilical vein endothelial cells 

respectively. In addition, several studies reported that HCQ can limit the impact of aPL-binding on 

trophoblast fusion, migration and differentiation. Furthermore, HCQ may have a role in preventing 

placental insufficiency and reducing complement activation in inflammatory conditions.[32] 

Title Author/Date Subject Key findings 

Inhibition of autophagy limits 
vertical transmission of Zika virus 
in pregnant mice. 
 

Cao et al 
(2017)[35] 

Human trophoblast and 
mouse placenta 
 

 Hydroxychloroquine attenuated 
placental and fetal ZIKV infection and 
ameliorated adverse placental and 
fetal outcomes. 

Complement inhibition by 
hydroxychloroquine prevents 
placental and fetal brain 
abnormalities in 
antiphospholipid syndrome. 
 

Bertolaccini 
et al 
(2016)[32] 

Mouse model of 
obstetric APS 
 
 

 HCQ did not inhibit aPL binding to 
tissues. 

 HCQ prevented complement activation 
in vivo and in vitro. 

 HCQ prevented placental insufficiency 
and abnormal fetal brain development 
in APS-mice.  

Hydroxychloroquine prevents 
antiphospholipid antibody-
Induced inhibition of trophoblast 
migration 

Albert et al 
(2015)[36] 
 

Human first trimester 
trophoblast 
 
 

 HCQ did not alter aPL-induced 
upregulation of trophoblast IL-8, IL-1b, 
PlGF, and sEndoglin secretion. 

 HCQ partially reversed aPL- induced 
inhibition of trophoblast cell migration 
and secretion of IL-6.  

 HCQ partially prevented aPL-induced 
TIMP secretion. 

Effect of hydroxychloroquine on 
antiphospholipid antibody-
induced changes in first 
trimester trophoblast function. 

Albert et al 
(2014)[37] 
 

Human first trimester 
trophoblast 
 

 HCQ reversed the aPL-inhibition of 
trophoblast IL-6 secretion and partially 
limited aPL-inhibition of cell migration.  

 HCQ did not prevent aPL-induced 
TIMP2. 

Hydroxychloroquine restores 
trophoblast fusion affected by 
antiphospholipid antibodies 
 

Marchetti et 
al (2014)[38] 

BeWo and primary 
trophoblastic cells  
 

 HCQ restored trophoblastic 
differentiation reduced by anti-β2GP1 
antibodies. 
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3.2 Experimental Studies 

Four human term placentas were utilized for explant culture in the pilot study examining the 

concentration-dependent effects of HCQ, and seven further placentas were used in a secondary study 

examining the potentially protective effects of HCQ in combination with TLR agonists (demographic 

details in Supplementary Table 1). Although underpowered, no obvious qualitative trends that would 

indicate differences between fetal sex were observed. 

 

3.2.1 Concentration dependent effects of hydroxychloroquine on explant integrity and function 

HCQ, at any of the concentrations applied, did not affect apoptosis, proliferation or 

syncytiotrophoblast integrity in term placental villous explants (Figure 2; p>0.05; n=7).  

 

Insert Figure 2 here. 

 

 

 

 

 

 HCQ decreased TLR4 mRNA and 
protein expression. 

 

Hydroxychloroquine reduces 
binding of antiphospholipid 
antibodies to 
syncytiotrophoblasts and 
restores annexin A5 expression. 

Wu et al 
(2011)[33] 
 

Syncytiotrophoblasts 
 

 HCQ reduced aPL binding to 
syncytiotrophoblasts. 

 HCQ reversed the effects of aPL-
antibodies by reducing 
immunoglobulin-G binding and 
restoring annexin A5 expression. 

Hydroxychloroquine protects 
the annexin A5 anticoagulant 
shield from disruption by 
antiphospholipid antibodies: 
evidence for a novel effect for an 
old antimalarial drug. 

Rand et al 
(2010)[39] 
 

Human umbilical vein 
endothelial cells, 
trophoblast cells and 
APS patient plasma 
 

 HCQ reversed aPL-mediated 
disruptions of annexin A5. 

 HCQ reduced binding of aPL antibodies 
and normalized plasma coagulation. 

Evidence of transplacental 
passage of hydroxychloroquine 
in humans.  

Costedoat-
Chalumeau 
et al 
(2002)[23] 
 

Maternal blood and 
cord blood 

 HCQ concentrations in cord blood were 
nearly identical to those found in 
maternal blood. 

 
Table 1. Results of the systematic review. Eight papers were identified which met the search criteria. 
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Examples of immunostaining for proliferation, apoptosis and STB integrity are shown (Figure 3 A-F) 

for explants maintained in control medium and medium with 1.5μg/ml HCQ. hCG secretion by villous 

explants in culture for 7 days followed the temporal profile previously published [40] (Figure 3G). 

Taurine transporter (TauT) activity (fmol/mg protein) increased over time (Figure 3H). However, there 

was no significance difference in the rate of increase between treatments. At 90mins, TauT activity 

was not altered by hydroxychloroquine treatment (p>0.05; n=4). 

 

Insert Figure 3 here. 

 

3.2.2 Effect of HCQ and TLR agonists on cell turnover 

Examples of immunostaining for proliferation, apoptosis and STB integrity are shown for explants 

maintained in control medium, medium with 1.5μg/ml HCQ, Imiquimod (5μg/ml) or ODN 2006 

(2.8μM) (Figure 4 A-L). In agreement with the findings of the pilot study, treatment with 1.5μg/ml HCQ 

for 72hrs did not affect proliferation compared to control (Figure 4M; p>0.05, Wilcoxon Signed Rank 

Test; n=7). A slight increase in proliferation was seen with ODN 2006, but only ODN 2006 treatment 

in combination with HCQ significantly elevated proliferation compared to control (p=0.04; Wilcoxon 

Signed Rank Test). In agreement with the pilot data, treatment with 1.5μg/ml HCQ for 72hrs did not 

affect apoptosis compared to control (Figure 4N). Both Imiquimod and ODN 2006 significantly 

increased apoptosis compared to control when applied alone (Figure 4N; p=0.03); but not when 

applied in combination with HCQ. 

HCQ treatment significantly decreased the number of villi with a vacuolated stroma (Fig 4O; p=0.03, 

Wilcoxon Signed Rank Test; n=7). Compared to control, HCQ and ODN 2006 plus HCQ treated explants 

had a significantly increased proportion of villi with an intact syncytiotrophoblast layer (Figure 4P; 

p=0.03 and p=0.02 respectively). ODN 2006, both with and without HCQ significantly increased the 

percentage of villi with a regenerating syncytiotrophoblast layer (Supplementary File Figure2, p=0.04 

and p=0.01 respectively).  

 

Insert Figure 4 here. 
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3.2.3 Effect of HCQ and TLR agonists on endocrine and cytokine secretion 

Treatment with HCQ (1.5μg/ml) for 24hrs did not alter release of hCG, sFlt-1, PlGF or hPL (Figure 5A-

D). Following 24hrs of HCQ exposure, IL-10 secretion was increased compared to untreated groups 

(Figure 5E; p=0.02, Wilcoxon matched-pairs signed rank test; day 5 of explant culture). Exposure of 

villous explants to HCQ did not alter secretions of IL-1β, TNFα, IL-6 or MCP-1 (Figure 5E; p>0.05, 

Wilcoxon matched-pairs signed rank test). 

 

Insert Figure 5 here. 

 

As seen in the experimental studies and after 24hrs of treatment, HCQ treatment for 72 hours did not 

change hCG secretion compared to control (Figure 6A). ODN 2006 significantly increased hCG 

secretion compared to control (p=0.026). This effect was not seen when ODN 2006 treatment was 

combined with HCQ. 

After 72hrs of HCQ treatment, a small but significant decrease in hPL release was seen when compared 

to control (Figure 6B, p=0.03; n=7). hPL release was also reduced following Imiquimod, HCQ plus 

Imiquimod and HCQ plus ODN 2006 treatments (p<0.05). ODN 2006, both with and without HCQ, 

increased release of sFlt-1 (Figure 6C). ODN 2006 treatment decreased secretion of PlGF (Figure 6D, 

p=0.03). The sFlt-1/PlGF ratio was unaffected by lone HCQ treatment; only ODN 2006 and ODN 2006 

with HCQ, significantly increased this (Figure 6E, p=0.02 and 0.03 respectively). HCQ was unable to 

attenuate the ODN 2006-induced increase in the sFlt-1/PlGF ratio or ODN 2006-induced and 

Imiquimod-induced reductions in hPL release. 

IL-6 release was increased in the ODN 2006 plus HCQ (p=0.03, Wilcoxon Signed Rank Test; n=7) and 

Imiquimod plus HCQ (p=0.02) treatment groups, but not in the lone agonist or lone HCQ treatment 

groups (Figure 6F). ODN 2006 (2.8μM) caused a significant increase in the release of MCP-1 (p=0.04), 

but this was attenuated in the presence of HCQ (1.5μg/ml) (Figure 6G). Imiquimod (5μg/ml) treatment 

for 72hrs increased release of IL-1β in villous explants (Figure 6H, p=0.04), but in combination with 

HCQ (1.5μg/ml) caused a significant increase in IL-10, IL-6 and IL-1B. ODN 2006 (2.8μM) suppressed 

release of anti-inflammatory IL-10 (p=0.03), but this suppression was not seen in the presence of ODN 

2006 (2.8μM) and HCQ (1.5μg/ml) (Figure 6I). IFN-y was not detected in the culture medium of any 

explant culture. 

 

Insert Figure 6 here. 
F. 
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4. Discussion 

HCQ is currently used in human pregnancy, even though it is not formally recognised for safe obstetric 

use.[41] HCQ crosses the placenta[31] but exposure in pregnancy does not appear to be associated 

with developmental toxicity. [41] A systematic review and meta-analysis by Kaplan et al[42] found 

that antenatal use of HCQ does not appear to increase the risk of adverse pregnancy outcomes, except 

spontaneous abortion rates, which may be related to underlying autoimmune activity. Our systematic 

review identified limited understanding of the safety and direct effects of HCQ in human placental 

tissue. Although no detrimental effects of HCQ on placental cells were identified, no previous research 

utilized a multicellular human placenta model. The subsequent experimental data addressed the 

research gaps established by the systematic review; the effects of HCQ on placental function, structure 

and nutrient transport were examined in term villous explants. To further explore the therapeutic 

potential of HCQ, we investigated whether HCQ can modulate placental cytokine secretion in response 

to activation of TLR7 and TLR9. 

The current study demonstrated that HCQ, at levels reported in the serum of women receiving 

treatment for APS,[22] had no detrimental effects on placental integrity as assessed by cellular 

turnover, taurine transporter activity and hCG secretion in vitro. At 1.5µg/ml, the highest clinically 

relevant concentration, HCQ had potentially beneficial effects by significantly increasing the secretion 

of anti-inflammatory cytokine IL-10 after 24hrs, increasing the proportion of villi with intact STB and 

reducing the number of villi with vacuolated stroma in explant culture after 72hrs. HCQ did not affect 

the sFlt-1/PlGF ratio; a marker of pre-eclampsia.[43] However, a small but significant reduction in hPL 

release by HCQ was observed after 72hrs; as hPL is essential for a healthy pregnancy, this finding 

warrants further investigation. 

Human IL-10 is a cytokine produced by CD4+ T cell clones, B cells and monocytes[44] and is 

believed to play an important role in the placenta inducing maternal tolerance of the allogeneic 

fetus.[44], [45] Moreau et al. (1999) proposed that IL-10 achieves this by altering the HLA class I 

expression pattern at the maternal-fetal barrier, thereby protecting the fetus from rejection.[46]  

Thus, HCQ-induced upregulation of IL-10 may explain the increased rates of live births seen following 

HCQ treatment in women with APS.[47] 

In addition to increasing the release of IL-10, treatment with 1.5μg/ml HCQ significantly 

increased the number of villi with intact syncytiotrophoblast at day 7 of explant culture, consistent 

with improving regeneration of this critical cell layer. HCQ also significantly reduced the number of 

villi with vacuolated stroma; smaller numbers of stromal vacuoles are associated with improved 
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transplacental transport and exchange.[48] Thus, these structural changes could potentially lead to 

improved placental function. 

To explore the therapeutic potential of HCQ, we investigated whether HCQ can modulate 

placental cytokine secretion in response to activation of TLR7 and TLR9. Despite demonstrating 

potentially beneficial effects in normal tissue, HCQ was unable to significantly attenuate the pro-

inflammatory effects of TLR7 and TLR9 agonists in this in vitro model. A statistically beneficial effect 

may be seen in pathological tissues from women with pre-eclampsia,[49] APS [6] or inflammatory 

placenta lesions[50], [51], where overstimulation of TLR7 and TLR9 has been implicated. Additionally, 

sexual dimorphism has been observed in response to inflammatory insults so further work 

investigating the anti-inflammatory effects of HCQ should stratify for fetal sex.  Experiments in non-

placental tissues have demonstrated that HCQ antagonizes TLRs 7 and 9,[4], [5] but the downstream 

effects of this mechanism were not witnessed in the current study. Further studies examining the 

mechanism of HCQ in pathological human placental tissues are required but a co-culture model 

involving placental and immune cells may be the best model in which to identify the cells 

implicated.[52]  

Many women with SLE take HCQ to manage the autoimmune and inflammatory aspects of 

their disease. Severe and more frequent SLE flares have been witnessed following HCQ 

discontinuation in pregnancy.[2] As SLE flares are strongly associated with pregnancy loss,[53] data 

from the current study and the systematic review supports the recommendation that HCQ treatment 

should be maintained throughout pregnancy in patients with SLE as HCQ had no deleterious direct 

effects on placental tissue.[2] However, the current study did not examine placental factors such as 

oxidative stress and vascular reactivity, so caution should still be taken when prescribing HCQ in 

pregnancy. Further research investigating the effects of HCQ on angiogenic factors such as VEGF and 

integrins is recommended.  Furthermore, HCQ is a chiral drug which is metabolized to three active 

metabolites: monodesethylhydroxychloroquine, desethylchloroquine and bisdesethylchloroquine. 

[54]  As HCQ metabolism is known to vary between patients, each metabolite should be directly 

investigated for placental and developmental toxicity.[55] HCQ treatment should only been offered 

as a complementary therapy in APS until the results from the HYPATIA study, a multinational 

randomized controlled trial of HCQ versus placebo, are published.[56]  

 

5. Conclusion 

Despite the use of HCQ in maternal medical conditions and more recently for inflammatory conditions 

of the placenta, understanding of the effects of HCQ on the human placenta is limited. Importantly, 
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our systematic review and experimental studies demonstrates that HCQ has no detrimental effects on 

placental cell turnover, nutrient transport, endocrine function or cytokine secretion. Furthermore, 

HCQ increased secretion of anti-inflammatory cytokine IL-10, promoted the regeneration of the 

syncytiotrophoblast and reduced vacuolation in term placental tissue, indicating that HCQ treatment 

may have beneficial effects in inflammatory placental diseases. However, the current study failed to 

demonstrate that HCQ has protective effects against the stimulation of TLRs. HCQ may improve 

pregnancy outcomes and provide protective affects through alternative mechanisms, such as 

inhibiting complement activation[32] or reversing the effects of free fetal haemoglobin on 

fetoplacental vessels.[57] Further research is needed to determine the safety and mechanism of 

action of HCQ in placental tissue and how this could be best utilised to potentially improve pregnancy 

outcomes. 
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Figure 1. PRISMA flow chart of the systematic review of published studies investigating the effects 

of HCQ on human placental tissue. 59 records were identified by the initial search strategy, which 

were then independently screened by two researchers. Eight papers met the search criteria. 
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Figure 2: In the pilot study, HCQ (250ng/ml-1.5μg/ml) did not affect A) apoptosis, B) proliferation,  

C) integrity of the syncytiotrophoblast layer or D) number of vacuoles at any of the concentrations 

applied (Friedman test, p>0.05). Each colour represents an explant culture experiment e.g. black = 

Explant Culture 1. Male fetuses are represented by a square point, whereas females are represented 

by circle. 
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Note to the editor: Please print Figure 2A-F in colour. Thank you. 

Figure 3: A-F) Examples of immunostaining for proliferation, apoptosis and syncytiotrophoblast (STB) 

integrity are shown for explants maintained in control conditions and medium with 1.5μg/ml 

hydroxychloroquine (HCQ). Original magnification 200x with scale bar representing 50μm. Arrows 

indicate positive staining. STB = syncytiotrophoblast, IVS= intervillous space, VS = villous stroma, SV= 

stromal vacuole. G) Effect of HCQ on human chorionic gonadotropin (hCG) secretion by placental 

villous explants. hCG secretion increased from day 2-4 of explant culture before plateauing and 

decreasing on day 7. HCQ did not alter hCG secretion on day 2, 4 or 7 of explant culture (median and 

IQR, n=4; p>0.05, Friedman test). H) Taurine Transporter (TauT) activity in placental villous explants. 

TauT activity, measured as the Na-dependent uptake of 3H-taurine, increased linearly over time. 

Treatment with HCQ did not alter the rate of uptake (p>0.05, median and IQR, n=4, least squares linear 

regression). Male fetuses are represented by a square point, whereas females are represented by 

circle. 
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Note to the editor: Please print Figure 4A-L in colour. Thank you. 

Figure 3: A-F) Examples of immunostaining for proliferation, apoptosis and syncytiotrophoblast (STB) 

integrity are shown for explants maintained in control conditions and medium with 1.5μg/ml 

hydroxychloroquine (HCQ). Original magnification 200x with scale bar representing 50μm. Arrows 

indicate positive staining. STB = syncytiotrophoblast, IVS= intervillous space, VS = villous stroma, SV= 

stromal vacuole. G) Effect of HCQ on human chorionic gonadotropin (hCG) secretion by placental 

villous explants. hCG secretion increased from day 2-4 of explant culture before plateauing and 

decreasing on day 7. HCQ did not alter hCG secretion on day 2, 4 or 7 of explant culture (median and 

IQR, n=4; p>0.05, Friedman test). H) Taurine Transporter (TauT) activity in placental villous explants. 

TauT activity, measured as the Na-dependent uptake of 3H-taurine, increased linearly over time. 

Treatment with HCQ did not alter the rate of uptake (p>0.05, median and IQR, n=4, least squares linear 

regression). Male fetuses are represented by a square point, whereas females are represented by 

circle. 
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Note to the editor: Please print Figure 4A-L in colour. Thank you. 

Figure 3: A-F) Examples of immunostaining for proliferation, apoptosis and syncytiotrophoblast (STB) 

integrity are shown for explants maintained in control conditions and medium with 1.5μg/ml 

hydroxychloroquine (HCQ). Original magnification 200x with scale bar representing 50μm. Arrows 

indicate positive staining. STB = syncytiotrophoblast, IVS= intervillous space, VS = villous stroma, SV= 

stromal vacuole. G) Effect of HCQ on human chorionic gonadotropin (hCG) secretion by placental 

villous explants. hCG secretion increased from day 2-4 of explant culture before plateauing and 

decreasing on day 7. HCQ did not alter hCG secretion on day 2, 4 or 7 of explant culture (median and 

IQR, n=4; p>0.05, Friedman test). H) Taurine Transporter (TauT) activity in placental villous explants. 

TauT activity, measured as the Na-dependent uptake of 3H-taurine, increased linearly over time. 
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Treatment with HCQ did not alter the rate of uptake (p>0.05, median and IQR, n=4, least squares linear 

regression). Male fetuses are represented by a square point, whereas females are represented by 

circle. 
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Note to the editor: Please print Figure 4A-L in colour. Thank you. 

 

Figure 4: A-L) Examples of immunostaining for proliferation, apoptosis and syncytiotrophoblast (STB) 

integrity are shown for explants maintained in control medium, medium with 1.5μg/ml 

hydroxychloroquine (HCQ), Imiquimod (5μg/ml) and ODN 2006 (2.8μM). Original magnification 200x 

with scale bar representing 50μm. Arrows indicate positive staining. STB = syncytiotrophoblast, IVS= 

intervillous space, VS = villous stroma, SV= stromal vacuole.  

Effects of HCQ (1.5μg/ml) and Toll Like Receptor agonists ODN 2006 (2.8μM) and Imiquimod (5μg/ml) 

on: M) proliferation (Ki67), N): apoptosis (M30), O): stromal vacuoles (CK7) and P) STB integrity. 

Dotted line represents control group (normalized to 100%).  HCQ treatment reduced the number of 

stromal vacuoles and increased STB integrity. Imiquimod and ODN 2006 increased apoptosis, whilst 
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HCQ + ODN 2006 increased proliferation and STB integrity. (*p<0.05; n=7; Wilcoxon Signed Rank Test). 

Male fetuses are represented by a square point, whereas females are represented by circle. 
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 Figure 5. Effect of 24hr hydroxychloroquine (HCQ) treatment (1.5μg/ml) on endocrine and cytokine 

secretion in placental villous explants. Treatment with HCQ (1.5μg/ml) for 24hrs did not alter release 

of: A) hCG, B) sFlt-1, C) PlGF or D) hPL, E) HCQ treatment increased IL-10 release compared to 

untreated groups (p=0.016). HCQ treatment did not alter secretions of IL-1β, TNFα, IL-6 or MCP-1 (n=7; 

two-tailed Wilcoxon test, *p>0.05). Placentas from male fetuses are represented by a square point, 

whereas females are represented by circle. 
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Figure 6. Effects of hydroxychloroquine (HCQ; 1.5μg/ml) and Toll Like Receptor agonists ODN 2006 

(2.8μM) and Imiquimod 5μg/ml) on: A) hCG, B) hPL, C) sFlt-1, D) PlGF, E) sFlt-1/PlGF ratio, F) IL-6, G) 

MCP-1, H) IL-1β and I) IL-10. Dotted line represents control group (normalized to 100%).  (*p<0.05; 

n=7; Wilcoxon Signed Rank Test). Male fetuses are represented by a square point, whereas females 

are represented by circle. A) ODN 2006 significantly increased hCG secretion compared to control 

(p=0.016). B) Reductions in hPL release were seen following HCQ, Imiquimod, HCQ + Imiquimod and 

HCQ + ODN 2006 treatments. C) ODN 2006 alone and in combination with HCQ increased sFLT-1 

release (p<0.050). ODN 2006 reduced PlGF release (D) and increased the sFLT-1/PlGF ratio (E). F) HCQ 
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+ ODN 2006 increased release of IL-6. ODN 2006 increased release of MCP-1 (G) and IL-10 (I). HCQ + 

Imiquimod increased secretion if IL-6 (F), IL-1β (H) and IL-10 (I).  
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