
British Liver Trust Grant Final Report 
 
Molecular action of new therapies for Obstetric Cholestasis 
 
Grant Holder details 
 
Principal applicant: Professor Catherine Williamson, IRDB, Imperial College London.* 
Co-applicant: Dr Peter Dixon, IRDB, Imperial College London.* 
Co-applicant: Professor Hanns-Ulrich Marschall, University of Gothenberg, Sweden.  
 
* Prof Williamson’s research team, including Dr Dixon, relocated to King’s College London in 2013 
 
Summary of Objectives of Original Application 
 
This project aims to establish how specific drugs together with potential future therapies may 
protect the unborn baby from complications of intrahepatic cholestasis of pregnancy (ICP), also 
known as obstetric cholestasis (OC). This disease affects about 1 in 140 pregnancies in the UK per 
year and can cause preterm birth, lack of oxygen in the unborn baby and stillbirth. Pilot observations 
discussed in our grant application showed that raised bile acid levels seen in ICP are associated with 
damage to the placenta, and that bile acids may cause reduced oxygen delivery to the baby via the 
placenta. The drug ursodeoxycholic acid (UDCA) reverses most of these abnormalities. This project 
will investigate how this happens. We are also studying three other potential therapies, namely 
heparin, rifampicin and nor-UDCA. This is because some women do not respond to UDCA so we 
need safe alternative therapies to protect the unborn baby.  
The aim of all the experiments proposed in this project is to establish whether new drugs improve 
the symptoms of ICP and whether they are likely to protect against the complications that can cause 
babies to be very unwell and in some cases cause stillbirth. 
   
Patient samples 
 
Central to the aims of our study was to establish a large resource of placentas from well-phenotyped 
cases of ICP, with samples processed in complimentary ways to facilitate a variety of investigations 
(formalin fixation, RNA later treatment, snap freezing, collection of matched maternal and fetal 
serum). Thanks to the support of the BLT under the two-year no-cost extension, we were able to 
collect a further 199 placental specimens from cases and controls. This has been facilitated through 
our ongoing collaboration with women’s health research centre (WHRC), a newly established 
embedded facility at Queen Charlotte’s hospital on the IC Hammersmith campus. The protocols and 
procedures developed under the award also enabled us to roll out collection at several other 
collaborating sites around the UK (including Nottingham City Hospital and West Middlesex hospital). 
Collection is also established at our group’s new base of King’s College, at the St. Thomas Hospital 
site. 
 
 
Gene expression analysis in human placental samples and cell line models 
 
As we outlined in our previous report for several reasons we moved away from using the explant 
culture model, and have focused on the human placental cell line, (BeWo b30 clone) and then 
human samples.  
 
We investigated the hypothesis that the increase in syncytial knots seen in ICP placentas (data 
presented in the previous report and now published, see below) may reflect changes in antioxidant 



pathways. In our previous report we presented our initial findings of altered reactive oxygen species 
(ROS) defence mechanism pathways in cholestatic placenta, and comparable findings in the human 
cell line model. In order to confirm these findings in human samples we have been expanding our 
collection of human tissue, as described above, through the WHRC. Recent data generated using 
matched maternal serum samples from women with ICP compared to women with uncomplicated 
pregnancy showed elevated reactive oxygen metabolites in the blood of women with ICP. 
Furthermore, some cytokines and chemokines (IL8, MCP1) were shown to be raised in untreated ICP 
cases, but treatment with the drug ursodeoxycholic acid (UDCA) caused them to return to more 
normal concentrations. 
 
As outlined below we have found significant changes in the lipid profile of ICP placentas, hence we 
anticipate using our established biobank to investigate these changes at a gene expression level 
(manuscript in preparation). 
 
 
 
New Techniques 
 
As the trust are aware, progress on this project was considerably slowed by the tragic death of our 
collaborator Dr Judit Nagy (from the Institute of Biomedical Engineering). We were still keen to 
established untargeted approaches to metabolite identification so established a new collaboration 
with collaboration with Prof Nicholson’s research group (Imperial), specifically with Dr Elizabeth 
Want, a senior lecturer in spectroscopy.  Our intention was to also analyse placentas collected as 
part of this project from control, cholestatic and treated cholestatic placentas. This analysis took the 
form of untargeted metabolite profiling using ultra performance liquid chromatography (UPLC) 
coupled to tandem mass spectroscopy (MS/MS) metabolite detection. To our knowledge there are 
no current reports of this approach in the literature. We developed of successful sample preparation 
methodology, using protocols adapted from liver extraction techniques. Metabolic profiles have 
been generated for a range of placentas (treated, untreated, control, labour and non-labour) and 
the results replicated in a second cohort of samples from the biobank. Two key findings from this 
work were firstly that total levels of some classes of lipid species were similar but types of lipids 
significantly altered in ICP; and that UDCA treatment reversed some of these changes. This work has 
resulted several conference presentations and is now being prepared for publication following the 
successful replication of the findings in a second set of samples. 
We have also use the resource for further method development in the field of metabolomics, using a 
nuclear magnetic resonance (NMR) based approach. As with UPLC, there is very little in the current 
literature applying this to study of the placenta. We have worked with the Biomolecular 
spectroscopy group at KCL and have some pilot data from placental samples, although this work is at 
a much earlier stage than the UPLC metabolomics. 
 
 
Collaborative use of established resource in related projects 
 
As outlined above we have now established an invaluable resource of control and patient placentas. 
In addition to our own on-going studies, we have made samples available to our collaborators for 
their complimentary work in related areas. The laboratory of Professor Ronald Oude-Elfink in 
Amsterdam used the resource to investigate the expression (mRNA and protein) of autotaxin; a 
novel compound they identified as playing a role in causing cholestatic itch. We have also recently 
been approached for access to our samples by Dr. Hitten Mistry at Nottingham University, for a 
study of selenium metabolism in ICP. 
 



 
Major problems encountered and solutions 
 
The major problem encountered was the unexpected death of Dr Nagy as described above. In 2013 
the entire Williamson lab (including Dr.  Dixon) moved from Imperial to King’s College London. 
Strong links have been maintained with Imperial and the Women’s Health Research Centre where 
samples continue to be collected. With the move, Prof Williamson’s clinical practice, together with 
further sample collection for these studies, is at St Thomas’s hospital.   
 
 
Changes in Personnel 
 
Dr. Dixon continues to work on this project with Professor Williamson in collaboration with 
Professor Hanns-Ulrich Marschall. Ms. Ramona Mannino, a research technician based at the WHRC 
at Imperial, has helped with collection and processing of the resource and continues to do so 
together with technical staff at other sites. Dr. Elizabeth Want continues to collaborate with Dr. 
Dixon; they have jointly supervised two MSc students who have worked with the placental biobank. 
Dr. Andrew Atkinson, centre manager of the KCL NMH facility, has been collaborating to develop 
new methods for sample preparation and analysis. 
 
 
Publications resulting from research 
 
The following papers have been published with the acknowledgement of BLT support: 
 
 “Characterisation of the Nuclear Receptors FXR, PXR and CAR in Normal and Cholestatic Placenta”. 
V. Geenes; P.H. Dixon; J. Chambers; S. Raguz; J.J. Marin; K. K. Bhakoo; C. Williamson. Placenta 
2011;32:535-7 
 
 “A Placental Phenotype for Intrahepatic Cholestasis of Pregnancy”. V. Geenes, Y-H. Lim, N. Bowman, 
H. Tailor, P. Dixon, J. Chambers, L. Brown, J. Wyatt-Ashmead, K. Bhakoo , C. Williamson. Placenta 
2011;32;1026-32. 
 
“A Comprehensive Analysis of Common Genetic Variation Around Six Candidate Loci for Intrahepatic 
Cholestasis of Pregnancy”. P.H. Dixon, C.A. Wadsworth, J. Chambers, J. Donnelly, S Cooley, R. 
Buckley, R. Mannino, S. Jarvis, A. Syngelaki, V. Geenes, P. Paul, M. Sothinathan, R. Kubitz, F. 
Lammert, R. Tribe, C Cn’ng, H-U. Marschall, A. Glantz, S.A. Khan, K. Nicolaides, J. Whittaker, M. 
Geary, C. Williamson. American Journal of Gastroenterology 2014, 109:76-84. 
 
Presentations of results at International Meetings 
 
24th International Bile acid meeting, Dusseldorf, 2013. 
American Society for Mass Spectrometry, Baltimore, 2014. 
Society for Reproductive Investigation, Montreal, 2016. 
 
All presentations included acknowledgement of BLT support. 
 
Forthcoming publications 
 
It is envisaged a number of further publications will arise from our work, including descriptions of 
methodology for metabolic profiling of placental samples, and analysis of disease placenta metabolic 



profiles. Three manuscripts are currently in preparation for submission later this year, including the 
first metabolic profiling of placentas study, and a paper incorporating analysis of some the UDCA-
treated placental sample biobank. The third paper describing reactive oxygen metabolites and 
cytokines in untreated women will be submitted for publication in the near future. We also 
anticipate that further publications will arise from our collaborators use of the resource we have 
generated. 
 
 
 
 
Impact of support on other applications and trials. 
 
The papers, conference presentations and pilot data generated by this award have been 
instrumental in establishing the reputation of our group in the field of placental analysis. This has 
enabled us to leverage significant other funds, thanks to the track record established by this work. A 
large drug trial, PITCHES, funded by the NIHR-EME board, to assess the efficacy of fetal protection by 
UDCA, is nearing completion and funds were awarded to Professor Williamson and Dr Dixon to 
facilitate collection of samples for mechanistic studies, following the inclusion of pilot data from BLT-
funded research. 
  
The data generated by the NMR analysis was used in an application to the Wellcome Trust (Prof 
Williamson co-applicant) and British Heart Foundation to support a huge expansion of the NMR 
facilities at KCL. In total over £3 million was raised; we will be using the new facilities to analyse 
samples later this year when the facility re-build and re-staffing has been completed. 
 
Professor Williamson and Dr Dixon are also co-investigators of another drug trial in ICP, the TURRIFIC 
study, recently funded by the Australian Medical Research Council. This trial will compare UDCA vs 
UDCA with rifampicin for efficacy in severe ICP. We are collaborating with this study to take 
advantage of the unique opportunity to collect and analyse significant numbers of rifampicin-treated 
placentas. 
 
 
Future funding of research. 
 
We will be using the data generated by this award in future funding applications. At present we 
anticipate applying for funding for analysis of the PITCHES trial samples in collaboration with Dr 
Want, and in the near future to study samples from the TURRIFC trial. 


