
Characterisation of Proteomic heterogeneity following platinum therapy in 
High-grade Serous Ovarian Cancer (HGSOC)

Dr Ratri Wulandari1,2, Dr Katherine Nixon1, Ms Nona Rama1, Dr Ed Curry1, Dr Paula Cunnea1, Prof Christina Fotopoulou1
1Department of Surgery and Cancer, Faculty of Medicine, Imperial College London, London, United Kingdom. 2Department of Obstetrics and Gynaecology, Faculty of Medicine, Universitas Gadjah Mada, Yogyakarta, Indonesia

OBJECTIVES
Although initially most patients with HGSOC respond to platinum
therapy, the majority of patients will develop resistance to
chemotherapy and thus have poor outcomes. This study aimed:
• to understand the extent of heterogeneity related to platinum-
induced cell signalling at the protein level in primary tumour cell
cultures derived from multiple HGSOC samples and linked to
clinical outcomes.

• to investigate the difference between platinum-induced protein
changes in tumours collected from a matched primary and
relapse case.

DESIGN AND METHODS
Tumour samples were prospectively collected from chemotherapy-
naive patients with advanced-stage HGSOC undergoing maximal
effort primary debulking surgery at Hammersmith Hospital, London.
Samples were taken from multiple anatomical sites in each patient
and analysed for response to platinum treatment and proteomic
signalling, to define heterogeneity between patients and different
tumour locations. Primary tumour cells were extracted, cultured
short-term in-vitro and treated with cisplatin (25µM). Pathway
signalling changes following cisplatin treatment were investigated
using reverse phase protein array (RPPA). Patients were followed up
as standard of care and tumours were collected at relapse when
available (Project outline).

Platinum-based chemotherapy induced 
protein expression changes in HGSOC

FIGURE 1. A total of 45
samples (treated and
untreated) from 14 patients,
including one matched
primary and relapse case,
were included in this study.
Among 300 proteins profiled
in the RPPA array, 61 proteins
were differentially expressed
across all cisplatin-treated
and untreated tumour cells.
The table shows shows the
top 10 differentially expressed
proteins between untreated
and cisplatin treated primary
tumour cells.

Protein probe 
names

p value Adj p value
Fold 

change

HSP27_pS82-R-V 7.09E-19 2.06E-16 1.463

p38_pT180_Y182-R-V 4.64E-18 6.72E-16 1.516

c-Jun_pS73-R-V 4.16E-15 4.02E-13 1.193

Chk1_pS296-R-V 5.86E-13 4.25E-11 1.263

PKC-b-II_pS660-R-V 9.04E-12 5.24E-10 1.108

Hif-1-alpha-M-C 8.05E-11 3.89E-09 0.899

EMA-M-C 1.35E-09 5.57E-08 0.847

Stat3_pY705-R-V 1.62E-09 5.87E-08 0.911

VEGFR-2-R-V 1.17E-08 3.77E-07 0.945

Chk2_pT68-R-C 2.89E-08 8.39E-07 1.082 FIGURE 2. Protein-protein interaction networks consisting of proteins significantly changed following platinum
treatment, were constructed using STRING database. The node colours were based on the colour legend of
the top 10 KEGG pathways.

FIGURE 4. This
heatmap was based
on the correlation of
protein expression -
expression changes
from untreated to
treated between
each deposit. The
red colour bar
indicates strong
correlation, while the
blue colour bar
indicates weak
correlation. The
clustering was made
based on several
different parameters:
clustering based on
patient, primary or
relapse cases, and
IMO. It can be
observed that each
deposit strongly
correlated with the
deposit itself.

FIGURE 5. A correlation matrix between primary and relapse cases.
This heatmap was based on the correlation between each deposit.
The lighter the colour, the higher the correlation between each
sample. We found the same result as in the previous analysis, in
which each sample had the highest correlation with itself. However,
it can be observed that there were two clusters on this heatmap,
which indicates the similarity in proteomics profile within each
cluster, suggesting that these samples came from the same clone.

ACKNOWLEDGEMENT
This work is supported by Ovarian Cancer Action, Indonesian Endownment Fund
for Education (LPDP), Imperial Private Healthcare, Imperial Health Charity
(Ovarian Care). We acknowledge support from the Experimental Cancer Medicine
Centre (ECMC) and Imperial College Healthcare NHS Trust Tissue Bank.

Protein networks from platinum-induced protein expression changes in 
HGSOC

Proteomic intra-tumour heterogeneity exists across all tumour deposits

High eEF2K and low PR levels are associated with poor outcome
FIGURE 3. Kaplan-
Meier survival curves
for patients, stratified
by protein expression
based on proteomic
profiles. Univariate
analyses for (A) eEF2K
and PFS and (B) PR
and PFS.

CONCLUSION
Data from proteomic analysis demonstrates spatial and temporal tumour
heterogeneity in advanced HGSOC. Further validation of eEF2K and PR as
prognostic biomarkers is warranted.
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RESULTS SUMMARY
• A total of 45 samples (treated and untreated) from 14 patients, including
one matched primary/relapse case, were included in this study. Among 300
proteins profiled in the RPPA array, 61 proteins were differentially
expressed across all cisplatin-treated and untreated tumour cells.

• In this study, cisplatin treatment activated several pathways that induced
apoptosis and cell survival, including AKT, PKC, and MAPKs (JNK and p38
MAPK). Down-regulation of COX IV and Hif-1-alpha, which are involved in
survival pathways and have not previously been linked with cellular
responses following cisplatin treatment, were also found.

• Vast proteomic intra-tumoral heterogeneity was evident in our cohort,
indicating the importance of multi-site sampling for analysis to avoid
sampling bias.

• Temporal tumour heterogeneity was present in a matched primary and
relapse case. Additionally, high eEF2K and low PR expression were
identified as potential biomarkers of poor prognosis.

Temporal intra-tumour heterogeneity exists between primary and relapse case
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