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AbstrAct

It has been shown that based on gene expression profiles within epithelial ovarian 

cancers (EOC) subgroups can be identified. We studied a well characterized series of 

ovarian carcinomas from patients treated at our institute using gene expression profil-

ing to better define clinically significant subgroups.

Gene expression profiling was performed using mRNA of 90 primary fresh frozen 

EOC samples representing all histological subtypes and stages (FIGO I-IV). Patients 

underwent either primary or interval debulking surgery and if indicated taxane-based 

chemotherapy. Pathology was reviewed for all cases and complete follow-up, including 

treatment response and recurrences, was available for all patients. 

Unsupervised and supervised analysis of gene expression data showed distinct sub-

types correlating with histology. Mucinous carcinoma was the most distinct subtype 

based on the gene expression profiles, with galectin-4 (LGALS4) expression prominent-

ly increased. No significant differences in gene expression profiles between high and 

low grade serous carcinomas could be observed. No gene expression signatures associ-

ated with survival or treatment response could be identified.

Histological subtypes of ovarian adenocarcinomas are characterized by distinct gene 

expression profiles. In order to find signatures correlated to outcome of treatment it is 

essential that gene expression profiling studies are performed in histological homogen-

eous groups.
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2.

introDuction

Epithelial ovarian cancer is the leading cause of death of gynaecological malignancy. 

[1] Most patients present with advanced stage disease, for which standard treatment 

consists of cytoreductive surgery and adjuvant platinum/taxane based chemotherapy. 

[2] Although the response rate to primary treatment is high, around 80% of patients 

develop recurrent disease resulting in poor overall survival.[3] All patients receive sim-

ilar treatment, but it is clear that ovarian cancer is a heterogeneous disease and re-

sponses to therapy and survival vary greatly. 

Epithelial ovarian carcinomas (EOC) are classified into five different histological sub-

types: (high and low grade) serous, mucinous, endometrioid, clear cell, and undifferen-

tiated carcinomas.[4] Not only differences in morphology but also in gene expression 

profile, gene mutation pattern and other molecular characteristics have been described 

between the different histological subtypes.[5, 6] Based on morphological and molecu-

lar genetic analysis, a two-pathway model for the pathogenesis of ovarian carcinoma 

has been proposed.[7] Instead of the traditional three-grade system (poor, moderate, 

and high grade) this model distinguishes two types of epithelial ovarian cancer. The 

high grade serous carcinomas and undifferentiated adenocarcinomas (type II) differ 

from the other histological subtypes because they evolve rapidly and are associated 

with frequent mutations in TP53.[8, 9] Low grade serous, mucinous, clear cell and en-

dometrioid epithelial ovarian cancers (type I) on the other hand, are thought to evolve 

from precursor lesions and grow slowly, therefore they tend to present at earlier stages. 

In this group more frequently KRAS, BRAF, and/or PTEN mutations are seen.[10-12] 

Mucinous carcinomas are thought to evolve from mucinous borderline ovarian tumours 

expressing KRAS mutations in 60-86% of cases.[13,14] Controversies exist about classi-

fying clear cell carcinomas as type I, because of prognostic differences. Although clear 

cell carcinomas often present at early stage it is an aggressive subtype and they are as-

sociated with a worse prognosis due to poor chemosensitivity.[15] Similarly, high grade 

endometrioid carcinomas are classified by several groups as type II carcinomas.[8] Clear 

cell carcinomas as well as endometrioid carcinomas are associated with endometriosis. 

Genetic events associated with the transformation of endometriosis into ovarian clear 

cell or endometrioid carcinoma are rather unknown [16,17], but there is evidence that 

somatic truncating or missense mutations in ARID1A are seen in clear cell tumours and 

in corresponding adjacent endometriosis.[18]

Gene expression profiling studies have shown that low and high grade serous car-

cinomas cluster separately and that mucinous and clear cell carcinomas differ in their 

expression pattern from the other subtypes.[19-22] Only one study found distinct 

gene expression patterns for all subtypes.[23] However, the gene sets that discriminate 

between tumour types and predict therapy response in the various studies do not show 

overlap.[24,25] Several studies on the association between gene expression pattern 

and outcome have been published. Gene expression profiles have been established 

that are associated with overall survival [26-28], outcome of debulking surgery [19], 
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and response to taxane-based chemotherapy.[29-31] Despite the identification of sur-

vival-related gene expression profiles, gene expression derived tests for clinical use have 

not yet been developed.[25] This is mainly due to the fact that these prognostic and 

predictive gene expression profiles have not been validated or are not reproducible in 

ovarian cancer.[32,33] This may be due to the fact that the patient cohorts studied thus 

far are composed of multiple (unequal) subsets of patients. Indeed, even within histo-

logical subtypes different subgroups can be distinguished.[34-36] The Cancer Genome 

Atlas (TCGA) research network has previously described four different subtypes within 

the high grade serous carcinomas.[9] According to their gene expression pattern they 

were divided into differentiated, immunoreactive, mesenchymal and proliferative sub-

groups. These expression-based subtypes were also found to be associated with differ-

ences in prognosis.[28] A recent hotspot mutation profiling study by Despierre et al., has 

also highlighted the need for further subclassification of type I tumours.[12] Although 

mucinous, endometrioid and clear cell carcinomas often present as low stage tumours, 

controversies exist regarding survival and response to therapy.[7] 

The aim of the present study was to identify gene expression based subsets of tumours 

in patients who presented at our hospital with epithelial ovarian cancer between 1993 

and 2010. Using different methods to analyse the gene expression data generated in our 

study, we performed classification of 90 epithelial ovarian carcinomas to identify novel 

diagnostic gene expression profiles, and validate previously published expression profiles.

Furthermore immunohistochemical expression of oestrogen receptors (ER), proges-

terone receptors (PR), HER2 and TP53 was studied using a tissue-micro array and im-

munohistological expression was compared to gene expression data. 

mAteriAls AnD methoDs

clinical data and tissue collection

Tumour tissue was prospectively collected of ovarian cancer patients surgically treated 

in the Academic Medical Centre Amsterdam (AMC). After tissue collection, specimens 

were snap-frozen in liquid nitrogen and stored at −80°C. Clinicopathological data of 

the patients used in this study were obtained from a prospectively maintained cancer 

registry at the department of gynaecologic oncology at the AMC. Staging of the disease 

was performed according to the criteria of International Federation of Gynaecologists 

and Obstetricians (FIGO). All patients were treated with primary or interval debulking 

surgery and platinum based combination chemotherapy if indicated by stage and his-

tological grade.[37] Response to primary treatment was assessed 6 weeks after the last 

cycle of chemotherapy and classified according to RECIST (Response Evaluation Criteria 

in Solid Tumors), supplemented by CA-125 response, as developed by the Gynecologic 

Cancer InterGroup.[38] Response was categorized as complete response (CR), partial 

response (PR), stable disease (SD) or progressive disease (PD). Progression free survival 

(PFS) and overall survival (OS) were calculated from the date of first surgery or start of 
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chemotherapy to the date of progression, death, or last follow-up, respectively. Resist-

ance to platinum based chemotherapy was indicated by moment of recurrence. Recur-

rence of disease within 6 months after the last cycle of chemotherapy was deemed to 

indicate chemo resistant disease.

All patients have given informed consent for use of clinical data and tissue and all pro-

cedures were performed according to the ethical guidelines “Code for Proper Second-

ary Use of Human Tissue in The Netherlands” (Dutch Federation of Medical Scientific 

Societies). 

tissue sampling

We collected 210 fresh frozen samples from women surgically treated for ovarian car-

cinomas between 1993 and 2010. 5 µm Haematoxylin and eosin (HE) stained frozen 

sections were prepared for microscopic examination and 30 sections of 20 µm were 

cut for RNA isolation. The HE stained slides were assessed by a pathologist to confirm 

the diagnosis and to assess tumor cell percentage. Only epithelial ovarian carcinoma 

samples that contained at least 50% tumor cells were accepted for further processing, 

which was the case for 109 cases (51.9%). In total, 36 samples were excluded because 

they were not epithelial ovarian carcinomas and 65 samples had a tumor percentage 

<50%. 

rnA isolation and hybridization to beadchip Arrays

RNA extraction was performed using RNABee® and the RNeasy Mini kit® (DNAse-

treated). RNA was amplified using the Illumina® Total Prep RNA Amplification kit. In 

90 cases RNA yield was sufficient (≥ 500 ng), of high quality (RNA Integrity Number 

(RIN) ≥ 7 as evaluated using the BioAnalyzer (Agilent)), and successfully amplified. These 

samples were hybridized to Illumina Human HT-12 v4 Expression Beadchip 47K Arrays 

according to manufacturer’s instructions. 

Gene expression and data normalization

The arrays provide intensity data for each probe or probe set, indicating a relative level 

of hybridization with the labelled target. Genes that were not detected above back-

ground level in at least one sample were excluded from the analysis. We have confirmed 

the absence of correlation with the year of surgery, i.e. with the age of the sample (data 

not shown). The data were normalized by applying between array simple scaling (i.e., 

mean centering between arrays) and a subsequent log2 transformation. The data were 

deposited in the NCBI Gene Expression Omnibus under accession number GSE61883.

Analysis of gene expression profiles

An initial filtering step was performed on the expression data of the 47000 probes, sub-

sequently data were normalized and quality checks were performed. For visualisation of 

the expression data and analysis purposes, we have used the R2 microarray analysis and 

visualization platform (http://r2.amc.nl) [39,40]. On the normalized and filtered dataset, 
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we performed unsupervised classification using the R2 genomics analysis and visualiza-

tion platform. First, we performed principal component analysis (PCA), a mathematical 

algorithm that reduces the dimensionality of the data by identifying directions, called 

principal components, along which the variation in the data is maximal. Subsequently, 

we performed K-Means clustering, a numerical, unsupervised, non-deterministic and it-

erative method, which generates a specific number of disjoint, non-hierarchical clusters.

For validation of our findings we have also used Biometric Research Branch (BRB) 

– ArrayTools, an integrated package for the visualization and statistical analysis of Illu-

mina’s RNA sequencing and expression data (available on the National Cancer Institute 

website). Genes were excluded when less than 20% of expression data had at least a 2 

fold change in either direction from the gene’s median value, and when the log intensity 

variance was in the lowest 85th percentile, resulting in a set of 6400 genes that were 

used for unsupervised clustering with both centered and uncentered correlation and 

average linkage. 

To reveal differences in gene expression between biologically relevant classes within 

our 90 epithelial ovarian carcinoma samples, we performed supervised classification. 

As clinical descriptors we used the histological subtypes, FIGO stage, result of surgery 

(no residual disease, residual disease less than one centimeter in diameter and residual 

disease more than one centimeter in diameter), response to treatment (CR vs PR, SD, 

PD), response to chemotherapy (chemosensitive or chemoresistant) and recurrence-free 

and overall survival. 

Pathological classification and immunohistochemistry

We collected all available HE-stained slides corresponding to the formalin-fixed par-

affin-embedded (FFPE) tissue of all fresh frozen samples used for RNA profiling from 

the archive of Pathology. These slides were reviewed by two independent pathologists 

(DSH and MV) for characteristics, histological classification and grading according to 

Silverberg [37] and to identify an area with invasive tumour. From the selected blocks 

with primary epithelial ovarian carcinomas (n=90) three cores of tumour with thickness 

of 0.6 mm were collected using a TMA instrument (Beecher Instruments, Silver Springs 

MD, USA) and inserted in a recipient block. Each recipient block was sectioned at 4 µm, 

and dried overnight at 37ºC.

Immunohistochemical staining for Estrogen Receptor (ER) [clone SP1, Ventana], Pro-

gesterone Receptor (PR) [clone 1E2, Ventana], Human Epidermal Growth Factor Re-

ceptor 2 (HER2) [clone SP3, Thermo Scientific] and TP53 [clone DO-7 +BP53-12, Thermo 

Scientific] were performed using an automated slide preparation system (Benchmark 

XT, Ventana Medical Systems, Tucson Arizona, USA). On the same platform a Silver In 

Situ Hybridisation (SISH) was performed with INFORM HER2 DNA probe obtained from 

Ventana Medical Systems. The signal detection for IHC was performed with a biotine 

free ultraview universal DAB detection Kit (Ventana medical systems) and for SISH with 

an ultraview SISH detection kit (Ventana Medical Systems). The slides were scored by 

two pathologists (DSH and MV) independently.
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results

mRNA gene expression profiles were determined in 90 ovarian carcinomas. Patient 

and treatment characteristics are shown in table 1. Samples of 68 patients were col-

lected at primary surgery; the other 22 samples were collected at interval debulking 

surgery after 2-3 cycles of carboplatin/paclitaxel. Of all patients, 53 had high grade 

serous, 8 low grade serous, 14 undifferentiated, 6 mucinous, 6 endometrioid and 3 

clear cell carcinomas. The median PFS was 16.3 months and the median OS was 36.7 

months. Survival was not correlated with histological subtype. The survival curves are 

shown in Figure 1.

histological subtypes are molecularly distinct entities

On the normalized, unfiltered dataset of gene expression profiles we performed unsu-

pervised classification using the R2 genomics analysis and visualization platform. Prin-

ciple Component Analysis (PCA) clearly showed that the mucinous and endometrioid 

histologic subtypes cluster separately from the serous, undifferentiated and clear cell 

subtypes, except for 2 cases (1 clear cell and 1 serous sample, which at histological 

classification focally showed clear cell characteristics) that cluster close to the muci-

nous and endometrioid cases (Figure 2A). To visualize the clustering of samples based 

figure 1. Kaplan-Meier survival curves for the different histological samples included in this study.
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All samples (n=90) ovarian tissue derived (n=62)

Age (years)

Median (range) 59 (26-88) 59.5 (26-88)

histological subtype 

 Serous 61 (67.0%) 41 (66.1%)

High grade 53 (58.8%) 36 (58.1%)

Low grade 8 ( 8.9%) 5 ( 8.1%)

 Undifferentiated 14 (15.6%) 8 (12.9%)

 Mucinous 6 ( 6.7%) 5 ( 8.1%)

 Endometroid 6 ( 6.7%) 6 ( 9.7%)

 Clear cell 3 ( 3.3%) 2 ( 3.2%)

Grade

 1 12 (13 %) 10 (16.1%)

 2 24 (27 %) 15 (24.2%)

 3 54 (60 %) 37 (59.7%)

stage

 Low (I-IIA) 10 (11 %) 10 (16.1 %)

 High (IIB-IV) 80 (89 %) 52 (83.9 %)

Kind of surgery

 Primary debulking/staging 68 (75.5%) 62  (100%)

 Interval debulking 22 (24.4%)

result of surgery

 No macroscopic residual disease 35 (38.9%) 27 (43.5%)

 Residual disease < 1 cm 22 (24.4%) 13 (21.0%)

 Residual disease > 1 cm 31 (34.4%) 22 (35.5%)

chemotherapy

 Platinum/taxane 73 (81.1%) 45 (72.6%)

 Multidrug with platinum 6 ( 6.7%) 6 ( 9.7%)

 Platinum only 3 ( 3.3%) 3 ( 4.8%)

 none 8 ( 8.9%) 8 (12.9%)

treatment response

 Complete remission 68 (75.5%) 48 (77.4%)

 Partial remission 7 ( 7.8%) 5 ( 8.1%)

 Stable disease 7 ( 7.8%) 6 ( 9.7%)

 Progression 8 ( 8.9%) 3 4.8%

recurrence

 No 24 (26.7%) 19 (30.6%)

 Yes 64 (71.1%) 43 (69.4%)

 missing 2 ( 2.2 %) 0

Arrayed site

Ovary 77

Omentum 6

Other 7

median fu (range in months) 84.1 (0.4-150.7) 89.2 (0.4-150.7)

median Pfs (95% CI) 16.3 (13.1-21.8) 19.5 (12.3-26.6)

median Dss (95% CI) 36.7 (30.0-52.7) 46.9 (30.7-63.2)

 

table 1. Patient characteristics. Clinicopathological details of patients included in the microarray study.
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on the 500 most differentially expressed genes we performed unsupervised clustering 

(Figure 2B). This clustering clearly shows that the mucinous and endometrioid subtypes 

cluster separately, indicating they are different from the serous and undifferentiated 

subtypes at gene expression level. Subsequently, K-means clustering was performed 

(Supplementary figure 1). From K-means clustering it is clear that the serous carcinomas 

are composed of at least 2 subgroups, one of which shows co-clustering with most 

undifferentiated carcinomas (10 out of 14). Beyond two subgroups within the serous/

undifferentiated histological subtypes, the outcome of clustering is less stable. Based on 

their gene expression three cases, two serous and one clear cell carcinoma, clustered 

together with the endometrioid carcinomas. Only when K-means clustering grouped 

the samples into 8 groups, the 3 samples cluster in a separate cluster. 

To confirm the association of distinct gene expression profiles with histologic type, 

we analyzed the dataset with BRB (Biometric Research Branch) Array Tools. Performing 

unsupervised clustering with both centered and uncentered correlation and average 

linkage after filtering to 6400 genes (or 2937) also demonstrated separation of histolo-

gical subtypes based on differences in gene expression (data not shown). 

Genes defining histological types

As unsupervised classification showed a clear distinction between serous carcinoma, 

endometrioid carcinoma and mucinous carcinoma, we subsequently performed super-

vised classification to identify genes, for which expression levels are associated with the 

specific histologic types. We used BRB as well as R2 to identify the genes that are dif-

ferentially expressed between the histological subtypes. Using R2, a set of 1715 genes 

was identified that differentiates between the mucinous, endometrioid and serous/un-

differentiated subtypes. The mucinous subtype was the most distinct histologic type in 

terms of gene expression from all other subtypes with 1158 genes showing a different 

gene expression pattern compared to all other histological subtypes. The second most 

distinct subtype showed 346 genes differentially expressed in endometrioid carcinomas 

compared to other subtypes. The clear cell subtype was underrepresented in this cohort 

(n=3), which may be the reason that a smaller number of genes [49] showed altered 

expression from the other subtypes. The ten most differently expressed genes for each 

subtype are shown in Supplemental Table 1. Expression of the top 10 significantly dif-

ferentially expressed genes for each histological subtype is presented in Figure 3.

Comparing gene expression patterns between high grade (n=53) and low grade 

(n=8) serous carcinoma samples demonstrated MIR98 to be significantly higher ex-

pressed within low grade serous carcinomas (p=0.011). Between the high grade serous 

and the undifferentiated (n=14) carcinomas no genes were found to be differentially 

expressed.
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subclassification and correlation to clinicopathological parameters

In addition to histological subtypes, several other clinicopathological parameters were 

annotated to the gene expression dendrogram to identify differences reflected by gene 

expression variations. Subgroups for response to treatment or FIGO stage, however, 

were not identified. Subgroups identified with unsupervised clustering did not show 

significant differences in survival (data not shown). Subsequently class comparison was 

performed using significance analysis of microarrays (SAM), prediction analysis for mi-

croarrays (PAM), pathway- and survival analyses in order to find associated genes and 

pathways for specific clinical traits of the ovarian adenocarcinoma samples. 

We performed supervised clustering with binary characteristics defined for the re-

sponse to treatment (CR vs PR,SD,PD), the result of surgery (>1cm residual vs <1 cm; 

or no residual vs any residual disease), FIGO stage (IA-IIA vs IIB-IV), disease free (0-6 

(n=15) vs 6-12 (n=17) vs > 12 months (n=58) and overall survival (<12 months (n=11) vs 

> 12 months; 0-6 (n=6) vs 6-24 (n=21) vs > 24 months (n=63)); and found after false 

discovery correction (FDR) no significant genes for any of these parameters. Even within 

the patients with FIGO stage III or IV disease no difference in gene expression was ob-

served between samples from patients with short (<12 months, n=9) versus long > 36 

(n=31), >48 months (n= 24) or > 60 months (n=18)).

Class comparison of ovarian tissue of patients who were treated with neoadjuvant 

chemotherapy (n=29), identified FOXA1 and DNAJC12 to be correlated to response 

to chemotherapy, which was evaluated at interval debulking surgery. Both FOXA1 and 

DNAJC12 showed a higher expression in tissue that had not responded to chemothera-

py (n=7) than in tissue that showed chemosensitivity (n=22; p<0.001).

Of each sample the ER, PR, HER2, and TP53 status was determined using immunohisto-

chemistry and SISH for HER2 (Supplemental Table 2). SAM could not identify significant 

gene expression differences between ER, PR, HER2 or TP53 positive and negative tumours. 

In order to obtain a more homogeneous set of samples, we have repeated all the above 

mentioned analyses on a more homogeneous subgroup of patients. We included only 

the cases who underwent primary debulking surgery and of whom the available tissue 

was of ovarian origin (n=62; Table 1). The results were practically identical to those 

obtained in the whole group: mucinous and endometrioid histologic subtypes were 

distinct entities according to gene expression profile. High and low FIGO stage samples 

were separated by 49 genes. Low grade (n=5) and high grade (n=36) serous carcino-

mas did not cluster separately and no expression profiles associated with survival could 

be identified. In a subset of only high grade serous carcinomas resected at primary deb-

ulking (n=35) no difference in gene expression was observed for tumours from patients 

with short, intermediate and long survival.

Validation of published gene expression signatures

High grade serous adenocarcinoma is the most common ovarian cancer sub-

type; the recent TCGA study focusses on this subtype in their molecular pan-can-
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cer analysis.[32] In the TCGA study, analysis of the mRNA expression of 489 

stage II-IV high grade serous ovarian adenocarcinoma samples identified 1500 

intrinsically variable genes.[9] Non-negative matrix factorization (NMF) con-

sensus clustering yielded 4 clusters, which could also be identified in an independ-

ent set of 246 high grade serous adenocarcinoma samples [34], corresponding 

to the Differentiated, Immunoreactive, Mesenchymal and Proliferative subtypes.  

We set out to see whether the well-defined 1500 gene set identifies these clusters also 

in our small sample set. Performing NMF clustering on the high grade serous samples 

in our sample set (n=52), resulted in 2 stable clusters. Three or more clusters demon-

strated much less stability. Heatmap clustering based on these 1500 genes also did not 

clearly show 4 subgroups (Supplemental Figure 2). 

From these 1500 genes, Verhaak et al.[28] deducted a supervised prognostic signa-

ture based on 193 genes that was able to classify samples into classes with a better or 

worse overall survival. We however, could not confirm this difference in survival in our 

dataset. Verhaak et al.[28] have integrated and expanded these subtype and survival 

gene expression signatures (n=481), into a new 100 gene-prognostic model of HGS-

OvCa classification, named Classification of Ovarian Cancer (CLOVAR), which contains 36 

genes also included in the 193 gene signature. We have clustered our high grade serous 

samples (n=52) based on the 100 CLOVAR survival set, but could not validate this signa-

ture in terms of good, intermediate and poor survival (data not shown).

Furthermore, we tested the genes identified in the study of Lisowska et al [25]; this is a 

set of 500 genes defining serous, undifferentiated, endometrioid and clear cell tumours. 

Yet these genes defining subtypes in their 97 ovarian cancer samples did not completely 

separate the histological subtypes in our dataset, also not when we left out the mucinous 

samples (data not shown).

Heinzelman-Schwarz et al [41] identified a 185-gene set differentiating 39 (borderline) 

mucinous ovarian tumors from 31 (borderline) serous tumors and 8 endometrioid car-

cinomas. Using this set for hierarchical cluster analysis in our dataset indeed separated the 

mucinous carcinomas for the other histological subtypes (Supplemental Figure 3). LGALS4 

was in the top 10 most differentially expressed genes in both their and our dataset.

Discussion

This study shows that histologic types of epithelial ovarian adenocarcinomas are 

different entities at the gene expression level. We show that mucinous tumours 

have an expression profile that distinguishes them from serous and undifferen-

tiated tumours, but also from endometrioid and clear cell tumours. We did not 

find expression profiles that correlate with survival or sensitivity to chemotherapy. 

Gene expression profiling has been used to derive molecular signatures associated 

with clinicopathological features of ovarian cancer.[13,19,22,42] Several studies re-

ported on gene expression profiles that distinguished between benign disease [5, 
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43] and between the various histological subtypes.[5,6,21,41] Mucinous epithelial 

ovarian cancer has a distinct molecular profile that differentiates it from other histo-

logical subtypes in gene expression studies which compared 3 and 8 mucinous ad-

enocarcinomas vs 31 and 20 serous adenocarcinomas, respectively.[41,42] In line with 

these studies we found a clearly different expression pattern, which separated our 

mucinous samples from the other histologic types. Although our data set comprised 

a small number of mucinous samples, using unsupervised classification they all clus-

tered together highlighting that mucinous carcinomas are a distinct entity. We found 

galectin-4 (LGALS4) to be the most differentially expressed gene to distinguish muci-

nous ovarian adenocarcinomas, which is comparable to the findings of Heinzelman-

Schwarz et al. [41]. Using the gene expression signature of Heinzelmann-Schwartz et 

al. we could separate our mucinous carcinomas from the other histological subtypes. 

Galactins play an important role in immune and inflammatory responses as well as in 

cancer [44]. Galectin-4, a carbohydrate binding cell adhesion molecule is normally ex-

pressed in epithelial cells of the alimentary tract, including the intestine [45]. Overex-

pression is seen in various carcinomas, including breast, liver, gastric carcinomas and 

MOC [46]. Heinzelman-Schwartz. Imunohistochemical expression between MOC and 

other gastrointestinal tumours did not differ [45]. Wamunyokoli et al.[42] identified 

genes involved in cytoskeletal regulation to be specifically up-regulated in mucinous 

ovarian cancer. 

A recent study by Liwsowska et al.[25] found similar to our results that histological 

tumor type is the major source of variation in gene expression pattern. Similar to our 

findings they did not find differences in gene expression between serous and undiffer-

entiated tumours. However, in their study only serous, undifferentiated, endometrioid 

and clear cell carcinomas were included. 

Recently, 262 EOCs were genotyped for hotspot mutations in KRAS, BRAF, NRAS, 

PIK3CA, PTEN, FBXW7, AKT2, AKT3, and FOXL2 to identify differences between type 

I (n=34) and II (n=228) tumours [12]. This showed that the histologic types referred to 

as type I, including the low grade serous, should be regarded as distinct disease entities, 

based on histology and mutation in KRAS (50% of mucinous tumours) and PIK3CA 

(46% in clear cell tumours).

Several studies have reported mutational differences between low grade and high grade 

serous carcinomas.[10,12] In our data set, at the gene expression level no significant differ-

ences were observed between these subtypes. We cannot rule out that this is due to the 

small sample size in our study (n= 8 for low grade serous carcinoma). The different expres-

sion profiles and hotspot mutations that are found within epithelial ovarian carcinomas 

stress the fact that EOC is not one disease although originating from one organ and may 

support the hypothesis that ovarian cancer has a heterogeneous histological origin.[8,23]  

Although several studies found gene expression signatures predictive for survival we 

were not able to find any difference within expression levels between samples from 

patients who had a long survival (>12 months; n=79) versus short survival (<12 months; 

n=11). Even in our set of high grade serous carcinoma samples (n=52) we could not 
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identify prognostic or predictive gene expression signatures. We did however identify 

two subgroups within these 52 samples. Apparently, this seemingly homogenous set 

warrants further study into even smaller subgroups. Spetzos et al.[26] as well as Ber-

chuck et al.[47] found genes that predicted survival by dividing patients in those with 

survival shorter than two years and those with survival longer than seven years. Within 

our population even with these extremes no differences were found. Published gene 

expression profiles associated with chemotherapy resistance or survival do not show 

overlap in the discriminating genes.[19,28,48,49] 

In summary, this exploratory analysis shows that histological subtypes of epithelial 

ovarian carcinomas are clear distinct entities. To derive molecular signatures associated 

with survival, homogenous sample sets according to histological subtype should be 

used. These could then be used to develop signatures and stratify patients for specific 

therapy within these subgroups.
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serous tumours; total number of genes different: 63 (HGS vs LGS: 0 genes)

HUGO description R-value  p-value
level of 
expression

1 TIGD2 tigger transposable element derived 2 -0,544 0,000454 <

2 CDH6 cadherin 6, type 2, K-cadherin (fetal kidney) 0,521 0,001067 >=

3 SLC27A2
solute carrier family 27  
(fatty acid transporter), member 2 -0,509 0,001133 <

4 GCNT1 glucosaminyl (N-acetyl) transferase 1, core 2 -0,503 0,001349 <

5 GOLM1 golgi membrane protein 1 -0,511 0,001392 <

6 BMP2 bone morphogenetic protein 2 -0,496 0,001433 <

7 RAPGEFL1
Rap guanine nucleotide exchange factor 
(GEF)-like 1 -0,499 0,001479 <

8 PTGS1
prostaglandin-endoperoxide synthase 1 
(prostaglandin G/H synthase and cyclooxy-
genase) 0,488 0,001819 >=

9 ABCC4
ATP-binding cassette, sub-family C (CFTR/
MRP), member 4 0,49 0,001822 >=

10 TMTC1
transmembrane and tetratricopeptide repeat 
containing 1 0,484 0,002121 >=

 

undifferentiated tumours; total number of genes different: 31

HUGO description R-value p-value
level of 
expression

1 FCRLA Fc receptor-like A 0,557 9,31E-05 >=

2 SLAMF7 SLAM family member 7 0,559 0,000163 >=

3 LOC647460 0,534 0,000313 >=

4 CXCR6 chemokine (C-X-C motif) receptor 6 0,507 0,001076 >=

5 TRAF3IP3 TRAF3 interacting protein 3 0,509 0,001163 >=

6 POU2AF1 POU class 2 associating factor 1 0,494 0,001881 >=

7 MGC29506 0,487 0,002571 >=

8
P2RY8

purinergic receptor P2Y, G-protein coupled, 
8 0,479 0,003493 >=

9 IRF4 interferon regulatory factor 4 0,473 0,003931 >=

10 LOC652102 0,471 0,004029 >=

 
 

supplementary table 1 Genes differentially expressed between histological subtypes
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2.mucinous tumours; total number of genes different: 1158

HUGO description R-value p-value
level of 
expression

1 LGALS4 lectin, galactoside-binding, soluble, 4 -0,992 3,53E-77 >=

2 LRRC31 leucine rich repeat containing 31 -0,982 9,56E-62 >=

3 TFF1 trefoil factor 1 -0,981 3,60E-61 >=

4 VIL1 villin 1 -0,981 2,01E-60 >=

5 MYO1A myosin IA -0,98 1,42E-59 >=

6 REG4 regenerating islet-derived family, member 4 -0,971 4,19E-53 >=

7
SLC39A5

solute carrier family 39 (metal ion transporter), 
member 5 -0,967 9,57E-51 >=

8 ERN2 endoplasmic reticulum to nucleus signaling 2 -0,967 1,20E-50 >=

9 TM4SF5 transmembrane 4 L six family member 5 -0,967 1,44E-50 >=

10 CLRN3 clarin 3 -0,959 7,22E-47 >=

endometrioid tumours; total number of genes different: 346

HUGO description R-value p-valuew
level of 
expression

1 SNORA59A small nucleolar RNA, H/ACA box 59A -0,788 4,43E-16 >=

2 MSX2 msh homeobox 2 -0,772 4,33E-15 >=

3 ADAMTS19
ADAM metallopeptidase with thrombospondin 
type 1 motif, 19

-0,753 6,18E-14 >=

4 PLA2G4A
phospholipase A2, group IVA (cytosolic,  
calcium-dependent)

-0,745 1,05E-13 >=

5 FREM2 FRAS1 related extracellular matrix protein 2 -0,746 1,08E-13 >=

6 SLC47A1 solute carrier family 47, member 1 -0,747 1,14E-13 >=

7 SNORA59B small nucleolar RNA, H/ACA box 59B -0,741 1,45E-13 >=

8 SCNN1G
sodium channel, non-voltage-gated 1, gamma 
subunit

-0,74 1,48E-13 >=

9 PZP pregnancy-zone protein -0,737 2,02E-13 >=

10 SP5 Sp5 transcription factor -0,733 3,50E-13 >=

Using the R2 microarray analysis and visualisation platform, we identified the genes that exhibit differen-
tial expression between the histological subtypes of ovarian adenocarcinomas by performing a one-way 
anova. For each subtype, the total number of genes altered compared to the other histological subtypes is 
indicated and the top 10 of those genes is shown. Correlation coefficient R is shown, with larger deviations 
indicating larger differences, as well as the p-value. 

Supplemental Table 1 continues on page 38.
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figure 2A. Principal component analysis (PCA) on the normalized, unfiltered dataset shows that the mu-
cinous and endometrioid subtypes are seperated from the serous and undifferentiated subtypes based on 
their gene expression
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figure 2b. Unsupervised clustering of ovarian adenocarcinomas. This heatmap visualizes clustering of our 
sample on the 500 most regulated genes based on their standard deviations. Probes with a minimal expres-
sion range of 64 were included, Z-score transformed, and correlation was used as the distance measure

figure 3. In order to investigate the clinical relevance of the genes that exhibit differential expression 
between the histological subtypes, we used the top 10 of these genes (Supplemental Table 1) to classify the 
90 ovarian cancer samples included in this study
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clear cell tumours; total number of genes different: 49

HUGO description R-value p-value
level of 
expression

1 HAVCR1 hepatitis A virus cellular receptor 1 -0,681 2,45E-09 >=

2 SLC36A2
solute carrier family 36 (proton/amino acid 
symporter), member 2

-0,591 4,65E-06 >=

3 LBP lipopolysaccharide binding protein -0,585 5,25E-06 >=

4 TGM7 transglutaminase 7 -0,591 6,85E-06 >=

5 S100G S100 calcium binding protein G -0,571 1,31E-05 >=

6 ITGB3
integrin, beta 3 (platelet glycoprotein IIIa, 
antigen CD61)

-0,567 1,51E-05 >=

7 LOC440900 uncharacterized LOC440900 -0,563 1,68E-05 >=

8 SLC15A1
solute carrier family 15 (oligopeptide trans-
porter), member 1

-0,56 1,87E-05 >=

9 C12orf59 -0,545 4,30E-05 >=

10 MCCD1 mitochondrial coiled-coil domain 1 -0,546 4,36E-05 >=

Using the R2 microarray analysis and visualisation platform, we identified the genes that exhibit differen-
tial expression between the histological subtypes of ovarian adenocarcinomas by performing a one-way 
anova. For each subtype, the total number of genes altered compared to the other histological subtypes is 
indicated and the top 10 of those genes is shown. Correlation coefficient R is shown, with larger deviations 
indicating larger differences, as well as the p-value. 

supplementary table 1 continued Genes differentially expressed between histological subtypes
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supplementary table 2. Immunostaininig for PR, ER, HER2, and TP53

ovarian adenocarcinoma 
histological subtype

tP53 er Pr her-2

total- + - + - + - +

low grade serous 6 2 2 6 6 2 8 0 8

high grade serous 22 31 15 38 32 21 52 1 53

undifferentiated 7 7 2 12 11 3 14 0 14

mucinous 4 2 6 0 6 0 5 1 6

endometrioid 6 0 2 4 1 5 6 0 6

clear cell 1 2 2 1 3 0 2 1 3

Total 46 44 29 61 59 31 87 3 90

  

On the TMA constructed from the corresponding FFPE tumour tissue immunohistochemical staining for Tu-
mour Protein 53 (TP53), Estrogen Receptor (ER), Progesteron receptor (PR), and Human Epidermal growth 
factor Receptor 2 (HER2) was performed and sorted according to histological subtype. TP53 was scored 
visually as positive when at least 50% of tumour cells showed immunostaining. For ER and PR, according 
to Dutch guidelines 10% tumour cell positivity was the cut-off. HER2 was scored according to ASCO/
CAP guidelines (Wolff et al., 2007). IHC was scored as 0, 1+ (negative) , 2+ (equivocal) , or 3+ (defined as 
uniformed intense membrane staining of over 30% of tumour cells) and SISH was scored as negative (<4 
HER2 gene copies), equivocal (4-6 copies), or positive (>6 copies). The final score is based on the combined 
results of IHC and 
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supplemental figure 1. K-means clustering
The set of 90 ovarian adenocarcinomas is clustered in a pre-defined number of groups based on gene 
expression to demonstrate stability of those pre-defined groups. The upper row of coloured bars demon-
strates the final outcome of the 10 sets of 10 calculations each, shown as coloured bars in the middle. 
The lowest row of coloured bars shows the histological type of the ovarian adenocarcinomas (red:serous; 
orange: undifferentiated; blue: mucinous; green; endometrioid: endometrioid; pink: clear cell).
From the heatmap unerneath, showing the expression of genes involved, it is clear that two consistent 
clusters are formed, since the assignment of samples to these clusters is very often the same (k=2, left 
upper panel). Clustering into 3 groups shows that within the serous subtype, 2 subtypes exist, one of which 
contains most of the undifferentiated ovarian adenocarcinomas (k=3, right upper panel). Clustering into 4 
groups identifies the mucinous subtype as a different entity )k=4, left lower panel), clustering into 8 groups 
shows the endometrioid samples in a different cluster, as well as 2 serous and one clear cell sample (k=8, 
right lower panel).
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supplemental figure 2. NMF consensus clustering
The TCGA study, identified 1500 intrinsically variable genes on analysis of the mRNA expression of 489 
stage II-IV high grade serous ovarian adenocarcinoma samples (TCGA 2011).
A. We repeated their non-negative matrix factorization (NMF) consensus clustering, which yielded 4 clusters 
that correspond to Differentiated, Immunoreactive, Mesenchymal and Proliferative subtypes.
B.NMF clustering on the high grade serous samples in our sample set (n=53) resulted in 2 stable clusters. 
Three or more clusters demonstrated much less stability.

supplemental figure 3. Hierarchical cluster analysis
Performing hierarchical cluster analysis using the 185-gene set of Heinzelmann-Schwarz et al. (Heinzel-
mann-Schwarz et al., 2006) indentified the mucinous samples in our dataset as a separate subtype. LGALS4 
was one of the genes most differentially expressed in their set and our set.


