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ABSTRACT 
 

Objective. Pelvic lymph node metastases are the main prognostic factor for 

survival in early stage cervical cancer, yet accurate detection methods before 

surgery are lacking. In this study we examined whether gene expression profiling 

can predict the presence of lymph node metastasis in early stage squamous cell 

cervical cancer before treatment. In addition we examined gene expression in 

cervical cancer compared to normal cervical tissue.  

Methods. Tumour samples of 35 patients with early stage cervical cancer who 

underwent radical hysterectomy and pelvic lymph node dissection, 16 with and 19 

without lymph node metastasis, were analyzed. Also five normal cervical tissues 

samples were analyzed. We investigated differential expression and prediction of 

patient status for lymph node positive versus lymph node negative tumours and for 

healthy versus cancer tissue. Classifiers were built by using a multiple validation 

strategy, enabling the assessment of both classifier accuracy and variability.  

Results. Five genes (BANF1, LARP7, SCAMP1, CUEDC1, PEBP1) showed 

differential expression between tumour samples from patients with and without 

lymph node metastasis. Mean accuracy of class prediction is 64.5% with a 95% 

confidence interval (CI) of 40-90%. For healthy cervical tissue versus early stage 

cervical cancer the mean accuracy of class prediction is 99.5% (95% CI of 90-

100%). A subset of genes involved in cervical cancer was identified. 

Conclusion. No accurate class prediction for lymph node status in early stage 

cervical cancer was obtained. Replication studies are needed to determine the 

relevance of the differentially expressed genes according to lymph node status. 

Early stage cervical cancer can be perfectly differentiated from healthy cervical 

tissue by means of gene expression profiling. 
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INTRODUCTION 
 
Cervical cancer is the most common gynaecological cancer in women between 25 

and 45 years of age. Cervical cancer is caused mainly by infection with a high-risk 

group of human papilloma viruses (HPVs). However, HPV infection alone is not 

enough for triggering cervical cancer. Few patients infected with high-risk HPV 

develop cervical cancers with a long incubation time, suggesting that additional 

factors or cellular events are required for progression to cervical cancer.  

Early stage cervical cancer (FIGO Stage Ib and IIa) can be cured by radical surgery 

or radiotherapy with similar effectiveness, but the rate and types of complications 

differ.1 Because of the difference in morbidity, most patients are primarily treated 

with surgery, accepting the higher complication rate when adjuvant treatment is 

needed. Adjuvant (chemo-)radiotherapy is indicated in approximately 30% of 

patients because of lymph node metastasis, parametrial invasion, positive surgical 

margins or a combination of unfavourable prognostic factors.2;3 In this paper we 

focus on the approximately 50-70% of patients receiving adjuvant treatment 

because of positive lymph nodes. The presence of pelvic nodal metastases is the 

most important prognostic factor for survival in early-stage cervical cancer.2 

However, accurate detection methods except for histology after surgery are 

lacking.1;4 Combining radical hysterectomy and pelvic lymph node dissection with 

(chemo-)radiotherapy is associated with significant complications.1;5;6 Better 

estimation of the risk of lymph node metastasis before surgery would provide us 

with the possibility to tailor our treatment to prevent unnecessary morbidity. 

Genome-wide expression profiling enables the identification of patterns of gene 

activity that subclassify tumours. These patterns might correlate with biological 

and clinical properties of the tumours. In this study we examined whether gene 

expression profiling is capable to predict the presence of lymph node metastasis in 

early stage cervical cancer before treatment.  
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In addition, we used microarray analysis to identify differentially expressed genes 

between healthy cervical tissue and cervical carcinoma in order to better 

understand the biological processes of cervical cancer development. 

 
 
PATIENTS, METHODS AND MATERIALS  

 
Selection of patients 

Frozen tumour samples from 51 patients with early stage squamous cell carcinoma 

of the cervix who underwent radical hysterectomy and pelvic lymph node 

dissection were selected from the fresh frozen tissue bank at the Academic Medical 

Center in Amsterdam. All patients had clinical FIGO stage IB-IIA disease, the low-

risk group (N) included patients without unfavourable prognostic factors (positive 

lymph nodes, parametrial invasion, positive margins or a combination of 

unfavourable prognostic factors); the high risk group (P) consisted of patients with 

lymph node metastasis, who were treated with adjuvant radiation therapy with or 

without chemotherapy.  

RNA samples from fresh frozen tissue of 19 patients without lymph node 

metastasis (N) and of 16 patients with lymph node metastasis (P) were included. 

The FIGO classification and other clinical data are summarized in table 1. 

Healthy cervical tissue biopsies (H) were collected from non-cervical carcinoma 

patients who underwent hysterectomy for benign reasons. RNA from five samples 

was included.  

 

Isolation of RNA and microarray expression profiling 

Tumour material was snap-frozen in liquid nitrogen at the pathology department 

after radical hysterectomy with lymph node dissection and stored in the tissue bank 

at -80˚C from 1996 onwards. Frozen sections were stained with haematoxylin and 

eosin; only samples that contained more than 70 percent tumour were selected.  
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Table 1. Patients characteristics (Clinical and pathological characteristics). 

  Lymph node 

metastasis absent 

(n=19) 

Lymph node 

metastasis present 

(n=16) 

FIGO stage IB1 13 (68%) 4 (25%) 

 IB2 3 (16%) 4 (25%) 

 IIA 3 (16%) 8 (50%) 

Histology SCC 19 (100%) 16 (100%) 

Age (range)  38 (31-64) 45 (29-71) 

Number of positive lymph 

nodes (range) 

 
0 1.8  (1-5) 

 Unilateral  10 (62,5%) 

 Bilateral  6 (37,5%) 

Recurrent disease  0 4 (25%) 

Follow-up in months (range)  40 (1-80) 50 (5-96) 

SCC; Squamous cell carcinoma 

Tissue up to 300 mg was disrupted in liquid nitrogen and homogenized in Trizol 

reagent (Invitrogen Corporation, Carlsbad, CA) using a power homogenizer 

(Polytron). Total RNA was isolated according to Trizol reagent protocol 

(Invitrogen Corporation, Carlsbad, CA), purified with Nucleospin RNAII 

(Macherey-Nagel, Düren, Germany) and dissolved in RNase-free water.  

Labelling and hybridisation were performed according to protocol (Agilent 

Technologies, Palo Alto, USA). RNA was amplified and converted to fluorescently 

labelled cDNA, with either cyanine 3 or cyanine 5. The Low RNA Input 

Fluorescent Linear Amplification Kit (Agilent) was used to synthesise labelled 

cRNA, for labelling we used 500 ng RNA. RNA pooled from all tumour tissue 

samples was used as reference sample and labelled with cyanine 5. RNA quality 

and labelling was monitored on a Bioanalyzer (Agilent technologies, Inc. Santa 

Clara, USA). 
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Whole genome human oligonucleotide microarrays (44K Agilent) were used. The 

arrays contain 44K 60-mer oligonucleotides representing over 41K human genes 

and transcripts. Hybridization and scanning of the arrays was performed at a 

service provider (ServiceXS, Leiden, The Netherlands). Most samples were 

analyzed on a single array. Five RNA samples were analyzed twice as technical 

replicates to test the reproducibility of labelling and hybridization reaction. 

 

Statistical analysis 

Default settings of the Agilent Feature Extraction pre-processing protocol were 

used to obtain raw intensity values from the scans. Exact protocol and parameter 

settings are described in the Agilent Feature Extraction Software User Manual 7.5 

(http://chem.agilent.com/scripts/LiteraturePDF.asp?iWHID=37629). Quality 

control of the Agilent Feature Extraction results was performed using methods 

available from Bioconductor packages (marray, limma, arrayQuality) in the 

statistical software package R.7 Intensities of negative and positive controls were 

inspected, as well as spatial effects, M/A plots, and signal-to-noise distributions. 

No unexpected results or strange effects were found.  

 

Probe annotation 

We used Agilent’s Whole Human Genome Oligonucleotide microarray that is 

comprised of approximately 41,000 (60-mer) oligonucleotide probes, which span 

conserved exons across the transcripts of the targeted full-length genes. The 

sequence and annotation information used is available through Agilent 

(http://earray.chem.agilent.com/earray/). Expressed sequence tags (ESTs) from the 

annotation file were matched with the Ensembl databases 

(http://www.ensembl.org) to check if gene name and function became available 

since the compilation of the annotation. 

 

http://chem.agilent.com/scripts/LiteraturePDF.asp?iWHID=37629
http://www.ensembl.org/
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Normalization 

The intensity data was normalized by applying variance stabilization normalization 

(VSN).8 For each array and all genes the (generalized) log-ratio of common 

reference (Cy5) and patient sample (Cy3) VSN transformed intensities was 

calculated. Log-ratios of five technical replicates were averaged. The resulting log-

ratios were then analyzed for differential expression. This analysis was done using 

significance analysis of microarrays (SAM)9 with the samr package from 

Bioconductor. Differentially expressed genes were selected by controlling the false 

discovery rate (FDR) at 5% (500 permutations). 

 

Classification 

To test whether patient status (either healthy/tumour or lymph node 

positive/negative) can be predicted from the gene expression profiles obtained, we 

used various classifiers (naive Bayes classifier, decision trees, and diagonal linear 

discriminant analysis). These classifiers were validated with the repeated random 

sampling strategy as described by Michiels et al.10 We divided the data set (N 

samples; N=40 for healthy/tumour; N=35 for lymph node positive/negative) into 

500 training sets (size n) and 500 associated validation sets (size N–n) using 

resampling without replacement. Resampling was done such that the proportion of 

samples from both classes in training and validation sets was the same as the 

proportion in the full data set.  

For each training set, an optimal classifier was identified from the 10, 20, 30, 40 or 

50 genes for which expression was most highly correlated with malignancy or 

lymph node metastasis as determined by the t-statistics between the two classes. 

The optimal number of genes was selected with 5-fold cross-validation on the 

training set. The accuracy of the resulting classifier was assessed on the 

corresponding validation set. We report average accuracy on the 500 validation sets 

and its corresponding confidence interval using the naïve Bayes classifier. To study 
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the robustness of the classification accuracies the training set size n was varied 

(n=10,12,…,38 for healthy/tumour; n=9,11,…,33 for positive/negative). The whole 

analysis was done with R scripts extending the Bioconductor package 

MCRestimate.11 

 

Gene Ontology enrichment 

Gene Ontology (GO) terms for all measured genes were extracted via FatiGO.12 

Subsequently, the number of occurrences of each term from the biological process 

ontology among differentially expressed genes was compared to the corresponding 

count among the rest of genes. The significance of the observed difference in count 

of GO terms was assessed using a Fisher’s exact test. Resulting p-values were 

adjusted by controlling the FDR to take into account the multiple-testing nature of 

the statistical contrast performed.  

 

RT-PCR 

For validation of microarray gene expression levels, a random subset of the studied 

samples was selected for quantitative RT-PCR analysis. RNA from eight cervical 

tumours (4N and 4P), three healthy cervical tissues and the reference pool was 

synthesized in cDNA using oligodT12-VN. Real time qPCR assays with the 

Universal Probe Library (Roche Diagnostics, Basel, Switzerland) were designed 

for three highly differentially expressed genes of biological interest between 

healthy and cervical cancer tissue (anillin, actin binding protein (ANLN), 

tymidylate synthetase (TYMS), epithelial cell transforming sequence two oncogene 

(ECT2)) and for two differentially expressed genes between tumours with and 

without lymph node metastasis (secretory carrier membrane protein 1 (SCAMP1) 

and phosphatidylethanolamine binding protein 1 (PEBP1)). Quantitative real-time 

RT-PCR analysis was performed using the LightCycler 480 real-time PCR System 

(Roche, Basel, Switzerland). Each reaction was run in triplicate. Briefly, 2 μg of 
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total RNA from each sample was reverse-transcribed using SuperScript II Reverse 

Transcriptase (Invitrogen, Carlsbad, CA). One μl of reverse-transcribed RNA 

samples (from 50 μl of total volume) was amplified by using the Universal Probe 

Library probes, primers and LightCycler480 Probes Master reaction mix to 

produce PCR products specific for three genes. Samples were amplified with 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers for determination of 

the relative starting amount of cDNA in each sample, and all genes were 

normalized to that amount.13;14 Log2-ratios with respect to the reference pool were 

calculated. Correlation of gene expression (log2-ratio) on the microarrays versus 

the corresponding qPCR data was assessed with Pearson correlation, using SPSS 

12. 

 
RESULTS 
 

Differentially expressed genes 

In the cervical cancer group five probes showed differential expression (q-

value<0.05) between tumour samples from patients with lymph node metastasis 

and those without lymph node metastasis. BANF1, SCAMP1 and CUEDC1 were 

upregulated in metastasized tumours compared to non-metastasized tumours, 

whereas PEBP1 and LARP7 were downregulated (table 2). No biological process 

was significantly enriched among the top 200 genes upregulated or 200 genes 

downregulated in lymph node metastasizing tumours compared to non-

metastasizing tumours.  
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Table 2. Differentially expressed genes in cervical tumours with and without 

lymph node metastasis. 

Systematic Name Agilent Probe 

Name 

Gene name 
q-value Fold-change 

CD248787 A_32_P74847 LARP7 0 0.8 

THC1444771 A_32_P229965 PEBP1 0 0.7 

NM_003860 A_23_P47208 BANF1 0 1.3 

NM_052822 A_23_P110787 SCAMP1 0 1.3 

NM_017949 A_24_P287974 CUEDC1 0 1.3 

 

A total of 9313 probes representing human genes and transcripts were differentially 

expressed between healthy cervical tissue and early stage cervical cancer tissue 

with a q-value ≤ 0.005, 2644 probes showed over-expression in tumour samples 

(top 200 up and downregulated genes are listed in supplementary table 1 and 2)*. 

Biological processes significantly (FDR<0.05) enriched among the top 200 genes 

upregulated in cervical cancer include cell cycle, cell division, response to DNA 

damage stimulus and chromosome segregation (table 3). Among the top 200 genes 

downregulated in cervical cancer, no biological process was significantly enriched. 

 

Table 3. Biological processes altered in cervical cancer.  

Biological process p-value FDR adjusted p-value  

Cell cycle 6,58 E-17 1,13 E-13 

Cell division 4,18 E-15 2,40 E-12 

Response to DNA damage stimulus 5,53 E-6 1,36 E-3 

Chromosome segregation 2,91 E-4 3,84 E-2 

* for supplementary tables 1 and 2 see: gynecol oncol 2008(108):520-6. 
www.ncbi.nlm.nih.gov/pubmed/18191186 
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Class prediction 

To evaluate whether gene expression profiles can be used for the prediction of 

patient status, we used 500 random splits of the data into training and validation 

sets while also varying training set sizes.  

No reliable gene signature could be found for the classification of tumours of 

patients with or without lymph node metastases. Even though, average accuracy 

increased with training set size (figure 1), corresponding confidence intervals were 

wide and the lower confidence limit was always less than 50% suggesting no 

significantly better predictive ability of the molecular signature than expected by 

chance alone. For example, with 25 samples in the training set and a validation set 

of 10 samples, average accuracy was 64.5% on the 500 validation sets with a 95% 

CI of 40-90% (average sensitivity: 62.8%, average specificity: 66.1%). The gene 

signatures for each of the random splits varied greatly. Only twelve genes were 

included in at least 100 of the 500 signatures (figure 2). These include the five 

differentially expressed genes found using SAM (table 2).  

 

Figure 1. Average classification 

accuracy (black line) of lymph node 

status with its 95% confidence 

interval (dotted lines) in 500 

validation sets as a function of 

training set size.  
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Figure 2. Probes selected at least 

100 times in 500 signatures in    

N vs. P classification.  

 

 

 

 

Very accurate class prediction was possible for healthy versus early stage cervical 

cancer tissue. Average accuracy increased with training set size and confidence 

intervals were narrow (figure 3). When we used a training set of 30 patients and a 

validation set of 10 patients, the mean accuracy of class prediction was 99.5% with 

a 95% CI of 90-100% (average sensitivity: 100%, average specificity 95.2%). 

 

Figure 3. Average classification 

accuracy (black line) of cervical 

cancer with its 95% confidence 

interval (dotted lines) in 500 

validation sets as a function of 

training set size (healthy. 

 

 

 

RT-PCR 

To confirm the expression differences observed in the microarray analyses, total 

RNA of 11 of the study-samples (4N, 4P, 3H) was analyzed by quantitative RT-

PCR assays.  

We selected two genes that were differentially expressed between tumours with 

and without lymph node metastasis (SCAMP1, PEBP1) and three genes that were 
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differentially expressed between healthy and cervical cancer tissue and were 

previously described in the literature in relation with carcinogenesis (ALNL, 

ECT2, TYMS). Due to the low levels of expression of SCAMP1 and PEBP1 we 

were not able to develop reliable qPCR assays for these genes. Gene expression 

(log2-ratio) on the oligonucleotide microarrays versus the corresponding qRT PCR 

data for ANLN, ECT2 and TYMS are plotted in figure 4. Pearson correlation 

coefficient (2-tailed) for the entire data set was 0.77 (P < 0.01). The p-values for 

the individual genes were 0.005 (ANLN), 0.004 (ECT2) and 0.002 (TYMS). 

 
Fig. 4. Gene expressions (log2 ratio) 

on oligonucleotide microarray 

versus the corresponding qRT PCR 

data for ANLN, ECT2 and TYMS 

of 8 cervical tumours and 3 healthy 

cervical samples.  

 
 
 
 
 
 
DISCUSSION 
 
In this study we tested whether a gene signature which can differentiate between 

patients with and without lymph node metastasis could be developed. In our data 

set prediction of lymph node metastasis with gene expression profiling did not 

classify patients better than chance alone. Five probes were differentially expressed 

between lymph node positive and lymph node negative tumours. 

Subsequently we tested whether a gene signature could be formed that 

differentiates between healthy cervical tissue and early stage cervical cancer. We 
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demonstrate very accurate class prediction of early stage cervical tumours versus 

healthy cervical tissue.  

 

At present, accurate detection of lymph node metastasis in cervical cancer is not 

possible except by histology after surgery. The presence of pelvic nodal metastases 

is the most important prognostic factor for survival in early-stage cervical cancer.2 

Therefore adjuvant (chemo-)radiotherapy is indicated if lymph node metastases are 

present which is associated with significant complications. Better estimation of the 

risk of lymph node metastasis before surgery provides us the possibility to tailor 

treatment. In our study, no prognostic gene expression model that can predict the 

risk of lymph node metastasis before radical surgery was found. Although the 

number of samples is relatively small, enlarging this study population will probably 

not change this result sufficiently, because increasing the training set size showed 

only little decrease in the proportion of misclassification. Moreover, corresponding 

confidence intervals are wide and the lower confidence limit is always less than 

50% suggesting no significantly better predictive ability of the molecular signature 

than expected by chance. One possible explanation could be that all cervical 

cancers will eventually metastasize to the pelvic lymph nodes and that the presence 

of lymph nodes metastasis just reflects a time point in a continuum. Of course it is 

also possible that in some patients micro-metastases were missed with regular 

histochemical procedures, implying that some of our non-metastasized tumours 

could be mislabelled.25 On the other hand, none of the patients without positive 

lymph nodes showed recurrent disease, whereas four of the patients with lymph 

node metastasis had progression of disease. 

Another reason for this disappointing result can be our very stringent classification 

method based on the analyses of Michiels et al10 Even though initial studies 

showed promising results in classifying cancer patients, reanalysis of Michiels et al 

showed that most studies did not classify patients better than by chance.  
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Yet besides classifying tumours according to their lymph node status we also 

looked at differentially expressed genes between the two groups. Five genes were 

differentially expressed between early stage cervical tumours with and without 

lymph node metastasis. Phosphatidylethanolamine binding protein 1 (PEBP1, 

down-regulated in metastasized tumours) is suggested to be a metastasis suppressor 

gene in human breast cancer, whose expression must be down-regulated for 

metastasis to develop.26 The protein encoded by BANF1 was identified to protect 

retroviruses from intramolecular integration and therefore to promote 

intermolecular integration into the host cell genome. SCAMP1 is a secretory 

membrane protein and functions as a carrier to the cell surface in post-golgi 

recycling pathway. Little is known about LARP7 and CUEDC1, other than that 

LARP7 is located in the nucleus and is involved in RNA and nucleotide binding.  

The main reasons for our result of only few differentially expressed genes with low 

fold changes are the fact that differences between the N and P groups are small and 

variability within the patients groups is high. To determine whether these genes are 

really involved in cervical cancer lymph node metastasis their expression needs to 

be tested in an independent group of early stage cervical tumours. This limited 

result of five genes resembles the results of the study of Wong et al, in which only 

two genes were found to be differentially expressed between early and advanced 

staged cervical cancer.14 The question is whether this small number of genes can be 

accurate. Only one microarray study involving lymph node metastasis in cervical 

cancer has been published so far.27 In this study MR imaging was used to identify 

large nodes, that were presumed to be positive and only one patient had an early 

stage of cervical cancer. Thirty-one genes differed in expression between 10 node 

positive and 19 node negative tumours, none of those were identical to our five 

genes.  
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As expected, many probes showed differential expression between cervical cancer 

and healthy cervical tissue. Biological processes involved in cervical cancer are 

related to cell cycle, cell division, response to DNA damage stimulation and 

chromosome segregation.   

Several gene expression array analyses of cervical neoplasia have been published. 

Most studies aimed at identifying molecular markers that are related to progression 

of disease. Overall, there is considerable overlap between previous studies and our 

study in terms of genes differentially expressed between normal cervical tissue and 

cervical cancer. An overview is given in supplementary table 3. Rosty et al 

identified a cluster of 163 transcripts that were differentially expressed according 

to disease outcome in 30 invasive carcinomas, cell lines and normal mucosa.15 

Fifty-two of these transcripts are also present in the top 200 upregulated genes in 

our study. Subsequently, Wong et al compared gene expression profiles between 

29 cervical cancers and 18 normal cervical tissues.14 Eighteen of the genes 

identified in their study have been reported previously as differentially expressed in 

cervical cancer. 50% of those genes showed also significant differential expression 

in our set, seven of these nine genes were listed in the top 200 upregulated genes. 

Santin et al identified 505 genes with a differential pattern of expression between 

cervical cancer and normal cervical keratinocyte cell lines.16 Comparing those 

genes to our group there was a great similarity in the genes higher expressed in 

cervical cancer (40 genes), but much less similarity is seen in lower expressed 

genes (2 genes). The same pattern is seen when one compares the data from Rosty 

and Santin; 42 genes are identical, all of them upregulated in cervical cancer. 

Among the differentially expressed genes that show a substantial overlap in our 

study compared to other studies, many are of special interest and previously 

described in relation with cervical cancer. Thymidylate synthase (TYMS) is highly 

upregulated in cervical cancer in our study as in previous studies.14;16 This enzyme 

is a potential target for cancer chemotherapeutic agents. Anillin (ANLN), an actin-
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binding protein, is over expressed in cervical cancer as well as in various other 

tumours, like breast tumours, endometrial carcinomas, gastric and pulmonary 

cancer and uveal melanoma.17;18 Hall et al demonstrated that anillin mRNA 

expression increases during tumour progression and that overexpression is 

correlated to Ki67 mRNA expression, suggesting that anillin expression is 

regulated by cell cycle-dependent factors.17 Several genes belonging to the cell 

division cycle group show a higher expression in cervical cancer.15;16;19 This 

expression pattern is also seen in a number of other tumours and has been 

described in relation to poor prognosis. A gene particularly known to show higher 

expression in pancreatic cancer, E2F1 (activator of E2F proteins), is also 

upregulated in cervical cancer as shown by us and others.15;16;20 The E2F family 

plays a crucial role in the control of cell cycle and action of tumour suppressor 

proteins and is also a target of the transforming proteins of small DNA tumour 

viruses. E2F1 can mediate both cell proliferation and p53-dependent/independent 

apoptosis. Overexpression leads to an inhibition of cyclin D1-dependent kinase 

activity and induces the overexpression of the CDKN2A (cyclin-dependent kinase 

inhibitor 2A) gene expression products.16 CDKN2A is the most significantly 

upregulated gene in cervical cancer in our study. CDKN2A overexpression was also 

demonstrated in several other studies concerning cervical carcinogenesis.14-16;20;21  

Santin speculated that functional inactivation of pRb by E7 binding may result in 

the marked overexpression of the TOP2A (topoisomerase (DNA) II alpha) gene as 

detected by gene expression profiling.16 We observed a significant overexpression 

of TOP2A in cervical cancer similar to other cervical cancer studies.15;16;22  Pituitary 

tumour-transforming 1 gene (PTTG1) is highly expressed in various tumours 

including cervical cancer.15;16 It is an anaphase inhibitor that prevents premature 

chromosome separation through inhibition of separase activity. Its expression has 

been correlated with tumour progression and metastatic potential. It functions by 

activating MAP and PI kinase pathways, upregulating p53 and downregulating Rb 
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and p21 expressions. Activation of PTTG has also been shown to stimulate two 

pro-angiogenic factors, VEGF and bFGF.23;24    

 

In conclusion, no significant prognostic gene expression profile could be found 

predicting lymph node metastasis in patients with early stage cervical cancer. The 

five genes significantly differentially expressed in tumours with lymph node 

metastasis may play a role in lymph node metastasis, yet they need further 

investigation to determine their reliability and clinical relevance.  

Our study clearly shows that early stage cervical cancer can reliably be 

differentiated from healthy cervical tissue by means of gene expression profiles. 

Many differentially expressed genes are identical with other studies, providing an 

interesting group of genes potentially involved in cervical cancer.  
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