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Abstrac t t 

Inn order to identify transcripts putatively suitable to distinguish malignant from benign thyroid disease 

Seriall Expression of Gene Expression (SAGE) expression profiles of normal thyroid and papillary thyroid 

carcinomaa are compared. Each profile consists of more than 10,000 tags. Comparison analysis shows 204 

statisticallyy significant differentially expressed transcripts of which 50 are upregulated and 154 are down-

regulated.. Thyroid tumor specificity of these transcripts is determined in silico using the Tissue Preferential 

Expressionn (TPE) algorithm for each of the 204 tags. TPE values indicate that 42 tags are thyroid tumor 

specific.. The expression levels of extracellular matrix protein 1 (ECM1), thyroid peroxidase {TPO) and 

hypotheticall protein BC013035 are evaluated in a cohort of 30 differentiated thyroid tumors and 12 

normall controls by sqRT-PCR. TPO is downregulated in 90% of thyroid tumors. BC013035, a novel, 

uncharacterizedd transcript shows a pattern similar to that of TPO indicating that it may be involved in 

thyroidd differentiation. ECM1, a protein recently associated with angiogenesis and expressed in metastatic 

breastt carcinoma is upregulated in 50% of all thyroid carcinomas and absent in normal controls and 

follicularr adenoma. SAGE analysis and subsequent determination of TPE values facilitates the rapid 

distinctionn of genes specifically expressed in cancer tissues. 
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Introductio n n 

Despitee the low incidence of thyroid carcinoma (0.5 to 10 cases per 100,000), thyroid nodules are relatively 

frequentt in the population [1, 2] The approach when detecting a nodule is to exclude thyroid carcinoma. 

Lackk of powerful diagnostic markers that distinguish between benign and malignant thyroid disease cause 

manyy patients to undergo surgery. By improving diagnosis, the number of thyroid surgeries that are 

performedd for thyroid nodules with a suspicion for thyroid carcinoma can be markedly reduced. Although 

thee general prognosis of thyroid carcinoma is favorable, subgroups are at risk for recurrent disease, 

metastasiss or death. Because the identification of these groups is difficult, almost all patient will undergo 

intensivee initial therapy which may not be necessary in all patients when suitable risk factors would be 

availablee [3]. The fact that thyroid epithelial cells can give rise to malignant tumors with entirely different 

histology'ss and clinical behavior makes the molecular pathogenesis of thyroid carcinoma an event with 

relevancee for general processes in differentiation. The most common thyroid cancer subtype is papillary 

thyroidd carcinoma (PTC), which accounts for about 60% of the cases. Follicular (FTC), medullar (MTC) and 

anaplasticc carcinoma (ATC) are less frequent [4]. Thyroid cancers are known to metastasize to lymph 

nodess (FTC), lungs and bone (FTC, ATC)[1 ]. 

Progresss towards the understanding of the molecular basis of thyroid carcinoma has been made with the 

identificationn of genetic variation in thyroid tumors [5], In general, thyroid-specific gene expression is 

downregulatedd in thyroid carcinoma and anaplastic carcinoma has lost all thyroid-specific expression [6, 7]. 

Losss of heterozygosity, gene rearrangements and point mutations have been linked to the development of 

thyroidd cancer. Comparative genomic hybridization (CCH) demonstrated specific loss of chromosome 8 in 

ATCC [8]. Other studies have identified chromosomal regions 7q and lOq as specific cytogenetic events in cases 

off FTC [9, 10]. FTC has also been recently associated with a rearrangement of the genes coding for PPARy 

andd PAX8 [11]. PTC tumors are often associated with genomic rearrangements of the ret proto-oncogene 

[12],, especially when resulting from external radiation as in the Chernobyl incident [13, 14]. Activating 

pointt mutations in the ras and gsp oncogenes as well as in the TSH-receptor gene have been implicated 

inn several studies [15, 16]. Mutations in mitochondrial DNA have recently been described to play a role in 

thyroidd tumor progression [17]. Several genes have been described to be differentially expressed in thyroid 

carcinoma,, for review see [18]. Some of these genes have been used as a possible diagnostic or prognostic 

tool,, but until now no gene has proven to be comprehensive. The best markers available nowadays are 

VECFF that has been shown to be overexpressed in thyroid carcinoma [19], 

AA recent report suggested a bad prognosis for VECF-positive thyroid tumors [20, 21 ]. Calectin-3 was 

reportedd as a candidate marker suitable to distinguish benign from malignant thyroid neoplasms [22, 23]. 

Butt recently other reports have raised important questions about the accurateness of galectin-3 as a 

diagnosticc marker, especially on the RNA level [24, 25], An extensive microarray study identified two 

geness C1TED1 and SFTPB to be specifically overexpressed in PTC [26]. 

Too better understand the molecular pathogenesis associated with thyroid cancer development and to 

identifyy novel diagnostic and/or prognostic markers for thyroid carcinoma we used serial analysis of gene 

expressionn (SAGE), a high-throughput technique suitable for this purpose. SAGE is a sequence-based 

approachh to identify which genes are expressed in a certain cell-type together with their expression level 

[27].. The analysis and comparison of SAGE expression profiles can identify novel genes involved in the 

molecularr pathology of disease [28]. In molecular oncology many studies have been performed using 
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SAGEE resulting in an advanced understanding of the changes in gene expression in tumor ceils [29, 30], 

Inn this study we constructed and analyzed a SACE library from a follicular variant of papillary thyroid 

carcinomaa with widespread but indolent metastatic behavior [31 ]. Next to the fact that PTC is the most 

commonn thyroid carcinoma, in analyzing this particular tumor we expect to identify genetic factors 

associatedd with aggressive and/or metastatic behavior. In a previous study our laboratory analyzed the 

SACEE expression profile of a normal thyroid to identify novel thyroid-specific genes [32]. Comparison of 

bothh expression profiles identifies differentially expressed genes in thyroid carcinoma. Subsequent in silico 

analysiss using the TPE algorithm [33] which was refined for our specific purpose was performed to select 

candidatee tumor-specific transcripts. Finally, expression of three candidate genes was studied using 

semi-quantitativee RT-PCR on a panel of 30 thyroid tumor samples and 12 normal thyroid controls. 

Materia ll  & Method s 

Tumorr tissueJ3na[ RNA isolations 

Frozenn tissue from the files of the Leiden University Medical Center was collected of 30 patients who 

underwentt thyroidectomy for suspicion of thyroid carcinoma. Upon pathological examination tumors are 

classifiedd as follows: 5 follicular adenomas {FA 1-5); 20 papillary carcinomas (PTC 1-14) from which 6 

aree follicular variants (fPTC 15-20); 5 follicular carcinoma (FTC 1-5). From 8 PTC samples tumor tissue 

(FTCC 1-7, fPTC 20) and adjacent normal thyroid tissue (N 5-12) was collected after microdissection. 

Tumorr samples were evaluated for the presence of vascular invasion, lymph node metastasis and/or 

distantt metastasis. For SACE analysis one tumor (Thy_T), an fPTC, was selected because of its aggressive 

metastaticc behavior and on the basis of abundant tissue availability. Cytogenetic analysis of this tumor 

hass previously shown a chromosomal translocation, t(3;5)(ql2;pl5) and LOH of chromosome 22 [31]. 

Normall thyroid tissue (N 1-4) was obtained from 4 individuals without thyroid pathology after resection 

att routine autopsy. After homogenization of tissue samples total RNA was extracted using TRIzol 

(CibcoBRL). . 

SACEE library construction and analysis 

SACEE libraries were constructed following SACE protocol 2.0 and as previously described [27, 32], SACE 

cloness were sequenced with the Dyenamic Direct cycle sequencing kit (Perkin Elmer) using the T7 priming 

site.. Samples were run on an ABI377XL Automatic Sequencer (Perkin Elmer) and analyzed using Sequence 

Analysiss 3.0 software. Tag extraction was performed using the analysis program USAGE 2.01 [34]. 

Comparisonn of SAGE libraries was done using USAGE and its intrinsic statistical package calculating 

p-valuess of a comparative Z-test [35]. To further study tag identification and expression, NCBI/CCAP's 

SAGEmapp program was used [36]. 

Tissuee Preferential Expression (TPE) analysis 

TPEE analysis was performed as described previously [33] with some modifications. The following algorithm 

wass used: TPE^ = v'KRatioftagM^+^/oLibraries)7]; for every tag with expression level NREf in the reference 

libraryy the log-ratio with respect to the expression level in all other libraries Na i is calculated. 

Ratio(tagN)=2aK{log[(0.001+NREF(tagN))/(0.001-t-N3(tagN))]}.Thesumoff all ratios is Ratio tagN. 

Thee percentage of libraries where a given tag is expressed is taken as the second component in the 

calculationn of the TPE value. The expression of a selection of SACE tags was scored in 49 human SACE 

librariess available at NCBI/CGAP's SAGE website at (www.ncbi.nlm.nih.gov/SAGE). Libraries constructed 
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fromm in vitro cell lines were omitted. The expression in the reference library Thy_T (papillary thyroid 

carcinoma)) was compared respectively to a group of 18 libraries from different normal tissues 

(Thyroid_N/Chenn Normal Pr/PR317 normal prostate/normal prostate/mammary epithelium/Duke 

40N/Dukee 48N/Br N/normal lung/Duke leukocyte/Duke Kidney/NCI /NC2/Duke thalamus/Duke 

BB5422 normal cerebellum/BB542 whitematter/normal pool(6th)/normal cerebellum) and to a group 

off 31 libraries from different tumor tissues (Thyroid_T/gastric cancer xenograft XI01/gastric cancer-

G234/Chenn Tumor Pr/PR317 prostate tumor/PrCA-1/LN-l/Panc 9M6113/Panc 96-6252/OC14/OVT-

6/OVT-7/OVT-8/95-347/95-259/95-260/95-348/DCIS/Duke96-349/DCIS2/Tul02/Tu98/Duke e 

1273/Dukee H1020/Duke CBM HI 110/pooled CBM/Ped GBM1062/Duke H1126/H1126/Duke 

757/Dukee H1043). The resulting TPE values are normalized and range between 0-100. Generally expressed 

transcriptss typically have TPE values <25. Tissue-specific transcripts have TPE values ranging from 75-100. 

semi-quantitativee RT-PCR (sqRT-PCR) 

lst-strandd RACE cDNA was synthesized from all thyroid RNA samples using the cDNA synthesis System 

(Gibco/BRL).. Primers were designed on GenBank sequences using the primer design program Primer3 at 

(www.genome.wi.mit.edu/cgi-bin/primer/primer3.cgi).. Oligonucleotides were synthesized by Isogen using 

thee following sequences: Extracellular matrix protein 1 (ECM1) accession no. NM_004425, 

Forr 823-842, Rev 1094-1113, fragment size 547bp; thyroid peroxidase (TPO) accession no. M17755, 

Forr 2161-2180, Rev 2589-2608, fragment size 450bp; hypothetical protein BC013035 accession 

no.. NMJ38436, For CGACTATCAGCAGCCACAAA, Rev TGCAAATGGCATAAACTCCA, fragment size 

386bp;; mitochondrial ATPase 6 (ATP6) accession no. X62996, For_CAGTGATTATAGGCTTTCGCTCTAA, 

Rev_CAGGGCTATTGGTTGAATGAGTA,, fragment size 190bp [37]. PCR amplification was performed using 

standardd conditions, 2mM MgCI2 and 30" , 1' , 1' n appropriate number of cycles. 

Too ensure a quantitative measurement during the exponential phase of the amplification reaction, the 

amountt of cycles used for ECM1 and TPO was 26, 28 for BC013035 and 25 for the control transcript 

ATP6.. 10pl of every 25ul PCR reaction was run on a 2% agarose gel and visualized using ethidium 

bromide.. Imaging of the gei was performed using the Eagle Eye II System (Stratagene). Intensity of bands 

wass measured using OneD-scan software from Scanalytics. Density values of every band are corrected for 

backgroundd and normalized for PCR fragment size. Ratios of respectively ECM1, TPO and BC013035 over 

controll transcript ATP6 are calculated. 

Result s s 

Afterr the construction of the SAGE library from the papillary thyroid carcinoma tissue (ThyJ"), clones 

weree sequenced to obtain a total of 10,495 tags representing 5,913 unique transcripts. Together with the 

previouslyy constructed normal thyroid library (Thy_N) [32] a total of 21,489 tags representing 11,350 

uniquee transcripts are available for analysis. To identify transcripts up- or downreguiated in the thyroid 

tumorr both expression profiles are compared using USAGE software [34]. Using a cut-off significance 

p-valuee of 0.05, 270 differentially expressed tags can be distinguished. In this analysis the significance 

p-valuee of 0.05 corresponds to a differential expression of approximately 5-fold. TAG-to-GENE identification 

iss performed with USAGE software. Tags that cannot be annotated due to their specific sequence 

(e.g.. AAAAAAAAAA or those containing ALU repeats) and 50 tags corresponding to mitochondria] 

andd ribosomal transcripts are excluded from subsequent analysis. The remaining cohort consists of 204 
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transcriptss differentially expressed in Thy_T and is used for further analysis. Of these tags, 60 cannot be 

linkedd to a known human transcript and are denoted NoMatch tags from which 27 tags are upregulated 

andd 33 tags are downregulated in Thy_T. NoMatch tags do in most cases link to UniCene clusters consisting 

off ESTs or full length cDNAs with unknown function. Of the remaining 144 Match tags with a positive 

UniCenee match, 23 tags are upregulated and 121 tags are downregulated in Thy_T. Several thyroid-specific 

transcriptss (e.g. thyroglobulin (TC), thyroid peroxidase (TPO)) are downregulated. Cenes previously associated 

withh cancer can be identified (e.g. VECF, CD9, xpC, ECM1) in the group of upregulated transcripts. Other 

upregulatedd transcripts have not been described as having a role in (thyroid) tumor biology. In order to 

investigatee the expression profile of the 204 differentially expressed transcripts in other human normal 

andd tumor tissues an in silico analysis was performed using the Tissue Preferential Expression algorithm 

(TPE).. Data from publicly available SACE libraries from NCBI/CCAP is used for this calculation. For each 

off the 204 tags two TPE values are calculated. One TPE value where the expression level of the tag 

differentiallyy expressed in the Thy_T library is compared to the expression level of this tag in 18 normal 

referencee libraries (TPE-N) and a value where the expression level is compared to 31 tumor reference 

librariess (TPE-T). Both values are plotted in a graph (Figure 1). In the bottom-left area of the plot tags 

withh a low specificity for thyroid carcinoma when compared to either normal or tumor tissues are located. 

Thesee tags typically correspond to generally expressed housekeeping genes. In the top-right area of the 

plott tags that are differentially expressed in and highly specific for the Thy_T library when compared to 

allall other (tumor and normal) tissues are located. These tags can be characterized as potential tumor markers 

TPEE value s of tags differentiall y expresse d in Thy_T 
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Figuree 1. TPE plot of 204 differentially expressed SACE tags in papillary thyroid carcinoma. TPE values were calculated as 
describedd in the Material & Methods section. The circle contains tags with at least one TPE value >75 which are selected as 
potentiall thyroid tumor markers. White squares are upregulated Match tags and black squares are downregulated Match tags. 
Whitee circles are upregulated NoMatch tags and black circles are downregulated NoMatch tags. TPE-N (X-axis) value is 
calculatedd with data from 18 normal tissue SACE libraries, TPE-T (Y-axis) from 31 tumor tissue SACE libraries. 



thatt are relatively specific for thyroid carcinoma when compared to carcinoma from different origin. 

AA list of 42 putative thyroid tumor markers from tags with at least one TPE value higher than 75 is shown 

inn table 1. For 30 tags positive linkage with a UniCene cluster could be made (Match and NoMatch+hit) 

off which - 5 0 % correspond to a UniCene cluster with a defined protein function. 12 tags did not show a 

reliablee hit to any UniCene cluster (NoMatch-hit). A random selection was made of 6 transcripts to validate 

thee SAGE results in an sqRT-PCR on the original tissues from which the SAGE libraries were constructed. 

Thee mitochondrial house-keeping gene ATPase 6 is used as a control transcript [37], it shows similar 

expressionn levels in both SAGE libraries (29 tags in Thy_N and 33 tags in Thy_T). The intensity of amplified 

productss corroborates the differential tag counts observed in the SAGE libraries (Figure 2). 

Tablee 1. Putative thyroid tumour markers identified by SAGE and TPE analysis. 

TAG G 

Match h 

CTGTGCTCTA A 

AGCCTGCTCA A 

ACCGTCCACT T 

ACTGCCCGCT T 

ATCUIIIAT T 

AGGACAAATA A 

ACTGTATTGG G 

ATGACAGATG G 

TAAGAATTAA A 

CACGGAGGCC C 

AGCGCAGTGC C 

AGGCCCACAA A 

TTTTCCAAAA A 

CGGTGAAGCA A 

CATGAATAAA A 

NoMatchh +hit 

ATAGCTGGTG G 

AAGCAAGAAT T 

AACAGCTTTA A 

TAG-to-GENEE identificatio n 

ADP-ribosylationn factor-like 5 

CD733 (5'nucleotidase) 

cyclophilinn C 

extracellularr matrix 

proteinn 1 (ECM1) 

golgin-67 7 

iduronatee 2-sulfatase 

quinonee reductase 

(crystallinn Z) 

SMAP311 /homeodomain 

onlyy protein (HOP) 

myozeninn 2 

xerodermaa pigmentosum, 

groupp C 

insulin-likee growth factor 

bindingg protein 4 

mannosidase,, alpha2G 

ringg finger protein 13 

thyroglobulinn (TG) 

thyroidd peroxidase (TPO) 

KIAA02200 protein 

KIAA13766 protein 

hypotheticall protein 

BC013035 5 

Thy_ _ 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

10 0 

0 0 

0 0 

0 0 

0 0 

87 7 

217 7 

106 6 

0 0 

0 0 

0 0 

.NN Thy_T 

37 7 

24 4 

24 4 

55 5 

91 1 

24 4 

24 4 

164 4 

43 3 

24 4 

24 4 

43 3 

12 2 

0 0 

0 0 

30 0 

24 4 

24 4 

p-valu e e 

0,0059 9 

0,0245 5 

0,0245 5 

0,0007 7 

<0,0001 1 

0,0245 5 

0,0245 5 

<0,0001 1 

0,0029 9 

0,0245 5 

0,0245 5 

0,0029 9 

0,0021 1 

<0,0001 1 

<0,0001 1 

0,0119 9 

0,0245 5 

0,0245 5 

TPE-N N 

88 8 

82 2 

82 2 

93 3 

95 5 

82 2 

91 1 

75 5 

93 3 

95 5 

95 5 

79 9 

80 0 

88* * 

82 2 

96 6 

82 2 

91 1 

TPE-T T 

77 7 

88 8 

76 6 

71 1 

98 8 

85 5 

96 6 

76 6 

91 1 

85 5 

93 3 

82 2 

90 0 

96* * 

96 6 

96 6 

85 5 

85 5 

UniGeneJ DD locus 

Hs.342849 9 

Hs.153952 2 

Hs.. 1103 64 

Hs.81071 1 

Hs.182982 2 

Hs.172458 8 

Hs.83114 4 

Hs.13775 5 

Hs.381047 7 

Hs.320 0 

Hs.1516 6 

Hs.26232 2 

Hs.6900 0 

Hs.305916 6 

Hs.2041 1 

Hs.110613 3 

Hs.24684 4 

Hs.10018 8 

2q23.3 3 

6ql4-q21 1 

5q23.2 2 

lq21 1 

15qll.2 2 

Xq28 8 

Ip31-p22 2 

4qll-ql2 2 

4q26-q27 7 

3p25 5 

17ql2 2 

15qll-ql3 3 

3q25.1 1 

8q24 4 

2p25 5 

16pl2.1 1 

5ql4.3 3 

8pl l . l l 

75 5 
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Tablee 1. Continued 

TAG G 

GTCATACCTC C 

ACCAACTCAT T 

CCACCCCTAC C 

TTGGCTGGCC C 

ACTGCTATTT T 

TAAAAAGTCG G 

TTCCGAGGTT T 

TATGTACTCC C 

CTTCCTGCCC C 

CCAGCTGCCT T 

GCAAGCCCCA A 

CACTGAAAAA A 

NoMatchh -hit 

ATACAGTTCC C 

CCATAGCTGT T 

GTAACTTGCG G 

ATGTATTCAT T 

ATTGATGTGT T 

GCCGTCCCGC C 

TAGTTGCACA A 

TGTGTTGAGG G 

GTACAGGACT T 

TGGTCAAAAA A 

TAGATACTTT T 

TACCTAATTG G 

TAG-to-GEN EE identificatio n 

hypotheticall protein M0T8 

cDNAA FU31203 fis 

cDNAFUU 13793 fis, 

highlyy similar to 

PAIREDD BOX PROTEIN PAX-8 

EST T 

ESTs s 

ESTs s 

ESTs s 

EST T 

EST T 

hypotheticall protein 

MGC45438 8 

hypotheticall protein 

MGC40397 7 

ESTs s 

NoMatchh B07 

NoMatchh B08 

NoMatchh BIO 

NoMatchh B12 

NoMatchh B28 

NoMatchh B56 

NoMatchh B59 

NoMatchh B64 

NoMatchh B67 

NoMatchh B44 

NoMatchh B47 

NoMatchh B65 

Thy_ _ 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

5 5 

34 4 

34 4 

43 3 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

72 2 

43 3 

24 4 

NN Thy_T 

414 4 

43 3 

110 0 

49 9 

24 4 

24 4 

24 4 

79 9 

73 3 

0 0 

0 0 

0 0 

61 1 

61 1 

49 9 

43 3 

37 7 

24 4 

24 4 

24 4 

24 4 

0 0 

0 0 

0 0 

p-valu e e 

<0,0001 1 

0,0029 9 

<0,0001 1 

0,0015 5 

0,0245 5 

0,0245 5 

0,0245 5 

0,0001 1 

0,0005 5 

0,0186 6 

0,0186 6 

0,0076 6 

0,0004 4 

0,0004 4 

0,0015 5 

0,0029 9 

0,0059 9 

0,0245 5 

0,0245 5 

0,0245 5 

0,0245 5 

0,0006 6 

0,0076 6 

0,0467 7 

TPE-N N 

100 0 

97 7 

100 0 

79 9 

95 5 

95 5 

95 5 

94 4 

85 5 

64 4 

68 8 

58 8 

98 8 

98 8 

97 7 

97 7 

91 1 

95 5 

69 9 

86 6 

95 5 

82 2 

79 9 

56 6 

TPE-T T 

100 0 

97 7 

92 2 

86 6 

96 6 

96 6 

96 6 

75 5 

83 3 

92 2 

89 9 

83 3 

97 7 

97 7 

97 7 

97 7 

97 7 

93 3 

85 5 

79 9 

96 6 

78 8 

95 5 

83 3 

UniGeneJ D D 

Hs.25924 4 

Hs.350840 0 

Hs.150539 9 

Hs.274511 1 

Hs.220971 1 

Hs.137928 8 

Hs.40840 0 

Hs.240443 3 

Hs.83623 3 

Hs.11782 2 

Hs.295563 3 

Hs.203763 3 

locus s 

lp36.31 1 

X X 

2 2 

--

16pl3.13 3 

12q23.3 3 

--

--

Tagss with a preferential expression in thyroid papillary carcinoma SAGE library Thy_T (see also figure 1). Tags are divided in 

threee groups, Match, NoMatch (+hit) and NoMatch (-hit). Corresponding transcript, tag count in libraries Thy_N and Thy_T 

(normalizedd per 50.000 tags), p-value (Z-test), TPE values, UniGene cluster accession number and cytogenetic locus are shown. 

Transcriptss in bold are used in RT-PCR validation (Figure 2). * average TPE values from three tags corresponding to alternatively 

splicedd TC transcripts. 
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XPCC ECM1 BC013035 crystallinZ TPO RFP13 ATP6 

Figuree 2. Validation by RT-PCR on RNA from tissue used in the SAGE analysis of selected transcripts showing differential 
expressionn and high TPE values after subtraction of normal (Thy_N) and papillary thyroid carcinoma (Thy_T) SAGE libraries. 
Transcriptss in bold are used in subsequent analysis. PCR fragments are analyzed on a 1.5% agarose gel. Lanes are marked N: 
normall thyroid Thy_N and T: tumor Thy_T with their SAGE expression level in brackets. M = DNA marker. 

Threee genes were chosen to study their expression in a panel of benign and malignant thyroid neoplasms. 

Extracellularr matrix protein 1 (ECM1) for its association with metastasized breast carcinoma, thyroid 

peroxidasee (TPO) for its relation with (de)differentiation of thyroid cells and one unknown transcript 

codingg for a hypothetical protein (BC013035). Figure 3 shows the sqRT-PCR of ECM1, TPO and BC013O35 

inn a panel of 30 thyroid tumors and 12 normal thyroid controls. N1-N4 are normal controls from thyroid 

tissuee taken at autopsy. Samples N5-N12 are samples of normal tissue taking from the surrounding area 

off a papillary thyroid carcinoma (PTC 1 -7, fPTC 20). Thyroidd neoplasms are divided in 5 adenomas, 20 

PTCss (6 follicular variants) and 5 FTCs. On page 78, figure 3A shows a gel with RT-PCR products of ECM1, 

TPO,, BC013035 and ATP6. Expression ratios are depicted graphically in figure 3B. 

Normall thyroid tissue from healthy thyroid controls shows high expression of TPO, no ECM1 expression 

andd intermediate BC013035 expression. Normal thyroid tissue surrounding PTC tumors shows slightly 

decreasedd expression of TPO, no ECM1 expression and increased BC013035 expression. In follicular 

adenomaa no ECM1 expression and decreased expression levels of TPO and BC013035 can be detected. 

Papillaryy and follicular carcinoma show decreased and absent expression levels of TPO. BCO13035 is 

expressedd in 10 out of 25 carcinoma with levels comparable to normal thyroid control. ECM is expressed 

inn 11 out of 25 carcinoma showing no preference for either PTC, fPTC or FTC. No correlation is present 

whenn comparing expression levels of ECM1, TPO and BC013035 with the invasive characteristics of 

thyroidd carcinoma, such as vasoinvasiveness, lymph node metastasis, and/or distant metastasis. 
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Figuree 3. Semi-quantitative RT-PCR analysis of ECM1, TPO and cDNA BC013035 on a panel of 30 thyroid tumors and 12 

controls.. A shows gel with PCR products; ECM1 547bp, TPO 450bp, BC013035 465bp, ATP6 190bp. Tumors samples as 

usedd in SAGE analysis are depicted as Thy_N and Thy_T. B shows relative expression levels of respectively TPO, ECM1 and 

BC0130355 expressed as their ratio divided by ATP6, corrected for background and size of the fragment. 
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Discussio n n 

Inn order to identify differentially expressed transcripts in differentiated thyroid carcinoma, SAGE expression 

librariess of a normal thyroid and a papillary thyroid carcinoma with widespread metastatic behavior but 

indolentt clinical course were compared. From a total of 11,350 different transcripts 204 tags are differentially 

expressed.. 154 human transcripts are statistically significantly downregulated and 50 are upregulated 

(p<0.05)) in PTC. Similar numbers were found in a SAGE study of lung cancer where in a group of 43,000 

transcriptss 142 were upregulated and 175 were downregulated [30], A study using SAGE libraries from 

severall thyroid carcinoma subtypes has identified osteonectin as a putative marker for ATC [38]. 

Thee libraries in this study were of limited size and did not reveal any putative markers for differentiated 

thyroidd carcinoma. The downregulation of thyroid-specific transcripts in thyroid carcinoma has been 

describedd previously and it is generally accepted that this is indicative for the dedifferentiation process 

duringg the progression of the tumor [7]. This phenomenon was again shown in a study where PTC 

expressionn profiling using microarrays was performed [26]. This study identifies two genes (CITED1 and 

SFTPB)) specifically overexpressed in FTC. Neither of these two genes was found in the SAGE profiles in this 

study.. The most abundant thyroid-specific transcripts, TG and TPO, are significantly downregulated in our 

tumorr SAGE library. The expression of the low abundant TSH-R and NIS are lost in the tumor library, due 

too the relatively low levels of expression of these transcripts statistical significance is not reached. Among 

thee 50 transcripts that are upregulated in PTC, transcripts coding for proteins with different functions can 

bee distinguished. VEGF is the only transcript that has been implicated to play a role in thyroid tumor 

progressionn [19, 21]. The mRNA transcript from this protein is overexpressed 11-fold in our tumor SAGE 

library.. VEGF however, is not a thyroid tumor specific marker and is seen in many tumors of different 

origin.. A general problem of high throughput techniques is the extensive output of data. In order to 

expeditee the identification of SAGE tags of interest we developed the in silico Tissue Preferential 

Expressionn (TPE) [33] analysis that can be easily tailored to fit a specific research question, in casu the 

identificationn of transcripts differentially expressed in PTC. This 'virtual Northern' uses an algorithm to 

calculatee TPE values for every tag, based on the number of SAGE libraries the tag is expressed in and the 

relativee level of expression in other libraries. This makes it possible to distinguish a subgroup of transcripts, 

whichh have the highest chance to exert a thyroid tumor specific expression. Contemplating functions of 

proteinss corresponding to the TPE values shows that most housekeeping genes widely expressed in all 

tissuess have very low TPE values (<25). Proteins with a tissue-specific function from genes expressed in 

onlyy one tissue have very high TPE values (>75). The best example in this study is that TG, a gene expressed 

solelyy in thyroid follicular cells, has TPE values around 90 and is located in the most upper-right quadrant 

off figure 1. Moreover, all three tags corresponding to TG transcripts because of alternative splicing in the 

3'UTRR [39] show very high TPE values. TPO, another thyroid-specific transcript reported to be downregulated 

inn thyroid tumors also has TPE values around 90. The result of the TPE analysis shows that the largest 

partt of tags differentially expressed in PTC is expressed in a wide range of tissues, normal as well as 

neoplastic.. From 204 differentially expressed annotated tags, 42 tags have TPE values over 75 and are 

consideredd candidate thyroid tumor markers. Semiquantitative RT-PCR on a panel of 30 thyroid tumors 

andd 12 normal controls shows downregulation of TPO in all tumors indicating dedifferentiation of these 

tissues.. Additionally, normal controls taken from healthy subjects show higher TPO expression then normal 

tumor-surroundingg tissues. The expression pattern of hypothetical protein BC013035 shows a similar 
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picturee to TPO. It is expressed in all normal thyroid samples and its expression is downregulated in most 

tumors,, irrespective of the subtype. On the basis of the expression pattern of BC013035 in thyroid tumors 

itt does not seem to be a good tumor marker. Since it is expressed in normal thyroid tissue it is more likely 

too play a role in general thyroid physiology. ECM1 shows overexpression in 50% of PTC and 40% of FTC 

tumorr samples. The lack of ECM1 in normal controls and follicular adenomas and its inverse correlation 

withh the expression levels of TPO indicates that ECM1 expression correlates with tumor progression. It is 

nott possible to distinguish between PTC and FTC on the basis of ECM1 expression but it is possible to 

distinguishh follicular adenoma from thyroid carcinoma. 

Thee 1.9 kb ECM1 mRNA encodes a protein of 85kDa that was initially isolated from an osteogenic stromal 

celll line [40, 41]. Although ECM1 as been implicated in differentiation of keratinocytes [42] and is 

expressedd in surrounding connective tissues of developing bones [43], the function of the protein is still 

unknown.. Recently it has been associated with angiogenesis and it is expressed in breast carcinoma cells 

[44],, In the TPE analysis ECM1 expression was not seen in 3 available breast tumor SAGE libraries. 

Thee fact that in the former study expression of ECM1 was seen preferentially in breast tumors of the more 

malignantt type could explain this difference. The link that was suggested between ECM1 expression and 

tumorr progression through angiogenesis is in our case supported by the fact that the transcript for VECF 

iss upregulated in our papillary thyroid tumor SAGE library to the same extent as ECM1. VEGF is a recognized 

angiogenicc factor that has already been described as a marker with prognostic value in thyroid carcinoma 

[19,, 20, 21 ], although contradictory reports have also been published [45]. In conclusion, from a large-

scalee analysis of gene expression profiles of normal thyroid and papillary thyroid carcinoma, a cohort of 

422 novel putative thyroid tumor markers can be defined. Among them is ECM1 that has previously been 

associatedd with malignant breast carcinoma and angiogenesis. The elucidation of the function of ECM1 

willl provide more insight into the molecular mechanism of thyroid tumorigenesis and tumor progression. 
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