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Summary Carcinoma of the uterine cervix is a common malignancy among women that has been found to show loss of heterozygosity in the
chromosome 11p. Recent studies have localized the TSG101 gene in this region, and also demonstrated a high frequency of abnormalities of
this gene in human breast cancer. To determine the role of the TSG101 gene in the carcinogenesis of cervical and uterine carcinoma, 19
cases of cervical carcinoma and five cases of endometrial carcinoma, as well as nearby non-cancerous tissue from the same patients, and 16
blood samples from healthy persons as normal control were analysed by Southern blot analysis of genomic DNA, reverse transcription of the
TSG101 mRNA followed by PCR amplification and sequencing of the products. We found that abnormal transcripts of the TSG101 gene were
common both in cancerous or non-cancerous tissues of the uterus and cervix and in normal peripheral mononuclear cells. There was no
genomic deletion or rearrangement in spite of the presence of abnormal transcripts, and no definite relationship between the abnormal
transcripts and HPV infection was found. Although the frequency of abnormal transcripts was higher in cancerous than in non-cancerous
tissue, normal peripheral mononuclear cells also had abnormal transcripts. Given these findings, the role of the TSG101 gene as a tumour-
suppressor gene should be re-evaluated. Because some aberrant transcripts could be found at the first PCR reaction, we suggest that the
aberrant transcripts might be the result of imperfect minor splicesome products.
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Table 1 Oligonucleotide primers for study of the TSG101 gene

Primers Sequences cDNA locationa

First RT-PCR
P1u 5′-AGCCCAGCAGCGGCTGACCCTCT-3′ nt 35–57
P1d 5′-CTTATTCTGGGCACCTACTGAT-3′ nt 1342–1321

Second RT-PCR
P2u 5′-CGGTGTCGGAGAGCCAGCTCAAG-3′ nt 95–117
P2d 5′-CTCAACCTCCAGCTGGTATC-3′ nt 1290–1271

For sequencing
Ad 5′-AGTAGCCATAGGCATATTTGG-3′ nt 320–301
Bu 5′-GCCTTATAGAGGTAATACATAC-3′ nt 273–294
Bd 5′-ATAGGATGCCGAAATAGGAC-3′ nt 540–521
Cu 5′-CTTCCTTATCTACATGAATGG-3′ nt 421–441
Cd 5′-CACCAGGTGGGTAAGGACAG-3′ nt 670–651
Du 5′-GATACCCTCCCAATCCCAGTG-3′ nt 620–640
Dd 5′-TTCGTTTCAAGGCATTGAGC-3′ nt 865–846
Eu 5′-ATCTCTGCGGTCAGTGACA-3′ nt 781–799
Ed 5′-AGGGAGCTGTGGGAATGATA-3′ nt 1060–1041
Fu 5′-GGAAAAAATGGAAAATCAGTCTG nt 996–1018

aAccording to nucleotide sequence of TSG101 cDNA (GenBank accession number U82130). nt, nucleotide.

Table 2 Aberrant transcripts of TSG101 in cervical cancer

Case Age Pathological Abnormal transcript
finding

Tumour HPV Non-tumour HPV

1 35 SCC/II IB1,IA1 + – +
3 56 SCC/III IB1,IA4 – ID,IA1,IA4 –
4 42 SCC/III IA1,IB2,IIB,IA3 – – –
5 28 SCC/II IA3,IA1 + IA1,IC,IID +
6 67 SCC/III IB2,IIL + IID +
8 36 SCC/II IB2,IIB,IA3 + IB2,IA1 +
9 31 SCC/II IB1,IB2 + IIH +

13 59 SCC/III IB2,IA1 + IA1 +
14 36 SCC/II IE + IIM +
15 73 SCC/II IB2,IIK,IA1 – II I,IID –
16 63 SCC/II IB2 + – –
17 67 SCC/II IA1,IA4 – – –
18 50 SCC/III IIM + IA4 +
19 48 SCC/II IID,IA1,IIA + IIF,IA1 +
20 48 SCC/III IE,IB2,IA,IIF + IE,IA1 +
21 35 SCC/II IB2,IID + IIF,IIE,IB1,IIA,IA1,IA4 +
22 56 SCC/III IID,IE,IB2,IB1,IA1,IA4, + IE,IB2,IIA, IA1,IA4,IIJ +
23 48 SCC/II IB2,IB1,IIK,IA1 + IA2,IIM +
24 55 SCC/II IE,IB2,IA,IA4 + – +

IA1, nt 132–729 deletion; IA2, nt 132–637 deletion; IA3, nt 133–933 deletion; IA4, nt 133–447 deletion; IB1, nt 154–1054 deletion; IB2, nt 154–1070 deletion;
IC, nt 166–1113 deletion; ID, nt 172–1194 deletion; IE, nt 230–1212 deletion; IF, nt 284–638 deletion; IIA, nt 120–873 deletion; IIB, nt 125–1007 deletion;
IIC, nt 145–1072 deletion; IID, nt 150–1157 deletion; IIE, nt 151–1102 deletion; IIF, nt 160–1182 deletion; IIG, nt 184–1259 deletion; IIH, nt 200–959 deletion;
II I, nt 250–1221 deletion, IIJ, nt 262–1160 deletion; IIK, nt 335–1152 deletion; IIL, nt 399–1178 deletion; IIM, nt 443–830 deletion; IIN, nt 687–1112 deletion;
nt, nucleotide; SCC, squamous cell carcinoma.
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Figure 1 Nested RT-PCR amplification of TSG101 from cervical and endometrial cancer tissues (A, B, C). Cases 2, 7, 10, 11 and 12 were from cases of
endometrial cancer. The rest were cervical cancer. C, cancerous tissue. N, non-cancerous tissue. The results of peripheral mononuclear cells are shown in D.
L, peripheral mononuclear cells. The 1196-bp band is the normal TSG101 gene transcript. The smaller bands are aberrant transcripts
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Type I

C CCCC CAAAT T TG G G G G

110 120

730131

132–729A1

Type II

C C CAA T TG G

280 290

874119

120–873A

T C T T GTG G

AT TG

30 140

1055 153

154–1054B1

GGGG GGA A A ATT
A

40

1114 165

166–1113C

GA TA A GA T T T C CA G

140 150

1007124

125–1007B

TGA CTTT CAT TTT CT T GGA

100

1073 144

145–1072C

TCA GT TT A TTTCA GG GT

110

Type III. Deletion of loci 132–732 with the insertion of 37 bp

CA
110

733

GT TT G G CA CAA T GGTT ACT TC
130120 140

T TC CC A GTATT
150

C AGGT TCTA AC T T T A

131insertion of 37 bp

Figure 2 Sequence at TSG101 cDNA deletion junction in representative cases of cancerous and non-cancerous tissues and normal peripheral mononuclear
cells. Numbers above each figure indicate abnormal junction between deletions

Type I. Splicing donor or acceptor site-like sequence near the deletion junction.
Example: deletion from cDNA 154 to 1070

5'-......AGACCTAACTGTACGTGAAA......-3'Donor site

Acceptor site 5'-......ATACAAACAGATCCTGAATC......-3'

Type II Homologous sequences at deletion junction.
Example: deletion from cDNA 120 to 873

Donor site

Acceptor site

 5'-......AGCTCAAGAAAATGGTGTT......-3'

5'-....AACAGAAGAAGACCTGAAA......-3'

Type III Deletion and insertion.
Example: deletion from cDNA 132 to 732 and insertion of 37 bp

5'......AGGTTCAATA...insertion 37 bp...ACTGGGTCAT......-3'

153 154

donor site-like sequence

1070 1071

119120

deletion

873 874

131 733

deletion

Figure 3 Sequencing analysis of aberrant RNA splicing. There are three
types of aberrant transcripts. Type I has a splicing donor or acceptor site
sequence at the deletion junction region. Type II has a homologous
sequence between the deletion junction region. Type III has both deletion
and insertion

t t 

++ --
///// 

tt 

++ 

-tt 

tt 

" 

t t 

" 

t 

H 

" 

H 

" 

t 

H 

" 

~m1 llJJJJJJ 
H 

" 

        
        
          
        
TSG101 
 


 
 
    
           
          
       


       


Genomic long PCR and genomic Southern blot
analysis

         

           TSG101
British Journal of Cancer (1999) 79(3/4), 445–450 © Cancer Research Campaign 1999



TSG101 in cervical and endometrial cancers 449

Table 3 Aberrant transcripts of TSG101 in endometrial cancer

Case Age Pathological finding Abnormal transcript

Tumour Non-tumour

2 68 Adenocarcinoma IB1,IA4,IA1 IA1

7 36 Adenocarcinoma IB1,IB2,IA1,IA4,IA3 III,IID
10 57 Adenocarcinoma IIG,IIK
11 80 Adenocarcinoma II I,IB,IB2,IIL IA4,IA2

12 55 Adenocarcinoma II I,IB1,IIC –

Table 4 Aberrant transcripts of TSG101 in peripheral mononuclear cells of
normal controls

Case no. Abnormal transcript

L1 IA1,IIM,IA4,IIN
L2,L3,L7,L10,L14,L15,L16 –
L4 IA2,IA4

L5 IA2,IF
L6 IA1,IIN,IA2,III
L8 IF
L9 IF
L11 IA2

L12 IA1,IA2

L13 IA1
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