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Cervical carcinoma is one of the most common ma-
lignancies among women and occurs in about
500,000 cases per year, worldwide, and about
100,000 cases per year in China. Many studies have linked
the presence of specific types of human papillomavirus
(HPV) such as HPV16 and 18 with the development of
cervical carcinoma [1]. However, HPV infection alone is
probably insufficient for complete neoplastic transforma-
tion of the cervical epithelium. Additional genetic alter-
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Background: The role of human papillomavirus (HPV) in the development of cervical carcinoma has been clearly
established but other factors could be involved in cervical tumorigenesis such as loss of heterozygosity (LOH) and
microsatellite instability (MI). The aim of the present study was to investigate the relationship between HPV
infection, genetic instability and cervical carcinoma and to determine the location of suppressor-like genes, the loss
of function of which might be important in the incidence or progression of cervical carcinomas. Methods: 50 primary
cervical carcinoma samples from patients from high-incidence area of China, i.e. 16 in situ cancer samples, 10 sam-
ples of stage I, 16 samples of stage II and 8 samples of stage III were analyzed. DNA was extracted from cervical
biopsy samples and peripheral blood samples and analyzed by PCR using 8 highly polymorphic microsatellite
primers: D3S1478, D3S1766, D6S260, D11S925, D18S35, D18S474, D18S64, and D18S68. Also, HPV status of
tumors was determined by PCR. Results: HPV16 was detected in 88% of cases, and LOH with < 3 different loci per
case — in 66% of cases. The highest frequency of the allelic loss was found in D18S474 (18q21, 40.5%) and MI was
found in 4 cases (8%). Conclusion: different percentages LOH on specific chromosomal regions were found and MI
was very unfrequent in cervical carcinoma. The putative suppressor gene(s) likely to be located on specific chro-
mosome region such as 18q21, and genetic charge play a key role in cervical tumorigenesis.
Key Words: cervical carcinoma, loss of heterozygosity, microsatellite instability, human papillomavirus.

Îáîñíîâàíèå: Ðîëü ïàïèëëîìàâèðóñîâ ÷åëîâåêà (HPV) â ðàçâèòèè ðàêà øåéêè ìàòêè ÿâëÿåòñÿ äîêàçàííîé â îòëè-
÷èå îò äðóãèõ ôàêòîðîâ, òàêèõ, êàê ïîòåðÿ ãåòåðîçèãîòíîñòè (LOH) è ìèêðîñàòåëëèòíàÿ íåñòàáèëüíîñòü (MI).
Öåëü ðàáîòû: èññëåäîâàíèå âçàèìîñâÿçè ìåæäó èíôåêöèåé HPV, ãåíåòè÷åñêîé íåñòàáèëüíîñòüþ è ðàçâèòèåì ðàêà
øåéêè ìàòêè, à òàêæå âûÿâëåíèå ëîêàëèçàöèè ïîòåíöèàëüíûõ ãåíîâ-îíêîñóïðåññîðîâ, ïîòåðÿ ôóíêöèè êîòîðûõ
ìîæåò ïðèâîäèòü ê ïîÿâëåíèþ èëè ðàçâèòèþ ðàêà øåéêè ìàòêè. Ìåòîäû: Îáúåêòîì èññëåäîâàíèÿ áûëè 50 îáðàç-
öîâ ïåðâè÷íîé êàöèíîìû øåéêè ìàòêè ïàöèåíòîê èç ðàéîíà âûñîêîãî ðèñêà (Êèòàé), à èìåííî 16 êàðöèíîì in situ,
10 îïóõîëåé ñòàäèè I, 16 — ñòàäèè II è 8 — ñòàäèè III. ÄÍÊ âûäåëÿëè èç îáðàçöîâ áèîïñèé îïóõîëåé è ïåðèôåðè-
÷åñêîé êðîâè è àíàëèçèðîâàëè ìåòîäîì ÏÖÐ ñ èñïîëüçîâàíèåì 8 âûñîêîïîëèìîðôíûõ ìèêðîñàòåëëèòíûõ ïðàéìå-
ðîâ D3S1478, D3S1766, D6S260, D11S925, D18S35, D18S474, D18S64, è D18S68. HPV-ñòàòóñ îïóõîëåâûõ îáðàçöîâ
òàêæå îöåíèâàëè ìåòîäîì ÏÖÐ. Ðåçóëüòàòû: HPV16 áûë âûÿâëåí â 88% ñëó÷àåâ, LOH ñ < 3 ðàçëè÷íûìè ëîêó-
ñàìè/îáðàçåö — â 66% ñëó÷àåâ. Íàèáîëåå âûñîêàÿ ÷àñòîòà ïîòåðè àëëåëè áûëà îáíàðóæåíà â ëîêóñå D18S474
(18q21, 40.5%), à MI áûëà âûÿâëåíà â 4 (8%) ñëó÷àÿõ. Âûâîäû: Ïðè ðàêå øåéêè ìàòêè âûÿâëåíà ðàçëè÷íàÿ ÷àñòîòà
LOH â ñïåöèôè÷åñêèõ ó÷àñòêàõ õðîìîñîì, â òî âðåìÿ êàê MI îáíàðóæèâàåòñÿ ðåäêî. Ïîòåíöèàëüíûå ãåíû-îíêî-
ñóïðåññîðû, âåðîÿòíî, ëîêàëèçîâàíû â ñïåöèôè÷åñêèõ ó÷àñòêàõ õðîìîñîì, òàêèõ, êàê 18q21, è ãåíåòè÷åñêèå èçìå-
íåíèÿ ìîãóò âûïîëíÿòü öåíòðàëüíûå ðîëè â îíêîãåíåçå øåéêè ìàòêè.
Êëþ÷åâûå ñëîâà: ðàê øåéêè ìàòêè, ïîòåðÿ ãåòåðîçèãîòíîñòè, ìèêðîñàòåëëèòíàÿ íåñòàáèëüíîñòü, ïàïèëëîìàâèðóñ ÷åëîâåêà.

ations such as inherited or acquired genetic traits, espe-
cially involving tumor suppressor gene (TSGs) seem to
be required for development and progression of cervical
carcinoma [2, 3]. Inactivation of p53 and Rb proteins by
E6 and E7 proteins from integrated oncogenic HPV strains
is an important component of TGS inactivation in the vast
majority of HPV-positive cervical carcinoma [4, 5]. Other
mutations or deletions due to genetic instability including
loss of heterozygosity (LOH) and microsatellite instability
(MI) are frequently accompanied by loss of the remaining
allele, leading to homozygous inactivation of the gene.
Several studies have shown that LOH and MI at specific
chromosomal sites such as 1p, 1q, 4p, 5p, and 17p is
frequently associated with development of cervical carci-
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noma [6–8]. However, data on the role of genetic chang-
es (besides HPV infection) in the progression of cervical
carcinoma are meager. Knowledge of these genetic
changes in conjunction with the viral status of cervical
cancer might lead to improve methods of prognosis and
the development of more effective therapeutic strategies.

Genetic instability has been studied in different tu-
mors, in particular colon, gastric, breast. On the other
hand, the oncogenic potential of LOH or MI in cervical
tumorigenesis is not yet completely understood. The aim
of the present study was to investigate the correlation
between HPV infection, genetic instability and cervical
carcinoma incidence in high-incidence area in China.

MATERIALS AND METHODS
Blood and tumor tissue samples. The samples

of primary cervical carcinoma tissues and peripheral
blood from 50 untreated patients (34–76 years old) were
collected. All samples were obtained from WuFeng
County, a high incidence area of cervical carcinoma in
Middle West of China. Clinically, 50 tumors were clas-
sified as follows: stage 0 (in situ cancer), 16 cases;
invasive cancer, 34 cases ( including clinical stage I,
10 cases; clinical stage II, 16 cases; clinical stage III,
8 cases). Histologically, those cases were classified as
48 squamous cell carcinomas and 2 adenocarcinomas.

DNA amplification and analysis. High molecular
weight DNAs from tumor tissue and peripheral blood
samples(control sample) were isolated using standard
procedures of proteinase K–SDS digestion and phe-
nol-chloroform extraction [9].

Each sample was analyzed by PCR for HPV16 type
E7 gene sequence, using primers: 5'CGAGATCA-
CATGGAGAGAAAC-CCAGCT3'; 5'ACGCCTC-
CGAGAGGATCAGCCATGGTAGAT3'. The size of the
amplified sequences was 312 bp. The amplification
reaction mixture consists of 2 µl (200 ng) DNA, 5 µl of
10 × PCR buffer, 50 µM of each dNTP, 10 pmol of each
primer, 1 U Taq DNA polymerase (Bio-star, Canada ),
in a final volume of 50 µl, overlayed with 40 µl of mine-
ral oil. The amplification products were separated us-
ing 1.5% agarose electrophoresis and viewed in UV
light after staining with ethidium bromide.

Both peripheral blood samples and tumor samples
were analyzed using a panel of 8 microsatellite markers
described in Table 1. The amplification was performed
in a 20 µl of reaction mixture containing 1 µl (100 ng) of
sample DNA, 2 µl of 10 × PCR buffer, pH 8.3, 2 mM
MgCl2, 100 µM of each dNTP, 20 pmol of each primer,
1 U Taq DNA polymerase (Bio-star, Canada), and wa-
ter to make a final volume of 20 µl overlayed with 20 µl of
mineral oil. The amplification products (5 µl) were sepa-
rated by electrophoresis in 2% agarose gels. The PCR
products (5 µl) were then diluted with an equal volume
of formamide to which 0.25% xylencyanol and 0.25%
bromphenol blue were added. The products were then
denatured at 95 oC for 10 min and separated by 6% poly-
acrylamide gels containing 7M urea. Electrophoresis was
conducted in 1 × Tris-boric acid/EDTA buffer. The gels
were then stained with 1‰ silver nitrate.

The occurrence of LOH was considered to happen
either when an allelic band present in the peripheral blood
samples was absent in the tumor sample, or when its
density was < 50% than that in corresponding band in the
tumor sample [10–12]. MI was detected by a shift in the
mobility of one or both alleles and extra CA repeat bands
in tumor DNA compared to the peripheral blood DNA sam-
ples from the same individual [13–15]. The LOH and MI
analysis were performed in duplicate for each sample.

Statistical analysis. χ2-test was used to examine
the distribution of LOH frequency in tumors of different
clinical stages as well as for LOH frequency in micro-
satellite DNA loci in tumor tissue samples.

RESULTS
In this study, HPV16 was detected in 44 (88%) out

of 50 cases. In the cases of in situ cancer, HPV16 was
detected in 13 (81.25%) out of 16 cases; in the cases
of invasive cancer — in 31 (91.18%) out of 34 cases.
No significant differences between the rates of HPV
infection for invasive and in situ cancer case were found
(χ 2 = 1.02, p > 0.05).

Comparing tumor tissue and peripheral blood samples,
LOH was observed at one or more loci in 33 (66%) cases.
Different percentages of LOH on specific chromosomal
regions were found. The most common chromosomal aber-
rations were detected on 18q21 and 3p21, the highest fre-
quency of the allelic loss was found in D18S474 (18q21,
40.5%) and the lowest frequency of LOH — in D18S35
(8.7%) (Table 2 and Figure). In our study, microsatellite
instability (MI) was detected only in 4 (8%) cases including
D6S260 (1 case), D11S925 (1 case) and D18S68 (2 cas-
es). In addition, we compared the frequency of LOH bet-
ween in situ cancer and invasion cancer of stages I-III and
found that LOH frequency of D18S474 was very high in
invasion cancer (51.85%), but was only 20% at early stage
(χ2 = 4.07, P < 0.05) (Table 3).

DISCUSSION
This study was designed to investigate the associa-

tion of HPV infection and relative incidence of LOH in
cervical carcinomas in correlation with tumor stage. For
this reason, we studied molecular abnormalities (LOH,
MI at 8 loci, and oncogenic HPV16E7 sequence) in pri-
mary cervical carcinoma and peripheral blood samples
from 50 patients from high-incidence area in China. We
detected HPV16 sequences in 88% (44/50) of tumors.

Table 1.  Characteristics of the microsatellite loci analyzed 

Locus Chromosome Primer sequence Size (bp) 
D3S1478 3p21.3-3p21.2 GATGAAACTGTGATAGCACC 

CTGCCAGTAATGTAAATCTCC 
109–152 

D3S1766 3p14.2-21.1 ACCACATGAGCCAATTCTGT 
ACCCAATTATGGTGTTGTTACC 

208–225 

D6S260 6p23 TTTTCACTATCAATGGCAGC 
TTCATTTTCAGCAGCAATTT 

159–179 

D11S925 11q23-24 AGAACCAAGGTCGTAAGTCCTG 
TTAGACCATTATGGGGGCAA 

173–199 

D18S35 18q21.1-21.31 AGCTAGATTTTTACTTCTCTG 
CTGGTTGTACATGCCTGAC 

104–124 

D18S474 18q21.1 TGGGGTGTTTACCAGCATC 
TGGCTTTCAATGTCAGAAGG 

119–139 

D18S64 18q21.32   ATACTGGTGGTGGTTATACAACAT 
AAATCAGGAAATCGGCA 

188–208 

D18S68 18q22.1 ATGGGAGACGTAATACACCC 
ATGCTGCTGGTCTGAGG 

270–290 
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Our data show that high-risk HPV certainly is an impor-
tant ethiological factor for most cervical carcinoma.

The finding of high frequency LOH for loci of chro-
mosomes 18q21 and 18q22, particularly 40.5%

(18q21.1) LOH for D18S474 strongly implicates those
loci as the sites for one or more genes likely to play an
important role in the origin or progression of cervical
carcinoma. Reuter et al [16] reported a novel human
gene — AMP-1, that is aberrantly co-transcribed with
HPV68 E6 and E7 genes in cervical carcinoma cell lines
ME180. The AMP-1 gene is localized in region 18q21
and encodes a zinc finger protein. LOH of 18q21 re-
gions appears to be an important event in colon, breast,
ovarian, gastric and kidney and usually involves the
DCC (deleted in colorectal cancer, a tumor suppressor
gene) at 18q21.1 [17,18]. It is interesting that nontum-
origenic HPV18 immortalized keratinocyte cell line that
was chemically transformed to tumorigenicity showed
18q deletions and loss of DCC expression [19]. It will
be interesting to determine whether DCC alterations
are involved in cervical carcinoma progression. In ad-
dition, we found that the rate of D18S474 LOH in his-
topathological stage I–III (invasive cancer) was higher
than that for in situ cancer(χ 2= 4.07, p < 0.05, see Ta-
ble 3). The high frequency of LOH on 18q21.1 has not
been reported previously. Higher frequencies of LOH
in invasion cancer suggest that genetic changes of
D18S474 may be a potential marker for advanced cer-
vical cancer or poor prognosis. The findings of this study
also suggested that the 18q21.1 suppressor gene(s)
involved in cervical tumorigenesis is likely to be loca-
ted at chromosome region 18q21 nearby.

As noted, the second highest LOH frequency was
found in loci on 3p21.2-21.3 in 13 of 41 (31.7%) tu-
mors and thus shows the putative suppressor gene(s)
involved in cervical tumorigenesis located in 3p21.2-
21.3 too. Other studies have found 3p LOH frequen-
cies in 35–70% of cervical tumors, such as 3p13-14,
3p21-22, and 3p13-25 [20–22]. The similarity of high
LOH incidences reported for chromosome 3p in diffe-
rent reports is striking and suggests that the 3p losses
are critical for transformation and progression of cervi-
cal carcinoma. We revealed correlation of LOH on 3p
with the cancer stage, and further observed the trend
that allelic losses of 3p21 in 6 of 13 (46.1%) in situ can-
cer are higher than LOH in invasion cancer, however
without significant difference (p£¾ 0.05). Our data about
11q23-24 and 6p23 with LOH in 17–23% of cases
pointing to involvement of genetic instability of these
regions to cervical carcer progression, are in agree-
ment with the data of other authors [23–25].

In addition, MI was found only in 4 (8%) cases and
confined to D6S260, D11S925 and D18S68 loci. It sug-
gested that MI was very infrequent in cervical carcino-
ma tissues. MI is different from LOH in mechanisms
and gel banding patterns [26]. We found there are two
kinds of MI in cervical carcinoma tissues: additional
bands in tumors and total shifting of the band ladder in
the tumor, implying the involvement of both alleles. The
mechanism of MI involvement in tumor progression is
not clearly established, but mismatch repair deficien-
cies or other mechanism underlying MI may result from
mutations of cancer-related genes which are respon-
sible for carcinogenesis and tumor progression [27, 28].

Table 2. LOH analyzed in 50 cervical carcinoma samples 

Site Number of cases* LOH(%) 
D3S1478 41 13 (31.7) 
D3S1766 40 6 (15.0) 
D6S260 43 10 (23.3) 

D11S925 39 7 (17.95) 
D18S35 46 4 (8.7) 

D18S474 42 17 (40.5) 
D18S64 36 6 (16.7) 
D18S68 44 12 (27.3) 

* DNAs from tumor and control tissues from the same case were amplified 
with the status of heterozygosity successfully. 
χ2  = 18.20, P  < 0.01. 

Table 3. Results of LOH analyzed in situ and invasive cervical cancer 
samples 

LOH (%)   Locus 
In situ cancer Invasion cancer χ2 p 

D3S1478 46.1% (6/13) 25% (7/28) 1.83 > 0.05 
D3S1766 15.4% (2/13) 14.8% (4/27) 0.002  > 0.05 
D6S260 21.4% (3/14) 24.1% (7/29) 0.04  > 0.05 
D11S925 27.3% (3/11) 14.3% (4/28) 0.9 > 0.05 
D18S35 7.1% (1/14) 9.4% (3/32) 0.06 > 0.05 
D18S474 20% (3/15) 51.85% (14/27) 4.07  < 0.05 
D18S64 18.1% (2/11) 16% (4/25) 0.03  > 0.05 
D18S68 21.4% (3/14) 30% (9/30) 0.01 > 0.05 
 

Figure. Examples of LOH and MI in cervical carcinoma samples:
N — normal, T — tumor tissue samples
Arrow: alleles that show LOH and MI in tumor sample
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In conclusion, our data indicate that there are at least
two distinct risk factors in cervical carcinoma incidence —
a high rate of LOH and infection with high-risk human
papillomavirus. These data also show that cervical carci-
noma is the result of a multistep process involving diffe-
rent factors, and some genetic alterations of chromosomes
such as 18q appear to be a late event in tumor progres-
sion and may serve as an indicator for cervical tumori-
genesis with or without the involvement of HPV. Further
investigations are in progress to construct detailed dele-
tion maps of 3p, 18q or other frequent LOH regions and
compare their incidence in precancerous (such as cervi-
cal intraepithelial neoplasia, CIN) and early cancerous le-
sions (such as in situ cancer), to understand the nature of
primary genetic alterations in cervical carcinogenesis.
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