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Loss of heterozygosity (LOH) has been shown to be an important prognostic factor in a variety of malignant neoplasm’s.

Cervical cancer develops as result of multiple genetic alterations. The aim of this study was to analyze presence of LOH in

cervical cancer and to identify the correlation between LOH and survival and relapse-free survival time in patients treated

with radiotherapy. Studies were performed on tumor specimens and venous blood from 20 patients with cervical cancer

(squamous cell carcinoma G2 and G3) in stage II and III (FIGO) treated with radiotherapy. DNA was isolated using organic

extraction. Additional microcolumn purification was performed. The fluorescent multiplex polymerase chain reaction

(PCR) was used to amplify 10 microsatellite loci included in commercially available human identification kits.

Microsatellite marker BAT 26 was amplified in separate PCR reactions. 75% cervical cancers manifested LOH. LOH in

BAT 26 analysis (chromosome 2) was present in all these specimens. 60% of the cases showed LOH at one or more of other

examined loci (mostly on 3p, 18q21.3, and 11p15.5). Eight of nine cervical cancers in clinical stage III showed LOH. All

cases of G3 squamous cell carcinoma of the cervix manifested LOH on 2p. Patients with LOH have worse prognosis for sur-

vival and relapse-free survival compared to patients without LOH.
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Cervical carcinoma is the second most common malig-

nancy among women worldwide. Radiation therapy plays

major role in the management of cervical cancer in stage II

and III (according to FIGO classification) as a radical or

adjuvant treatment. A combination of external beam radio-

therapy and intracavitary brachytherapy with respective con-

tribution based upon the initial volume of the disease and in-

dividually according to tumor regression and dose

distribution to critical organs. The goal of treatment is to

maximize local control and disease free survival.

Some prognostic factors in cervical cancer are under in-

vestigation. Loss of heterozygosity (LOH) has been shown to

be an important prognostic factor in a variety of malignant

neoplasm’s [1–4]. Cervical cancer develops as a result of

multiple genetic alterations. LOH frequently occurs in

squamous cell carcinoma of the uterine cervix [5–8]. LOH is

one of the most important mechanisms for inactivation of tu-

mor-suppressor genes, thus the genetic abnormalities may

play a role in the development of the neoplasm. The effects of

such alterations on survival of patients with cervical cancer

after radiotherapy has not yet been explain.

The aim of this study was to analyze the presence of LOH

in cervical cancer and to determine the correlation between

LOH and survival and relapse-free survival in patients

treated with radiotherapy.

Material and methods

Studies were performed on tumor specimens obtained

from 20 patients with cervical cancer (squamous cell carci-

noma) in stage IIB (8 patients) and III (12 patients) (accord-

ing to FIGO classification) treated with radiotherapy in the

Department of Gynecologic Oncology, Regional Cancer

Center in Bialystok, Poland (Tab. 1). Samples of venous

blood from these patients were studied as respective controls.

The mean patients’ age was 64 years (range from 32 to

78 years). The mean follow-up was 23.1 months (range from

4 to 36 months).
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All patients were treated by external beam radiation

(γ-Co60, X 4MV or X 9MV) to whole pelvis, given with the

anterior-posterior portals to the total dose of 45–50 Gy with

daily fractionated dose of 2 Gy. The appear fields border was

placed at L4/L5. Whole pelvis was shaped following the

anatomy of the patient. The target volume included the

uterus, the vagina, the parametrium and the lymphatic nodes

including common iliac nodes. Guidance was given as to the

anatomical limits as determined radiographically. All pa-

tients received also intracavitary brachytherapy (Cs137,

Selectron MDR, Nucletron). Intracavitary applications with

Fletcher-Suit applicators were performed twice – in the mid-

dle of external radiation and at the end of treatment. The dose

was prescribed on the Manchester point A (20 Gy to point A

for one application, to total dose 40 Gy to point A). After the

first application of brachytherapy a middle block protected

the region of high dose from brachytherapy.

DNA was isolated using organic extraction [9]. Additional

microcolumn purification using Microcon-100 microcon-

centrators was performed. The fluorescent multiplex poly-

merase chain reaction (PCR) was used to amplify 10

microsatellite loci included in commercially available human

identification kits (Tab. 2). Phenotyping was performed with

the use of ABI Prism 310 Genetic Analyzer (Applied Bio-

systems, USA). Microsatellite marker BAT 26 was amplified

in a separate PCR reaction and electrophoresed using the

non-denaturing PAGE with subsequent silver-staining [10].

PCR products were sized according to 100 bp ladder (Gibco,

BRL).

Results

75% cervical cancers manifested LOH. LOH in BAT 26

analysis (chromosome 2) was present in all of LOH positive

specimens. 60% of the cases showed LOH on one or more of

other examined loci. Eight of nine cervical cancers (83.3%)

in clinical stage III showed LOH. The most common sites of

LOH, except chromosome 2p, were 3p, 18q21.3, and

11p15.5. LOH was found on 3p in 40% (8/20), on 18q21.3 in

30% (6/20) and on 11p15.5 in 20% (4/20) of the examined

cases. All cases of G3 squamous cell carcinoma of cervix

manifested LOH on chromosome 2 (BAT 26 analysis). In

these samples LOH was also present on two or three other

chromosomes (3p, 11p, 12p, 18q and 21q) (Tab. 3).

In addition to LOH, microsatellite instability (MSI) was

found in 7 specimens (also on chromosome 3p, 18q and 11p).

Five cervical cancers (4 in clinical stage II B, and 1 in clinical

stage III A/B) did not demonstrate any LOH or MSI at ana-

lyzed microsatellite markers.

Patients with LOH were found to have worse prognosis for

survival and relapse-free survival compared to patients with-

out LOH (Fig. 1, 2). This observation was documented for all
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Table 1. Distribution of analyzed cervical cancers according to histologic

grade of malignancy and clinical stage (according FIGO classification)

II B III A/B

squamous cell carcinoma G2 10 6

squamous cell carcinoma G3 1 3

total 11 9

Table 2. Analyzed microsatellite markers and their chromosomal local-

ization

Analyzed microsatellite marker Chromosomal localization

D3S1358 3p

VWA 12p12pter

D16S539 16q24-ter

rarsid4202484 D2S1338 2q35-37.1

D8S1179 8

D21S11 21q11.2-q21

D18S51 18q21.3

D19S433 19q12-13.1

TH01 11p15.5

FGA 4q28

Figure 1. Overall survival of patients with cervical cancer (squamous

cell carcinoma G2).

Figure 2. Overall survival of patients with cervical cancer (squamous

cell carcinoma G3).



the examined patients and also in a separate analysis for

patients in FIGO stage II B.

Discussion

Chromosome arm 6p is one of the most frequently in-

volved in loss of heterozygosity in patient with cervical

carcinoma [11–13]. Chromosome 6p21.2 presents LOH

in about 45% [14]. Other most common sites of LOH are

3p, 11q, 17p, 18q. LOH were frequently found on

3p21.1 (41%) [15]. About 40% of squamous cell carci-

noma of uterine cervix had LOH on 11q23.3 and 11q22

[8, 15]. On chromosome 17p13.3 LOH was demon-

strated in about 35% of specimens [14, 15].

The present study revealed that 75% cervical cancers

(squamous cell carcinoma G2 and G3) manifested LOH.

The most frequent site of LOH was chromosome 2p (in

BAT 26 analysis). LOH was found also on 3p (40%), on

18q21.3 (30%) and on 11p15.5 (20%). All cases of G3

squamous cell carcinoma of the cervix manifested LOH

at chromosome 2 (BAT 26 analysis) however in many of

them LOH was present also on chromosomes 3p, 18q

and 11p. Other authors [15, 16] did not find any correla-

tions between presence of LOH and histological type of

cervical cancer. However genetic alterations increas-

ingly appear with the tumor growth. It was demonstrated that

bigger tumors and tumors in more advanced stage have a higher

percentage of LOH [5, 14]. Patients with metastases in lymph

nodes often show LOH [8, 12]. In our study almost all of the cervi-

cal cancers in clinical stage III showed LOH.

A correlation between the presence of LOH and cervical cancer

prognosis was demonstrated [6. 8. 11]. Patients with LOH on

11q23.3 had significantly more recurrences compared to patients

without this abnormality [8]. LOH on chromosome 6p21.2 corre-

lated with high rate of recurrence after radiotherapy [11]. Pres-

ence of LOH on chromosome 6q and 18q correlates with poor sur-

vival [6, 11, 15]. Patients with LOH on chromosome 6p21.2 and

18q21.2 exhibited overall and disease-free survival after radical

radiotherapy [6, 11] significantly shorter as compared with those

without LOH on these chromosomes. The results of this study

suggest that LOHs on 2p, 3p, 18q and 11p correlate with recur-

rences of the cervical cancer. A shorter relapse-free survival time

and overall survival in the cases with LOH on chromosome 2p,

3p, 18q and 11p was documented in comparison to the cases with-

out LOH.

The data suggest that LOH may reflect genomic instability in

squamous cell carcinoma of the uterine cervix and seems to be a

connected with poor prognosis in patients with cervical cancers.

LOH analysis may represent a value in the assessment of biologi-

cal activities of the cervical carcinoma.
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Table 3. Presence of LOH and MSI in cervical cancers

Clinical stage

Sample

Analyzed microsatellite markers and their chromosomal localization

Histologic grade of
malignancy

D3S1358
3p

VWA
12p

D16S539
16q

D8S1179
8q

D21S11
21q

D18S51
18q

TH01
11p

BAT26
2p

FIGO II B

Squamous cell ca G2 1 LOH

2 MSI MSI LOH LOH

3

4 LOH LOH

5 LOH LOH

6

7 LOH MSI MSI LOH

8

9 MSI LOH

10

Squamous cell ca G3 11 MSI LOH LOH LOH

FIGO III A/B

Squamous cell ca G2 12 LOH LOH

13 LOH MSI LOH LOH

14 LOH

15 LOH LOH LOH LOH

16 LOH LOH MSI LOH

17

Squamous cell ca G3 18 LOH LOH LOH LOH

19 MSI LOH LOH MSI LOH

20 LOH LOH LOH LOH
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