


































































































































































































































results in the exponential accumulation of the sequence of 

interest, defined by the primers. The probe is 

complementary to the target sequence which is amplified 

(Saiki et al., 1985) and is not complementary to the 

primers. Since this method relies on amplification of 

discrete fragments of DNA, it becomes very easy to detect 

DNA fragments that are initially present in the sample in 

picogram quantities. The increased specificity, 

sensitivity, yield and simplicity of using Taq polymerase 

makes it suitable for automation (Saiki et al., 1988). The 

increased specificity of Taq polymerase over Klenow 

fragment of DNA pol I, is because of the temperature range 

optimum (65°C-75°C) whereas for Klenow the optimum 

temperature range is 25°C-37oc. This high temperature 

eliminates spurious extensions and amplification of only 

perfect hybrids is favoured. Also, it is likely that high 

temperature may reduce extent of secondary structure in the 

template therefore potentially minimizing extent of 

spurious extensions, thereby further improving sensitivity 

(Saiki et al., 1988). 

The advantages of PCR are that, it requires 

picogram quantities of DNA, is rapid and easy to perform, 

the assay in theory is highly sensitive and specific, and 

with Taq polymerase is suitable for automation. This makes 

PCR a feasible diagnostic or screening tool. 
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The increased sensitivity of PCR method is also 

its disadvantage because of problems related to 

contamination, which can result in false positives. 

Therefore, extreme care needs to be exercised in 

preparation and handling of all reagents and material used 

in the assay. Cross contamination is a serious problem 

because of the inherent sensitivity of the assay method. 

All reagents have to be autoclaved, pipette tips plugged 

and aseptic conditions maintained. 

In order to test the feasibility of using PCR 

technique to detect low copy numbers of the virus in 

cervical carcinoma, we used this method to detect HPV 16 

sequences in 163 cases of invasive cervical cancer. The 

sensitivity limit exceeds that of Southern blot 

hybridization. Therefore, this method has the potential to 

identify latent viral infections which indicate subclinical 

viral infection or disease, which might play a role in 

initiation and progression of cervical cancer. 

The prevalence of HPV in cancer of the cervix using 

other methods could reflect the low sensitivity of the 

detection systems used, therefore underestimating the HPV 

prevalence. De Villiers, et al (1987) detected HPV in only 

35% of scrapes from women with invasive carcinoma of the 

cervix and in 3% of scrapes from controls. If HPV is a 

major risk factor in the pathogenesis of cervical cancer, 

then it is expected to occur in greater number of cervical 
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cancer cases. The prevalence rate of HPV in cervical 

scrapes or cervical biopsies with positive cytology varies 

from 17% to 80% using other methods (Campion et al., 1986; 

De Villiers et al., 1987; Henderson et al., 1987; Wagner et 

al., 1984). Whether or not this means, HPV is involved in 

initiating the disease and not in progression of the 

disease is not known and could be the reason for the low 

prevalence rate of HPV. Besides, not all cytological 

abnormalities lead to cervical carcinoma. The presence of 

HPV may indicate progression to cervical cancer, although 

follow up studies on these cases have not been done. 

Melchers, et al (1989) have used PCR, FISH and 

Southern blot methods to detect different HPV types in 

cases and controls. They found 70% of cases with abnormal 

cytology to be positive for HPV DNA, and only 5% of 

controls were positive for HPV DNA using PCR whereas 46% of 

cases and 2% of controls were positive for HPV DNA using 

Southern and FISH. PCR therefore picks up more samples as 

being positive for HPV, thereby increasing sensitivity of 

PCR in comparison to other methods. The relatively high 

occurrence of HPV in the group with cytologically abnormal 

smears strongly suggests that HPV is an important agent in 

the pathogenesis of cervical cancer. The oncogenic role of 

these HPV types should be confirmed in follow-up studies to 

clarify the role of HPV in cancer progression (Melchers et 

al., 1989). 
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Young, et al.(1989) found 95% of cases with 

cytological abnormality to be positive for HPV 16 or 11 or 

both, and 70% of controls were positive for HPV 16 or 11 

using PCR. This suggests that the prevalence of HPV 

infection in normal cervical tissue is greater than 

previously suspected. 

Tidy,et al (1989) found 84% of normal cervical 

samples contained HPV 16 DNA, 67% of dyskaryotic smears and 

100% of carcinomas to be positive for HPV DNA using PCR. 

Shibata, et al (1988) detected either HPV 16 or 18 

in paraffin embedded tissues using the PCR in all 10 cases. 

Shibata, et al (1988b) also used PCR on formalin fixed, 

paraffin-embedded tissue in normal and dysplastic cervical 

tissue. Presence of HPV 16 or 18 in 20 out of 21 dysplastic 

and 3 out of 10 normal cervical sections was demonstrated. 

Kiyabu, et al (1989) used PCR to detect HPV in invasive 

squamous carcinoma from formalin fixed tissue sections. 50% 

of squamous carcinomas contained HPV related DNA sequences. 

HPV 16 or 18 were detected in 70% anogenital carcinomas. 

Since HPV 16 DNA has been demonstrated in cervical 

cancer cases, and since there has been evidence suggesting 

that E6 and E7 open reading frames of HPV 16 are expressed 

in cervical carcinoma, these two regions are thought to 

play a role in transformation. Hence, these two regions of 

HPV 16 were chosen as the target sequences for enzymatic 

amplification using PCR in our study. HPV type specific 
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synthetic oligonucleotide primers representing the E6 and 

the E7 regions were synthesized based on published 

sequences of HPV 16 (Seedorf et al., 1985). Synthetic 

oligonucleotide linker - primers modified near their 5' 

ends to produce convenient restriction sites (linkers) for 

cloning directly into sequencing vectors were designed for 

the E7 region of HPV 16 based on Scharf, et al's (1986) 

paper. One primer had an Eco RI site and another primer had 

a Bam HI site near the 5' ends. HPV type common primers to 

amplify L1 sequences of HPV 16 were also chosen, based on 

published sequences of HPV 16. 

The choice of the primers dictated the size of the 

amplified product for all three regions of HPV 16. The 

amplification products were 122 bp, 308 bp and 134 bp long 

for E6, E7 and L1 regions of HPV 16, respectively. The 

amplified products were detected either by probing with 

specific oligonucleotide probes (complementary to a region 

within the amplified product) or by direct visualization by 

ethidium bromide staining of the gel. 

The limits of detection by PCR technique using E6 

primers was 1 pg of HPV 16 plasmid DNA and with E7 primers 

was 0.1 pg of HPV 16 plasmid DNA. The PCR assay was found 

to be sensitive and specific in that it amplified HPV 16 

sequences specifically, and results in selective enrichment 

of specific viral DNA sequences. The PCR technique was 

applied to clinical specimens of DNA extracted from biopsy 
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tissue obtained from invasive cases of cervical carcinoma. 

DNA extracted from 163 clinical specimens were 

analyzed by PCR using oligonucleotide primers specific for 

E6 and E7 regions of HPV 16. 112 of these specimens were 

also analyzed using primers specific for the L1 ORF. For 

reasons described in the methods section under the 

definition of positivity, a cutoff point had to be 

established for PCR using E6 primers. All specimens 

yielding values ~1.2 was considered positive. For E7 and 

L1, all specimens yielding values ~1.0 were considered 

positive. Also, the specimens which gave off-sized bands 

with E7 primers, which gave a positive signal on Southern 

blotting and probing with an E7 specific oligo probe, were 

also considered positive. 

Of the 163 specimens analyzed by PCR using E6 and 

E7 primers, 95 (58.3%) were positive for the E6 region of 

HPV 16, and 110 (67.5%) were positive for the E7 region of 

HPV 16. Of the 112 specimens that were analyzed by PCR 

using L1 primers, 79 (70.5%) were positive for the L1 

region of HPV 16. This subsample had 69 (61.6%) positive 

for E6, and 81 (72.3%) positive for E7 region of HPV 16. 

PCR results were compared with results using other 

methods of detection of HPV 16 DNA, such as Southern blot 

and slot blot methods of hybridization. 188 specimens were 

analyzed by Southern blot method and slot blot method using 

L1 area probe and HPV 33 probe. Using the definition of 
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positivity described in the materials and methods, 37.2% 

were positive by Southern blot method, 50.5% were positive 

by the L1 area probe while 44.7% were positive by the HPV 

33 probe. 

The difference in distribution between L1 area 

results and HPV 33 results in relation to Southern 

positives (refer to graph 1) was estimated by a chisquare 

test (Chisquare = 10.05, p < 0.01), which indicates that 

the two distributions are significantly different. The 

distribution of the L1 area results and the HPV 33 results 

in relation to Southern negatives was also computed 

(Chisquare = 0.33, p > 0.1), which indicates that the two 

distributions are not significantly different. This 

suggests that HPV33 measures a sequence which is 

heterologous to that measured by the HPV 16 L1 probe. Since 

HPV 33 is measuring a heterologous sequence and since PCR 

using L1 primers was performed only on 112 specimens, the 

other 4 methods were compared. 

The group of 163 specimens which were analyzed by 

Southern blot, slot blot using L1 area probe, PCR using E6 

and E7 primers was used to compare the percent positivity, 

sensitivity and specificity in relation to each other. This 

group had 59 (36.2%) positive by Southern, 85 (52.2%) 

positive by L1 area probe, 95 (58.3%) positive by PCR using 

E6 primers and 110 (67.5%) positive by PCR using E7 primers 

as can be seen in table 4. This indicates that the percent 
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positivity of PCR method using E7 primers shows a 

significant increase over the Southern and Slot blot 

methods. 

The sensitivity and specificity comparing these 4 

methods were computed using the E-M algorithm. The results 

presented in table 4 suggests that, there is a marginal 

increase in sensitivity of PCR (using E7 primers) over the 

Southern blot method. Although, the sensitivity of PCR is 

not significantly different from the slot blot method, 

there appears to be a significant reduction in specificity. 

This decrease in specificity could be explained as being 

due to the increased percent positivity of the PCR assay 

which results in lesser agreement with other methods. The 

explanation for this reasoning is that the program 

utilizing the E-M algorithm takes into consideration, the 

information based on two or more tests as being the truth. 

The assumption of independant errors made in this analysis 

may not be appropriate, because the true state of the 

attribute being observed is not a dichotomy (as assumed 

here) but a continuum. If a true continuum has been 

dichotomised it is likely that the misclassification rates 

are higher for subjects near the +\- boundary than for more 

extreme individuals. This could lead to positive 

correlation of the observer errors, thereby leading to the 

overestimation of sensitivity and specificity (Walter. 

1984) • 
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The advantages of PCR technique are that, it is 

easy to perform, requires only picogram quantities of DNA, 

is highly sensitive, can be automated, and therefore seems 

to be a more feasible diagnostic tool compared to other DNA 

detection methods in screening the population at large and 

can be used in epidemiological studies. The disadvantage is 

that it suffers in specificity compared to other methods of 

DNA detection. Although the advantages of Southern and slot 

blot methods are its sensitivity and specificity, their 

disadvantages are that a large quantity of DNA is required, 

involves radioactive material, is time consuming and 

cumbersome which makes it unsuitable for screening large 

populations. 

In conclusion, although the advantages of using 

PCR as a sensitive diagnostic or screening tool appears 

attractive, statistical analysis suggests its decreased 

specificity compared to other methods is a disadvantage. 

Whether or not this decreased specificity represents 

decreased agreement with other methods is not known. The 

assumption of independant errors in the analysis used might 

not be appropriate as discussed. If it is not appropriate, 

then the sensitivity and specificity would be overestimated 

due to the fact that the misclassification rate of the 

borderline individuals is higher. The role of HPV 16 in 

cervical cancer might help interpret the data more 

meaningfully. 
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