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Abstract

Although in situ hybridization (ISH) and polymerase chain reaction (PCR) have extensively been 

used on cytology specimens, there have been limited reports of the usefulness of these techniques 

in relation to confirmed histologic findings. In this study, we used PCR and ISH to detect human 

papillomavirus (HPV) in cytologic and histologic specimens, respectively. By using positive and 

negative likelihood ratios, we attempted to identify any predictive role of ISH testing alone or in 

combination with PCR for the development of high-grade histologic lesions (cervical 

intraepithelial neoplasia [CIN] 2+). In our study, ISH was a useful method for detection of HPV, 

even in a large fraction of samples with normal cytologic or biopsy findings. We suggest that when 

used together and evaluated in conjunction with histologic sections, ISH is a useful tool for 

ancillary molecular testing of HPV infection in cervical lesions, especially in CIN 2+ histological 

lesions where its analytic sensitivities and specificities were as good as those of PCR testing.
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Infection with human papillomavirus (HPV) is a major risk factor for the development of 

precancerous and cancerous cervical lesions.1 HPV DNA is found in more than 90% of 

cervical cancers,1 but it can also be detected in low-grade lesions. Integration of HPV DNA 

into host-cell DNA is a major event in development of HPV-related cancer.2 The strong 

correlation between viral integration and invasive carcinoma has led to the increasing use of 

HPV DNA testing as an additional diagnostic tool in cervical cancer screening.3–5 In situ 

hybridization (ISH), a direct signal detection assay, has the advantage of preserving the 

morphologic context of HPV DNA signals.6 A historic issue concerning the use of ISH for 

viral detection has been its low sensitivity,7 but improved signal-detecting methods have 

shown higher sensitivity.8,9

Although ISH and polymerase chain reaction (PCR) have been extensively used on liquid-

based cytology (LBC) specimens,10–12 there have been limited reports of the usefulness of 

these techniques in relation to histologic findings. Immunohistochemical detection of 

p16INK4a,13–19 Ki-67,13–19 and HPV L120 is a valuable adjunctive aid in the diagnosis of 

difficult-to-interpret cervical biopsy specimens and has been used for immunohistochemical 

detection of HPV in many studies.13–20 However, there are limited data comparing rates of 

HPV detection by ISH in cervical tissues with similar rates obtained by HPV-specific PCR 

performed in cytologic samples. In addition, a study using ISH to detect HPV in cervical 

tissues found poor overall sensitivity of L1-based testing for HPV detection and concluded 

that broad-spectrum HPV ISH could possibly provide a better “gold standard” for 

immunohistochemical diagnosis of HPV as the probes kits improve.20

In this study, we examined the association between HPV infection detected by PCR and 

broad-spectrum HPV ISH with cytologic and histologic findings. Moreover, we attempted to 

identify any predictive role of ISH testing on histologic sections alone or in combination 

with PCR testing on liquid-based cytologic specimens for the development of high-grade 

squamous intraepithelial lesion (HSIL).

Materials and Methods

Cervical Tissue Specimen Selection

Archived, formalin-fixed, paraffin-embedded cervical biopsy specimens obtained from 2005 

to 2007 were retrieved from the Department of Pathology at St Elizabeth’s Medical Center, 

Boston, MA. The study was approved by the Human Research Subjects Committee of the 

institution. In consecutive order, 210 cervical tissue specimens from biopsies, loop 

electrosurgical excision procedures, cone biopsies, and hysterectomies were selected. Four 

pathologists independently reviewed the H&E-stained slides. If there was diagnostic 

agreement between the first 2 reviewers, consensus diagnosis was achieved, and no 

additional reviews were conducted. Cases with diagnostic disagreement between the 2 

reviewers were rereviewed together, masked to the earlier diagnoses, by 4 reviewing 
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pathologists at a multiheaded microscope until a consensus diagnosis was reached. This 

consensus was reached by reviewing H&E stains only; no immunohistochemical results 

were used.

The presence of koilocytotic atypia, the morphologic hallmark of HPV cytopathic effect 

(CPE) and the earliest cytologic manifestation of cervical intraepithelial neoplasia (CIN) that 

may suggest presence of HPV in the tissue,21 was also determined by 4 experienced 

cytopathologists. Specimens were eliminated from the study for any of the following 

reasons: (1) no consensus in diagnosis; (2) no available LBC sample from the same patient; 

and (3) samples from patients having one of the following conditions that may be associated 

with equivocal cytologic findings: pregnancy, HIV infection, and immunosuppressant 

therapy.22 Thus, from 210 samples that were initially screened, 176 tissue samples were 

included in the final study.

Liquid-Based Cytology

Only data for patients with available LBC specimens were included in the study. Specimens 

were collected and slides prepared using the SurePath Liquid-Based Pap Test (BD, Franklin 

Lakes, NJ) Slides were examined by 2 independent cytopathologists (L.A. and I.S.A.) and 

were classified according to the 2001 Bethesda System.23

In Situ Hybridization

Thin-section microtome sections were prepared from biopsy tissue. Serial sections adjacent 

to those used for histologic diagnosis were tested for HPV DNA. ISH was performed using 

the GenPoint Catalyzed Signal Amplification System (DAKO, Carpinteria, CA)24 for high-

risk (HR)-HPV (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68, code Y1443) and 

low-risk (LR)-HPV (types 6 and 11) according to manufacturer protocols. This method 

allowed us to detect as few as 1 or 2 copies of HPV DNA as previously described.24 Two 

CIN 3 cases were used as positive control cases that were positive in previous reactions.

HPV DNA Testing by PCR

Genomic HPV DNA was extracted at Esoterix Molecular Genetics, Eden Prairie, MN, from 

the submitted SurePath AutoCyte liquid-based sample media and amplified by PCR using 

consensus oligonucleotide primers specific for the L1 region of the HPV genome, as 

previously described.25 Concurrently, the integrity of the extracted DNA was evaluated by 

amplification of β-globin, a common housekeeping gene. Amplified products were subjected 

to digestion by restriction endonuclease(s) HaeIII, PstI, and RSAI. Digested DNA fragments 

were separated on a 5% polyacrylamide gel and visualized by ethidium bromide 

intercalation. A digital image of the gel was captured, and the specific HPV type was 

determined by matching the restriction fragment patterns of the respective specimens to that 

of known HPV controls. HPV DNA testing was carried out blindly without knowledge of 

the pathologic diagnosis.

Statistical Analysis

Categorical data are presented as rates. Comparisons between rates of positive HPV DNA or 

ISH testing between groups with and without high-grade lesions were made using Mann-
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Whitney testing or 1-way analysis of variance for continuous variables and the χ2 or Fisher 

exact test for categorical data. Sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) are presented for HPV DNA detection, ISH, and cytologic 

findings (HSIL+) with regard to CIN 2+ lesions. Likelihood ratios were used to calculate the 

odds of posttest probabilities when multiplied by the odds of the prevalence of the disease. 

Statistical analyses were performed using SPSS, version 16.0 (SPSS, Chicago, IL) statistical 

software. All statistical tests were 2-tailed. A P value of .05 or less was considered 

statistically significant.

Results

Cytologic Findings

Specimens for 176 patients were examined (median age, 29 years; interquartile range, 24–37 

years). Two cases of adenocarcinoma were noted in patients older than 45 years and 1 in a 

30-year-old subject. In all 3 cases, adenocarcinoma was present in the distal portion of the 

endocervical canal and at the squamocolumnar junction with small foci of adjacent HSIL. 

No cases of invasive squamous cell carcinoma were identified.

HPV Detection and Cytologic Results

The association between HPV detection methods and cytologic results is shown in ▮Table 1▮ 
and ▮Table 2▮. The results are stratified according to the oncogenic potential of the virus. 

From 176 LBC samples, 102 (58.0%) were positive for HPV by PCR; 77 (76.2%) samples 

were positive for 1 HPV genotype and 24 (23.8%) were positive for multiple genotypes. We 

identified 30 HPV genotypes, ie, 6, 11, 16, 18, 31, 33, 35, 39, 45, 52, 53, 54, 56, 58, 59, 61, 

62, 66, 67, 68, 69, 72, 82, 83, 84, MM4, CP8304, CP141, LVX160, and CP6108, and 7 were 

unknown types (X). Of 101 samples, 78 (77.2%), 9 (8.9%), and 14 (13.9%) were positive for 

HR, LR, and unknown-risk HPV genotypes, respectively. The most common HPV 

genotypes that were detected were HPV-16 (16/101 [15.8%]), HPV-53 (10/101 [9.9%]), 

HPV-66 (8/101 [7.9%]), HPV-31 (7/101 [6.9%]), HPV-84 (6/101 [5.9%]), and HPV-18 

(5/101 [5.0%]). HPV-45 was detected in 3 cases (3.0%). The most common genotype 

identified in mixed infections was genotype 16 (12/24 with multiple infections [50%]). HPV 

genotypes were identified in all 17 patients with HSIL+ cytology.

Table 2 depicts the association between ISH results and cytologic findings. Overall, 112 

(86.8%) of 129 patients with abnormal cytologic smears had ISH+ cervical tissues. Positive 

ISH signals were observed in 59 (87%) of 68 samples with low-grade squamous 

intraepithelial lesion (LSIL), 14 (100%) of 14 with HSIL, and 3 (100%) of 3 with 

adenocarcinoma for a combined 76 (89%) of 85 LSIL+ (LSIL or higher lesions) cytologic 

lesions. Moreover, CPE was noted in 71 (84%) of 85 LSIL+ lesions, and mild dysplasia 

(CIN 1) was present in 49 (58%) of 85 LSIL+ lesions ▮Table 3▮.

HPV was detected by PCR and ISH in 89 cases (50.6%) and by PCR alone in 53 (30.1%) 

cases. The presence of HPV by ISH was found in 34 (19.3%) of 176 cases with negative 

PCR for HPV in cytologic samples. More specifically, HPV was detected by ISH in 5 cases 
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with negative cytology, 13 cases with atypical squamous cells of undetermined significance 

(ASCUS), 15 cases with LSIL, and 1 case with HSIL cytology.

Histologic Results

Of the samples, 38 (21.6%) were identified as CIN 2+ and 12 (6.8%) as CIN 3 or worse. The 

association between cytologic findings and histologic diagnosis is shown in Table 3. 

Abnormal cytology (ASCUS or worse) was more common in CIN 2+ cases (odds ratio 

[OR], 18.5; 95% confidence interval [CI], 2.46–139.2; P < .0001). A cytologic diagnosis of 

HSIL+ correlated with a histologic diagnosis of CIN 2+ (OR, 17.42; 95% CI, 5.25–57.8; P 
< .0001). The sensitivity of HSIL+ cytology for the diagnosis of CIN 2+ was 34% (13/38), 

and the specificity, PPV, and NPV were 97.1% (134/138), 76% (13/17), and 84.3% 

(134/159), respectively ▮Table 4▮.

HPV Detection and Correlations With Histologic Findings

Results of the distribution of HPV genotypes according to histologic diagnosis are shown in 

Table 3. ▮Image 1▮ shows representative cases of CIN 1 and 2 and adenocarcinoma. HR-

HPV genotypes were detected in 28 (78%) of 36 cases of CIN 2+ compared with 51 (40.5%) 

of 126 cases of LSIL (OR, 4.8; 95% CI, 1.8–14.10; P < .0001). Rates of LR-HPV genotypes 

by PCR were higher in cases with lower grade histologic features (OR, 5.1; 95% CI, 2.2–

12.2; P < .0001). Rates of infection with multiple HPV genotypes by PCR were higher in 

cases with CIN 2+ compared with cases with lower grade histologic features (P = .016).

The association between HPV ISH and histologic findings is shown in Table 3. From 176 

cervical tissue samples, 59 (33.5%) were negative for HPV by ISH and 106 (60.2%), 4 

(2.3%), and 7 (4.0%) were positive for HR-, LR-, and both HR- and LR-HPV, respectively. 

The incidence of detection of HPV by ISH was higher in tissue samples with CIN 2+ 

histologic features compared with tissue samples with low-grade histologic features (OR, 

5.6; 95% CI, 1.9–16.8; P < .0001). HPV CPE and its association with histologic 

classification are shown in Table 3. We found that approximately 40% of cases with negative 

or ASCUS cytologic features and 70% of cases with normal or CIN 1 histologic features had 

CPE in cervical tissues.

Discrepancies Between Cytologic and Histologic Findings: Likelihood Ratios

Overall, in 40 (22.7%) of 176 cases, there were discrepancies between cytologic and 

histologic diagnoses. Sensitivities, specificities, PPVs, NPVs, positive likelihood ratios 

(PLRs), and negative likelihood ratios (NLRs) for cytologic and molecular HPV testing with 

regard to the histologic diagnosis of CIN 2+ are provided in Table 4. PLRs of 33.9 and 11.8 

were noted for positive HPV testing for types 16, 18, 31, and 33 and cytologic findings of 

HSIL+, respectively (Table 4). For CIN 2+ histologic lesions, the highest PLRs were 

observed with cytologic testing and with detection of HR-HPV types by PCR (Table 4). 

NLRs of 0.68 and 0.27 were noted for cytologic findings of HSIL+ and positive HPV testing 

for types 16, 18, 31, and 33, respectively (Table 4).
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Concordance for HPV Detection Between ISH and PCR

The overall rate of concordance for HPV detection between ISH and PCR was 78.2%, and 

the percentage of concordance of these 2 methods for different histologic and cytologic 

categories is shown in ▮Table 5▮. The percentage of concordance for HPV detection between 

ISH and PCR for histologic specimens was lower for nondysplastic tissues (79% [54/68]) 

and CIN 1 (74% [39/53]) and was higher for CIN 2+ (83% [29/35]) and CIN 3+ (91% 

[10/11]) (Table 5). The percentage of concordance for HPV detection between ISH and PCR 

for cytologic specimens was 96% (44/46) for negative LBC specimens, 63% (24/38) for 

ASCUS, 67% (38/57) for LSIL, and 93% (14/15) for HSIL+ (Table 5).

Discussion

Although widely used in research studies for detection of HPV, adjudicated histologic 

diagnosis is not the standard of care. A recent study addressed interobserver variation in the 

histologic diagnosis of HPV and limitations of this method.20 Immunohistochemical 

detection of HPV is a valuable adjunctive aid in the diagnosis of difficult cervical biopsy 

specimens and has been used in many studies.13–20 However, there are limited data on the 

correlation of immunohistochemical detection of HPV detection in cervical tissues with 

genotyping data in cytologic samples. In addition, recent studies suggest that a broad-

spectrum HPV ISH test could possibly provide a better gold standard for the 

immunohistochemical diagnosis of HPV as the probes and kits used for this purpose 

continue to improve.20

In this study, we found significant association of abnormal cytology (ASCUS or worse) with 

high-grade cervical dysplasia (moderate and severe dysplasia, CIN 2+). Approximately 9 of 

10 patients with abnormal cytologic smears had detection of HPV in cervical tissues by ISH. 

The presence of HR-HPV genotypes in cytologic samples was significantly associated with 

the presence of high-grade cervical dysplasia (CIN 2+). Overall, positive HR-HPV testing 

by PCR in cytologic samples and high-grade abnormal cytology (HSIL+) had high 

predictive value for the presence of high-grade cervical dysplasia (CIN 2+). The presence of 

HPV by ISH in 1 of 5 cases with negative PCR for HPV in cytologic samples may suggest 

inadequate sampling for these PCR samples. Although the presence of CPE may suggest the 

presence of HPV in tissue samples, this morphologic method has not been used widely for 

the detection of HPV and has not been evaluated extensively in correlation with confirmed 

cytologic or histologic findings.12 We found that CPE was present in approximately 4 of 10 

cases with negative or ASCUS cytologic features and 7 of 10 cases with normal or low-

grade dysplasia (CIN 1). The presence of CPE may be used in combination with other 

morphologic tests or newer diagnostic methods to further assist in the screening for cervical 

disease.

Our results confirm the higher prevalence of HPV infection in women with abnormal 

cytologic findings, in concordance with most studies so far published that have observed that 

the increase in HPV prevalence is related to the increasing grade of squamous intraepithelial 

lesions.26,27
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Integration of HPV DNA into host-cell DNA is a major event in the development of HPV-

related cancer.2 There are 3 types of nucleic acid hybridization method formats used to 

detect HPV: (1) the direct nucleic acid probe methods (ISH); (2) hybridization signal 

amplification (Hybrid Capture 2 system); and (3) target amplification methods (PCR). 

Although there are studies comparing ISH and PCR in LBC samples and in cervical 

samples, there are limited data regarding correlation of PCR testing of HPV DNA in LBC 

samples with ISH detection of HPV in cervical tissues.

The overall concordance between ISH and PCR testing in our study was approximately 

75%. However, the presence of HPV was found by ISH in approximately 20% of cases with 

negative PCR for HPV, suggesting that inadequate sampling may increase the rate of false-

negative results with PCR. The most prevalent genotypes found in our study were HPV-16, 

HPV-53, HPV-66, and HPV-31. Although detection of the episomal form of HPV-16 has 

been reported in cervical cancers,29 our results show that the episomal form of HPV 

infection can be present in cervical tissues of patients with negative PCR in cytologic 

samples. This finding suggests that integration of HPV in cervical tissues is an early event in 

pathogenesis of HPV infection and can be detected with the use of ISH.

A possible explanation for the partially discordant results between ISH and PCR in our 

study is the fact that L1 primers may actually miss some cases deleted in the L1 region of 

the virus.30 An increased concentration of human DNA or blood in the samples may also 

reduce the sensitivity or inhibit the PCR.30 In addition, some of the samples exhibiting 

discordance may have infection with HPV types not amplified by the used primers but still 

detectable by the ISH cocktails. Finally, different demographic parameters between studies 

may affect the prevalence of latent infection and the sensitivity and specificity of the 2 tests.

This study was not designed to present the usefulness of these techniques as screening 

methods because it includes a selected population and would, therefore, be largely biased. 

Rather it is an analytic study examining 2 techniques and their yield with regard to HPV 

detection.

With regard to sensitivity and specificity, PCR exhibited high sensitivity (94.7%) for the 

detection of CIN 2+ lesions, but it lacked specificity and PPV in our population. Detection 

of HPV by ISH had good sensitivity (89.5%) but poor specificity (39.9%) for detection of 

CIN 2+. Thus, ISH remains a valuable tool for the detection of HPV in cervical tissues.

ISH techniques are becoming increasingly sensitive and are currently more often used in 

routine diagnostics to detect or exclude malignancy.31 New ISH techniques can be used for 

the detection of very low copy number of HPV DNA sequences in paraffin-embedded tissue 

sections. Detection of HPV DNA with the more commonly used HPV DNA tests, such as 

Hybrid Capture or PCR assays, does not exclude contamination with viral DNA from other 

sites and lacks the morphologic details of nuclear HPV DNA integration provided by ISH. It 

is interesting that we found a significant rate of HPV detection in patients with negative 

biopsy results and CIN 1 using ISH. The rate was higher than in other studies in which a 

more sensitive technique (PCR) was used. Although the more sensitive methods such as 

PCR can be performed in formalin-fixed and paraffin-embedded tissues, DNA damage and 
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DNA extraction in these tissues can reduce the sensitivity of PCR. Thus, ISH can detect 

HPV in cases that may not be identified by PCR.9 However, a potential limitation of this 

technique is the failure to detect HPV subtypes other than the genotypes tested with the 

commercial probes.

The high NPVs of both molecular tests underlie their importance in detecting HPV in high-

grade lesions. In high-grade histologic lesions, HPV detection rates seemed to be a little 

higher with PCR than with ISH testing. However, PLRs and NLRs were similar for positive 

ISH (any result) or PCR HPV+ testing (any result) for CIN 2+ and for CIN 3+ histologic 

findings. Actually, PCR had a better PLR, whereas ISH had a better NLR in both histologic 

categories. This means that with a positive PCR, there was a greater likelihood of disease 

(CIN 2+) than with ISH, whereas with a negative ISH, there was a lesser likelihood of 

disease (CIN 2+) than with PCR. Nevertheless, in essence, both tests gave similar results. 

However, both molecular HPV tests did not outperform cytologic studies that had 

comparable results. Finally, positive PCR testing for HPV genotypes that are included in the 

HPV vaccine such as HPV-16 and HPV-18 had a very high PLR for CIN 2+ and for CIN 3+ 

histologic findings. The current observations further confirm the association of HR-HPV 

types with cytologic detection of HSIL or invasive carcinoma and also with histologically 

confirmed premalignant or malignant lesions.1 All cases of CIN 2, CIN 3, or carcinomas 

harbored single or multiple HR-HPV oncogenic-type infections. In our study, single 

infections with HPV type 16 or 18 in cases of invasive carcinoma and the high PLR of 

detection of HPV genotypes that are included in the HPV vaccine such as HPV-16 and 

HPV-18 for CIN 2+ and CIN 3+ support the strong rationale for preventive HPV vaccination 

in our population.

In our study, we found comparable results in terms of HPV detection by cytologic studies, 

ISH, and PCR (Tables 1–5). The concordance rate for HPV detection between ISH and PCR 

was higher for CIN 3+ and HSIL lesions (>90%). This finding may be explained by higher 

false-negative results for HPV detection using PCR owing to inadequate sampling or by 

improved sensitivity or increased false-positive results for HPV detection using the newer 

ISH probes. Further studies are needed to compare the sensitivity of these methods to detect 

HPV alone or in combination in cervical tissues and cytologic samples. Although other 

molecular techniques (such as detection of p16) may be technically easier to use compared 

with ISH, the newer ISH methods also allow synchronous detection of different HPV types 

(HR or LR) rather than just detection of HPV antigens, and this increases diagnostic 

information.20 In the era of HPV vaccine, there is increasing interest in molecular methods 

that detect multiple types of HPV simultaneously and newer ISH methods could provide this 

information in addition to morphologic details about the physical status of the HPV. Thus, 

our study may form the basis for further studies on the usefulness of ISH in comparison with 

other well-established diagnostic methods.

Conclusion

The present study focused on HPV detection by PCR in correlation with histologic findings 

and ISH testing. HPV rates were high in high-grade lesions in accordance with published 

literature; however, HPV was also identified in a large fraction of samples with normal 
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cytologic findings and in samples with normal biopsy results. Newer methods assessing the 

integration of the virus may be more appropriate in the workup of such cases. In our study, 

LBC and molecular HPV tests performed similarly as tests for detection of high-grade 

lesions and sometimes were complementary to each other. We conclude that when used 

together and evaluated in conjunction with histologic sections, ISH is a useful tool for 

ancillary molecular testing of HPV infection in cervical lesions. Both PCR and ISH could be 

used in the evaluation of CIN 2+ lesions. This approach may lead to more appropriate 

screening strategies after the implementation of HPV vaccination and may be needed to 

fully evaluate the prevalence of HPV in cervical tissues and further understand attribution of 

individual HPV types to the development of cervical cancer.
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Image 1. 
A, Cervical intraepithelial neoplasia (CIN) 1 with mild dysplasia and human papillomavirus 

(HPV) cytopathic effect with diffuse signal pattern of HPV staining (NBT/BCIP substrate 

with nuclear fast red counterstain, ×100). B, CIN 2 with moderate dysplasia and HPV 

cytopathic effect with diffuse signal pattern of HPV staining (NBT/BCIP substrate with 

nuclear fast red counterstain, ×400). C, Endocervical adenocarcinoma. In situ hybridization 

is positive for high-risk HPV types in rare adenocarcinoma cells and negative in benign 

endocervical glands. There is moderate dysplasia and HPV cytopathic effect with diffuse 

signal pattern of HPV staining (NBT/BCIP substrate with nuclear fast red counterstain, 

×400).
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