Disappearance of Human Papillomavirus Genome after a combination of LEEP conization and laser vaporisation for cervical dysplasia.
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ABSTRACT


BACKGROUND: Studies have indicated that HPV testing is useful for monitoring efficacy of treatment for CIN and that treatment modalities that result in HPV clearance should be favored.

OBJECTIVE: We wished to evaluate the effectiveness of treatment of cervical dysplasia by a combination of LEEP conization and laser vaporisation in relation to persistence of human papillomavirus (HPV) after treatment.

STUDY DESIGN: Thirty-seven women treated by a combination of LEEP conization and laser vaporisation for cervical dysplasia were followed-up after 3 months by cervical HPV DNA and cytology. 

RESULTS: Thirty-two women had an appropriate cervical HPV DNA test at conization and three months later. Among five women, one of the two tests was negative for betaglobin. One woman remained HPV DNA-positive and one converted from negative to positive. Seven women were negative at both occasions, of whom three had HGSIL. Out of twenty-four HPV DNA positive women at the time of conization, twenty-three (96%) were HPV DNA negative at follow-up 3.4 months later. No one had a residual dysplasia in the Pap smear. 

CONCLUSION: The HPV genome present before treatment was regularly cleared and there was also no recurrence of dysplasia after treatment with a combination of LEEP conization and laser vaporization, suggesting that this treatment is appropriate for these HPV-related diseases.
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INTRODUCTION

Human papillomavirus infection of the uterine cervix is an indisputable cause of cervical dysplasia and cervical cancer. There are now known 150 different types, of whom 30 infect the genital mucosa and are divided in low-, intermediate-, and high-risk types depending on their association with cervical cancer . HPV 16 is the most prevalent high risk type associated with both high grade CIN (cervical intraepithelial neoplasia) lesions and with genital carcinomas, but also type 18, 31 and 33 are frequently occurring . Most HPV infections clear spontaneously but some infections, especially those of high risk types, will persist and are a major risk factor for development of high grade CIN. 

The standard treatment for CIN is different types of cervical surgical procedures.

Excision is effective and preferable because, contrary to cryotherapy and laservaporisation, it gives the option of histopathological examination of the cone biopsy and minimizes the risk to miss more advanced disease. However, evaluation of the excision margin status has been reported not to predict residual or persistent disease. Recurrent CIN is reported in 0.3-23% of women with free cone margins and in 6.9-84.8% of women without free margins. Follow-up using Pap-smears after treatment is still the most reliable procedure .

Because HPV infection is an essential cause of CIN, HPV DNA may be preferable for monitoring of treatment efficacy and for evaluation of different treatment modalities. Several studies have found that HPV DNA is commonly cleared after effective treatment for CIN and that persistence of HPV DNA predicts recurrence. However, these studies have used several different treatment modalities and have reported varying success in clearance of HPV DNA. Our study aimed to find out if the clearing the HPV genome after the LEEP procedure is effective and immediate.  

Subjects and methods

Study base. The population-based cervical screening programme started 1969 and all women resident in the county aged 23-59 years are invited by letter for screening every 3 years. The participation rate is about 80%. The mean number of women living in this area and aged between 25 and 59 years of age were about 57,000. This study enrolled the women referred to treatment between February to August 2001.

Screening procedure. The women are invited to their regional health care center triennially. All cytologic samples are taken by midwives, who prepare the slides for the standard Papanicolaou staining procedure. All samples are examined by cytology assistants (cytotechnologist) in a single laboratory (Clinical Cytology Laboratory, Umeå University Hospital), and if any pathologic appearance is found, the slide will be reviewed and classified by a senior cytologist. Women with abnormal smears are referred for colposcopic examination.

Enrollment and follow-up. The study group consisted of 37 women referred to the Department of Gynecology, Umeå University Hospital because of an abnormal smear. If colposcopic examination indicated, or a punch biopsy sample in the sight of the colposcopic examination revealed dysplasia, a sample for HPV DNA was taken from the endocervix by a rotary motion with a Cytobrush (Medscand, Malmö, Sweden) for detection of cervical HPV DNA. The HPV sample was stored in physiologic saline containing 10mM Tris-HCL buffer, pH 7.8 and kept at -70o C until analysis. Hereafter a LEEP conisaton was done and three months later  a follow-up was arranged whereby a sample for HPV DNA was taken in the same way as before and also a PaP smear. 

Treatment. Thirty-seven women were treated by the LEEP procedure. The treatment was performed on an outpatient basis using local anesthesia (two 5 ml injections with prilocain hydrochloride (10 mg/ml) with epinephrine (5 mg/ml) (Citanest-adrenalinTM, Astra, Södertälje, Sweden)) into the cervix at 3 and 9 o´clock outside the transformation zone, injected directly and shallowly into the substance of the cervix under pressure using a syringe of 5 ml and a long 0.8x80 mm needle for intramuscular use. The cervix was washed with 5% acetic acid solution and the abnormal transformation zone was identified using the operating microscope. The LEEP procedure used four different lopes were used, no 10, no 15, no 20 and no 25 according to the extension of the abnormal TZ. Mostly the excision was made by a sweeping motion in one block but sometimes in two pieces because of technical considerations. The operative technique was performed by a magnification of twelve times of the colposcope. Finally, after removal of the cone, the entire raw surgical bed was gently vaporized by a defocused 2 mm laser beam (Zeiss colposcope coupled to the laser with a focal length 300 mm for magnification of twelve times) sweeping over the surface. Additional hemostasis was sometimes applied by Monsells solution (Ferric subsulfate solution) on a vaginal swab over the surface. To prevent postoperative fibrinolysis resulting in hemorrhage, per oral medication with 1.0 g tranexamic acid (CyklokapronTM, Pharmacia, Uppsala, Sweden) following conization, prescribed three times daily to use if bleeding occurred. The patients were advised not to disturb the healing process by mechanical trauma, i.e. to avoid sexual intercourse for 3-4 weeks. The women were followed for a mean time of 3,44 months (range 3-5) by Pap smear and a cervical HPV DNA sample. The mean age was 34,38 years (range 21-55).

PCR analysis.

Samples were analyzed by a general HPV primer GP5+/6+ mediated PCR enzyme immunoassay EIA (Jacobs et al., 1997). Prior to analysis the cells were thawed and centrifuged for 10 min at 3,000 x g. The cell pellet was resuspended in 1 mL 10 mM TRIS-HCl (pH 7.5) and frozen at -20(C. Then the samples were thawed and aliquots of 100 uL were boiled for 10 min, and 10 uL was used in a 50 uL reaction mixture containing 200 uM of each dNTP, 3.5 mM MgCl2, 1 U AmpliTaq DNA polymerase and reaction buffer (Perkin Elmer, Foster City, Ca), 0.5 uM biotinylated GP6+ primer and 0.5 uM GP5+ primer (de Roda Husman et al., 1995b). The quality of the sample DNA for amplification was analyzed in separate tubes by using a (-globin PCR with biotinylated-BGPC03 and BGPC05 primers (de Roda Husman et al., 1995a). 

For the PCR, a Hybaid OmniGene (Hybaid, Middlesex, UK) automated thermal cycler programmed for block temperature was used. A denaturation step at 94(C for 4 min was followed by 40 cycles of amplification with segments at 94(C for 1.5 min, 40(C for 1.5 min, 72(C for 2 min, and a final step at 72(C for 4 min. The (-globin PCR was performed under the same conditions but the annealing temperature was at 45(C. 

As positive controls of (-globin, input of 1 ng and 10 ng human placental DNA (Sigma) were used. As positive controls of the HPV PCR, ten-fold dilutions of purified DNA from SiHa cells were used, ranging from 10 ng to 100 pg of input DNA in a background of 100 ng human placental DNA (Sigma). As negative control 10 uL of water was added to the PCR and processed as the samples. 

Enzyme immunoassay (EIA)

Amplified DNA was detected by enzyme immunoassay (Jacobs et al., 1997). Five uL of biotinylated HPV PCR products were captured on streptavidin coated microtitre plates (Boehringer Mannheim, Mannheim, Germany) after adding 50 uL hybridization buffer (1 x SSC, 0.5 % Tween 20). The plates were incubated at 37(C for 1h. After 3 washings with 200 uL hybridization buffer per well, amplicons were denatured with 100 uL 0.2 M NaOH for 15 min at room temperature. Then the plates were washed 3 times with hybridization buffer, and 50 uL of hybridization buffer containing 10 uM of each HPV specific digoxigenin-11-ddUTP labeled probe was added per well. The probe solution contained a cocktail of 14 oligo probes for the HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68. After hybridization at 37(C for 1h, the plates were washed twice and 50 uL alkaline phosphatase conjugated anti-DIG (75 mU/mL hybridization buffer, Boehringer Mannheim) was added per well. The plates were incubated at 37(C for another 1h, and then washed five times, and 100 uL of pNPP substrate (SIGMA) was added per well. Plates were incubated overnight at 37(C and ODs were measured at 405 nM. By using a digoxigenin labeled probe (5’-AAGAGTCAGGTGCACCATGGTGTCTGTTTG) the same procedure was used for analyzing the amplified DNA from the (-globin PCR. 
For interpretation of results, cut off was set to three times of the mean OD-value of two negative controls. For each plate, the EIA was approved only if the positive control of 10 pg SiHa DNA was above cut off. The plate for (-globin test was approved if the controls with 10 ng human DNA were above cut off, after overnight incubation. 

Typing of HPV

Aliquots (20 uL) of PCR solutions from positive EIA samples were sent frozen for typing at a single laboratory (Malmö). HPV types were determined by the use of a non-radioactive reverse dot blot hybridization (RDBH) (Forslund et al., 1994). The membranes for use in the RDBH were prepared as follows. Recombinant HPV plasmids (100 ng DNA/dot), corresponding to the different HPV types tested for in the EIA were denatured at high pH (0.8 M NaOH, 0.5 mM EDTA) for 20 min and transferred by use of a manifold (Schleicher & Schuell, Dassel, Germany) to a prewetted (6 x SSC) nylon membrane (Hybond N+, Amersham, Buckinghamshire, England). The membrane was neutralized with 200 uL 20 x SSPE, dried for 30 min at room temperature and baked at 120(C for 20 min. Prehybridization of membranes was done for 1h at 46(C in 5 mL solution containing 50% deionized formamide, 1% SDS, 10% dextran sulphate, 1 M NaCl and 100 ug/mL of herring sperm DNA in a hybridization oven (Hybaid). Five uL of PCR solution was added to 50 uL of prehybridization solution, denaturated at 94(C for 5 min and transferred to the prehybridization solution. After hybridization overnight, the membrane was rinsed once and then for 3 x 15 min with 2 x SSPE plus 0.1% SDS at 65(C and incubated with 5 mL blocking solution at 65(C for 1h [3% bovine serum albumin in TBS-Tween (100 mM Tris-HCl, 150 mM NaCl, 0.05% v/v Tween 20, pH 7.5), filtered through a sterile 0.45 uM membrane, (Acrodisc, Gelman Sciences, Ann Arbor, MI)]. Blocking solution was removed and the membrane was incubated at room temperature for 10 min with 5 mL of streptavidin-alkaline phosphatase [Gibco-BRL, diluted 1/3300 in TBS-Tween and filtered through a sterile 0.22 uM membrane (Millipore S. A., Molsheim, France)]. The membrane was washed at room temperature for 2 x 10 min with TBS-Tween and finally with 5 mL washing buffer (100 mM Tris-HCl, 100 mM NaCl, 50 mM MgCl2, pH 9.5) for 1 h. Thereafter, the membrane was dried briefly on a filter paper to remove excess buffer, dipped in detection reagent (Lumi-Phos 530, Lumigen Inc, Southfield, MI) and placed in a transparent folder and incubated for 1.5 h at room temperature. The membrane was exposed to X-ray film (Kodak X-AR, Kodak Rochester, NY) in a cassette with intensifying screens (Du Pont, Cronex lightning plus, NEN, Boston, MA) for 10 min. An HPV type was considered identified when clear-cut spot of darkening of the film could be distinguished from the background.

Ethical considerations. 

The study was approved by the Institutional Review Board of the Umeå University (decision number 93-197). The women gave informed consent to participate.

Results.

Thirty-seven women were treated by LEEP-conization. For five women one of the two samples was betaglobin negative and therefore excluded. Thirty-two women were followed-up for a mean time of 3.44 months (range 3-5). Mean ages were 32.78 years (range 21-50).  
The cervical histopathology and HPV DNA results of the group are shown in Table 1. At follow up, no dysplasia was found in the Pap smear. 

Two women were HPV DNA positive at follow-up (Table 1), one of these was HPV DNA positive at enrollment with the same type (33) and the other was negative at enrollment but positive at follow-up (types 59/51). Out of twenty-four HPV DNA positive women at time of conization, twenty-three (96%) were HPV DNA negative at follow-up 3.4 months later.

Comment.

A variety of treatments of cervical intraepithelial neoplasia exist, e.g. laser excision, laser vaporisation, cold knife, kryotheraphy and the loop electrosurgical excision procedure. As presence of cervical HPV DNA is intimately linked to CIN, an HPV DNA test could be used to evaluate treatment efficacy, as previously proposed by others (Elfgren et al. Kjellberg et al). As Bar-Am et al, we found that a combination of LEEP conization and laser vaporisation is not only highly effective for treating CIN , it is highly effective for clearing the cervical HPV infection as well. Our finding of no residual CIN at 3 months follow-up is in agreement with other studies evaluating treatment efficacy of laser conization . Gonzalez et al found a mean time to recurrence after LEEP of 11,9 months. Whilst most recurrent CIN are described to occurs within the first 2.5 years . Of the 2 women that were HPV DNA positive on follow-up, one had a residual HPV (type 31, CIN 3) and one was negative at enrollment and had been infected (type 59/51), supporting reports that the viral infection is restricted to the dysplastic region, which is removed by the treatment.

In the study by Elfgren et al  of 22 CIN patients treated with cold knife (n=18) or laser (n=4) excision, HPV DNA positivity decreased from 78% before treatment to 18% at follow-up and only one woman had the same HPV type as before conization. Bollen et al  found that 16/40 women (40%) were HPV DNA positive after treatment of which 11 (31%) had the same HPV type. Persistence of HPV DNA appeared to be related to immunosuppression such as HIV infection . These authors also reported on a follow-up of 88 women treated with cervical cone excisions (not with laser), where a clear decrease in HPV occurrence after treatment, from 98% to 31%, was found. Only 10% of women were persistently positive for the same viral type .
Nuovo et al studied patients with recurrent CIN. Among younger women treated by cryotherapy, different HPV types were found in pre-and post treatment lesions  but among women treated with cold-knife conization recurrences were often associated with the same HPV type as noted in the pretreatment CIN . Strand et al  found among 30 women with HPV DNA positive CIN treated with laser excision (n=13) and laser evaporation (n=17) that 90% were HPV DNA negative after treatment. Chua and Hjerpe  performed a case-control study nested in a cytological archive. Twenty women treated for CIN who did not develop CIN recurrence had all cleared their HPV DNA, whereas among 26 women treated for CIN who later developed a CIN recurrence, 24 were still HPV DNA positive at the first follow-up after treatment. Information on treatment modality was not available .
Thus, both our study and previous studies are consistent with the concept that effective treatment will also clear HPV DNA. 

The question of whether HPV DNA remains after efficient treatment of dysplasia is also of relevance for the discussion of the value of HPV testing. If HPV DNA persists also after treatment of CIN, use of HPV testing for primary or secondary screening might necessitate prolonged follow-up with repeated testing. However, the evidence now supports that HPV occurrence mirrors the existence of CIN, and that HPV testing might indeed be a useful tool as an adjunct to cytology in cervical screening .

In conclusion, treatment of cervical intraepithelial neoplasia with conization by a combination of LEEP conization and laser vaporization is effective also for clearance of HPV infection. 
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Table I

	PAD
	Betaglob

neg
	Number
	HPV DNA före

konisering
	%
	HPV DNA 3 månader efter

konisering
	%

	normal
	
	1
	0
	
	0
	

	Inflamm.
	1
	3
	1
	
	0
	

	HPV
	
	1
	1
	
	0
	

	CIN 1
	2
	8
	7
	86
	0
	

	CIN 2
	1
	7
	5
	71
	0
	

	CIN 3
	1
	12
	10
	82
	2*
	18

	total
	5
	32
	24
	75
	
	


* One woman persistently positive with HPV 33 on both occasions and one woman who converted from negative to positive. 

Table II

	Patient study nr
	Histopathological diagnosis of the cone biopsy
	HPV before conization
	HPV 3 months post treatment

	1
	CIN 3
	33
	neg

	2
	CIN2
	neg
	neg

	3
	CIN 3
	16/31
	neg

	4
	CIN 3
	
	Beta glob neg 2nd sample

	5
	inflamm
	
	Beta glob neg 2nd sample

	6
	CIN 3
	16
	neg    

	7
	CIN 3
	16
	neg

	8
	CIN 3
	16
	neg

	9
	CIN 2
	
	Beta glob neg 2nd sample

	10
	CIN 3
	33
	neg

	11
	CIN1
	18
	neg   

	12
	CIN 1
	
	Beta glob neg 2nd sample

	13
	CIN 3
	16/52
	neg

	14
	CIN 1
	58
	neg

	15
	CIN 1
	16
	neg

	16
	CIN 2
	31
	neg

	17
	CIN 1
	neg
	neg

	18
	CIN 1
	16
	neg

	19
	CIN 2
	neg
	neg

	20
	CIN 3
	16
	neg

	21
	inflamm
	neg
	neg

	22
	CIN 3
	neg
	neg

	23
	CIN 2
	16
	neg

	24
	HPV
	33
	neg

	25
	CIN 3
	31
	31

	26
	CIN 1
	18
	neg

	27
	inflamm
	66/52
	neg

	28
	CIN 1
	45
	neg

	29
	inflamm
	neg
	neg

	30
	CIN 2
	31
	neg

	31
	normal
	neg
	neg

	32
	CIN 3
	neg
	59/51

	33
	CIN 2
	39
	neg

	34
	CIN 3
	16/33
	neg

	35
	CIN 2
	33
	neg

	36
	CIN 1
	16/52
	neg

	37
	CIN1
	Beta glob neg sample 1
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