AY N Yol gn pdic ST Sdall  —(Gid Anals Alne

Determination Of Human Papilloma Virus (HPV)
Using Cytomorphology, Immuno cytochemistry and
In situ-hybridization In Cervical Smears Of married

Women in Khartoum State Sudan 2006

Asma Al Ameer M.Zeen- et al *

Referees:

Note: research was accepted as:

Oral presentation : evaluation of some laboratory
techniques used in the diagnosis of HPV in cervical smears in
the third conference of sudanese society of clinical biology(SSC)
24 -Nov 2008

Poster paper: in the second international conference of

applied biotechnology

Abstract:

This descriptive comparative study was aims to measure the
sensitivity and specificity of cytological, immunocytochemical
and in situ-hybridization detection methods for Human

Papilloma Virus (HPV) in cervical smear. Ninety seven cervical
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smears were collected from married females with different
gynecological complains and twenty one of them were well
diagnosed with cervical cancer. In cervical smears, HPV classical
cytomorphological changes (Koilocytosis and/or dyskeratosis)
were detected in 36% while HPV K1-h 8 antigen was detected in
19% by immunocytochemistry staining method and HPV DNA
was detected in 51% by in situ-hybridization technique . HPV
DNA was detected in 90% of ladies with cervical cancer smears
and in 39% of ladies with other complains smears. Using in situ-
hybridization as a gold standard test cytology has a sensitivity of
67.3% and specificity of 85.5%. Immunocytochemistry has a
sensitivity of 36.7%, a specificity of 97.7%. This study concludes
that cytomorphological screening for HPV in cervical smears is
suitable for clinical practical purposes in compare to antigen and
DNA detection method.

Keyword: Cytology, immunocytochemistry, insitu-

hybridization, Human Papilloma Virus, cervical cancer.
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Introduction:

Cervical cancer is the second leading cause of
cancer mortality in women worldwide, causing 240,000
deaths annually of approximately 490,000 cases
reported each year, more than 80 percent occur in the
developing world, where effective but costly Pap
smear screening programs are not in place. Early
precancerous changes and early cancers detected by
Pap smears are effectively treated and cured with
surgical therapy or ablation. In the absence of
effective screening, the disease is detected Ilate.
Traditional therapeutic options for cervical cancer that
have advanced beyond definitive surgical treatment
are chemotherapy and radiation therapy, which are
associated with many toxicities and do not offer a
lasting cure [1].

The risk of cervical cancer is increased by
infection with certain types of human papilloma virus
(HPV). HPV are small non-enveloped DNA tumor
viruses that commonly cause benign papillomas or

warts in humans [1,2]. Persistent infection with high-
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risk subtypes of human papillomavirus (HPV) s
associated with the development of cervical cancer[1].
HPV infects epithelial cells, and, after integration in
host DNA, the production of oncoproteins, mainly E6
and E7, disrupts natural tumor suppressor pathways
and is required for proliferation of cervical carcinoma
cell [1,3,4]. Recent studies have shown that HPV-DNA
can be found in 99.7% of all cervical carcinomas, with
certain types of HPV (16, 18, 45 and 31) being the
most frequent [4,5]. Most notably, HPV16 and HPV18
have been shown to be associated with cervical cancer
[5]. HPV16 is the prototypic "high-risk" HPV present in
more than 50% of cervical carcinomas[3,6]

The prevention of cervical cancer is based on
the Papanicolaou smear. Because the majority of
cervical cancers are preceded by a cervical
precancerous lesion cervical intraepithelial neoplasia
(CIN), often by many years, the detection of these
precancerous lesions is fundamental to cancer
prevention[6] and cytology examination can detect CIN

long before any abnormality can be detected[4],
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Further more, changes which appears in pap smear are
usually associated with active infection of HPV[7], So
lack of cervical cytology screening is a significant risk
factor for cervical cancer[8], Fewer than 5% of women
in developing countries have ever had a Pap screening
test [9].

In spite of the success of cytomorphological
examination in screening for cervical cancer, major
limitations have been recognized, such as the low
sensitivity. Therefore, it has been proposed that HPV
DNA testing should be used to clarify equivocal Pap
smear screening results[5]. The result of HPV testing is
useful for managing women whose smears show
atypical squamous cells (ASC)[9]. The extreme rarity of
HPV-negative cancers reinforces the rationale for HPV
testing in addition to, or even instead of, cervical
cytology in routine cervical screening[10].

Among sudanese women, breast, cervical and
ovarian cancer remained the three most common
cancers over period from 1967 to 2004, Breast and

Cervical Cancer account for about 50% of all cancers in

24



AY N Yol gn pdic ST Sdall  —(Gid Anals Alne

Sudanese women . Routine screening for both these
cancers has markedly reduced the mortality in the
developed world, but in developing countries, which
largely lack screening programs, these two cancers
remain the primary cause of death due to cancer
(combined crude mortality 18.5/100 000). Widespread
testing for HPV has reduced the mortality from cervical
cancer in developed countries (age-adjusted mortality
4.0/100 000), but in Sudan (12.7/100 000), as in other
developing countries (11.2/100 000), cervical cancer
remains the major cause of death due to cancer in
women [11]. According to WHO reports, the age
adjusted incidence rate of cervical cancer in Sudan is
19.02 per 100,000 population [12] and in reports from
Wad Medani, cervical cancer account 34% of treated
female gynaecological malignancies during 1999- 2005
[13]. A major challenge to treatment of cancer in
Sudan, as in most developing countries, is that most
patients first present with advanced stage disease. A
total of 78% of Sudanese patients have stage Il or IV

disease (TNM classification) when they first seek
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medical treatment (data from Sudan Federal Ministry
of Health). In these stages, treatment may often
involve  multiple modalities, including surgery,
radiotherapy, chemotherapy and hormone therapy,
and has a markedly diminished chance of success. In
addition, cancers like cervical cancer are largely
curable if detected early[11]. Therefore, there is an
urgent need for better early detection of cancer in
Sudan [11,13]; to make treatment more effective, less
costly, less invasive, and more accessible and
acceptable to patients [13].

In Sudan HPV DNA have been detected in 94%
of cervical biopsies in Ebba retrospective studies 2006
using PCR method for HPV DNA detection. 94% of
samples harbored high risk and 11.7% low risk HPV
genotypes. HPV 16 was found to be the most frequent
HPV genotype 82.5 %. HPV 18, 45 and 52 were the
second, third and fourth HPV genotypes identified in
Sudan. Mixed infections mainly composed of HPV 16,

18, 31, 33, 35, 45, 52, 58, and 68 were observe [12].
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There is exist nowadays many different HPV tests that
all have their own technical, analytical and clinical properties.
The choice for an HPV test for a given purpose should therefore
not solely be based on practical considerations, but also on the
intention for its use. In particular, when aiming at the detection
of clinically relevant HPV infections, it is of utmost importance
to use a clinically validated HPV detection assay[14].

The purpose of the current study is to evaluate three
laboratory methods used for detection of HPV, all protocols
used were manual and are not in need to special lab settings or
instruments and can be carried out in any routine microbiology
or histopathology labs and their results can be interpreted with
bright field microscope but they were varied in their costs and
their end targets (cytomorphology of HPV, HPV K1-h 8 antigen
and HPV DNA ). Further more, we determine burden of this
infection among Sudanese women. We wish Results yield of this
study would help researchers and planners of cervical screening
programs in choose and select a useful laboratory test for HPV
screening especially in such low resource country.

Material and method: this descriptive comparative study was

conducted in Khartoum state between July -2006 to May-2007.
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Cervical smears samples have been collected from married
females aged between 15-72 years in the gynaecological referred
clinics of Bahrry teaching hospital, Ombada teaching hospital, Al
Ahfad family health centre, Al-Daw Hajoj medical insurance
center and out patient clinics of Radiation Isotopes Center
Khartoum (RICK). Women in referred clinics came from different
areas in Khartoum state but in (RICK) hospital new cases of
cervical cancer came from over all Sudan. Females with one of
the following clinical manifestation were included: cervical
cancer, vaginal discharge, postmenopausal bleeding, primary
infertility, routine screening, women wanting IUD (intra uterine
device), post coital bleeding, recurrent abortion and menstrual
disturbance. Pregnant ladies and those with cervical cancer under
radiotherapy treatment were excluded because of the privacy of
cervical samples, samples have been collected only from females
who were refer to make Pap test for medical purposes or
opportunistic screening and chooses by gynaecologist but
females who were diagnosed with cervical cancer were included
for their high probability to carry the HPV virus as documented in

the literature ,after informed consent.
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Sample size: because studies determine sensitivity and
specificity are classified as descriptive study of a dichotomous
Variable, sample size when calculated in the confidence interval
or the level of uncertainty set at 0.2 and confidence level set at
95% was 96. [15] (Table 1)

Sample collection: Cervical smears were collected under
supervision of specialized gynaecologist using plastic spatulas
under speculum vision. Disposal speculums of different sizes
were used for this purpose. The speculum was introduced into
female vagina without lubricant gel to avoid it's interfering with
sample. Then notched end of the spatula that corresponded to
the contour of the cervix was rotated 360. Processed Cervical
material spread gently in one direction on 3-6 slides each fixed
and processed following manufacturer instruction for
immunocytochemistry and in situ hybridization methods. Slides
for Papanicolau stain processed as in routine cytopathology labs.
Silinized slide were used in the in situ-hybridization protocol.

Staining procedure: Papanicolaou stain: as in routine
cytopathology labs ,all staining solution provided from Ral

company. (Figure 1(A-B)).
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Immunocytochemical (ICC) staining for HPV antigen in
cervical samples: the specimens are first incubated Primary
Antibody provided with of Dakocytomation (Monoclonal Mouse
Anti — human Papillomavirus (HPV) Clone: K1H8 Code M 3528)
reacts with a non —conformational internal linear epitope of
major capsid protein of HPV-1, which is broadly expressed
among the different HPV subtypes. Anti — HPV yields a positive
immunostaining to the nuclei of infected cells. Occasionally, the
cytoplasm of koilocytic cells was observed to be immunoreactive
and it was found to be immunoreactive with paraffin of a
formalin-fixed HPV infected tissues which were demonstrated
by Southern blot hybridization to be infected with HPV type
6,11,16,18,31,33,42,51, 52,56 and 58. Anti — HPV yields a
positive immunostaining to the nuclei of infected cells followed
by incubation with the Labeled Polymer (Dakocytomation
EnVision System Alkaline Phosphatase (AP) for use with mouse
primary Antibody code K1396), staining is completed with 5- 30
min incubation using fast red chromogen which results in a red —
colored precipitate at the antigen site . Mayer hematoxylin used
as blue nuclear counter stain and Dakocytomation Glycerol

mounting medium C0563 an aqueous —based mounting medium
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was used for mounting. negative control performed by skipping
primary antibody incubation step on one third (circled by
DakoCytomation-pen) of the smear.

Positive control: Positive HPV histological sections taken
from verrucus skin lesions or cervical carcinoma previously
diagnosed by pathologist to be HPV positive showing
koilocytotic changes were used as positive control to test

solutions efficiency and staining protocol. (Figures 2& 3 (A-C)).

Insituhybridization for HPV DNA detection:
DakoCytomation Wide Spectrum HPV Biotinylated DNA Probe
Code Y1404 which hybridizes to anogenital human
Papillomaviruses (HPV) including types
6,11,16,18,31,33,35,39,45,51, and 52 was used for localizing
HPV DNA in cervical smears either nuclear or cytoplasmic.
Following hybridization of the biotinylated probe to target
sequences on the smear a stringent wash solution containing a
blocking agent is used to remove excess bound probe and to
block nonspecific binding sites on the tissue which may
otherwise react with the detection reagents. Then using the ISH
Detection System K0601 which utilizes alkaline phosphatase

(AP)-conjugated streptavidin to localize DakoCytomation wide
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spectrum HPV biotinylated DNA probes. The streptavidin
-alkaline phosphatase conjugate is then allowed to react with
the biotin groups on the hybridized probe molecules. Finally, the
site of hybridization is visualized by the colorimetric reaction of
the enzyme conjugate with its substrate, BCIP (5-bromo-4-
chloro-3-indolyl phosphate), and the concomitant reduction of
NBT(nitro blue tetrazolium). This reaction results in the
deposition of an insoluble blue purple product at the site of
hybridization. Counter stain with fast red was used for
background this step can be excluded and Dakocytomation
Glycerol mounting medium C0563 an aqueous —based mounting
medium was used for mounting. Positive control (Human DNA)
Biotinylated DNA probe Code 1414 which hybridizes to total
genomic human DNA provided as fragments of biotinylated
double-strand DNA of 500 base pairs or less ,was used first to

sure that protocol of ISH is working. (figures 4(A-B)& 5 (A-C))
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Result and discussion:

Cytomorphology of HPV: In the cytological screening of
Papanicolau stained cervical smears the most frequent HPV
cytomorphological changes were binucleation (38%),
Koilocytosis (35%), nuclear variations (34%) and dyskeratosis

(20.6%) Figure (6&7). These frequencies were lower than those

with W.Gray as he reports the most frequent HPV
cytomorphological change as hyperkeratosis 66% followed by
Parakeratosis (34%)[16] and higher than that of E. Korobowicz
who reported a 15% frequency of Koilocytosis and/or
dyskeratosis[17] but going with the study of Cecilia M and
college in which multinucleation, binucleation and abnormal
mitoses were significantly associated with HPV DNA detection
among the histological criteria [18]. Sensitivity percent of
cytology using classical cytomorphological changes 67% (Table
2) in this study is similar to that of A.K. Lie using PCR as the gold
standard he found a sensitivity of 63% for cytology [19] but
much higher than that of Yamamoto who recorded a low
sensitivity of 26% for when compare with identification of HPV
infection by PCR [20]. The low sensitivity in this study agreed

with the fact that the koilocyte alone has low sensitivity for
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detection of HPV infection as stated by M. Bibbo [3]. To the
contrary specificity in this study 89% was very high compared to
that of A.K. Lie (41%) [19] and similar to that of Yamamoto (95%)
[20], also agreed with that of S. A. Morse where diagnostically,
the koilocyte is an excellent indicator of HPV infection with a
high degree of specificity[2]. W. Gray who stated that the most
specific criteria for HPV infection in cervical smear is the
presence of koilocytosis, dyskeratosis, Parakeratosis and
Karyorrhexis and using the presence of two out of these three
criteria alone vyield a diagnostic specificity of 100%, with a
sensitivity of 36% [16]. The presence of non classical HPV
cytomorphological changes in samples of this study 49/79 (51%)
were strongly significant statistically when compared with HPV
DNA presence at same smear (Table 3) This result agreed with
M. Bollmann study who found nuclear changes, disorders of
keratinisation, abortive koilocytes and 'measles cells' as well as
degenerative changes significantly associated with the presence
of HPV DNA by PCR[21] and the study done by A D Varnai where
there was no “negative cytology ” in HPV positive cases. Even in
the absence of cellular atypia, minor non-classic signs of HPV-

effect could be detected in the smear, if carefully assessed[22],

34



AY N Yol gn pdic ST Sdall  —(Gid Anals Alne

also the study by A. Schneider in which a panel of nine non
classic criteria were evaluated and when these criteria used in
combination, statistically discriminated analysis could correctly
identify 84% of the HPV-positive group [23].

Monoclonal Mouse Anti — human Papillomavirus (HPV)
Clone: K1H8 antigen detection by Immunocytochemistry: HPV
antigen detected in (19%) of the studied smears (figure 8) Low
percentage of HPV antigen (19% ) positivity in this study may
explained by the fact that antibodies are directed against capsid
proteins, which are only found in productive[19] but not in
latent (non productive) infection as stated by P. Birner&
Yamamoto [24,20] Sensitivity  and specificity  of
immunocytochemical staining for HPV antigen using insitu
hybridization as golden standard test- were 36.7% and 97.7%
respectively (table 2), and this result agree with comparisons of
this assay with HPV DNA probes have shown that such
polyclonal antibodies are at least 90% specific but not more than
50% sensitive, most likely because, in many cases ,only small
amounts of late structural proteins are present [25]. The low
sensitivity in this study confirmed by Peter Birner who stated

that immunohisto- and -cytochemistry are not suitable for
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detection and typing of HPV infection in cervical smears and in
paraffin-embedded sections of cervical dysplasia and cancers
[24]. S.A.Morse is agree and stated that this method is
substantially less sensitive than DNA detection and even routine
cytologic examination[3] what appear in (table 2) .

HPV DNA detection by insitu-hybridization : HPV DNA was
detected in (51%) of cervical smears (figure 9). This percentages
is near In the study done by M. Bollmann HPV DNA was
detected by GP5+/6+ and MY09/MYIlI consensus primer PCR
assays 76 of 164 cases (46.3%) had HPV positivity by PCR [21]. in
this study results were higher than those of Cecilia M. study in
which HPV was detected by ISH in 51/138 (37%) and by Hybride
Capture2 test in 66/138 (48%) [20] HPV DNA prevalence among
ladies with complains other than cervical cancer was 29/75
(39%) (Table 4). This result was very high in comparison to the
study done by Majdi Mansour in Sudan by PCR where HPV DNA
was detected only in 7/81(8.6%) of cervical samples [26]. wide
range in prevalence is explained by the different nature of
participating populations in such studies, and by technical
evolutions in the diagnostic tests used. HPV DNA present in

20/22 (90%) of females with cervical cancer, this percent agreed
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with H.A.El tahir study in sudan in which 94% of studied fresh

tissues from females with cervical cancer [27].

Conclusion: In this study depending on classical
cytomorphology of HPV only to detect HPV infection in cervical
smears this method is easy to handle and cost effective for
clinical practical purposes with high specificity and moderate
sensitivity although the gold standard method is insitu
hybridization which is suitable for research purposes , especially
in low resource areas, Papanicolau stained smear beside its
diagnostic value in detection of many gynaecological situation
and feasibility in HPV detection, would it be more valuable if
non classical HPV cytomorphology putted in consider through
cytology screening for HPV changes in cervical smears ?!. any
way Immunocytochemical staining method is not suitable for
HPV screening due its very low sensitivity although it is highly
specific.
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95% confidence interval
Width of 0.10 0.15 0.20 0.25 0.30
Confidence
interval
Expected
proportion (P)
0.10 139
0.15 196 88
0.20 246 110 62
0.25 289 128 73 47
0.30 323 144 81 52 36
0.40 369 164 93 60 41
0.50 384 171 96 62 43
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Table2: Sensitivity, specificity and predictive value for

immunocyto -chemical staining

and classical HPV cytomorphological changes in cervical smears

calculated using ISH as golden stander test (n 97)

positive
Sensiti | Specifici | PPV | NP

No % | vity % ty% % | V%
HPV classical
cytomorphological 39
changes 38 d 673 89.5 86.8 72.8
HPV antigen immune 19  36.7 94.7
cytochemical staining 19 .6 97.7 60.2
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Table 3: Comparison between HPV DNA positivity in cervical

smears by ISH and the presence of HPV non-classical

cytomorphological changes in the same smears (n97)

Insitu-hybridization

positive | negative | Total
Present 42 17 59
HPV non classical
cytomorphological change
Absent 7 31 38
Total 49 48 97

P .value is < 0.001
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Table 4 : Relation between HPV DNA presence in cervical

smears and clinical remarks of study group

insitu
positive negative Total
Opportunistic Screening 8 19 27
Vaginal discharge 7 7 14
Cervical Ulcer 3 2
Infertility 0 4
Abortion 1 0
hormonal disturbance 3 7 10
Cancer 20 2 22
postmenopausal bleeding 5 3 8
Postcoital bleeding 0 1
PID 2 2 4
Other 0 1
Total 49 48 97

P .value is < 0.001
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Figure 1-A Pap stained cervical smear show the following HPV

cytomorphological changes: Koilocytes, abortive koilocyte,dyskeratosis,

hyperkeratosis and, binucleation 40X
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Figure 1-B Pap stained cervical smear show the following HPV

cytomorphological changes: balloon cells, Koilocyte, dyskeratocytes, cytofold 40X
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Figure 2 -Positive control tissue ( skin verrucas) immunostained:

strong Red signals positive nuclei for HPV antigen 40X
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Figure 3- A HPV immunocytochemical staining with (monoclonal antibody

HPVclone: K1H8 ) cervical smears: Positive nuclear signal in abnormal squamous

cell 40X
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Figure 3- B HPV immunocytochemical staining with (monoclonal antibody

HPVclone: K1HS8 ) cervical smears strong Positive cytoplasmic signal indicate

episomal form of HPV 40X
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Figure 3- ¢ HPV immunocytochemical staining with (monoclonal antibody

HPVclone: K1HS8 ) cervical smears Positive nuclear and cytoplasmic signals 10X
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Figure 4-A:Control slides for insitu-hybridization staining :

Positive dark blue signals nuclear and cytoplasmic tissue ( skin verrucas) 40X
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Figure 4-B:Control slides for insitu-hybridization staining :

Negative cells (cytology smear submandibular swell) 40X
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Figure 4-C :Control slides for insitu-hybridization staining : Positive cells nuclear

stained with Positive control (Human DNA) Biotinylated DNA probe ( pusy cytology

smear of submandibular swell) 40X
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Figure 5 — A HPV insitu-hybridization staining (wide spectrum HPV Biotinylated

DNA probe ) cervical smears: Photograph (10) positive nuclear blue signals 40X
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Figure 5 — B HPV insituhybridization staining (wide spectrum HPV Biotinylated

DNA probe ) cervical smears: positive cytoplasmic and nuclear signals 10X
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Figure6: frequencies of HPV cytomorphological

finding in Pap stained cervical smears (n97)
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Figure7: Classical cytomorphological changes of HPV

in Pap stained cervical smears (n 97)
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Figure 8: immunocytochemical staining positivity for

HPYV antigen in cervical smears (n 97)

80%

20%

[ positive

 negative

60



AY N Yol gn pdic ST Sdall  —(Gid Anals Alne

Figure 9: Insitu-hybridization staining findings for

HPV DNA in cervical smears (n 97)
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