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Summary. - Different hybridization methods were used for detec­
t ion of  h u m a n  papillomavirus (HPV)  D N A  in cervical smears.  T h e  
results  obtained by filter  in situ hybridization (FISH) are  consistent  
with m o s t  o f  t he  reports  recently published.  T o  overcome t h e  unsa­
tisfactory limitations of  this  me thod ,  especially t h e  difficulties t o  
distinguish clearly be tween positive and  negative signals, w e  deve­
loped an  in situ hybridization protocol using a cytospin and  35S-
labelled as well as biotinylated DNA-probes .  For  direct comparison 
of d i f ferent  methods ,  t h e  samples  were  obtained f r o m  two groups of 
patients.  O n e  group were  w o m e n  with reiterated Papanicolaou 
smears  III, IV;  t h e  o the r  were  w o m e n  with reiterated Pap III, IV and  
additional histological scoring. In all cases bu t  one ,  t h e  di f ferent  
m e t h o d s  used have shown t h e  s a m e  results.  In o n e  case t he  hybridi­
zation o n  slides using  35S-labelled as well as biotinylated probes  
gave a negative result,  whereas  t h e  F I S H  m e t h o d  using a 32P-la-
belled probe  allowed t o  detect  of  H P V  16 and  18 D N A  only w h e n  
m o r e  t h a n  1 x 106 cells were  present  per  filter. O u r  data demons t ra te  
tha t  in situ hybridization o n  slides is a specific and  sensitive tech­
n ique ,  which enables  a clear distinction be tween  positive and  nega­
tive results  using a small n u m b e r  of  cells and  which,  especially with 
biotinylated probes,  is suitable for  application in rout ine  work. 
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Introduction 

Genita l  h u m a n  papillomaviruses (HPV)  have been  implicated in t h e  deve­
lopment  of  premalignant  and malignant cervical lesions (Gissmann and  
Schneider ,  1986; McCance,  1986, G u p t a  et ai, 1987; Z u r  Hausen ,  1987). H P V  
types 6 and  11 are closely associated with benign epithelial proliferations 
(Condyloma accuminatum) and  low grade intraepithelial neoplasia (CIN I) 
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(Sutton et al., 1987; Lorincz et al., 1987), whereas HPV 16 and 18 and less  
frequently the types HPV 31 and 33 has been shown to b e  associated with 
higher grades of  dysplasias (CIN II and III) and invasive carcinoma (McCance 
et al., 1985; Milde and Lôning, 1986; Dust  et al., 1987). On the basis of  these 
findings, it has been suggested that identification of  HPV types in cervical 
swabs might b e  important for  diagnosis and prognosis o f  cervical lesions. A f t e r  
introduction of filter in situ hybridization (Wagner  et al., 1984; Schneider  et al., 
1985) this became a basis for  screening of  a large number  of  cervical swabs  
enabling to obtain data for  a more exact analysis of  the role of different HPV 
types in induction of cervical lesions (Schneider  et al., 1986; Gissmann and 
Schneider, 1986; Schneider  etal., 1987). However, the unsatisfactory limitation 
of  the method, the difficulties to distinguish clearly between positive and nega­
tive samples  in s o m e  cases, restricted their  application in rou t ine  laboratories.  

In situ hybridization m e t h o d s  o n  slides are  be ing increasingly u s e d  in  viral 
diagnosis. M o s t  of  t h e  relatively complicated techniques  have  b e e n  developed 
fo r  t h e  detect ion of  viral D N A  in t issue sections us ing  radioactive probes  
(Syrjänen  et al., 1986; Ostrow  et al, 1987; Collins et al., 1988). Biotinylated 
probes have been used as an alternative based on the extremely high affinity of  
the reaction occurring between biotin and streptavidin (Leary et al., 1983; 
Brigati etal., 1983; Milde and Lôning, 1986; Syvänen, 1986; Lôning  etal., 1987; 
Teo  and Griffin, 1987; Syrjänen  et al., 1988). 

T h e  present study describes the development of a hybridization protocol for  
the detection of  HPV DNA in cervical swabs on slides using a cytocentrifuge 
and  3 5S-labelled as well  as biotinylated probes and the comparison of this tech­
n ique  with t h e  filter in situ hybridization. 

Materials and Methods 

Specimens. Cervical swab samples 'were  taken f r o m  44 patients  with reiterated Papanicolaou 
(Pap) smears  III, IV in t h e  Depar tment  of Gynecology, Central  Inst i tute  of Cancer  Research, 
Berlin-Buch. F rom 20 of t h e  44 patients cervical biopsy specimens were  obta ined allowing histolo­
gical examinat ion.  Cells f r o m  t h e  swabs were suspended in phosphate  buffered saline (PBS), 
washed two t imes  in PBS a n d  before  using for  t h e  different  hybridization m e t h o d s  t h e  n u m b e r  o f  
cells was est imated.  T h e  h u m a n  cell lines HeLa,  CaSki, and  SiHa were  obtained f r o m  t h e  
American Type Cul tu re  Collection (Rockville, M D )  and  grown in Dulbecco modif ied Eagle 's  
med ium (Serva, Heidelberg) supplemented  with 1 0 %  foetal  calf se rum (SIFIN, Berlin). 

Labelling of the probes. H P V  D N A  probes  of types 16 a n d  18 were kindly provided by Drs.  H . z u r  
Hausen  a n d  L. Gissmann ,  D K F Z ,  Heidelberg.  T h e  papillomavirus D N A  was purif ied f r o m  t h e  
vector by cleavage with restriction enzymes  (BamHl, £coRI) agarose electrophoresis and  extrac­
tion f rom the  agarose gel (Maniatis  et al., 1982). T h e  D N A  probes  were labelled by nick-transla­
tion with ( P) d C T P  (110 T B q / m m o l )  or  (3 5S) d C T P  (37 T B q / m m o l )  (all f r o m  Amersham,  U.K.) 
t o  specific activities of  2 - 4  x 108 cpm/,wg. Biotinylation of t h e  probes  was per formed using Bio-11-
d U T P  and a nick translation kit according t o  t h e  protocol provided by t h e  suppliers (BRL, 
Bethesda, MD) .  Optimal labelling of t h e  probes were moni tored  by a do t  blot hybridization using 
standard condit ions (Leary et al., 1983). Biotinylated probes  allowing t h e  detect ion of target D N A  
at t h e  level of  1 pg were used fo r  in situ hybridization. 
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Filter in situ hybridization. U s i n g  a f i l ter  h o l d e r  10 5  - 2 x 10 6  ce l l s  w e r e  filtered o n t o  a nitrocel lu­
lose  m e m b r a n e  ( d i a m e t e r  2 5  m m ,  p o r e  s i z e  0 .45 f i m  S c h l e i c h e r  a n d  Schiil l ,  Dasse l ) ,  lysed wi th  0.5 
m o l / 1  N a O H ,  1.5 m o l / 1  N a C I  a n d  n e u t r a l i z e d  w i t h  1.5 m o l / l  N a C l ,  1 m o l / l  T r i s - H C l  p H  7.0. T h e  
f i l t e r  w a s  b a k e n  a t  8 0  C f o r  t w o  h r .  P rehybr id i za t i on  w a s  p e r f o r m e d  in 6 x S S C  (1  x S S C  : 0.15 
m o l / 1  N a C l ,  0 .015 m o l / 1  N a C i t r a t e  p H  7.0),  5 0  % f o r m a m i d e ,  5 x D e n h a r d t ' s  s o l u t i o n  ( D e n h a r d t ,  
1966), 0 .1  % s o d i u m  d o d e c y l  s u l p h a t e  ( S D S ) ,  a n d  100 / / g  S a l m o n  s p e r m  D N A  p e r  m l  f o r  5 h r  a t  
4 2  ° C .  H y b r i d i z a t i o n  w a s  p e r f o r m e d  in t h e  s a m e  s o l u t i o n  wi th  10 n g / m l  o f 3 2 P - l a b e l l e d  H P V  16 + 
18 D N A  (spec i f ic  act ivi ty 4 x 10 c p m / / / g )  a t  42  C f o r  48  h r .  A f t e r  hyb r id i za t i on  t h e  filter w a s  
w a s h e d  t h r e e  t i m e s  f o r  3 0  m i n  in 2 X S S C ,  0 .1  % S D S  a t  65 ° C  a n d  t w o  t i m e s  in 0 .1  x S S C ,  0.1 % S D S  
a t  6 5  ° C .  T h e  d ry  filters w e r e  e x p o s e d  t o  X-ray  film f o r  4 - 1 0  d a y s  a t - 7 0 ° C  w i t h  in t ens i fy ing  
s c r e e n s .  

In situ hybridization on slides. A b o u t  104 - 5 x 104 cells  w e r e  c e n t r i f u g e d  o n t o  s l ides  c o a t e d  w i t h  
t h e  P h o t o - F l o  200,  d i l u t e d  in P B S  1:100 ( K o d a k  Inc . ,  U .S .A . )  u s i n g  a c e n t r i f u g e  T 5 2  w i t h  c y t o r o t o r  
( M L W ,  E n g e l s d o r f ,  G e r m a n y ) .  A f t e r  a i r  d r y i n g  t h e  cel ls  w e r e  fixed f o r  10 m i n  in 4 % p a r a f o r m a l ­
d e h y d e  in P B S ,  10 m m o l / 1  MgCl2,  w a s h e d  t h r e e  t i m e s  in P B S ,  10 m m o l / l  M g C ^ ,  d e h y d r a t e d  
t h r o u g h  g r a d e d  e t h a n o l  a n d  s t o r e d  in 70 % e t h a n o l  a t  4 ° C  un t i l  u s e .  

F o r  p r e t r e a t m e n t  p r io r  t o  hybr id i za t ion ,  t h e  cel ls  w e r e  r e h y d r a t e d  in PBS,  10 m m o l / 1  MgCl2  f o r  
10 m i n  a n d  i n c u b a t e d  w i t h  p r o t e i n a s e  K (0.1 m g  e n z y m e / m l  i n  P B S ,  10 m m o l / 1  M g C ^ )  f o r  10 m i n  
a t  r o o m  t e m p e r a t u r e .  I m m e d i a t e l y  fo l l ow ing  t h e  p ro teo ly t i c  t r e a t m e n t  t h e  r eac t ion  w a s  s t o p p e d  
by w a s h i n g  t h e  s l i de s  twice  f o r  5 m i n  in P B S  c o n t a i n i n g  2 m g / m l  g lyc ine .  S l ides  w e r e  g iven  t o  
a pos t f ixa t ion  f o r  5 m i n  in 4 % p a r a f o r m a l d e h y d e  w a s h e d  tw ice  in P B S  c o n t a i n i n g  2 m g / m l  g lyc ine ,  
d e h y d r a t e d  t h r o u g h  g r a d e d  e t h a n o l  a n d  a i r  d r i e d .  T h e  hybr id i za t ion  m i x t u r e  f o r  b io t iny la ted  
p r o b e s  c o n t a i n e d  50 % f o r m a m i d e ,  10 % w / v  d e x t r a n  s u l p h a t e ,  2 x S S C ,  2 x D e n h a r d t ' s  s o l u t i o n ,  
400  / / g / m l  s o n i c a t e d  s a l m o n  s p e r m  D N A .  T h e  H P V  16 a n d  18 D N A  w a s  a d d e d  a t  a c o n c e n t r a t i o n  
o f  1 / i g / m l  t o  t h e  hybr id i za t ion  m i x t u r e .  F o r  3 5 S- labe l l ed  p r o b e s  t h e  s a m e  hybr id i za t ion  m i x t u r e  
s u p p l e m e n t e d  w i t h  1 m m o l / 1  D T T  a n d  a p r o b e  c o n c e n t r a t i o n  o f  100 n g / m l  w a s  u s e d .  T h e  hybr id i ­
z a t i o n  m i x t u r e  (25 f i \ )  w a s  p ipe t t e d  o n t o  t h e  cel ls  a n d  t h e  s a m p l e s  w e r e  c o v e r e d  w i t h  a s i l i conized  
covers l ip .  T h e  t a rge t  D N A  a s  well  a s  t h e  p r o b e  D N A  w e r e  d e n a t u r e d  s i m u l t a n e o u s l y  in a n  o v e n  a t  
120 ° C  f o r  6 - 1 0  m i n  u s i n g  a p las t ic  t r ay  f o r  t h e  s l ides .  T h e  d e n a t u r a t i n g  t e m p e r a t u r e  o f  82  ° C  w a s  
c o n t r o l l e d  b y  a v isual  t e m p e r a t u r e  i nd i ca to r  ( L e v e r m o r e ,  L o n d o n )  o n  t h e  s l ides .  A f t e r  d e n a t u r a -
t i o n  t h e  plas t ic  t r ay  w i t h  t h e  s l ides  w a s  t r a n s f e r r e d  i n t o  a n  ice b a t h ,  t h e  covers l ips  w e r e  sea l ed  w i t h  
r u b b e r  c e m e n t  a n d  t h e  hybr id i za t ion  w a s  ca r r ied  o u t  a t  38  ° C  u s i n g  b io t iny la t ed  p r o b e s  o r  42 ° C  
u s i n g  3 5 S- labe l Ied  p r o b e s  f o r  48  h r .  A f t e r  hybr id i za t ion  t h e  covers l ips  w e r e  r e m o v e d  a n d  t h e  cel ls  
w e r e  w a s h e d  t h r e e  t i m e s  f o r  10 m i n  in 2 x S S C ,  t w o  t i m e s  f o r  3 0  m i n  in 2 x S S C  a t  60 ° C ,  o n c e  f o r  10 
m i n  in 0.2 x S S C  a n d ,  finally, twice  f o r  20 m i n  in 0.2 x S S C  a t  42  ° C .  I n  c a se  o f  u s i n g  3 5 S- labe l l ed  
p r o b e s  a f t e r  t h e  pos t -hybr id i za t ion  w a s h e s  t h e  s l ides  w e r e  d e h y d r a t e d  t h r o u g h  g r a d e d  e t h a n o l ,  
a l l owed  t o  d ry  a n d  d i p p e d  in p h o t o g r a p h i c  e m u l s i o n  (K 6,  O R W O ) .  T h e  s l ides  w e r e  e x p o s e d  f o r  4 -
7 days ,  d e v e l o p e d  in M H - 2 8  d e v e l o p e r  ( O R W O ) ,  fixed in A 300 fixer ( O R W O ) ,  c o u n t e r s t a i n e d  
w i t h  h e m a t o x y l i n ,  cove r s l ipped  a n d  m o u n t e d  w i t h  P e r m o u n t .  F o r  t h e  d e t e c t i o n  o f  t h e  b io t iny­
la ted  p r o b e s  t h e  s l ides  w e r e  e q u i l i b r a t e d  in b u f f e r  A (0.1 m o l / I  T r i s -HCI ,  p H  7 .4 ,0 .1  m o l / 1  N a C l ,  2 
m m o l / 1  M g C l j ,  0 .05 % T r i t o n  X-100) f o r  10 m i n  a n d  t h e n  i m m e r s e d  in 5 % B S A  in b u f f e r  A f o r  15 
m i n  t o  b lock  n o n - s p e c i f i c  b i n d i n g  s i tes .  T h e  s l ides  w e r e  i n c u b a t e d  w i t h  s t rep tav id in-a lka l ine  
p h o s p h a t a s e  ( B l u e  G e n e ,  B R L ,  B e t h e s d a ,  M D )  (1 /Ug/ml b u f f e r  A )  f o r  15 m i n  a t  r o o m  t e m p e r a ­
t u r e ,  w a s h e d  t h r e e  t i m e s  f o r  10 m i n  wi th  b u f f e r  A a n d  twice  f o r  5 m i n  w i t h  b u f f e r  B (0.1 m o l / 1  
T r i s -Hc l  p H  9 .5 ,0 .1  m o l / 1  N a C l ,  5 0  m m o l / 1  MgCl2).  F o l l o w i n g  wash ing ,  t h e  s l ides  w e r e  i n c u b a t e d  
wi th  t h e  d e v e l o p i n g  r e a g e n t  c o n t a i n i n g  4 f i \  n i t r o b l u e  t e t r a z o l i u m  (75 m g / m l  in 70 % d i m e t h y l -
f o r m a m i d e )  a n d  3 5 -b romo-4 -ch lo ro -3 - indo ly l  p h o s p h a t e  (50 m g / m l  in d i m e t h y l f o r m a m i d e )  in 
1 m l  b u f f e r  B f o r  1 - 3  h r .  T h e  r eac t ion  w a s  s t o p p e d  wi th  w a t e r  a n d  covers l ips  w e r e  m o u n t e d  o n  t h e  
s l ides  w i th  1 m o l / l  T r i s -HCI ,  p H  7 . 4 / g l y c e r o l / l : 9  (v /v ) .  

Results 

Detection of HPV DNA in cervical cell lines 
Sensitivity o f  F I S H  depends  o n  t h e  n u m b e r  of  cells filtered o n t o  t h e  nitro-
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Fig. 1 
Autoradiographs after filter  in situ hybridization of different cell lines and cervical swabs  

A .  - filter with 105, 5 x 104, and 104 CaSki cells; 
B. - 5 x 105 HeLa cells on a filter; 
C. - filter with 106  SiHa cells; 
D. - a collection of cervical swabs  hybridized with HPV 16 and 18 DNA probes. 

* 

cellulose membrane. No signal was  obtained below 5 x 104 CaSki cells ( - 5 0 0  
copies HPV 16 DNA/cell) (Yee  et al., 1985), while a weak signal was  visible 
after hybridization of  5 x 105 HeLa cells (20 copies HPV 18 DNA/cell) (Schwarz 
et al., 1985) and 106 SiHa cells (1 - 10 copies HPV 16 DNA/cell) (Baker et al, 
1987), respectively (Fig. 1). Longer exposure of  the autoradiographs did not 
result in an increased sensitivity, but  in an increased background. Application 
of more cells to the nitrocellulose filter increases the sensitivity only in 
a limited range, and more than 2 x 106 cells (filter diameter 25 m m )  influence 
the signal to noise ratio negatively. HPV DNA was  also detected using biotiny-
lated probes in all cell lines examined using  in situ hybridization on slides (Figs. 
2-4). T h e  staining pattern displayed multiple discrete signals within the nuclei. 
The strongest signal was found in the CaSki cell line, where  almost all cells 
showed several intranuclear dark (purple) spots (Fig. 2). Most o f  the HeLa cells 
had a positive reaction with the same colour intensity, but  with a reduced 
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Figs. 2-3 
Fig. 2. CaSki cells hybridized with the biotinylated HPV 16 DNA probe. All  cells s h o w  a positive 
hybridization reaction (several intranuclear spots) (Magn. x 344; reduced). 
Fig. 3. HeLa cells spotted by cytospin and hybridized with the biotinylated HPV 18 DNA probe. A 
positive hybridization reaction (intranuclear dark spots) is visible in the  most  o f  cells (Magn. x 
400; reduced). 

number  of  intranuclear spots (Fig. 3). In SiHa cells only a f e w  nuclei were defi­
nitely positive fo r  H P V  16 D N A .  T h i s  result suggest a detect ion limit of  as few 
as 10 copies per cell. In all th ree  cell l ines tested H P V  D N A  could also b e  
detected using  35S-labelled probes  (data no t  shown).  

Detection of HPV DNA in cervical smears 
T h r e e  different  m e t h o d s  were  used  fo r  detection of  H P V  16 and  18 D N A  in 

cervical swabs collected f rom 44 women .  A n  example of a typical result of t h e  
F I S H  is shown in Fig. 1. T h e  autoradiograph illustrates clearly t h e  limitation of 
t h e  me thod  t o  distinguish strictly between positive and  negative samples  in 
s o m e  eases. Repeated hybridization and  reiterated independent  analysis of t he  
data enabled,  however,  an acceptable result.  O n  the  contrary,  in situ hybridiza­
tion o n  slides using biotinylated probes  allowed a clear discrimination between 



HYBRIDIZATION IN CERVICAL SMEARS 327 

Figs. 4-5 
Fig. 4. SiHa cells hybridized with the biotinylated HPV 16 DNA probe. A positive hybridization 
signal is present in a f e w  cells (Magn. x 400; reduced) 
Fig. 5. Cervical epithelial cells f rom a patient with CIN III spotted by cytospin on slide, and hybri­
dized with biotinylated H P V  16 and  H P V  18 D N A  probes.  Positive cells show a discrete stained 
nucleus (Magn.  x 250; reduced)  

positive and  negative samples.  Positive cells showed a discrete s tained nuc leus  
without  background staining of  t h e  cells and  t h e  slide surface,  whereas  in nega­
tive cells t h e  nuc leus  appeared absolutely uns ta ined  (Fig. 5). In  consequence  of  
t he  scattering of  t h e  signal using  35S-labelled probes,  t h e  relation be tween  
signal and  at tached cell was difficult t o  establish (Fig. 6). Analysis of  t h e  results  
summarized  in Table  1 shows tha t  8 o u t  of  t h e  20 smears  f r o m  pat ients  with 
reiterated Pap grade III and  IV and  with histological examinat ion were  positive 
for H P V  16 and  18 D N A  with all t h ree  m e t h o d s  used .  T h e  n u m b e r  of  positive 
smears  in th is  group varied f r o m  4 o u t  of  13 samples in pat ients  with normal  
histology t o  2 o u t  of  3 samples  in pat ients  with C I N  I l l /CIS .  

I n  t h e  group of  pat ients  with reiterated Pap III, IV only 12 of t h e  24 smears  
were positive f o r  H P V  D N A  using  in situ hybridization o n  slides with  35S-
labelled and  biotinylated probes,  respectively. Using t h e  F I S H  technique  13 
smears were  positive for  H P V  D N A .  In  lat ter  case a high n u m b e r  of  cells (1.8 x 
106) was applied o n t o  t h e  filter b u t  only a single swab was additionally positive. 



Z I M M E R M A N N ,  W .  et at. 

T a b l e  1. Detection of  HPV 16 a n d  18 D N A  b y  d i f ferent  i n  situ hybridization methods  

Origin o f  cervical s w a b s  N u m b e r  o f  Posi t ives  o n  s l ides  FISH 
s a m p l e s  wi th  

biot inylated  3 5 S-labe l led  
p r o b e  p r o b e  

Patients  with reiterated 
Pap. III/IV 24 12 12 13 
Pat ients  wi th  reiterated 
Pap.  III/IV a n d  20 8 8 8 
histological  data 
- normal  his tology 13 4 4 4 
- CIN I 2 1 1 1 
- CIN II 2 1 1 1 
- CIN I l l /CIS 3 2 2 2 
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Fig. 6 
Cervical  epithelial  ce l l s  f r o m  a patient with CIN III hybr id ized  with  3 5 S - l a b e l l e d  H P V  1 6 a n d  H P V  

18 DNA p r o b e s  (Magn.  x 344) 
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Discussion 

T h e  sensitivity of the different  in situ hybridization techniques used in the 
present study was  assessed using cervical cancer cell lines on the basis of  their 
estimated copy number  of HPV DNA. By the FISH a weak, but  clearly positive 
signal was  visible after  hybridization of  106 SiHa cells (1 - 10 copies HPV 16/ 
cell). On the basis of  the capacity limit of 2 x 106 cells per nitrocellulose filter 
(diameter 25 mm) a reproducible detection of less  than 10 copies o f  a HPV 
genome could b e  demonstrated. HPV 16 DNA was  also detected in SiHa cells 
by in situ hybridization on slides using biotinylated as well  as  3 5S-labelled 
probes, although the hybridization signal w a s  visible in a f e w  cells only. T h e  
basis for  the detection o f  the HPV DNA in SiHa cells was  an optimal labelled 
probe especially in the case of the biotinylated probe. 

Crum  et al. (1986) concluded that in situ hybridization with nonradioactive 
probes is not as sensitive as using  3 5S-labelled probes. On the other hand, 
recent data demonstrate an equal sensitivity o f  the different probes (Loning et 
al., 1987; Burns  et al., 1987; Syrjänen  et al., 1988).' Possible reason for  these 
differences could b e  in the variations of  the  hybridization protocols used. Our 
results suggest  that the biotinylated probes were  as sensitive as the  3 5S-labelled 
probes to demonstrate the presence of  HPV DNA. In addition, possibly higher 
sensitivity of  3 5S-labelled probes is limited in practice b y  the background 
problems frequently occurring especially on cytological smears. 

W e  used different hybridization methods for  detection of  HPV 16 and HPV 
18 DNAs in servical swabs collected f rom 44 women.  In the group o f  patients 
with reiterated Pap III/IV and additional histological examination, 8 of  the 20 
smears were  positive for  HPV 16 and HPV 18 DNAs. Although w e  tested only 
a limited number  of patients, these  results and the data f rom the different 
subgroups are comparable with the data obtained by others (Wagner  et al., 
1984; Schneider  et al., 1985; Cornelissen  et al., 1988). In the group o f  patients 
with reiterated Pap III/IV only 12 of  the 24 samples were  positive for  HPV 16 
and HPV 18 DNA using the  in situ hybridization on slides with biotinylated and 
3 5S-labelled probes, respectively, whereas  13 smears were  positive for  HPV 
DNA using FISH. One possible explanation of this result could b e  the high 
number of cells (1.8 x 106 cells) applied onto the filter in latter case. 

T h e  advantage of  the slightly higher sensitivity of the filter in situ hybridiza­
t ion m e t h o d  using an  optimal n u m b e r  of  cells is compensa ted  by t h e  difficul­
ties t o  distinguish clearly be tween  positive and  negative results  in s o m e  cases. 
T h e  results  presented he re  show tha t  t h e  in situ hybridization o n  slides is 
a specific and  sensitive t echn ique  which enables  a clear distinction be tween  
positive and  negative cells us ing a small  n u m b e r  of  cells o n  t h e  slide. Biotiny­
lated probes  give results  which are comparable o r  even  be t te r  in t h e  sensitivity 
to  results obta ined using  35S-labelled probes.  T h e  m e t h o d  with biotinylated 



330 Z I M M E R M A N N ,  W .  et al. 

probes is more rapid, devoid of  any health hazards and is especially suitable for  
an application in routine screening programmes. 
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