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   To  analyze  specific  mRNA  at  individual  cell  level, non-radioactive  in situ

hybridization  has been a powerful tcchnique. in situ  hybridization  is mest  com-

monly  done  using  double-strandcd cDNA  probcs. Wc  have  already  reported  the

usefulness  of  thymine-thymine  (T-T) dimerized double-stranded cDNA  as  a  non-

radioactive  probe. In this  study,  we  extended  this  approach  to use  synthetic

oligodeexynucleotide  (oligo-DNA). Two  oligo-DNAs  (I; 65-mer, II; 57-mer) com-
plementary to  the  diffbrent regions  of  the  human  c-mpa  mRNA  were  synthesized

and  ultraviolet  (UV)-irradiated (7,OeOJIm2). When  the  T-T  dimetized oligo-

DNAs  were  dot-blotted to nitrocellulose  filters, at  1east 4.0 pg  of  both oligo-DNAs
was  detected immunohistochemically using  anti-T-T  antibody.  By  dot-blot
hybridization, about  80  pg of  sense  strand  of  c-nvlt;  DNA  was  specifically  detected

w{th  T-T  dimerized c-ntyc  oligo-DNA  (I). When  the oligo-DNA  (II) was  used  as a

probe,  howeyer,  the sensitivity  of  signal  detection was  significantly  lower. Fur-
thermore,  the  c-ne ¢  antisense  oligo-DNAs  rcacted  with  the  total  RNA  from HL-60

cells,  but not  from normal  rat  liver. Finally, using  these  oligo-DNAs,  c-mJt

mRNA  was  detected in HL-60  cells.

   For  the  better understanding  of  physiological states  of  cells  and  tissues, the  study

of  expression  of  specific  mRNA  of  individual cells  rather  than  the  study  of  a  mass  of

cells  or  tissues is required,  since  the  expression  ofmRNA  varies  considerably  from cell
to cell. To  accomplish  this task, the  localization of  mRNA  by means  of  in situ

hybridization was  found to be the  most  eflective  method  (6, 22, 39).
   As  probes for the in situ hybridization, there  are  several  choices.  Double-strand-

ed  cloned  cDNA  is most  commonly  used,  and  recently  the probes of  singlc-stranded

cDNA  (45) and  cRNA  (9, 18) have been introduced. When  double-stranded cDNA

is used  as  a  probe, one  must  denature  the  probe DNA  by  boiling befbre it is applied  to
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ceils  or  tissue sections.  Moreover during hybridization, the re-annealing  between
dissociated strands  of  probe DNA  will  occur,  resulting  in a  decrease in the  eflective

concentration  of  probe DNA  (9). The  use  ofsingle-stranded  probes avoids  the  above

problem. However, for the  construction  and  handling of  single-stranded  cDNA  or

cRNA,  expertise  in molecular  technology  is required,

    The use  of  automatically  synthesized  oligodeoxynucleotide  (oligo-DNA) probe
enables  us  to  access  more  the  in situ  hybridization method  by avoiding  the  above

various  dithculties. A  more  important advantage  in the use  of  oligo-DNA  probe is
that  one  can  construct  probes complementary  to unique  or  highly variable  regions  of

RNA  and  DNA  sequence,  which  al]ows  us  to use  probes of  great specificity.

    Most  of  the studies  with  olige-DNA  probes used  
32P-labelling

 (12, 28, 34, 36, 44)
or  

i25I-labelling
 (7) fbr signal  detection though  the resolution  was  not  alwayS  suMcient

for the  analysis  of  individual cells. Recently, in order  te obtain  a  better resolution
and  to minimize  the  cumbersome  procedures associated  with  the handling of  radioac-

tive compounds,  non-radioactive  labels have  been  developed (13, 19, 26, 35, 42), and

one  of  them  has been  applied  to the  in situ hybridization with  oligo-DNA  probe (15,
25). Recently  we  have developed a  new  method  using  thymine-thymine  (T-T)
dimerized DNA  as  a  non-radieactive  probe  (21, 22, 33), which  is thought  to  be the
simplest  in terms  ofno  requirement  fbr a  separation  ef  label]ed DNA  from  unreacted

labelling.compounds, Thus  the  combination  of  oligo-DNA  with  T-T  dimer  labelling

seems  to favor the practice of  in situ hybridization.

    In this study,  two  oligo-DNAs  ((I) 65-mer  and  (II) 57-mer)  complementary  to the

different regions  of  the human  c-n!7c  mRNA  corresponding  to the third exon  of  the

gene were  synthesized  and  T-T  dimerized by ultraviolet  (UV) irradiation. Then  we

examined  whether  c-mpc  mRNA  can  be detected immunohistochemically both on

nitrocellulose  Mters and  in HL-60  cells  by using  the T-T  dimerized antisense  c-n!yc

oligo-DNA  probe. c-mpc  is a  normal  cellular  counterpart  ef  retroviral  oncogene  (v-
n!yc),  highly conserved  beyond species  (4) and  is expected  to be involved in the regula-

tion of  cell proliferation (17, 40, 48) and  differentiation (14, 24, 47). In HL-60  cel]s,

c-rayc  gene was  arnplified  and  the expression  ofthe  gene  was  changed  depending on  the
states  of  differentiation (8, 47), thus  providing us  the appropriate  experimental  system

to evaluate  the eMcacy  of  in situ hybridization using  T-T  dimerized oligo-DNA  probe,

MATERIALS  AND  METHODS

    Maten'ats: Following reagents  were  purchased; formamide from Nakarai
Chemicai Co., Japan, 3,3'-diaminobenzidine14 HCI  from  Dojin Chemical Co,,

Japan, bovine serum  albumin (BSA) (98-99% pure), proteinase K  (18-20 unitslmg

protein), horseradish peroxidase (type VI) (HRP) and  polyvinylpyrroliclone (MW
360,OOO) from Sigma  Chemical  Co., USA,  Ficoll-400 from Pharmacia  Co., Sweden,
salmon  sperm  DNA  from Wako  Pure  Chemical, Co., Japan, RPMI  1640 medium,  ar)-

tibiotics ancl  fetal bovine serum  from Gibco, Sl nuclease  from  Takara  Shuzo Co.,

Japan. All chemicals  and  biochemicals used  were  of  analytical  grade.

    Cetls and  tissue: HL-60  cells  (a cell line from  human  promyelocytic leukemia)

were  cultured  in RPMI  1640 medium  supplemented  with  10%  heat-inactivated fetal
bovine serum,  2 mM  glutamine, 100 unitsfml  of  penicil]in G  and  100 psglml of  strep-

tomycin  under  5%  C02  in air. The ratio  ofdiflerentiated  cells  (8) was  less than  4%  of
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totalcellsbynitreblue-tetrazoliumreductionandWright-Giemsa'sstaining.  Normal
livers were  obtained  frem adult  male  Wistar  rats  weighing  250-350 g, The  rats  were

killed by cervical  dislocation.

   DAIA  Probes used:  Two  oligo-DNAs  (Fig, 1) complementary  to the different
regions  of  the human  c-nayc  mRNA  corresponding  to the  third  exen  region  of  the gene
(3) ((I) 803-867  and  (II) 1,110-1,166 ofnucleotide  sequenee  (46)) were  synthesized  by

fi-cyanoethylphosphoramidite method  on  a  DNA  synthesizer  (Cyclon, Biosearch Inc.)
and  purified by reverse-phase  HPLC.  For the preparation of  single-stranded  c-n!yc

DNA,  the  1.4kb  Cla I-Eco RI  fragrnent from  the  plasmid, pMC4t-3RC  (3, 10), in-
cluding  the third exon  of  the human  c-mpc  gene  was  cloned  into the Rst I site of  the

plasmid, M13mp7  (3t), using  Rst I linker, The  single-stranded  DNA  was  separated

from  the  vector  by agarose  gel electrophoresis  after  digestion of  the  recombinant  clone

which  was  partially annealed  around  the palindromic polylinker region  with  Rst I.

Then  the  DNA  fragment was  purified by phenol extraction  and  ethanol  precipitation

(30),
   The  DNAs  were  dissolved in 10 mM  TrislHCI  bufler (pH 7,4) containing  1 mM

EDTA  (TE) and  kept at  
-200C.

   Labegli,ag qfPrebe Dlva: T-T  dimer was  introduced into DNAs  by UV-irradia-
tion as  described in detail previously (22, 33). The  optimal  UV  dose for c-nlyc  oligo-

DNA  probe was  7,OOOJIm2 when  it was  determined by dot-blot hybridization.

Antisensec-mMg  oligodeoxynucleotide  probes

(I)

coding

probe

(H)

coding

probe

53

53

 803'AAAAGAGGCAGGCTCCTGGCAAAAGGTCAGAGT

'TTTTCTCCGTCCGAGGACCGTTTTCCAGTCTCA

xx-x  xx-x

                                      867
CTGGATCACCTTCTGCTGGAGGCCACAGCAAA  3'
GACCTAGTGGAAGACGACCTCCGGTGTCGTTT  5,

                                     xxx

 1,llO
'AAAACGGAGCTTTTTTGCCCTGCGTGACC

'TTTTGCCTCGAAAAAACGGGACGCACTGG

xxxx

                              1,166
AGATCCCGGAGTTGGAAAACAATGAAAA  3t
TCTAGGGCCTCAACCTTTTGTTACTTTT  5'

                    XXXX  -X  XNXX

FiG. 1, Antisense c-mpc  oligo-DNA  probes used  in this paper. The  scquences  ofc-n!rc  oligo-DNA

 (I) and  (II), which  are  complementary  to the region  of  hurnan c-mpc  mRNA  corresponding  to the

 thirdexonponionofthegene,areshewn.  Thesyrnbols(*)indicateT-Tdimerizableregion.  The

 other  details are  described in MATERIALS  AND  METHODS.
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    Di tion ofsingle-strandled DIVA  by Sl nuctecase: The  sense  strand  ofsingle-stranded

cDNA  was  digested with  S1 nuclease  to reduce  the size, according  to the textbook  of

molecular  cloning  (30). The  size  of  the  DNA  was  ]ess than  abeut  100 nucleotides  by

gel-e]ectrophoresis.
    Lselation oftotalRIVA: Total RNA  was  isoiated from HL-60  cel]s  and  rat  ]ivers ac-

cording  te the method  ofChirgwin  et al, (5). After the RNA  fractien was  precipitated
with  ethanol  and  dried up,  the final pellet was  suspended  in TE.

    Antibody ttsed: Rabbit anti-T-T  dimer was  prepared  by immunizing rabbits  with

a  mixture  of  T-T  dimerized salmon  sperm  DNA  and  methyl-bovine  serum  albumin

(27), IgG  from  the rabbit  serumwas  isolated and  usedas  the  first antibody.  Fab  frag-

ment  ef  goat IgG against  rabbit  IgG corp'ugated  with  HRP  was  used  as  the  second  an-

tibody.

    immunohistochemical ctetection of T-Tdimcrized oligo-DNA:  Unless otherwise  specifi-

ed,  the fo]lowing experiments  were  carried  eut  at  room  temperature  (RT; 25-280C).
Two  ge1 ef  the c-mpc  oligo-DNA  solution  was  applied  onto  nitrocellulose  filters which

were  pretreated with  20XSSC  (1XSSC; O.15M  NaCl/O.O15M  sodium  citrate,

pH7.0)  fbr at  least 30min  and  air-driecl.  Each  spot  contained  4pg  to 40ng  of

DNA.  After being air-dried,  the filters were  baked at  800C  fbr 2 hr. For  the  detec-

tion of  T-T  dimer, the filters were  treated  with  phosphate buffered saline  (PBS)
(pH 7.2, unless  otherwise  specified)  centaining5%  BSA,  500  ptgfm] normal  goat IgG,
100 ptgfml salmon  sperm  DNA,  100 pglml  yeast tRNA  and  O,05%  NaN3  for 1 hr in
order  to b]ock non-specific  reaction  ef  the  antibody  with  the  filters. Then  the  filters

were  reacted  with  rabbit  anti-T-T  IgG  (40 geg!ml) dissolved in PBS  containing  5%
BSA,  100"glml  yeast tRNA,  100 ptg/ml salmon  sperm  DNA  and  O,e5%  NaN3  for
3hr. Asacontrol,normalrabbitIgGwasusedatthesameconcentration. Afterover-

night  wash  with  PBS, the filters were  reacted  for 3 hr with  the  second  antibody  dissolv-
ed  in PBS  containing  5%  BSA,  IOO pg!ml yeast tRNA  and  100 ptglml salmon  sperm

DNA  and  then  washed  with  PBS  fbr 3 hr. The  sites  of  HRP  were  visualized  using

O.5 mgfml  3,3Ldiaminobenzidinef4  HCI  in the  presence of  nickel  and  cobalt  ions (1).
    Det-btot bj)bridiiation: Two  pt1 ofthe  solution  of  single-stranded  sense  or  antisense

c-mpc  DNA  (8 pg  to 8 ng  per spot)  or  ofthe  solution  of  the total RNA  from HL-60  cells

or  normal  rat  liver (100 ng  to  500 ng  per spot)  was  applied  onto  nitrocellulose  filters
andbaked  as  described above.  The  flters were  prehybridizedwith 10mM  TrislHCI

buffer (pH 7.3) containing  1 mM  EDTA,  O.6 M  NaCl,  1 × Denhardt'$  solution,  50%

(vlv) cleienized fbrmamicle, 500 yg/ml yeast tRNA,  250 ygfml salmon  sperm  DNA  at

420C  for 2 hr. Then  the filters were  incubated in the hybridization mixture  contain-

ing 10 mM  TrislHCI  (pH 7.3), 1 mM  EDTA,  O.6 M  NaCl, 1 ×  Denhardt's  solution,

40%  (v/v) deionized formamide, 250pglml  yeast tRNA,  125"glml  salmon  sperm

DNA  and  O.8 ptgfm] T-T  dimerized c-mpc  oligo-DNA  at  420C  fbr 15-17 hr. For  the

RNA-DNA  hybridization, a  mixture  of  oligo-DNA  (I) (O.4pgfml) and  (II)
(O.4 ptglml) was  used  as  a  probe. The  filters were  washed  twice  with  2 × SSC  (30 min
each),  twice  with  1 × SSC  (30min each)  and  with  O.1 × SSC  (30min), successively.

The  detection of  T-T  dimer was  done as  described above.

    ]in  situ  dybndization:
    Cell preparation; HL-60  cells  were  washed  once  with PBS  (pH 7.4) and  suspend-

ed  in 2%  parafbrmaldehyde  (PFA) in PBS  (pH 7.4) at  a  concentration  of  about  5 × 105
ce]lsfml,  An  aliquot (O.2 ml)  of  the  suspension  was  spun  clown onto  a  gelatin-coated
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glass slide  (22) by Cytespin (Shandon) and  fixed further in 4%  PFA  in PBS  (pH 7.4)
at 40C  for 10 min.  After fixation, the cells  were  air-dried  for 1 hr and  baked  for 2-4 hr
at  450C.  Then  the cells were  kept under  

-80
 to 

-600C
 until  use.

   Pretreatment; at  the  time  of  in situ  hybridization, the  cells were  rehydrated  with

PBS.  The  specimens  were  treated  with  O.3%  H202  in methanol  fbr 10 min  and  were

treated  with  O.2N  HCI  for 20min.  After digestion with  1 ptg!ml of  proteinase K

dissolved in PBS  at  37OC fbr 15 min  and  washing  3 times  with  PBS  (5 min  each),  the

specimens  were  fixed in 4%  PFA  in PBS  (pH 7.4) fbr 5 min  and  washed  twice  with

PBS  (5 min  each),  and  the remaining  aldehycle  was  quenched twice  by immersion  in

2 mglrn1  glycine in PBS  fbr 15 min  each.  Some  ofthe  specimens  were  not  treated  with

proteinase K. Then  the  specimens  were  washed  twicewith  PBS  (5 min  each),  immers-
ed  in 40%  (vlv) cleionized formamide in 2 ×  SSC  and  kept in the formamide solution
until  hybridized, The  other  details were  describecl previously (22).
   Hybridization; Twenty  pt1 of  the hybridization mixture  centaining  T-T  dimeriz-
ed  DNA  -probe at  various  concentrations  of  O.8-3.2 "g/ml was  applied  to each  s]ide,

mixed  and  incubated in a moist  chamber  at  420C  for 15hr, Then  the slides were

washed  4 times  with  50%  (vlv) forrnamide in 2 × SSC  at 370C for 1 hr each,  and  twice

with  2 ×  SSC  at RT  for 15 min  each,

   Enzyme-immunohistochemistry; for irnmunohistochemical  detection of  T-T
dimerized DNA,  similar  procedures as  done  with  Mters were  taken  and  the other

details were  reported  elsewhere  (21, 22, 33).

RESULTS

immunohistochemical cletectien of 7LT  dimerized oligo-DAcafixed  onte  nitrocellulosefilters

   As shown  in Fig. 2, at least 40 pg of  T-T  dimerized oligo-DNA  was  detected us-
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FiG, 2. Immunohistochemical  detection of  T-T  dimerized c-nayc  oligo-DNAs  en  nitrocellulose

 filters, T-T  dimerized antisense  c-n!yc  oligo-DNA  (I) and  (II), or  non  T-T  dimerized c-mpc  oligo-

 DNA  (I) were  fixed nitrocellulose  filters at  the  amount  of  4 pg, 40 pg, 400 pg, 4 ng  and  40 ng  per
 spot.  Then  the  filters were  reacted  with  rabbit  anti-T-T  IgG or  normal  rabbit  IgG at  the same  con-

 centration  (40 "glml).
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ing anti-T-T  IgG. When  the  filters were  reacted  with  normal  rabbit  IgG  in place of

anti-T-T  IgG, no  staining  was  observed.  Also there  was  no  staining  with  non  T-T
dimerizecl DNA  when  reacted  with  anti-T-T  IgG. It should  be noted  that we  detected
both  T-T  dimerized c-mpc  oligo-DNA  (I) and  (II) at  the  similar  sensitivity.

immunohistochemical dbt-blot nj,bn'dixation
   In order  to examine  whether  T-T  dimerized oligo-DNA  probe can  detect a

specific  sequence  of  nucieic  acids,  T-T  dimerized antisense  c-mpc  oligo-DNAs  were

hybriclized with  sense  or  antisense  single-stranded  c-ncyc  DNA  fixed onto  nitrocellulose

filters and  the  hybrids were  detected immunohistochemically, As shown  in Fig. 3a,
using  the c-mpc  oligo-DNA  probe (I) at least 80 pg  of  sense  c-rayc  DNA  was  specifically

detected. When  the c-mpc  oligo-DNA  (II) was  used  as  a  probe, a  specific  signal  was

also  fbund, but the  sensitivity  of  detection (about 800 pg of  sense  c-mpc  DNA)  was

significantly  lower than  that  with  the c-n!7c  oligo-DNA  (I), When  the c-ayc  oligo-

DNA  (I) arid  (II) were  mixed  at  a  concentration  ofO.8  pglml  each  and  used  as a  pro-
be, ne  significant  increase in sensitivity  was  observed  (data not  shown),

   Ncxt, the total RNAs  from  HL-60  cells  and  normal  rat  livers were  fixed onto
nitrocel]ulose  Mters and  hybridized with  a  mixture  of  T-T  dimerized antisense  c-mpc

oligo-DNA  (I) and  (II), As  shown  in Fig. 3b, the spots  of  RNA  from  HL-60  cells

were  specifically  stained.  These  results  were  consistent  with  the  previous findings
that the RNA  from HL-60  cells  contain  c-mpc  mRNA  (47), but not  the RNA  from  nor-

mal  rat  liver (29). In addition,  the  use  of  the mixture  of  o]igo-DNA  (I) and  (II)

(a)
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FTa. 3. Dot-blot hybridization using  T-T  dimerized antisense  c-mpc  oligo-DNA  probes. a)  The

 sense  or  antisense  strand  of  c-ntyc  DNA  was  fixed onto  nitrocellulose  filters at the amount  of  8 pg,
 80 pg, 800 pg  and  8 ng  per spot.  After the filters were  hybridized with  T-T  dimerized antisense  c-

 mpc oligo-DNA  (I) and  (II), the  hybrids were  detected immunohistochemically. b) Total RNAs

 from HL-60  cells  or  normal  rat  liver were  fixed onto  nitrocellulose  filters at  the  amount  of  100 ng

 and  50e ng  per spot. After the  fiIters were  hybridized with  a  mixture  ofT-T  dimerized antisense  c-

 nue  oligo-DNA  (I) and  (II), the hybrids were  detected immunohistochemically.
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FiG 4 1}i sttu  locahzation efc  mpc mRNA  m  HL-60  cells  using  T-T  dimerized c-mpc  olige  DNA  (I)
  with  or  wrthout  protemase  K  digestion The HL  60 cells  were  hybmdized tn situ  with  antisense  c

  ,mp,c ohgo-DNA  (I) probe (1 6 ptgfml) (a, c)  ancl  with  the  S1 nuclease  digests of  sense  strand  of  c mpc

  DNA  (1 6 "gXml) (b, d) Protemase  K  digestion (37eC, 15 min)  was  carried  out  (c, d) at  a  concen

  tration  of  1 pglml  The  arrows  indicatc  strongly  positive cells  × 400

resulted  in  no  skgnificant  increase  in  sensitivity  also m  RNA-DNA  hybridization, as

compared  to that with  ohgo-DNA  (I) (O 4"gfml)  alone

in sttu localtzatten ofe-n!7c mRM4  tn HL-60  cells

    As  our  final purpose, we  examined  whether  or  not  c-iayc  mRNA  can  be detected

in  HL-60  cells  usmg  T-T  dimemzed antisense  c-mpc  oligo-DNA  probe (I) As shewn

in  Fig 4c, the  specific  strong  staming  of  c-n!?c  mRNA  was  observed  m  about  10%  of
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FIG 4

HL-60  cells, and  the  other  cells were  also stained,  but weakly  With Sl nuclease

digests of  T  T  dimerLzed smgle  stranded  sense  c-mpc  DNA,  1ittle or  no  stammg  was

found  (Figs 4b, d) The  intensity  of  the specific  staming  and  the ratLo  of  strongly

posmve  cells  were  mcreased  by protease treatment  w]thout  affecting  the background
stammg  (Figs 4c, d) However,  when  the concentration  ofprobe  DNA  was  increas-

ed  from O 8 geg!ml to 3 2 ptglml, no  significant  increase  m  the mtensity  of  staming  was

observed  (data not  shown)
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DISCUSSION

    Non-radioactive in situ hybridization is thought  to be the most  appropriate  techni-

que to analyze  the expression  of  specific  mRNA  sequences  at  individual cell  level.

Conventionally using  cloned  double-stranded cDNA  as  a  probe, a  lot of  studies  to

establish  a  tissue processing procedure best suited  fbr in sita  hybridization have been
done (6, 22, 39). As  already stated,  however,  the advantage  of  the use  of  double-
stranded  cDNA  is limited by  the  presence of  sense  strand,  whose  sequence  is identical
te that  ofthe  corresponding  mRNA.  Moreover, we  have sometimes  encountered  that

the  impurity in probe DNA  preparation isolated from  bacterial plasmid is a  major

reason  for a  low signallneise  ratio,  Thus  there  is apotential  impertance ofuse  ofnon-

radioactive  synthetic  oligo-DNA  probe.

    Recently, two  groups (15, 25) have reported  the use  of  biotinylated olige-DNA

probes fbr in situ  hybridization. Both  groups obtained  good  results  using  the oligo-

DNA  labelled in the  3Lend  with  biotin-11-dUTP by use  of  terminal  deoxynucleotidyl

transferase  and  using  avidin-alkaline  phosphatase system  for signal  detection. In this
methed,  however, after  the  labelling of  oligo-DNA  with  biotinylated nucleotides,  a

separation  eflabelled  probes from unincorporated  nucleetides  is required.  To  avoid

these  cumbersome  and  expensive  procedures, we  applied  the  T-T  dimer  method  to in
situ  hybridization with  synthetic  oligo-DNA  probe in this  study.

    T-T  dimerized c-mpc  oligo-DNA  was  specifically  detected (Fig. 2) and  when

hybridized with  sense  single-stranded  c-nryc  DNA  or  total RNA  from HL-60  cells (Fig.
3a and  b), specific  staining  was  clearly  demenstrated, Finally, in Cytospin  prepara-
tions ofHL-60  cells  fixed with  4%  PFA  in PBS,  c-mpc  mRNA  was  detected (Fig. 4), in-
dicating usefulness  ofT-T  dimerized oligo-DNA  probe in localization in situ of  specific

mRNA,  However,  in order  to  introduce T-T  dimer  by UV  irradiation, more  than

two  thymine  residues  have  to be present as  neighbours.  Furthermore the fbrmation
of  one  T-T  dimer results  in an  occurrence  of  4 mismatched  base pairs in hybrids (16),
Thus  selecting  the  region  used  for a  probe is very  important process. It seems  better
to select  the  region  which  has T-T  dimer  forming  sites  only  at  both ends  to minimize

the  eflect  ofbase  mismatches  on  stability  ofhybrids.  In addition,  as  shown  in Fig, 3a,
c-mpc  oligo-DNA  (II) probe was  less sensitive  than  eligo-DNA  (I) probe. As  both  T-T

dimerized oligo-DNAs  were  immunohistochemically detected at a  similar  sensitivity

(Fig. 2), we  may  expect  a  similar  number  of  T-T  dimer in both probe DNAs.  The
lower sensitivity  of  oligo-DNA  (II) probe to detect complernentary  sequence  may  be
due  to  the presence of  the  sequence  (AAAAAA) in the  probe DNA,  which  is able  to

cause  intramolecular and!or  intermolecular hybridization with  T-enriched  region.

    In molecular  hybridization, it is very  important to set  the appropriate  conditions

of  hybridization and  washing  in order  to avoid  non-specific  hybridization and  to

remove  non-specific  unstable  hybrids. Among  papers published previously (7, 12,
15, 25, 28, 34, 36, 44, 45), various  conditions  concerning  hybridization and  washing

were  employed  in in situhybridization  with  synthetic  oligo-DNA  probes. These  situa-

tions were  made  more  complicated  by  the  fact that  the theoretical  formula does not

always work  in this area  (2). Thus, the best conditions  should  be explored  empirically

in practice.

    As reported  previously (22, 32), in order  to implement in situ  hybridization
especially  with  non-radioactive  cloned  double-stranded cDNA,  the ability  of  probe



Japan Society of Histochemistry and Cytochemistry

NII-Electronic Library Service

JapanSociety  ofHistochemistry  andCytochemistry

304 Keji et  al,

DNA  to  penetrate into cells  was  ene  ofthe  essential  factors, Oligo-DNA  probes, the
sizes  ofwhich  were  less than  100 nuc]eotides,  were  expected  to penetrate relatively  easi-

ly into cells.  Actually, Priestly et al.  (36) reported  no  beneficial effects  ofpretease  treat-

ment  using  
32P-]abelled

 oligo-DNA  probe. In ourhands,  however,  protease digestion

resulted  in an  increase in signal  intensity (Fig, 4), indicating that the unmasking  of

target  mRNA  by proteolysis is stil1 important even  in using  oligo-DNA  probe, in

agreement  with  the previous reports  (15, 25). The  discrepancy may  be due  to the di-

fference in the fixatives used.

    As  to  the states  of  expression  of  c-n!J,c  mRNA  in HL-60  cells,  al1 cells  were  not

homogeneously  stained  with  antisense  c-7ayc  oligo-DNA  probe. The  ratio  of  strongly

positive cells  in a  random  culture  was  at  most  10%,  in consistent  with  our  previous
results  obtained  by using  T-T  dimerized c-rayc  double-stranded cDNA  (23) and  with

the immunohistochemical  resu]ts  of  expression  of  c-mpc  protein (20, 41). Moreover,

the expression  of  c-mpc  mRNA  at least in strongly  positive cells  was  dependent  on  cell

cycle  (41), These accumulated  resuits  apparently  conflict  with  the results  by Thomp-

son  et al, (43). They  reperted  a constant  expression  of  c-mpc  rnRNA  throughout  cell

cycle  using  HL-60  cells  fractionated by counterflow  centrifugation.  Taken  together

with  these  results,  our  results  seem  to indicate that during cell  separation  the  states  of

c-mpc  expression  are  changed,  andlor  that  in situ hybridization is more  sensitive  to

demonstrate a heterogeneity in the states of  gene expressien  ofcells  than Northern  blot

analysis  (21, 22), The  former possibility is also raised  by the  fact that  halfilives ofc-

,i!rc mRNA  (11) and  protein (37) are  very  short.

    Finally, to fu11y implement  the in situ  hybridization method  with  synthetic  oligo-

DNA  probe, more  detailed analysis  on  various  conditions  is required,  Now  we  are

making  eilbrts  especially  on  setting  the hybridization ancl  washing  conditions  best
suited  fbr in situ hybriclization with  synthetic  oligo-DNA  probes,
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