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Summary. Immunoreactivities in 25 cases of prostatic 
adenocarcinoma and 10 normal/hyperplastic prostates 
were investigated in methacarn-fixed, paraffin-embed- 
ded serial sections using a panel of nine anti-keratin 
monoclonal antibodies (mAbs); 34/3E12, CK8.12, 
312C8-1, CK4.62, RPN1165, RPN1162, 35/?Hll,  CK5, 
M20, and one of anti-actin mAb, HHF35. In normal/ 
hyperplastic prostates, RPNl162, 35/3Hll, CK5 and 
M20 stained luminal cells without staining basal cells, 
and 34flE12, CK8.12 and 312C8-1 stained basal cells 
but not luminal cells. Other mAbs, CK4.62 and 
RPNI165, stained basal cells as well as luminal cells. 
All of the mAbs labelling luminal cells stained cancer 
cells with variable frequencies in a manner unrelated 
to the grade of tumour differentiation. Of the prostate 
cancer cases 92% were scored positive with M20, 84% 
with 35/~Hll, 80% with CK5, 68% with CK4.62, 60% 
with RPN1165 and 4% with RPN1162. However, basal 
cell-specific keratins labelled with 34/3E12, CK8.12 and 
312C8-1 were totally negative in the cancer cells. HHF35 
showed no labelling in normal, hyperplastic or neoplas- 
tic epithelial cells of the prostate. Our findings indicate 
that the major part of the cells of prostatic adenocarci- 
nomas have keratin phenotypes similar to luminal cells 
but not basal cells, and that no myoepithelial differentia- 
tion can be detected in epithelial cell of the prostate. 
Thus, mAbs for keratins facilitate the identification of 
epithelial cell phenotypes in normal, benign and malig- 
nant conditions of the prostate. 
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Introduction 

Though prostate cancer is one of the commonest malig- 
nancies in men, little is known about the basic biology 
of cell phenotypes in either the normal prostate or pros- 
tate cancers. The prostate gland contains epithelial cells 
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expressing two major phenotypes: luminal and basal 
cells, separated by basement membrane from the stroma. 
If appropriate markers can be utilized, characterization 
of the phenotypes of cells would thus represent a major 
advantage. Keratin is an epithelial-specific intermediate- 
sized filament with at least 19 subtypes documented with 
respect to their molecular weights and biochemical anal- 
yses (Moll et al. 1982). The patterns of keratin subtype 
expression can serve as a valuable marker of epithelial 
phenotypes in normal, neoplastic and metastatic tissues 
of the prostate. Of Moll's 19 keratins, numbers 5, 7, 
8, 15, 18 and 19 have been identified in normal/hyper- 
plastic prostates by two-dimensional gel electrophoresis 
(Achtst/itter et al. 1985; Sherwood et al. 1990). Although 
the keratin phenotype of prostatic tissue has been pre- 
cisely determined by chemical techniques, biochemical 
analysis cannot discern any cellular differentiation 
among individual cells in the population. Immunohisto- 
logical characterization has repeatedly shown that lumi- 
nal and basal cells can be distinguished by the keratin 
subtypes that they express (Brawer et al. 1985; Purnell 
et al. 1987; Guinan et al. 1989; Nagle et al. 1991). Sever- 
al antibodies against keratins have been produced that 
can be used to classify prostatic epithelial cells; early 
studies employed polyclonal antiserum, and more re- 
cently monoclonal antibody (mAb) for keratin has been 
used (Gown and Vogel 1984; Bastwick and Brawer 1987; 
Grignen etal. 1988; Shah etal. 1988). To date, more 
precise studies using a panel of single keratin or a subset 
thereof have not been performed adequately. The pro- 
files of keratin expression appear to show little qualita- 
tive alterations in malignancies dependent on where the 
cells originated (Moll et al. 1983; Ramaekers et al. 1983). 
The dominant keratin phenotype in prostate carcinoma 
has not been well defined. Recently, the immunoreactivi- 
ties of mAbs for keratins were described to be considera- 
bly preserved after methacarn fixation and paraffin em- 
bedding (Srigley et al. 1990; Tsubura et al. 1991a, c). 
Such tissue specimens possess great advantages in reveal- 
ing precise histological architectures and distinct cellular 
atypia. Therefore, in this study, the keratin profiles of 
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n o r m a l / h y p e r p l a s t i c  and  m a l i g n a n t  epi thel ia l  cells in hu- 
m a n  p ros ta tes  were assessed by  i m m u n o h i s t o c h e m i c a l  
p rocedures  using the wel l -charac te r ized  m A b s  for kera-  
t ins and  act in  in thei r  me thaca rn - f ixed ,  pa r a f f i n - embed-  
ded  sections.  

Materials and methods 

Ten normal/hyperplastic prostates and 25 prostate carcinomas 
manifesting various grades of differentiation (including 2 lung me- 
tastases) were investigated. Prostate specimens were obtained from 
35 Japanese men admitted to Kansai Medical University Hospital 
at the time of either needle biopsy (n = 16), radical prostatectomy 
(n = 4) or autopsy (prostate cancer; n = 5, and normal/hyperplastic 
prostates; n=10). The autopsy materials were harvested within 
less than 6 h post mortem. Normal/hyperplastic prostate samples 
were collected from the men aged I 72 years during autopsy of 
accident victims. These specimens were fixed in methacarn (60% 
methanol, 30% chloroform, 10% glacial acetic acid) overnight, 
embedded routinely in paraffin, and then cut into serial 4-1am sec- 
tions. Some sections were examined routinely with pathological 
methods, and others were subjected to immunohistochemistry. 
Prostate cancers were classified according to WHO standards 
(Mostofi et al. I980) and also graded according to the criteria of 
Gleason (1977). 

The mAbs against keratins and actin that we used, their specifi- 
cities, sources and dilutions in this study are indicated in Table 
1. The immunoperoxidase staining technique employed has been 
described previously in detail (Tsubura et al. 1988). In brief, after 
deparaffinization, the sections were blocked with 0.3% hydrogen 
peroxide in ethanol for 20 min followed by incubation of i0% 
normal horse sermn for 30 min, incubated in the primary antibody 
at 4 ~ C overnight, and then treated with ABC staining kit (Vectas- 
tain ABC Kit, Vector Laboratories, Burlingame, Calif., USA). Dia- 
minobenzidine was used for colour development, and the sections 
were counterstained with haematoxylin. For negative controls, a 
serial section was incubated in non-immune mouse serum instead 
of the primary antibody. In neoplastic tissue specimens of all the 
25 prostate cancer cases, some normal prostate tissue was found 
and acted as a built-in positive control for keratin staining. In 
addition, the myofibroblasts and smooth muscles of the blood ves- 
sels in the stroma served as built-in positive controls for actin 
staining. The cancer cases examined were scored positive when 
at least 50% of non-necrotizing cancer ceils were labelled with 
the antibody throughout the sections observed. In general, negative 
sections consisted almost entirely of unlabelled cancer ceils. 

Results 

The s ta in ing  pa t t e rns  wi th  nine an t i -ke ra t in  m A b s  and  
one an t i - ac t in  m A b  in n o r m a l / h y p e r p l a s t i c  p ros ta tes  are  

Table 2. Positive keratin reactions in parenchymal ceils of metha- 
carn-fixed, paraffin-embedded sections of 10 normal prostates 

Antibody Specificities Normal parenchymal 
cells 

34/3E12 K. 5, 10 and 11 Basal cells 
CK8.12 K. 13 and 16 Basal cells 
312C8-1 K. 14 Basal cells 
CK4.62 K. 19 Luminal and basal 

cells 
RPN1165 K. 19 Luminal and basal 

ceils 
RPN1162 K. 7 Luminal cells 
35/3Hli K. 8 Luminal cells 
CK5 K. 18 Luminal cells 
M20 K. 18 Luminal cells 
HHF35 Muscle-specific actin Negative 

summa r i z e d  in Table 2. The  express ion  o f  each kera t in  
ep i tope  was genera l ly  cons tan t .  N o  differences in the 
s ta ining pa t t e rns  were found  a m o n g  the n o r m a l / h y p e r -  
p las t ic  t issue c o m p o n e n t s  o f  va r ious  age groups .  Basi-  
cally,  three  types o f  s ta in ing p a t t e r n  were  seen:  namely ,  
basa l  cell-, lumina l  cell-, a n d  b o t h  cel l - label led types.  
The  m A b s  o f  34f lE12 (kera t ins  5, 10 and  11), CK8.12  
(kera t ins  13 and  16) and  312C8-1 (kera t in  14) preferen-  
t ia l ly s ta ined  basa l  cells diffusely in the cy top l a sm as 
a pe r iphe ra l  single row,  while the  lumina l  cells were un-  
s ta ined  (Fig.  1 a). Al l  m A b s  o f  C K 5  and  M20,  bo th  re- 
cogniz ing kera t in  18, 35 f i l l11  recogniz ing kera t in  8, and  
R P N 1 1 6 2  def in ing kera t in  7 d id  s ta in lumina l  cells bu t  
no t  basa l  cells (Fig.  1 b). Such kera t in  s ta in ing with  these 
m A b s  d id  no t  reveal  any  in t e rmed ia te  fo rms  be tween 
basa l  and  lumina l  cells. E i ther  all lumina l  cells or  all 
basa l  cells wi th in  a p ros t a t e  g land  showed each s ta ining,  
cons t an t ly  t hough  no t  all g lands  in the  sect ion showed  
such s ta in ing and  some glands  r ema ined  uns ta ined .  In 
ducts  consis t ing  o f  several  layers  o f  epi thel ia l  cells, lumi-  
nal-cel l-specif ic  kera t ins  were un i fo rmly  s tained,  leaving 
a single o u t e r m o s t  layer  uns ta ined ,  ind ica t ing  s t ra t i f ica-  
t ion  o f  cells wi th  lumina l  cell pheno types .  The  mAbs ,  
R P N I  165 and CK4.62,  d i rec ted  t o w a r d  epi topes  o f  kera -  
t in 19 s ta ined  basa l  cells as well as lumina l  cells (Fig. 1 c). 
The  three  a b o v e - m e n t i o n e d  types  o f  s ta in ing p a t t e r n  
were also observed  in hyperp las t i c  p ros ta te ,  bu t  prol i fer -  
a t ing  basa l  cells were mul t i l aye red  and  s t rong ly  s ta ined  
wi th  basa l  cell-specific mAbs .  The  s ta in ing pa t t e rns  were 

Table l. The monoclonal antibodies used, and their specificities, sources and dilutions 

Antibody Specificities Source Dilution 
(Moll's keratins number) 

34flE12 Keratins 5, 10 and 11 
CK8.12 Keratins 13 and 16 
312C8-1 Keratin 14 
CK4.62 Keratin 19 
RPN1165 Keratin 19 
RPNI 162 Keratin 7 
35/3 H 11 Keratin 8 
CK5 Keratin 18 
M20 Keratin 18 
HHF35 Muscle-specific actin 

Enzo Biochem., New York, N.Y., USA 1 : l 
BioMakor, Rehovot, Israel 1 : 100 
Supplied by Dr. S.H. Dairkee, Lawrence Berleley Lab., Berkeley, Calif., USA 1 : 500 
BioMakor 1 : 500 
Amersham, Buckinghamshire, UK 1 : 50 
Amersham 1 : 50 
Enzo Biochem. 1 : 1 
ICN Immunobiol., Lisle, Ill., USA 1 : 50 
ICN Immunobiol, 1:40 
Enzo Biochem. 1:200 



159 

In the 25 cases of  prostatic adenocarcinomas, as indi- 
cated in Table 3, basal-cell-specific mAbs exhibited no 
keratin immunoreactivity in any of  the cancer cells ex- 
amined (Fig. 2). Occasionally, positively stained glands 
were present in areas of  cancer tissue, but they were 
always identifiable as entrapped histologically normal/  
hyperplastic glands. In brief, the preferential loss of the 
basal cell layer can be detected in the carcinomas by 
basal-cell-specific keratin stainings. In contrast, M20 re- 
cognizing keratin 18 and labelling luminal cells stained 
many cancer cells (as shown in Fig. 3) in 23 of  25 pros- 
tate cancer cases (92%). Most of  the carcinomas were 
scored positive with luminal-cell-specific mAbs, as indi- 
cated in Table 3. Regardless of  the degree of  tumour 
differentiation, the positivity was also noted in 84% with 
35 f lH l l ,  and 80% with CK5. Staining intensity seemed 
to be correlated with tumour differentiation; more dif- 
ferentiated adenocarcinomas stained more strongly than 
poorly differentiated ones, though the staining was more 
heterogeneous and more cell-to-cell variation in the in- 
tensity was apparent. CK4.62 and RPNl165,  both re- 
cognizing keratin 19 and labelling both cells, showed 
positivity in 68% and 60% of  the cancer cases, respec- 
tively. Positivity with RPNl162  (keratin 7) was noted 
in 4%. The two metastases revealed identical keratin 
immunoreactivity to that in the primary lesion. In the 
present series, all cases were invasive carcinomas and 
no obvious foci of  intraepithelial neoplasia were seen. 
HHF35  did not label any cancer cells in the present 
observation. The most valuable finding in this study is 
that the loss of  basal cell phenotype in well-differentiated 
small acinar adenocarcinoma of  Gleason grade 1 or 2 
seemed significant when compared with the preservation 
of  basal cells in benign conditions mimicking carcinoma. 

Fig. 1 a-c. a Normal prostate gland stained with 312C8-1. The basal 
cells are homogeneously stained, while the luminal cells remain 
unstained, x 400. b Normal prostate gland stained with M20. The 
luminal cells are diffusely stained, but the outermost layers of basal 
cells are completely unstained, x 200. e Normal prostate gland 
stained with RPN1165. Both luminal and basal cells showed posi- 
tive staining, x 200 

not modified with the topographic locations of  the whole 
prostate tissue. No labelling with mAbs for keratins was 
detected in non-epithelial cells in the prostate. Immuno- 
reactivity with HHF35  was never seen in epithelial cells 
of the prostate, while it was observed in some myofi- 
broblasts and smooth muscles of  the blood vessels within 
the stroma. 

Discussion 

The prostate is similar to the mammary,  sweat and sali- 
vary glands in its histological architecture, with a lobulo- 
ductal epithelial system composed of  luminal and basal 
cells. The present and previous reports have shown that 
different antibodies for keratins exhibit characteristic 
patterns of  immunoreactivity which can differentiate be- 
tween luminal and basal cells in these organs (Srigley 
et al. 1990; Tsubura et al. 1991b, c). However, results 
have indicated differences as well as similarities in the 
immunoreactivities to keratins among different organs. 
For instance, 312C8-1 is a stable marker of  basal cells 
in the mammary,  sweat and salivary gland, (Dairkee 
et al. 1985) and it also marks non-human basal cells 
(Tsubura etal .  1989, 1991a). In contrast, however, 
CK8.12 labelled basal cells in the prostate but luminal 
cells in the mammary gland (Tsubura et al. 1991 c). Fur- 
thermore, in contrast to the staining seen in myoepithe- 
lial cells of  the mammary  and salivary glands (Tsukada 
et al. 1987), no actin staining has been observed in the 
prostate (Srigley et al. 1990; Tsubura etal .  1991a, c). 
Our present observations confirmed the absence of  reac- 
tivity to HHF35 and support  the contention that no 
myoepithelial cell differentiation occurs in the prostate. 
The same results have been obtained in rodents, with 
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Table 3. Positivities for keratins and mus- 
cle-specific actin in methacarn-fixed, par- 
affin-embedded sections of 25 prostatic 
carcinomas 

Antibody Specificities No. of positive cases/ (%) 
no. of cases examined 

34/~E12 K. 5, 10 and 11 0/25 (0%) 
CK8.12 K. 13 and 16 0/25 (0%) 
312C8-1 K. 14 0/25 (0%) 
CK4.62 K. 19 17/25 (68%) 
RPNl165 K. 19 15/25 (60%) 
RPNlI62 K. 7 1/25 (4%) 
35/~Hll K. 8 21/25 (84%) 
CK5 K. 18 20/25 (80%) 
M20 K. 18 23/25 (92%) 
HHF35 Muscle-specific actin 0/25 (0%) 

Fig. 2. Prostate adenocarcinoma stained with CK8.12. Cancer cells 
are completely negative, while the basal cells of remnant prostate 
gland are clearly positive. • 230 

Fig. 3. Prostate adenocarcinoma stained with M20. Heterogeneous 
positive staining is seen in cancer ceils (compare with Fig. 2), in 
addition to homologous staining in luminal cells of the remnant 
prostate gland (right lower corner), x 230 

no such cells being seen in any of  the prostatic lobules 
(Aumiiller et al. 1991). The function of basal (not myo- 
epithelial) cells is currently not well known: they probab- 
ly belong to the proliferative compartment of  the prosta- 
tic epithelium and normally divide and mature into se- 
cretory cells. However, if basal cells are stem cells, why 
basal cells should manifest different keratins from those 
of luminal cells is not clear. Our present observations 
demonstrated keratins 7, 8, 18 in luminal cells and kera- 
tin 19 in both basal and luminal cells. Three types of  
keratin staining pattern were found in epithelial cells 
of the prostate among various age groups. Though the 
central and peripheral zones differed in hormone reactiv- 
ity, analysis of these zones did not reveal quantitative 
differences in keratin expression immunohistochemi- 
cally. More attention should be given to the existence 
of  basal cells without myoepithelial differentiation in the 
prostate. 

The selective loss of basal cell layer is repeatedly 

stressed in the diagnosis of prostatic cancer (Barwick 
and Mardi 1983; Brawer et al. 1985; Nagle et al. 1987, 
1991; Guinan etal .  1989; Hedrich and Epstein 1989; 
O'Malley et al. 1990). It has also been suggested that 
prostatic carcinomas arise from malignant clones of lu- 
minal cells (Brawer et al. 1985; Nagle et al. 1987, 1991 ; 
Sherwood et al. 1990). Our observations with respect to 
keratin phenotypes support a hypothesis of  loss of  basal 
cell phenotype in prostatic carcinomas regardless of the 
grade of differentiation. Neoplastic transformation of  
the breast and prostate is also similar in that the majority 
of breast cancers are of luminal cell origin, and only 
1-13% of breast carcinomas have a basal cell phenotype 
(Dairkee et al. 1988 ; Tsubura et al. 1991 ; Senzaki et al. 
1992). The present study indicates that the majority of 
adenocarcinomas (over 80%) expressed keratins 8 and 
18, 60-68% expressed keratin 19, and 4% expressed ker- 
atin 7. In brief, keratins 18 and 19 persist following 
malignant transformation, while keratin 7 persists only 
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par t ia l ly .  The  posi t ivi t ies  for  kera t ins  8, 18 and  19 dif- 
fered as def ined  by thei r  respect ive mAbs .  A n t i b o d i e s  
d i rec ted  t o w a r d  the same ke ra t in  sub type  bu t  def in ing 
dif ferent  ep i topes  reflect  differ ing kera t in  express ion  in 
ca rc inoma .  O u r  f indings  ind ica t ed  tha t  none  o f  the  carci-  
n o m a s  had  b io log ica l  p rope r t i e s  in c o m m o n  wi th  basa l  
cells. 

The  iden t i f i ca t ion  o f  basa l  cells is of ten helpful  in 
exc luding  a d iagnos i s  o f  ca r c inoma ,  bu t  the  ident i f ica-  
t ion  o f  basa l  cells in rou t ine ly  H & E s ta ined  sect ions 
is usua l ly  difficult .  The  presen t  results  show dis t inct  pa t -  
terns  o f  ke ra t in  immunoreac t iv i t i e s  in cancer  cells which 
m a y  be useful  in d i s t inguish ing  wel l -d i f fe ren t ia ted  ade-  
n o c a r c i n o m a s  f rom ques t ionab le  loci  somet imes  con-  
fused wi th  ca rc inomas .  

In  conclus ion ,  lumina l  cell pheno types  are  involved  
in neop las t i c  t r a n s f o r m a t i o n  o f  the  p ros t a t e  and  basa l  
cell p h e n o t y p e s  do  no t  a p p e a r  to con t r i bu t e  to  cancer  
cell popu la t i ons .  The  m a j o r i t y  o f  c a r c inomas  man i fes t ed  
pheno types  con ta in ing  kera t ins  8, 18 and  19 wi th  few 
express ing kera t in  7. P ros ta t e  cancers  wi th  d i f ferent  ker-  
a t in  c o m p o s i t i o n s  m a y  exhibi t  d i f fer ing pa t t e rn s  o f  bio-  
logical  behav iour .  Cl inical  fo l low-up  o f  pa t ien t s  wi th  dif- 
fer ing ke ra t in  pheno types  is necessary  to sett le this issue. 
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