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A carcinosarcoma of the lung, as well as the paratracheal lymph 
nodes from the same patient, were subjected to immuuofluores- 
cent labeling with antibodies to tlssue-specific intermediate-fil- 
ament subunits, including desmin, vimentin,  and prekeratin. 
Within the tumor mass two distinct populations of  malignant 
cells were found: prekeratin-positive cells, corresponding to the 
carcinomatous component of  the tumor, and vimentin-positive 
cells, corresponding to the sarcomatous elements. Tumor cells 
were also detected in lymph nod..e metastases in which only the 
prekeratin-containlng carcinoma cells were found. In view of the 
strict specificity of antivimentin and anti-prekeratin for cells of 
mesenchymal or epithelial origin, respectively, it is proposed 
that the iwo components of the carcinosarcoma are derived from 
distinct 'cell types and are not morphologic variants of  the same 
tumor. Hu.~I PATttOL 15:532--538, 1984. 

Carcinosarcoma is a rare type of  mixed tumor, 
containing malignant cells of  both epithelial and mes- 
enchymal appearance. 1-6 Either or both of  the two 
elements of  the carcinosarcoma can metastasize to 
lymph nodes or other organs, maintaining either the 
carcinomatous or the sarcomatous form. Among the 
few cases described in the literature to date (only 33 
cases had been reported until recently6), considerable 
morphologic variability was reported. Thus, in some 
cases squamous carcinoma was identified, while in 
others adenocarcinoma or large cell unidentified car- 
cinoma was found. The sarcoma cells had the typical 
appearance of  f ibrosarcoma, chondrosarcoma,  or 
osteosarcoma 6. 

What are the origins of  the two cellular compo- 
nents of  the carcinosarcoma? Is the carcinosarcoma 
a carcinoma with metaplastic changes, or are there 
two distinct and independent  tumors that intermingle 
and grow side by side? 

To distinguish between these two possibilities, we 
used antibodies specific for subunits of  different in- 
termediate filaments, i.e., desmin, vilnentin, and pre- 
keratin. Experience of  the last few years indicated 
that most cells contain only one type of  intermediate 
filament. Thus,  epithelial cells contain prekeratin,  
and mesenchymal cells contain vimentin. Desmin is 
the subunit of  intermediate filaments of  myocytes, 
and glial fibrillary protein and neurof i lament  sub- 
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traits are found in glial and many neuronal cells, re- 
spectively. 7-10 An important and useful observation 
was that tumoral cells contain the same intermediate 
filament components as their nontumoral parental 
cells. These findings have recently been used widely 
in tumor diagnosis, especially in cases of  anaplastic 
tumors in which the conventional histologic findings 
could not lead to conclusive diagnoses. 9-15 

In the present study we labeled a carcinosarcoma 
of  the hmg for desmin, vimentin, and prekeratin. We 
found that the carcinomatous elements of  the tumor 
contained prekeratin and were not stained with an- 
tivimentin or antidesmin, and that the sarcomatous 
cells were positively labeled for vimentin exclusively. 
In view of the strict specificity of  prekeratin for epi- 
thelial cells and of  vimentin for mesenchymal cells, it 
was concluded that the two elements found in this 
tumor were of  distinct cellular origins. 

MATERIALS AND METHODS 

Histologic Techniques 
Sections of  paraf f in -embedded  tissue stained 

with hematoxylin-eosin were prepared according to 
standard procedures .  16 For immunofluorescent  la- 
beling, blocks of  freshly excised tumor tissue were 
either frozen in isopentane cooled with liquid ni- 
trogen or fixed in absolute ethanol for three days and 
embedded in paraffin. For frozen sectioning, tissue 
blocks were trimmed, and 5-1_tm sections were cut at 
-20~  in Frigocut 2000 (Jung-Reichert, Federal Re- 
public of  German),). The  sections were air-dried for 
several hours and then fixed in acetone at -20~  for 
20 minutes, rinsed with phosphate-buffered  saline 
solution (PBS), and immunolabeled. From the par- 
affin-embedded tissue, 5-p.m sections were cut with a 
microtome,  depara f f in ized  in xylene and alcohol 
series (100 per cent, 90 per cent, and 80 per cent), 
and washed with PBS. 

Immunochemical Reagents 
Antibodies  to e lectrophoret ical ly  pur i f ied  vi- 

mentin from baby hamster kidney (BHK) cells were 
prepared either in guinea pigs or in rabbits and used 
as whole serum or as the DEAE cellulose-purified 
IgG fraction. The  antibodies to bovine epidermal  
keratins used were either rabbit antibodies, affinity- 
purified on Sepharose-bound prekeratin,  17 or  re- 
cently developed mouse monoclonal antibodies PG 
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8.13Y s Antibodies to chick desmin were prepared as 
described previously. ~ The  specificity o f  these anti- 
bodies was verified by immunoblot t ing analysis and 
by intensive immtmohistochemical  survey of  h u m a n  
and bovine tissue�9 They  all exhibited exclusive reac- 
tivity with the intermediate  fi lament subunits used as 
immunogens .  Goat antibodies to rabbit or to mouse 
IgG (aff ini ty-pur i f ied)  were p repa red  as descr ibed 
and  c o n j u g a t e d  to r h o d a m i n e - l i s s a m i n e  su l fonyl  
chloride.20,2 

I m m u n o f l u o r e s c e n t  L a b e l i n g  

Sections on glass slides were incubated with 50 
to 70 I-tl o f  the antibodies at room tempera ture  in a 
humidi f ied  chamber  for 45 minutes.  Excess reagent  
was removed by three ten-minute  washings with PBS, 
and the sections were incubated with rhodamine- la -  
beled goat antirabbit IgG or  goat ant imouse IgG. The  
PBS-rinsed sections were moun ted  in Elvanol and  ex- 

�9 ' \ .  o 

amined in a photonncroscope '  eqmpped with filter 
sets for selective fluorescein and rhodamine  fluores- 
cence us ing  oil immers ion  objective P lan -Neofha r  
25/0.8. ' 

REPORT OFA CASE 

A 52-year-old man was admitted to the Sheba Medical 
Center in January 1983. Two months prior to admission 
he experienced coughing, hemoptysis, and weight loss, and 
later he had marked dyspnea. The patient's previous med- 
ical history was essentially uneventful. 

Chest radiographs revealed a solid mass occupying 
most of the right lower lobe, obscuring the contour of the 
diaphragm. Results of bronchoscopic examination were 
negative, but cytologic analysis of the patient's sputum re- 
vealed cells suggestive of malignant tumor with an appear- 
ance of squamous cell carcinoma. A right lower lobectomy 
(12 x 9 • 9 cm) was performed, and paratracheal and 
mediastinal lymph nodes were removed for pathologic ex- 
amination. The costal surface of the pleura contained a 
thick, irregular patch about 7 cm in diameter. A transverse 

FIGURE t, Transverse section through the right lower lobe of the 
lung showing a soft, yellowish tumor mass with cysts, occupying 
almost the entire lobe. 

section through the lobe (fig. 1) revealed a yellowish mass 
with soft areas as well as cysts occupying almost the entire 
lobe. No pathologic lesions were seen in the main bronchus. 

RESULTS 

His to log ic  F ind ings 

H e m a t o x y l i n - e o s i n - s t a i n e d  sections f rom dif- 
ferent  regions o f  the t umor  revealed two distinct cel- 
lular patterns: 1) fascicles o f  atypical spindle cells; 
and  2) solid islands o f  polygonal ,  poorly  d i f fe ren-  
t iated squamous  ep i the l ium (def ined by its overall  
squamoid pattern). In some areas the two cell types 
were segregated into clearly distinct regions (fig. 2A), 
while in others the two intermingled,  with no distinct 
border  between them (fig. 2B). The  sarcomatous cells 
often formed storiform patterns (fig. 3A) and were 
pleomorphic,  with numberous  atypical mitoses (fig. 
3B) and muhinuclea ted  giant cells (fig. 3C). T h e  car- 
cinomatous cells showed marked dysplasia, with few 
mitotic f igures.  In te rce l lu la r  bridges were not  de- 

FIGURE 2. Distribution of 
carc inomatous (C) and 
sarcomatous (S) loci in the 
exisecl tumor" The two 
types of ceils either segre- 
gate into clearly distinct 
areas (A] or intermingle, 
leaving no distinct bor- 
der be tween them (B~. 
(Hematoxylin-eosin stain. 
x I00.] 
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FIGURE 3. Typical cel lular patterns found in a carc inosarcoma,  including storiform patterns (,4, ar rows) ,  alyp ica l  mitoses (B), a n d  g iant  
cells CC], all found in the sarcomatous port ion of the tumor. The ca rc inoma cells show marked dysplasia, a n d  intercellular br idges canno t  
be  d e t e c t e d  [D]. C, carc inomatous orea; S, sarcomatous area, [Hematoxyl in-eosin stain. A a n d  C, x 100; B a n d  D, x 380.] 

tected by light microscopy, and keratinization was not 
noticed (fig. 3D). On the basis of  these observations 
we diagnosed the tumor as a carcinosarcoma with a 
poorly differentiated squamous epithelial component 
and a malignant fibrous histiocytoma component. 

Immunofluoreseent Labeling of the 
Carcinosarcoma with Antibodies to 
Tissue-specific Intermediate Filaments 

Sections of  both frozen and alcohol-fixed blocks 
of  the carcinosarcoma were stained with antibodies 
to desmin, vimentin, and prekeratin and then with 
rhodamine-labeled secondary antibody. Antibodies to 
prekeratin labeled specifically the carcinomatous cells 
of  the tumor. These cells appeared either as solid, 
coherent islands of  cells (fig. 4A) or as single or small 
groups of  cells embedded in the sarcomatous stroma 
(fig. 4B). The positive staining for prekeratin was cy- 
toplasmic, of ten  with fibrillary pat terns,  and was 
demonst ra ted  with monoclonal antibodies Pc 8.13 
and with regular  rabbit  antibodies.  Nei ther  sur- 

rounding sarcoma cells nor elements of  the connec- 
tive tissue showed significant labeling (areas labeled 
"S" in figs. 4A and B). Vimentin-positive cells were 
found in the sarcomatous portion of  the tumor ex- 
clusively. These were typically spindle-shaped cells as 
seen in longitudinal (fig. 4C) and transverse (fig. 4D) 
sections. The  labeling was intense and strictly cyto- 
plasmic. The  intercellular matrix between the cells 
was not labeled with either antivimentin or anti-pre- 
keratin. The  carcinomatous islands of  the tumor (la- 
beled "C" in fig. 4E) were not labeled for vimentin. 
Immunofluorescent labeling of  the same region with 
antibodies to desmin (fig. 4F) or with normal rabbit 
immunoglobulin (not shown) did not result in specific 
staining. 

Lymph Node Metastases of 
Lung Carcinosarcoma 

At the time of  surgery, one paratracheal and one 
mediastinal lymph node were removed and fixed 
with either formaldehyde or ethanol. Histologic ex- 
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FIGURE 4. Indirect im- 
munofluorescent labeling 
of the carcinosarcoma for 
intermediate filament sub- 
units; prekeratin [,4 and B), 
vimentin (C, D, and E) and 
desmin (F). The carcino- 
matous cells I including 
single cells or small islands, 
are strongly labeled for 
prekeratin, while the sar- 
comatous cells IS) are es- 
sentially not labeled. The 
sarcomatous cells shown 
in longitudinal (C-'] and 
transverse (D] Sections are 
positively labeled for vi- 
mentin, while the intercel- 
lular connective tissue or 
neighboring carcinoma is- 
lands {C) are negative. No 
specific label ing is ob- 
tained with desmin anti- 
bodies (F, time of exposure 
double that used in figs. 4A 
to E]. [ x 380.] 

Z. ,  _ , " , ,  " . / "  '" i ;," . i t ;  

amination of hematoxylin-eosin-stained sections re- 
vealed neoplastic cells in the paratracheal lymph node 
only. The  metastatic lesion morphologically resem- 
bled poorly differentiated squamous cell carcinoma 
and was surrounded by necrotic areas (figs. 5A and 
B). The  overall morphology of  the cells was similar 
to that of  the carcinomatous component of the pri- 

mary tumor. Extensive screening of  the lymph nodes 
did not reveal metastatic lesions of  the sarcoma cells. 

Immunofluorescent labeling of  sections from the 
same lymph node showed distinct masses of  preker- 
atin-positive cells surrounded by residual lymphatic 
tissue and necrotic areas (fig. 5C). These epithelial 
cells were widely distributed, occupying most of  the 
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FIGURE 5. Aand B, lymph 
node metastasis (para- 
tracheal lymph node) 
showing carcinomatous 
cells (Cmet) with only re- 
sidual lymphatic tissue [L] 
or necrotic areas [N). C to 
F, indirect immunofluores- 
cence of the same lymph 
node (C and D) or of 
a normal lymph node, 
without metastatic de- 
posits (E and F) for inter- 
mediate filament compo- 
nents. The sections were 
labeled for prekeratin (C 
and E) or vimentin (D and 
F"]. Notice the specific la- 
beling of the carcinoma 
cells for prekeratin and the 
absence of vimentin from 
those areas. Normal lymph 
nodes on the other hand, 
contain no prekerafin-pos- 
itive elements (E], and the 
normal lymphatic tissue is 
clearly vimentin-positive 
(tl. (x 380.] 

lymph node (residual lymphatic tissue, shown in fig. 
4A). T h e  metastatic cells within the lymph node were 
not labeled with vimentin-specific antibodies (fig. 5D). 
It should be emphasized that lymph nodes that do 
not contain metastatic deposits show no labeling with 
prekeratin-specific antibodies (fig. 5E), while the lym- 

phatic tissue is extensively labeled with antivimentin 
(fig. 5F). 

DISCUSSION 

The  development  of  a malignant tumor  is usually 
believed to result f rom the proliferation of  a single 
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clone o f  neoplast ic  cells. I t  is, however ,  a c o m m o n  
observat ion  that  cells der ived  f r o m  the same t u m o r  

�9 o f t en  d isp lay  cons ide rab l e  m o r p h o l o g i c  h e t e r o g e -  
neity. 22 An  ex t r eme  case in wh ich  morphologica l ly  
distinct t u m o r  cells deve lop  within the same t u m o r  is 
the relatively ra re  t u m o r  de f ined  as carc inosarcoma.  
As m e n t i o n e d  above,  it consists o f  two morpho log i -  
cally distinct cellular e lements :  ca rc inoma cells and  
sa rcoma cells. T h e  interrela t ions be tween these two 
cell types a re  not  clear. Most o f  the in fo rmat ion  avail- 
able to da te  concern ing  this type o f  t u m o r  is based 
on s t anda rd  histologic examina t ions  o f  relatively few 
s p e c i m e n s  ( a b o u t  33 unt i l  r ecen t ly )  p e r f o r m e d  
d u r i n g  the  last two decades.  6 

Severa l  a l t e rna t ive  e x p l a n a t i o n s  have  b e e n  of-  
fe red  for  the coexistence o f  the two types o f  cells 
within the same tumor .  O n e  possibility is that  sar- 
coma-l ike cells a re  der ived f r o m  the ca rc inoma due  
to metaplas t ic  changes.  I f  such an explana t ion  were 
co r r ec t  it would  imply  tha t  tfi'e " s a r c o m a t o u s "  ele- 
ments  o f  the t u m o r  could, in fact, be cons idered  as 
ca rc inoma with spindle  cell metaplasia .  Alternatively,  
the two celllular e lements  o f  the ca rc inosarcoma may 
have distinct histologic origins (epithelial and  mes- 
enchymal) .  I n  this case it m a y  be assumed  that  the 
two t u m o r s  develop  in parallel  o r  sequential ly and 
pro l i fe ra te  at the same site. 

T o  d i s t i n g u i s h  b e t w e e n  these  poss ib i l i t ies  we 
used i m m u n o f h t o r e s c e n t  labeling o f  the t u m o r  with 
ant ibodies  to tissue-specific in te rmedia te  fi laments.  I t  
has been  clearly shown that  all epithelial  cells contain 
in te rmedia te  f i laments o f  the p reke ra t in  class exclu- 
sively. Th i s  includes ca rc inoma  cells, as well as several  
o f  thei r  anaplast ic  derivatives.  9-15 Moreover ,  it has 
been  shown for  several  types o f  carc inomas  that  the 
c o m p o s i t i o n  o f  the  p r e k e r a t i n  p o l y p e p t i d e s  o f  the  
tissue o f  origin is largely re ta ined  in the neoplastic 
cells. 23 Mesenchymal  tumors ,  including various types 
o f  sarcomas ,  l ymphomas ,  and  me lanomas ,  contain vi- 
m e n t i n  exclusively.8-10, 24 T h i s  f i nd ing  e n a b l e d  us, 
and  m a n y  o the r  laboratories,  to use these ant ibodies  
for  t u m o r  diagnosis in cases in which the conven-  
tional histologic f indings were  not  conclusive. Using 
such an a p p r o a c h ,  we were  recently able to distin- 
guish be tween  spindle cell var iants  o f  squamous  cell 
ca rc inoma (prekerat in-posi t ive)  and  sa rcoma cells (vi- 
ment in-posi t ive;  Husza r  et al., unpub l i shed  data) and  
be tween  m a l i g n a n t  me tas ta t i c  m e l a n o m a  a n d  ana-  
plastic carc inoma.  15 

T h e  results o f  the p resen t  study, i.e., the exclu- 
sive p resence  o f  p rekera t in  in the ca rc inomatous  ele- 
ments  o f  the ca rc inosarcoma and  the p resence  o f  vi- 
ment in  in the sa rcomatous  cells, s t rongly suggest  that  
the two cell types o f  this t u m o r  have  distinct cellular 
origins and  are  thus not  der ived  f r o m  each other .  We 
cannot  exc lude  the possibilty that  the express ion  o f  
p reke ra t in  was lost and  the express ion  o f  v iment in  
switched on  du r ing  a puta t ive  metaplast ic  process. 
H o w e v e r ,  in view o f  the  a c c u m u l a t i n g  da t a  con-  
c e r n i n g  i n t e r m e d i a t e  f i l a m e n t  divers i ty ,  this possi-  
bility seems unlikely. 

In  addi t ion to its diagnostic  value, the m e t h o d  
used in this study, i m m u n o f l u o r e s c e n t  labeling for  
p rekera t in  and  o the r  in te rmedia te  f i lament  constit- 
uents,  allowed the  detect ion o f  individual ca rc inoma 
cells o r  small foci that  were  e m b e d d e d  in the sur-  
r o u n d i n g  s a r c o m a t o u s  m a t r i x  or  connec t ive  t issne 
(fig. 4B). By s t andard  histologic staining p rocedures  
such distr ibutions o f  t u m o r  cells would scarcely be 
detected.  This  p r o p e r t y  may  be o f  grea t  genera l  ad- 
vantage  for  the visualization o f  sparsely spread  car- 
c inomatous  t u m o r  cells within s u r r o u n d i n g  connec-  
tive tissue, l ymph  nodes,  etc. 

I t  should  also be  po in ted  out  that  the two ele- 
ments  o f  the t u m o r  invest igated in the present  s tudy 
showed distinct and  i n d e p e n d e n t  metastat ic activities; 
only the ca rc inoma por t ion  could be detected in the 
lymph node  examined .  Previous repor t s  o f  the meta-  
static sp read  o f  ca rc inosarcomas  indicated that  both  
cellular e lements  could be metastatic,  t hough  their  
interrelat ions in the metastat ic  lesions have not  been  
descr ibed in detail. 
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