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Abstract-Intermediate filaments (IF) are tissue-specific in so far that epithelial, 
mesenchymal, muscle and neural tissue types can be distinguished by the use of 
specific antibodies to keratin, vimentin, desmin and neurofilaments or glial 
filaments respectively. We have examined the possibility of using these sera in the 
differential diagnosis of human malignant tumors. Using antisera to human skin 
keratin and bovine lens vimentin we could differentiate between carcinomas 
(keratin +) and sarcomas(uimentin -I). Furthermore, wecould show that when cells 
become malignant and metastasize they retain their original IF and do not develop 
additional IF systems. We conclude that antibodies to IF proteins are powerful tools 
in the hands of a pathologist as an additional method to improve identification of 
tumors and their metastases. 

INTRODUCTION 
IT IS now well established that many eukaryotic 
cells contain a cytoplasmic matrix consisting of 
ordered arrays of filaments, the cytoskeletal and 
contractile elements. The most intensively 
studied structures of this matrix, the microtubules 
(diameter 25 nm) and microfilaments (diameter 
5-7 nm), are apparently composed of similar or 
identical subunits when comparing different cell 
types of an organism. In addition to microtubules 
and microfilaments, filamentous structures with 
diameters of 7-l 1 nm have been demonstrated in a 
number of cell types, including those derived 
from human tissues. These intermediate-sized 
filaments (IF) constitute a considerable part of the 
cytoskeleton of many, if not all, eukaryotic cells 
[l-6], while the nature of the IF proteins has been 
shown to correlate with the embryonic origin of 
the cell. Using biochemical and immunological 
techniques, the following types of IF can be 
recognized: (a) IF of the keratin type, character- 
istic of epithelial cells [7-111; (b) IF of the 
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uimentin type, present in cells of mesenchymal 
origin [ 12-141; (c) IF of the desmin type, present in 
muscle cells [15]; (d) IF of the neurofilament type, 
characteristic of nervous tissue [16, 171; (e) 
astrocytes contain IF composed of so-called glial 
fibrillar acidic protein [18]. Only 2 exceptions to 
this rule have thus far been detected, namely the 
lens-forming epitheloid cells and the germinal 
epithelium of the testis [14]. Cells in tissue culture 
usually develop vimentin-containing IF-struc- 
tures [6, 131 in addition to the originally present 
IF. 

The characteristic IF of a given cell type is 
retained when the cells have been kept in culture 
over prolonged periods of time. An example of 
this phenomenon is observed in HeLa cells. These 
epithelial cells, originating from a cervical carci- 
noma, were brought into culture almost 30 years 
ago. Despite this, they still exhibit IF of the 
keratin-type as well as the culture-associated 
vimentin IF [19-211. Most important for our 
studies is the fact that cells retain their tissue- 
characteristic IF. When the proteins of the IF are 
isolated (on the basis of their insolubility) and 
further purified by SDS-gel electrophoresis, 
monospecific antibodies against them can be 
raised. These antibodies have two important 
properties that make them valuable tools in the 
identification of tissues and the study of 
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tumorigenesis. First, they do not cross-react with 
filament proteins other than those against which 
they were raised. Thus antibodies raised against 
vimentin do not cross-react with prekeratin, 
desmin, neurofilaments or glial IF. The second 
important property is that they are not species- 
specific (compare, for example, ref. [13]). Use of 
such antisera in tumor characterization has 
recently been described for experimental rat liver 
tumors by Bannasch et al. [22]. Keratin sera have 
been described to be useful in the identification 
and characterization of human neoplastic epi- 
thelial outgrowths [23-251. This paper reports 
our results in the use of both keratin and vimentin 
antibodies for the differential diagnosis of human 
malignant tumors. Special emphasis is placed on 
metastatic tumors. 

METHODS 

Fixed frozen sections (4-7 pm thick) from fresh 
human tissues obtained from surgery were used in 
this study. 

In the indirect immunofluorescence technique 
the primary antibodies included: (i) antibodies 
directed against keratin from human epidermal 
calluses raised in rabbits and antibodies raised in a 
guinea pig against keratin from bovine hoof 
epidermis [9]; (ii) vimentin antibodies directed 
against bovine calf lens IF-protein raised in 
rabbits and antibodies raised in a guinea pig 
directed against the fibroblast 57,000-molecular 
weight IF-protein [13]. All sera exhibit broad 
cross-reactivity between species (hamster, rat and 
man) and are highly specific for either epithelial 
tissues (keratin) or tissues of mesenchymal origin 
(vimentin). As a second antibody FITC-con- 
jugated swine anti-guinea pig IgG or goat anti- 
rabbit IgG was used. The indirect immuno- 
fluorescence microscopy was performed essential- 
ly as described elsewhere [26]. Some typical 
examples of human tumor tissues used in our 
experiments are presented in Table 1. The 
diagnosis was made on paraffin sections, on 
parallel frozen sections and in some cases by 
electron microscopy. 

RESULTS AND DISCUSSION 
From the results summarized in Table 1 it is 

obvious that malignant tumors derived from 
epithelial tissue are positive with the keratin 
antibodies by immunofluorescence, while cells of 
mesenchymal origin show bright staining with 
vimentin antibodies. The tumors obtained by 

surgery can therefore be distinguished by these 
sera, as demonstrated in Figs 1 and 2. Furthermore, 
they also demonstrate that carcinomas do not 
react with the vimentin antisera and sarcomas do 
not react with the keratin antisera. Using the 
technique described above we were, for example, 
able to distinguish between carcinomatous and 
sarcomatous tissue in a mixed tumor of the uterus 
and the subsequent carcinomatous metastases in 
para-aortic lymph nodes [Fig. 2(a, b) andTable 11. 
Since the results of our immunofluorescence 
studies are in good agreement with those obtained 
by conventional histological and electron micro- 
scopical methods, we are convinced that anti- 
bodies directed against IF proteins will be a useful 
supplemental tool in tumor determination. 

The technique described above may confirm 
diagnoses and eliminate diagnostic uncertainty or 
doubts. Advantages of this method for tumor 
characterization can be summarized as follows: 1. 
specificity as a result of reliable immunochemical 
markers; 2. the method is relatively fast. Within 
one hour after obtaining and sectioning the tissue 
the nature of tumors can be identified. This is 
especially important if metastases are found 
during surgery and the metastatic tumor has to be 
traced back to its primary source; 3. tumor tissue 
can be obtained by percutaneous thin-needle 
aspiration, since only a few cells are needed for 
identification. In this way discomfort and risk to 
the patient can be minimized as surgical 
intervention may become unnecessary. 

However, before applying this method routinely 
some questions have to be answered. One of these 
questions concerns the possible expression of new 
IF-systems in primary tumors or their metastases. 
As already mentioned, it is well known that nearly 
all normal and neoplastic cells growing in uitro 
express vimentin in addition to their original IF- 
system [6, 131. This phenomenon could interfere 
with diagnostic specificity. For example, meta- 
static tumor cells circulating in blood or growing 
in ascitic fluid may express vimentin when 
present in this ‘suspension medium’ and then 
retain this second IF-system in subsequent 
metastatic outgrowths. Our results obtained with 
human tumor metastases, however, indicate that 
metastatic outgrowths (blood-borne or via the 
lymphatic route) express only the tissue-specific 
IF. 

Finally, an interesting feature shown in Table 1 
concerns the presence of vimentin and the absence 
of keratin in a seminoma, a germ-cell tumor 
thought to be derived from the seminiferous 
‘epithelium’. This result is in agreement with the 
observations by Franke et al. [27], who showed 
that the seminiferous epithelium in the testes does 
not contain keratin IF or desmosomes. 
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Fig. 1. Immunofluorescence microscofiy of frozen sections from human intestine. (a) Adenocarcinoma 
reacts positively with keratin antibodies while (b) stromal connective tissue reacts positively with vimentin 
antibodies. Note the absence of vimentin staining in the epithelial tumor cells inpanel(b)and negatiuestroma 

with keratin antibodies in panel (a). Bar indicates 50 pm. 
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Table 1. Differential staining of human neoplastic tissues with antibodies directed against 
vimentin and keratin 

Material Diagnosis 
Immunofluorescence 

Vimentin Keratin 
Tumor cells Stroma Tumor cells Stroma 

Oral cavity 
Stomach 

Rectum 
Para-aortic 

lymph node 
Axillary 

lymph node 
Abdominal 

lymph node 
Urinary bladder 
Humerus 
Female brast 
Corpus uteri 

Ovary 

Vulva 
Vagina 

Testis 

Penis 
Pleura 
Omentum 

Mesenterium 

Pelvis 

Squamous cell carcinoma 
Schirrhous carcinoma 
Adenocarcinoma of cardia 
Adenocarcinoma 
Metastasis of uterine adeno- 

squamous carcinoma 
Metastasis of invasive 

lobular mamma carcinoma 
True histiocytic lymphoma 

Carcinoma in situ 
Osteosarcoma 
Lobular mamma carcinoma 
Mixed mesodermal sarcoma 
Adenoacanthoma 
Brenner tumor 
Cystadenccarcinoma papilliferum 

serosum 
Malignant melanoma 
Poorly differentiated 

adenocarcinoma 
(endometrioid carcinoma) 

Anaplastic seminoma 
Metastatic adenocarcinoma 

from gastrointestinal tract 
Squamous cell carcinoma 
Mesothelioma 
Metastatic anaplastic 

adenocarcinoma from stomach 
Metastatic poorly differentiated 

papillary adenocarcinoma from 
gall bladder 

Metastasis from 
cystadenocarcinoma 
papilliferum serosum 

Metastatic poorly differentiated 
papillary adenocarcinoma from 
gall bladder 

Metastasis from 
cystadenocarcinoma 
papilliferum serosum 
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