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Factor VIII Related Antigen as an Endothelial Cell Marker 
in Benign and Malignant Diseases 
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Summary. The presence and distribution of Factor VIII related antigen 
(FVIIIR: Ag) in formalin fixed, paraffin embedded tissue were studied in 
benign and malignant vascular tumors, inflammatory vascular diseases, nor- 
mal tissue from various organs and a number of malignant tumors. The 
unlabeled peroxidase-anti-peroxidase method was utilized. Immunostaining 
was observed only in endothelial cells, in tumor cells of endothelial cell 
origin and in megakaryocytes and platelets. The staining method gave a 
distinct picture of the vascular pattern in all types of tissue examined. The 
demonstration of FVIIIR: Ag by means of the immunoperoxidase technique 
is considered a valuable method in diagnosing tumors of vascular origin. 
The method also facilitates detection of vascular invasion of malignant tu- 
mors in small caliber vessels. 
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Introduction 

The term "Factor VIII" refers to a single protein or complex of related proteins 
important in initiation of blood coagulation and in platelet function. The purified 
protein (or proteins) has three functionally distinct components: an antigen, 
a clot-promoting factor and von Willebrand factor (Jaffe 1977). In 1973 Bloom 
et al. (1973) and Hoyer et al. (1973) independently demonstrated in indirect 
immunofluorescence studies that vascular endothelium, megakaryocytes and 
platelets reacted to rabbit antiserum to "Factor VIII". Tissue culture studies have 
confirmed the synthesis of Factor VIII related antigen (FVIIIR: Ag) in endotheli- 
al cells (Jaffe et al. 1973 ; Shearn et al. 1977). 

The main purpose of this study was 1) to determine whether FVIIIR:Ag 
could be detected in formalin fixed, paraffin embedded tissue, 2) whether 
FVIIIR:Ag could be used as an endothelial cell marker in normal tissue as 
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well  as in  i n f l a m m a t o r y  a n d  n e o p l a s t i c  d i seases ,  3) w h e t h e r  the  ab i l i ty  to  s t a in  

fo r  F V I I I R : A g  was  r e t a i n e d  in m a l i g n a n t l y  t r a n s f o r m e d  e n d o t h e l i a l  cells. 

M a t e r i a l  a n d  M e t h o d s  

The files of the Pathology Department of the Finsen Institute were searched for cases diagnosed 
as haemangiopericytoma, Kaposi's sarcoma and haemangioendotheliosarcoma. The medical notes 
on these patients were studied in order to obtain clinical confirmation on the histological diagnosis. 
Thereafter additional cases were selected at random from the files as shown in Table 1. New 
sections were cut from the paraffin embedded tissue blocks and subjected to the unlabeled antibody 
enzyme method (PAP) according to Sternberger (1974) with modifications as follows: 

1) deparaffination through 99% ethanol, 2) 0.1% celloidin, 3) through 99%, 96%, 70% ethanol 
to distilled water, 4) 0.1% pronase (protease type 7, Sigma corp. 5255) at 37 degrees centigrade, 
5) ice-cold Tris buffer, 6) 1% H202 in methanol, 7) normal swine serum, 8) rabbit anti-human 
FVIIIR:Ag 1:100, 9) swine anti-rabbit IgG 1:20, i0) peroxidase-anti-peroxidase (PAP) 1:40, 11) 
3-amino-9-ethylcarbazole, H202, 12) counterstain with Mayor's haematoxylin and mount with 
Aquamount (R). After stages 6, 8, 9 and 10 the sections were rinsed with Tris buffer and after 
stages 11 and 12 with water. All stages were carried out at room temperature except when otherwise 
stated. The dilution of antiserum to FVIIIR:Ag was chosen after testing serial dilutions from 
t : 50 to 1 : 1,000 with and without prior trypsination (stage 4). 

The antiserum to FVIIIR:Ag and the pure human factor VIII used in the controls were 
kindly supplied by Dr. Agnete Ingild (Dako-immunoglobulins a/s, Copenhagen). The antiserum 
was monospecific in crossed immuno-electrophoresis against plasma and did not react with serum 
from patients with yon Willebrands disease. The other immunological reagents were commercially 
obtained from Dako-immunoglobulins a/s. 

The following controls were performed: 1) nonimmune rabbit serum was substituted for the 
anti-FVIIIR:Ag in stage 8 on a seperate section from every fifth case. No staining was seen. 
2) 100 microliters of antiserum to FVIIIR:Ag was absorbed with the following amounts of pure 
human factor VIII-400, 600, 800, 1,000, 2,000 and 4,000 micrograms. Absorption with 2,000 micro- 
grams of antigen clearly diminished the brown immunostain and absorption with 4,000 micrograms 
completely abolished the immunostaining. 

Table I. Histological diagnosis and number 
of cases studied Diagnosis No of 

cases 

Normal skin 3 
Normal liver 2 
Normal lung (autopsy) 2 
Normal kidney 1 
Normal spleen 2 
Normal lymph node 3 
Vasculitis 4 
Normal bone marrow 2 
Haemangioma - capillary type 3 
Haemangioma - cavernous type 3 
Kaposi's sarcoma 2 
Haemangiopericytoma 1 
Haemangioendotheliosarcoma 6 
Non-Hodgkin malignant lymphoma 3 
Hodgkin's disease 12 
Carcinoma of the breast 10 
Small cell carcinoma of the lung 3 
Malignant melanoma 8 
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Resul ts  

In all the sections examined we observed a positive diffuse or sometimes slightly 
granular staining reaction for presence of FVII IR:Ag in the cytoplasm of the 
endothelial cells lining the lumen of  capillaries, lymphatic vessels, arteries and 
veins. Endothelial cells in glomeruli and in the sinusoids of liver and spleen 
also showed a positive staining reaction. The only cell type to show positive 
intracytoplasmatic staining apart from endothelial cells was the megakaryocyte 
and platelet. Prior trypsination greatly enhanced the staining reaction as a 
dilution of antiserum of  1 : 1,000 with prior trypsination gave a stronger staining 
reaction than a dilution of 1:100 without trypsination. 

The endothelial cells in all four cases of  vasculitis examined stained distinctly 
for presence of  FVIIIR: Ag, even when necrosis of the vessel wall was noted. 

In the cases of haemangioma the endothelial cells in both the capillary 
and cavernous types stained distinctly. In the four sections from the two cases 
of Kaposi's sarcoma a heavy staining reaction was seen in the endothelial 
cell component of the tumorous tissue lining vascular slits while the spindle 
cell component failed to stain. The case diagnosed as a haemangiopericytoma 
showed slit-like capillaries lined by endothelial cells positive for FVII IR:Ag 
surrounded by tumor cells which were negative. 

Six cases diagnosed as haemangioendotheliosarcoma were available for study. 
In one of  the cases only a few scattered tumor cells showed a positive staining 

Figs. 1-6. Case of haemangioendotheliosarcoma 

Fig. 1. Section with central area consisting of tumor. Low power view. (Haematoxylin and eosin, 
x 100) 



220 M. Sehested and K. Hou-Jenscn 

Fig. 2. Same tumor  as in Fig. h Heavy positive immunosta in ing of tumor  cells. Note positive 
immunosta in ing of endothelial ceils in normal  vessels in lower r ighthand corner (arrows) (FVIIIR : Ag 
- PAP, counterstain haematoxylin,  x 100) 

Fig. 3. Medium power view of  tumor  in Fig. 1. Pleomorphic tumor  cells lining vascular channels. 
(Haematoxylin and eos in ,  x 250) 
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Fig. 4. Medium power view of section shown in Fig. 2. Positive immunosta in ing of tumor  cells, 
(FVI I IR :Ag  - PAP, counterstain haematoxylin,  x 250) 

Fig. 5. Control section of tumor.  High power view, (non- immune rabbit serum - PAP, counterstain 
haematoxylin,  x 400) 
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Fig. 6. High power view of section shown in Fig. 2. Finely granular intracytoplasmatic immunostain- 
ing of tumor cells, (FVIIIR:Ag PAP, counterstain haematoxylin, x 400) 

Fig. 7. Case of malignant lymphoma, diffuse undifferentiated type. Immunostaining of endothelial 
cells demonstrates the microvascular pattern, (FVIIIR :Ag PAP, counterstain haematoxylin, x 150) 
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Fig. 8. Case of  small cell carcinoma of the lung. Immunosta in ing  of endothelial cells (arrows) 
lining dilated thinwailed vessel containing numerous  tumor  cells, (FVI I IR :Ag  - PAP, counterstain 
haematoxylin,  x 100) 

Fig. 9. Same case as Fig. 8. Immunosta in ing  of endothelial cells (arrows) lining small caliber vessel 
containing tumor  cells, (FVIIIR : Ag - PAP, counterstain haematoxylin,  x 400) 
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Fig. 10. Serial section of vessel shown in Fig. 9 stained with haematoxylin and eosin ( x 400) 

reaction for presence of FVIIIR:Ag.  A second case had approximately 5-10% 
positive tumor cells while the remaining four cases demonstrated a larger propor- 
tion of positive tumor cells amounting to 25-90% of the tumor cell population 
(Figs. 1-6). Positive tumor cells were seen both lining vascular clefts as well 
as in solid areas. Though positive staining was observed in several undifferentiat- 
ed tumor cells with marked nuclear pleomorphism the staining for FVII IR:Ag 
was more often found in tumor cells with a more moderate degree of nuclear 
pleomorphism. 

In the cases studied of malignant tumors of non-vascular origin only endothe- 
lial cells were stained and the microvascular pattern was easily apparent (Fig. 7). 
This facilitated the detection of vascular invasion in small caliber and thinwalled 
vessels by tumor cells (Figs. 8-10). 

Discussion 

The role of the endothelial cell in the production of FVII IR:Ag has been 
firmly established (Bloom 1979). The present study has utilized this knowledge 
together with the unlabeled antibody enzyme method of Sternberger (1974) 
in order to study the endothelial cell in routine histological sections. Our results 
have confirmed the previous immunofluorescence studies in showing that 
FVII IR:Ag is localized in endothelial cells and megakaryocytes. Furthermore 
we have shown that it is possible to use immunostaining for FVII IR:Ag as 
an endothelial cell marker in inflammatory and neoplastic disease. 

After completion of the present study our attention was drawn to the newly 
published report by Mukai et al. (1980) on immunoperoxidase staining of 
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F V I I I R  : A g  in endo the l i a l  cells in va r ious  organs.  The s taining results  in endothe-  
l ial  cells in arteries,  veins and  capi l lar ies  are s imilar  in the present  s tudy and  
the s tudy o f  M u k a i  et al. (1980) Howeve r  in the s tudy o f  M u k a i  et al. (1980) 
endo the l i a l  cells l ining lympha t i c  vessels were negat ive  and  endothe l i a l  cells 
in renal  g lomerul i  were general ly  negat ive in con t ras t  to the  f indings  in the 
present  s tudy.  This  difference in s ta ining results  cou ld  be due to the different  
an t i sera  used or  to the different  i m m u n o s t a i n i n g  techniques  used in the two 
studies,  the m a i n  difference in technique  being tha t  we used p r io r  t ryps ina t ion  
on the sections. 

The cases o f  K a p o s i ' s  s a r coma  s tudied  conf i rmed  the dua l  cell na tu re  o f  
this t u m o r  as we obse rved  bo th  a well demarc a t e d  endo the l i a l  cell c o m p o n e n t  
posi t ive for  F V I I I R : A g  and  a non-s ta in ing  s t romal  spindle-cel l  componen t .  

The r eason  for  the vary ing  s ta ining resul ts  for F V I I I R : A g  in t u m o r  cells 
in the cases o f  h a e m a n g i o e n d o t h e l i o s a r c o m a  in the presen t  s tudy is unknown.  
A poss ib le  exp l ana t i on  could  be tha t  endo the l i a l  cells lose their  abi l i ty  to p roduce  
F V I I I R : A g  with  an increas ing level o f  dedi f ferent ia t ion .  

The presen t  s tudy has also shown tha t  i m m u n o s t a i n i n g  for  F V I I I R : A g  
in cases o f  m a l i g n a n t  disease gave a dis t inct  pic ture  o f  the vascu la r  pa t t e rn  
and  enab led  de tec t ion  o f  vascular  invasion.  The m e t h o d  may  therefore  be o f  
use as an  ad junc t  to the elast ic  stain. 
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