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Summary. A monoclonal antibody (Ki-M6) against the 
CD 68 antigen, which labels cells of the monocyte/mac- 
rophage system, was tested on Bouin-fixed, paraffin-em- 
bedded samples of normal, reactive and neoplastic tis- 
sues by an avidin-biotin-peroxidase complex method, 
with the aim of establishing its value in diagnostic pa- 
thology. In normal human tissues, Ki-M6 reactivity was 
confined to the so-called resident macrophages populat- 
ing normal organs under physiological conditions. 
Moreover, restricted reactivity against cells of macro- 
phage lineage was observed in reactive and inflammato- 
ry lesions. Granulocytes, monocyte/macrophage-related 
immune accessory cells, and other analysed normal tis- 
sue structures did not reveal any reactivity. Ki-M6 was 
strongly reactive with the cases of benign (4/4) and 
malignant (15/15) fibrous histiocytomas, in addition to 
the true histiocytic lymphomas (3/3). Cases of granular 
cell tumour (2/3) showed strong reactivity with Ki-M6, 
whereas only few immunoreactive cells, with weak stain- 
ing, were seen in the other Ki-M6-positive neoplasms 
[neurofibroma (3/3), benign schwannoma (1/2), gang- 
lioneuroma (1/1), malignant schwannoma (5/9), melano- 
ma (9/28), dermatofibrosarcoma protuberans (1/1), mye- 
lomonocytic leukaemia (3/3)]. Among the epithelial ma- 
lignancies tested (47 cases), Ki-M6 was positive only in  
renal cell carcinoma (11/14). Malignant lymphomas of 
the Hodgkin (56 cases) and non-Hodgkin type (67 cases) 
were uniformly non-reactive. From these data, Ki-M6 
appears to be an excellent marker of monocyte/macro- 
phage-related ceils and appears to be a reliable indicator 
for fibrous histiocytomas and true histiocytic malignan- 
cies. The avaflability of this additional antibody capable 
of staining routinely processed tissue is of practical inter- 
est. I 
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Introduction 

The immunohistological identifcation of monocyte/ 
macrophage-related cells and their derived proliferative 
disorders has been greatly aided by the availability of 
a group of monoclonal antibodies which all stain most 
tissue macrophages selectively (antibodies 24, Y1/82A, 
Ki-M6, Ki-M7, Y2/131, EBM/11, KP1) (Davey etal. 
1988; Hogg and Selvendran 1985; Kelly etal. 1988; 
Kreipe etal. 1987; Micklem etal. 1989; Parwaresch 
et al. 1986; Pulford et al. 1989). However, most reagents 
suffer from the practical limitation of not reacting with 
routinely processed paraffin-embedded tissue. It has 
been reported that KP1 (Pulford et al. 1989) monoclonal 
antibody differs from these other reagents in its ability 
to stain routinely fixed, paraffin-embedded tissue 
(Warnke et al. 1989); it recognizes a formalin or B5 fixa- 
tion-resistant epitope in a variety of tissue macrophages 
and in granulocyte precursors. Other monoclonal anti- 
bodies to human macrophage antigens, such as Ki-M7 
(Kreipe et al. 1987), MAC 387 (Flavell et al. 1987), LN4 
and LN5 (Bhoopat et al. 1988), react in formalin or B5- 
fixed, paraffin-embedded tissue sections, but their reac- 
tivity is inconsistent (Kreipe et al. 1987) or suffers from 
a relative lack of specificity (Bhoopat et al. 1988; Flavell 
et al. 1987). 

The monoclonal antibody Ki-M6 showed a restricted 
reactivity to, cells of the monocyte/macrophage system 
when tested on normal human blood ceils and on a wide 
range of frozen normal human tissues (Parwaresch et al. 
1986). This antibody recognizes a glycoprotein which 
is identical to the molecule detected by KP1 and other 
described monoclonal antibodies (Micklem et al. 1989). 
This molecule, which was designated as the CD 68 anti- 
gen at the Fourth International Conference on Human 
Leucocyte Differentiation Antigens (Vienna 1989), is 
probably the best macrophage marker presently avail- 
able for immunohistology (Knapp et al. 1989). 

In a previous work we determined that the antigen 
recognized by the Ki-M6 antibody was resistant to rou- 
tine fixative solutions and to conventional paraffin em- 
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Table 1. Reactivity of Ki-M6 with selected human neoplasms in 
Bouin-fixed, paraffin-embedded tissue sections 

Diagnosis Num- Ki-M6 
ber of cell reactivity a 
tested (number of 
cases reactive cases) 

+ + +  + + + b  

Benign neoplasms 35 
Fibrous histiocytoma 4 I (W) 3 (S) - 

(dermatofibroma) 
Granular cell tumour 3 - - 2 (S) 
Dermal neurofibroma 3 3 (W) - - 
Schwannoma 2 1 (W) - - 
Adrenal ganglioneuroma 1 1 (W) - - 
Leiomyoma 3 - - - 
Angiolipoma 1 - - - 
Glomangioma l - - - 
Breast fibroadenoma 3 - - - 
Parotid pleomorphic adenoma 2 - - - 
Large bowel villous adenoma 3 - - - 
Thyroid follicular adenoma 3 - - - 
Ovary cystadenofibroma 1 - - - 
Ovary teratoma 2 - - - 
Testis adenomatoid tumour 1 - - - 
Cellular blue naevus 1 - - - 
Dysplastic naevus 1 - - - 
Malignant neoplasms 260 
Malignant fibrous 15 - 9 (S) 6 (S) 

histiocytoma 
Dermatofibrosarcoma 1 I (W) - - 

protuberans 
Leiomyosarcoma 4 -- - -- 
Rhabdomyosarcoma 4 - - - 
Liposarcoma 4 - -- -- 
Epithelioid sarcoma 4 - - - 
Kaposi's sarcoma 4 -- - - 
Chondrosarcoma 2 - - - 
Malignant schwannoma 9 5 (W) - - 
Synovial sarcoma 2 - - - 
Extraskeletal Ewing's 3 - - - 

sarcoma 
Melanoma 28 9 (W) - - 
Seminoma 2 - - - 
Mesothelioma 2 - - - 
Breast carcinoma 13 - - - 
Renal cell carcinoma 14 - 11 (W) - 
Thyroid carcinoma 2 - - - 
Basal cell carcinoma 3 - - - 
Squamous cell carcinoma 2 - - - 
Undifferentiated carcinoma 10 - - - 
Carcinoid 3 - - - 
Non-Hodgkin's lymphoma 67 - - - 

(all Working Formulation 
categories) 

Hodgkin's disease 56 - - - 
(Reed-Sternberg cells) 

Acute myelomonocytic 3 3 (W) - -- 
leukaemia 

True histiocytic lymphomas 3 -- 3 (S) - 

a Staining in tumour cells was present in the cytoplasm 
b + ,  Present (few cells); + + ,  present (several cells); + + + ,  pres- 
ent (most cells); W, weak; S, strong; - ,  negative 

b e d d i n g  w i t h o u t  m a j o r  t e c h n i c a l  i m p r o v e m e n t  o f  t he  

c o n v e n t i o n a l  p r o c e d u r e  ( G l o g h i n i  e t  al. 1990 a). H e r e  we  
d e s c r i b e  a n  e v a l u a t i o n  o f  t h e  r eac t i v i t y  o f  K i - M 6  an t i -  
b o d y  o n  a w i d e  r a n g e  o f  r o u t i n e l y  p r o c e s s e d ,  B o u i n -  

f ixed ,  p a r a f f i n - e m b e d d e d  s p e c i m e n s ,  i n c l u d i n g  n o r m a l  

t i ssues ,  r e ac t i v e  a n d  i n f l a m m a t o r y  c o n d i t i o n s ;  a n d  in 

n e o p l a s t i c  d i s o r d e r s .  O u r  a i m  w a s  to  e s t a b l i s h  its va lue  

in d i a g n o s t i c  su rg ica l  p a t h o l o g y .  

Materials  and methods 

Fresh human tissues received by the Division of Pathology at Cen- 
tro di Riferimento Oncologico, Aviano are routinely fixed in 
Bouin's solution; fxat ion times usually range from 3 to 12 h. For 
this study we retrieved from the surgical pathology files paraffin- 
embedded specimens obtained from normal organs and tissues, 
reactive and inflammatory lesions and selected benign and malig- 
nant neoplasms. Both benign and malignant neoplasms, mostly 
of non-epithelial origin, were defined according to their conven- 
tional histopathological and immunohistological characterization. 
A total of 295 neoplasms were studied. A complete list of these 
neoplasms is reported in Table 1. 

Reactivity of Ki-M6 antibody was tested on the following nor- 
mal human tissues and reactive and inflammatory lesions: breast, 
bronchus, lung, kidney, endometrium, adrenal gland, thyroid, 
parathyroid, parotid, stomach, gut, skin, prostate, fat, connective 
tissue, smooth muscle, skeletal muscle, cartilage, bone, vessels, pe- 
ripheral nerve, villonodular synovitis, gastric ulcer, thyroid cyst, 
Hashimoto's thyroiditis, chronic prostatitis, gastric polypoid xan- 
thelasma, epidermal cyst, fibrohistiocytic pseudotumour and xan- 
thogranulomatous processes. 

Immunostaining was performed on deparaffinized sections by 
using the avidin-biotin-peroxidase complex method (Hsu et al. 
1981) as previously described (Carbone et al. 1986; Gloghini et al. 
1990a). Ki-M6 monoclonal antibody (Behringwerke, Marburg, 
FRG) was applied at the dilution of 1:4000 and incubated over- 
night at 4 ~ C or for I h at room temperature. In cases with low 
signal we could enhance the intensity of the labelling reaction by 
applying the monoclonal antibody at a lesser dilution (1:3000); 
alternatively, the alkaline phosphatase anti-alkaline phosphatase 
method (Cordell et al. 1984) with the repetitions of the second 
and third steps was employed as previously described (Gloghini 
et al. 1990b). 

Negative control experiments were performed by omitting the 
primary antibody and substituting with phosphate-buffered saline 
or, in selected cases (i.e. the Ki-M6-positive neoplasms), by incu- 
bating the sections with mouse myeloma proteins IgG1, kappa 
(MOPC21) (Sigma, St. Louis, MO., USA) or control mouse ascites 
fluid (NS-I) (Sigma) at the same dilution of the primary antibody. 
None of the negative control sections was immunostained. 

Results 

In i t ia l  s t u d i e s  w i t h  K i - M 6  m o n o c l o n a l  a n t i b o d y  i n d i c a t -  

ed  t h a t  t i s sues  f ixed  w i t h  f o r m a l i n  o r  B5 gave  s o m e  re- 

d u c t i o n  in a n t i g e n  r eac t i v i t y  w h e n  c o m p a r e d  w i t h  t h o s e  

f ixed  w i t h  B o u i n ' s  s o l u t i o n  ( G l o g h i n i  e t  al. 1990 a) ;  t hus ,  
o n l y  B o u i n - f i x e d  s p e c i m e n s  w e r e  u s e d  in  th is  s tudy .  In  

n o r m a l  h u m a n  t i ssues ,  K i - M 6  r eac t i v i t y  w a s  c o n f i n e d  

to  t he  s o - c a l l e d  r e s i d e n t  m a c r o p h a g e s  p o p u l a t i n g  n o r m a l  

o r g a n s  u n d e r  p h y s i o l o g i c a l  c o n d i t i o n s .  T h e  a n t i b o d y  

r e a c t e d  w i t h  t i s sue  m a c r o p h a g e s  in  a w i d e  r a n g e  o f  tis- 
sues,  i n c l u d i n g  l u n g  m a c r o p h a g e s  (Fig .  1A) ,  d e r m a l  
m a c r o p h a g e s  (Fig .  1 B) a n d  l a m i n a  p r o p r i a  m a c r o p h a g e s  

(Fig.  1 C). C r o s s - r e a c t i o n s  w i t h  o t h e r  a n a l y s e d  t i s sue  
s t r u c t u r e s ,  s u c h  as t h o s e  o f  ep i the l i a l ,  e n d o t h e l i a l ,  n e u r a l  

a n d  m e s e n c h y m a l  o r ig in ,  c o u l d  n o t  be  o b s e r v e d .  
A v a r i e t y  o f  r eac t ive  l e s ions  w e r e  s t u d i e d  a n d  b r o a d  

r eac t i v i t y  a g a i n s t  cells o f  m a c r o p h a g e  l ineage  w a s  ob- 
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Fig. 2A, B. Immunohistochemical reactivity of Ki-M6 in reactive 
lesions. Granular cytoplasmic staining is seen in macrophages and 
foamy cells (A), and in foreign body giant cells (B). Bouin-fixed, 
paraffin-embedded sections; ABC; haematoxylin eounterstain. A 
x 250; B x 320 

Fig. 1 A-C. Immunohistochemical reactivity of Ki-M6 in normal 
human tissues. Strong labelling of alveolar (A), dermal (B) and 
lamina propria (C) macrophages is seen in biopsy specimens of 
lung (A), skin (B) and gut (C). Immunostained cells display a gran- 
ular reactivity confined to the cytoplasm. Bouin-fixed, paraffin- 
embedded sections; ABC; haematoxylin counterstain. A x400; 
B x300;C x250 

served (Fig. 2A), epithelioid granulomas and multinuc- 
leated cells (particularly foreign-body giant cells) being 
strongly labelled (Fig. 2 B). 

Data on the reactivity of Ki-M6 antibody with a vari- 
ety of benign neoplasms are presented in Table 1 along 
with the number of cases studied for each tumour type. 
Ki-M6 was negative in the majority of cases but did 
show positivity with variable intensity in Bouin-fixed 
specimens of fibrous histiocytoma (dermatofibroma) (4/ 
4), granular cell tumour (2/3), dermal neurofibroma (3/ 
3), benign schwannoma (1/2) and adrenal ganglioneuro- 
ma (1/1). Also the number of stained cells was variable 

among the positive cases. The pattern of staining in these 
cases was of the granular type. A strong and extensive 
granular cytoplasmic staining was seen in most cells of 
the granular cell tumours (Fig. 3A) and in several fi- 
brous histiocytoma cells (Fig. 3 B), whereas faint and/or 
focal granular staining was seen within a few elongated 
cells of the dermal neurofibromas, a benign schwannoma 
and the adrenal ganglioneuroma (see Table 1). Unequiv- 
ocal differentiation between tumour cells and dendritic 
interstitial cells, which were abundant in neural tumours, 
was difficult. Thus it was questionable whether the faint 
and/or granular focal staining seen within the few elon- 
gated cells of the latter tumours really corresponded to 
Ki-M6-positive tumour cells. 

Table 1 shows the data concerning the malignant neo- 
plasms selected for study, together with the number of 
cases studied for each tumour type. Ki-M6 was strongly 
positive in only two types of tumour;  malignant fibrous 
histiocytoma and true histiocytic lymphoma. All the 
cases tested were positively immunostained, though the 
number of stained cells was variable from case to case 
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A total of 67 non-Hodgkin's lymphomas of a wide 
variety of cell types, according to the Working Formula- 
tion (1982), were evaluated. All cases were interpreted 
as Ki-M6 negative. In some small cell proliferations pos- 
sible positive staining taking the form of localized dots 
could be seen in several neoplastic cells. However, this 
staining was weak and difficult to interpret in terms of 
its precise, intra- or extracellular, location. Reed-Stern- 
berg cells and variants in 56 cases of Hodgkin's disease 
(lymphocyte predominance, 7 cases; nodular sclerosis, 
38 cases; mixed cellularity, 10 cases; lymphocyte deple- 
tion, 1 case) were non-reactive for Ki-M6 (see Table 1). 
In most cases of nodular sclerosing Hodgkin's disease, 
however, numerous cells displaying "histiocyte" fea- 
tures were positively immunostained. The 3 cases tested 
of acute myelomonocytic leukaemia showed few cells 
labelled by Ki-M6 antibody. The cells showed a weak 
granular cytoplasmic staining. The biopsy specimens 
were obtained from the skin. 

Fig. 3. A Most cells of this granular cell tumour show strong granu- 
lar staining for Ki-M6 in their large cytoplasm. B In this benign 
fibrous histiocytoma a fraction of the cellularity reacts with Ki-M6. 
Bouin-fixed, paraffin-embedded sections; ABC; haematoxylin 
counterstain. A x 250; B x 400 

(Fig. 4A, B). In the single case tested of dermatofibro- 
sarcoma protuberans, few cells were weakly stained. 

A wide variety of soft tissue turnouts lacked immuno- 
reactivity for Ki-M6; the exceptions to this finding were 
five of nine malignant schwannomas, where few cells 
showed a weak granular cytoplasmic positivity. 

Mesothelioma, seminoma and malignant melanoma 
were generally non-reactive; however, in 9 of 28 melano- 
mas, focal, weak, perinuclear granular staining was ob- 
served in occasional cells. It is noteworthy that both 
seminomas were heavily infiltrated with histiocytes; it 
was thus difficult to distinguish neoplastic from other 
cells in the tissues. 

Among a selection of epithelial malignancies (47 
cases), Ki-M6 was positive only in the cases (11/14) of 
renal cell carcinoma, where faint granular cytoplasmic 
staining was observed (Fig. 4C). 

Discussion 

Antibodies Y2/131, EBM/l l ,  Ki-M6, Ki-M7, Y1/82A 
and KP1, which have recently been designated as CD 68 
(Micklem et al. 1989), react with a macrophage-associat- 
ed antigen for which the gene has been cloned; these 
antibodies, however, appear to recognize different epi- 
topes (Micklem et al. 1989). With the exception of KP1 
monoclonal antibody, which is able to stain routinely 
fixed, paraffin-embedded tissue (Pulford etal. 1989; 
Warnke et al. 1989), the reactivity of the other antibodies 
has been established by testing on frozen tissue sections 
(Davey et al. 1988; Kelly et al. 1988; Kreipe et al. 1987; 
Parwaresch et al. 1986). 

In this study the Ki-M6 monoclonal antibody fulfils 
the criteria for a pan-macrophage reagent and has been 
tested successfully on a wide range of routinely pro- 
cessed, paraffin-embedded tissues. According to pre- 
vious data from our group (Gloghini et al. 1990a), good 
immunoreactivity for this antibody was achieved by the 
use of Bouin's solution as fixative. We are aware that 
Bouin's solution is not a universally employed fixative; 
however, the availability of this antibody, which is capa- 
ble of detecting macrophages and other members of the 
mononuclear phagocyte lineage in paraffin-embedded 
tissue, may be of practical interest to surgical patholo- 
gists. Many use this picric-acid-containing fixative due 
to its ability to preserve morphological detail, particular- 
ly those of the nucleus in haematoxylin and eosin stained 
sections. 

According to previous findings established by testing 
on frozen tissues (Parwaresch et al. 1986), the Ki-M6 
monoclonal antibody showed a highly restricted reactivi- 
ty to the various tissue-specific phagocytes (resident 
macrophages) when tested on paraffin-embedded tis- 
sues. Moreover, restricted reactivity against cells of mac- 
rophage lineage was observed in reactive and inflamma- 
tory lesions. Granulocytes, monocyte/macrophage-relat- 
ed immune accessory cells, and other normal tissue 
structures of epithelial and mesenchymal origin did not 
reveal any reactivity. 
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Fig. 4. A Malignant fibrous histiocytoma, pleomorphic type, show- 
ing neoplastic cells which react strongly with Ki-M6. B Malignant 
fibrous histiocytoma showing several immunostained spindle- 
shaped cells for Ki-M6. C Renal cell carcinoma with a group of 
large clear cells reacting with Ki-M6. Their granular cytoplasmic 
staining is weaker than that displayed by interspersed macro- 
phages. Bouin-fixed, paraffin-embedded sections; ABC; haematox- 
ylin counterstain. A-C x 400 

If the reactivity of Ki-M6 antibody is compared with 
that ofKP1, the other CD 68 antibody capable of detect- 
ing macrophages in paraffin-embedded tissue, some mi- 
nor differences are noted. First, KP1 antibody shows 
reactivity also with granulocytes and their precursors. 
Second, KP1 antibody reacts with interdigitating reticu- 
lure cells in cases of dermatopathic lymphadenitis. 
Third, B-lineage lymphomas and leukaemias are stained 
by KP1 antibody, although neoplastic cells exhibit small 
dots of reactivity in contrast to the strong cytoplasmic 
staining seen in the neoplasms of myelomonocytic origin 
(Warnke et al. 1989). Moreover, even if conclusive data 
on the KP1 reactivity with non-haematopoietic neo- 
plasms have not been published, at least not to our 
knowledge, Warnke et al. (1989) reported KP1 reactivity 
with some epithelial neoplasms in Cytospin preparations 
from fine needle aspirates. 

In the present study, non-Hodgkin's lymphomas were 
generally non-reactive for Ki-M6 antibody; only a weak 
granular staining was observed in a few cells of the cases 
of acute myelomonocytic leukaemia. In contrast, this 

antibody was strongly positive in true histiocytic lym- 
phomas. This finding is of practical importance in diag- 
nostic pathology. In fact, the diagnosis of true histiocytic 
lymphoma or malignant histiocytosis (Carbone et al. 
1981) represents one of the most difficult and controver- 
sial areas of lymph-node pathology. The Ki-M6 positi- 
vity encountered in the neoplastic cell population of be- 
nign or malignant fibrous histiocytomas was expected; 
hypotheses concerning a primary histiocytic derivation 
(Ozello et al. 1963) or a dual fibroblastic-histiocytic ori- 
gin (Magnusson et al. 1983) for these neoplasms have 
been proposed. Recently, the existence of two different 
cell types, both fibroblast-like and histiocyte-like, was 
shown by light and electron microscopy, DNA measure- 
ment, and karyotype analysis in malignant fibrous 
histiocytoma (Genberg et al. 1989). 

Interestingly, the other soft tissue tumours analysed 
in the present study lacked immunoreactivity for Ki-M6, 
with the exception of those of proven or presumed neu- 
roectodermal cell origin (Harkin and Reed 1969). These 
Ki-M6-positive neoplasms also included ~ranular cell tu- 
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mour ,  a poss ib le  he te rogeneous  ent i ty  tha t  has  been clas- 
sified as be ing  o f  Schwann  cell (Armin  et al. 1983; N a k a -  
za to  et al. 1982) or  neu rona l  cell (Rode  et al. 1982) ori-  
gin, based  on  i m m u n o h i s t o c h e m i c a l  f indings.  M o s t  o f  
these tumours ,  however ,  d i sp layed  a weak  and  ques t ion-  
able reac t iv i ty  conf ined  to a few neoplas t ic  cells. 

A m o n g  a select ion o f  epi thel ia l  neop la sms  K i - M 6  
react iv i ty  was shown on ly  by  renal  cell ca rc inoma .  It  
has been r epo r t ed  tha t  this  type  o f  c a r c i n o m a  also shows 
reac t iv i ty  wi th  LN5,  a m o n o c l o n a l  a n t i b o d y  which  re- 
ta ins  its i m m u n o r e a c t i v i t y  wi th  h u m a n  m a c r o p h a g e s  in 
B5-fixed, p a r a f f i n - e m b e d d e d  tissue ( B h o o p a t  e t a l .  
1988). 

In  conclus ion,  this s tudy  suggests t ha t  K i - M 6  ant i -  
body ,  as a specific reagent  for  ident i fy ing  m a c r o p h a g e s ,  
m a y  be used effectively to invest igate  the  role  o f  these 
cells in i n f l a m m a t i o n  and  mal ignancies .  Moreove r ,  this 
a n t i b o d y  seems to be a g o o d  ind ica to r  for  m a l i g n a n t  
f ibrous  h i s t iocy tomas .  
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