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Summary. Three cases of  splenic involvement in three 
different types of  generalized mastocytosis (systemic 
mast cell disease) are reported. The macroscopic, histo- 
logical and ultrastructural modifications of  the spleen 
are described. Each case exhibited a different morpho-  
logical pattern. Giemsa staining, fluorescence after acri- 
dine orange staining and naphthol ASD chloracetate es- 
terase reaction are shown to be valuable for diagnosis. 
By comparison, immunohistochemistry seemed not to 
be very useful, because no specific antigens are ex- 
pressed. These findings are compared to previously pub- 
lished cases. Their value for the diagnosis and the prog- 
nosis are discussed. 
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Introduction 

In mast cell neoplasia, involvement of the spleen is fre- 
quent. Generalized mastocytosis (GM) (Lennert and 
Parwaresch 1979; Parwaresch et al. 1985), also called 
systemic mast cell disease (SMCD) (Travis and Li 1988; 
Travis et al. 1988a), includes different types of  disease. 
Parwaresch et al. (1985) described a generally benign 
form called systemic mastocytosis (SM), with frequent 
skin involvement and an aggressive form, malignant 
mastocytosis (MM). Travis et al. (1988 a) and Travis and 
Li (1988) described an indolent type of SMCD, an ag- 
gressive type of  SMCD (non-leukaemic) and a type of  
SMCD associated with haematological disorders (Travis 
et al. 1988b). Both classifications also recognize mast 
cell leukaemia (Lennert and Parwaresch 1979; Travis 
et al. 1986) and mast cell sarcoma (Lennert and Parwar- 
esch 1979; Parwaresch et al. 1985). Here we present three 
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cases, showing the different patterns of splenic involve- 
ment in SM or indolent SMCD, in MM or aggressive 
SMCD and in SMCD with haematological disorder. The 
diagnostic and prognostic value of  histopathology is dis- 
cussed. 

Materials and methods 

Tissue samples from spleen and lymph nodes were fixed in 4% 
buffered formalin solution and Bouin's solution. After paraffin 
embedding, 4-gm-thick tissue sections were stained with haematox- 
ylin and eosin, periodic acid-Schiff (PAS), Giemsa, toluidine blue 
and alcian blue at various plis, Gordon and Sweets' reticulin stain, 
and Perl's stain. Fluorescence of the granules after acridine orange 
staining was studied under ultraviolet illumination. Naphthol ASD 
chloracetate esterase activity was demonstrated according to 
Leder's method. Immunohistochemistry using peroxidase as a 
marker with an avidin-biotin complex amplification was performed 
on paraffin-embedded tissue with the following polyclonal and 
monoclonal antibodies: anti-IgG, -IgA, -IgM, kappa and lambda 
light chains, anti-lysozyme, anti-alpha-l-chymotrypsin and anti- 
alpha-l-antichymotrypsin, SI00 protein, anti-macrophage KPI 
(CD68) and anti-elastase NP 57 (kindly provided by Dr. Mason, 
Oxford, UK); B markers: LN1, LN2, MB2, L26 (CD 20); a series 
of B markers kindly provided by Dr. G. Delsol (Toulouse, France) : 
BNF13, DBB42, DND53, DBA44 and also BNH9; T markers: 
MTI, UCHL1 (CD45RO); granulocytic markers : Leu M1 (CDI 5), 
markers of activation Ber H2 (CD30) and epithelial membrane 
antigen. 

Unfortunatly no fresh tissue was available for immunohisto- 
chemistry or histoenzymology of frozen sections. Tissue samples 
were available for electron microscopy in cases 1 and 2. 

Clinical data 

Case 1. A splenomegaly was discovered in a 42-year-old woman 
in February 1987. There was no hepatomegaly and no peripheral 
lymphadenopathy. Abdominal echography and a thoraco-abdomi- 
nal scan confirmed the presence of a homogeneous splenomegaly 
(165 mm in length) and disclosed paraaortic lymphadenopathy. 
Physical examination revealed multiple small, brownish skin le- 
sions, often centred by telangiectasia, on the face, the neck and 
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the anterior part of the thorax. According to the patient, these 
skin lesions had been present since approximately the age of 15 
years. The skin biopsy confirmed the clinical diagnosis of urticaria 
pigmentosa in the form of "telangiectasia macularis eruptiva per- 
stans". Gastroduodenal endoscopy was normal, without symptoms 
of portal hypertension. No osteosclerosis was detected on skeletal 
radiography. The haemoglobin (Hb) was 12.3 g/dl and the haemo- 
gram was normal. Sternal puncture showed a slight dyserythropoie- 
sis. The levels of blood folate and cyanocobalamin were normal, 
as were fibrinogen and Coombs' tests. Bone marrow biopsy showed 
global hyperplasia without osteosclerosis but with a dense reticulin 
framework. No mast cell infiltrate could be discovered. 

The patient complained for several years of paroxysmal tachy- 
cardia, allergy to acetylsalicylic acid and non-steroidal anti-inflam- 
matory drugs and intolerance to some foods and to alcohol. 

A splenectomy was performed in April 1988. Splenic hilar, mes- 
enteric and pre-aortic lymph nodes were biopsied. 

In February 1989, the patient was in good health, but new 
clinical and biological symptoms appeared. Hepatomegaly was 
found in August 1988. Osteosclerosis was recognized on radiogra- 
phy of the femoral heads, of the hips and iliac bones, associated 
with band-like osteoporosis of the radial and cubital metaphysis. 
An MDP-technetium bone scintillogram showed an abnormal re- 
partition of the marker with osteogenetic activity in the metaphysis 
of the bones of the superior and inferior members. A diffuse bone 
marrow infiltrate was demonstrated by nuclear magnetic resonance 
imaging in both iliac bones. The haemogram in February 1989 
showed 9.8 x 109/1 leucocytes with 980/ml eosinophils, 607000/ml 
platelets, but no myelaemia. Blood histamine was at that time high- 
er than normal (146 ng/ml). This case can be interpreted as SM 
with skin involvement in Lennert's group classification and as indo- 
lent SMCD as defined by Travis et al. 

Case 2. In June 1988, an acute myeloblastic leukaemia was diag- 
nosed in a 17-year-old woman. She suffered from lever and weight 
loss. Physical examination found no peripheral lymphadenopathy, 
no hepatomegaly, but splenomegaly was present. The haemogram 
showed anaemia (Hb 6.3 g/dl), thrombocytopenia (50 x 199 1), leu- 
cocytosis (31 x 109/1) with 87% myeloblasts, some with Auer rods. 
Sternal puncture confirmed the diagnosis of M2 (French, Ameri- 
can, British classification) acute myeloblastic leukaemia and 
showed 0.5 1% normal mast cells, 1.5% normal basophilic granu- 
locytes and 4~5% of cells measuring 15-30 gm in diameter, with 
bi- or multilobated nuclei and presenting azurophilic or basophilic 
granules and small clear vacuoles. These cells were probably abnor- 
mal mast cells. Cytogenetic study performed on peripheral blood 
blasts showed a t8 21 translocation. 

The patient was treated with doxorubicin and cytarabine, the 
induction course being given in June 1988. In October 1988, she 
was still in complete remission but the splenomegaly had not disap- 
peared. A splenectomy with liver biopsy was performed. In De- 
cember 1988, the patient was treated by a bone marrow autograft. 
On day 50, she was in good health, without hepatomegaly or 
lymphadenopathy. The Hb level was 12.9 g/dl, and the haemogram 
showed a leucocytosis 11 x 109/1, with 5700/ml lymphocytes and 
101000/ml platelets, without blasts. In June 1989, the patient re- 
lapsed and had 22.6 • 109/1 leucocytes in the peripheral blood with 
54% blasts and 56% blasts in the sternal marrow. Lumbar punc- 
ture was normal. The same cytogenetic pattern was again demon- 
strated (45xx, t8,21). A second complete remission was obtained 
after chemotherapy (mitozantrone, cytarabine) in August 1989. A 
second relapse occured in December 1989 and treated, with appar- 
ently complete remission. 

During these relapses no abnormal mast cells could be round 
in the blood. Blood and urine histamine were not increased. Ra- 
diography of the skeleton showed only a slight densification of 
the bone structure of the iliac bone near the left sacro-iliac articula- 
tion. 

This case falls into the SMCD with associated haematological 
disorder for Travis et al. and to SM with acute leukaemia of Len- 
nert's group. 

Case 3. In January 1988 a 21-year-old female complained of high 
fever with erythematous skin lesions. Physical examination dis- 
closed hepatosplenomegaly but no peripheral lymphadenopathy. 
Biological data were as follows: Hb 8.5 g/dl; haemogram: 11.5 x 
109/1 leucocytes with eosinophilia (35%) and 128000/ml platelets. 
Sternal puncture showed a mast cell infiltrate but no myeloprolifer- 
ative disease. The mast cells exhibited large, clear nuclei with medi- 
um-sized nucleoli. The cytoplasm contained a small number of 
granules and many clear vacuoles. Some mast cells showed erythro- 
phagocytotic activity. No bone marrow biopsy was performed. 

Coombs' tests were negative and protein electrophoresis was 
normal. Chest radiographs were also normal. A splenectomy was 
performed. The patient died a month after the intervention. This 
case can be classified as MM or an aggressive SMCD. 

Results 

In  case 1, the spleen weighed 600 g, and  measured  18 x 
12 x 6 cm. The pa renchyma  was deep purple  a nd  showed 
no  discrete tumour .  Small  lymph nodes  were round  in 
the splenic hi lum. 

Microscopical ly the splenic architecture was well pre- 
served. The follicles each exhibited a small germinal  
centre with n o r m a l  mant le  and  marg ina l  zones conta in-  
ing some immunoblas t s .  Mast  cell inf i l t ra t ion was seen 
exclusively in the white pulp.  The ini t ial  lesion seemed 
to be an  accumula t ion  of  mas t  cells between the fibro- 
blasts of the ar ter iolar  adventi t ia .  The earliest lesion 
therefore appeared to be in the per iar ter iolar  lymphoid  
sheaths and  a r o u n d  the centrofol l icular  arteries. W h e n  
the n u m b e r  of  toast cells increased,  r o u n d  nodules  were 
formed. Mas t  cells progressively replaced the lympho-  
cytes f rom the periarterial  sheaths. The infi l trate pene- 
t ra ted the follicles, appear ing  as r o u n d  pale nodules  or 
crescents, (Fig. 1) extending f rom the per iar ter iolar  
sheets to the marg ina l  zones (Fig. 2). In  some sections, 
where the toast cells were n u m e r o u s  a r o u n d  a centrofolli-  
cular  artery, they could appear  to be similar to a germin- 
al centre (Fig. 1). The large septa were inf i l t rated only 
at the periphery,  where the arterioles were enter ing the 
splenic parenchyma.  No infi l trate was seen a r o u n d  large 
vessels. The mas t  cells had a pale or faint ly eosinophil ic  
cy toplasm after haematoxyl in  and  eosin s ta in ing (Fig. 2, 
inset) bu t  a large n u m b e r  of  me tachromat ic  granules  
were easily recognized after Giemsa  staining,  a l though 
a few cells exhibited only a few granules.  The nuclei 
were always oval, often e longated bu t  never really fusi- 
fo rm;  the m e m b r a n e  was thin and  the ch romat in  finely 
puncta te .  One  or two small nucleoli  were present.  The 
mas t  cells were associated with n u m e r o u s  dispersed eo- 
sinophil ic  granulocytes ;  i ron- laden  macrophages  were 
also seen a nd  some p lasma cells were present  at the pe- 
r iphery of  the infi l t rated periar ter ial  sheaths. In and  
a r o u n d  the mas t  cell infiltrates, fine col lagenous bands  
were present,  with act ivated f ibroblasts  recognizable due 
to their large pale nuclei each with a medium-s ized  nucle- 
olus. In  the marg ina l  zone, act ivated follicular dendri t ic  
cells exhibited large pale nuclei. The red pulp  was no rma l  
wi thou t  any  toast cell infiltrate. Some macrophages  con- 
ta in ing  haemosider in  and  eosinophils  and  p lasma cells 
were seen in the cords. The hilar lymph nodes  were nor-  
mal.  



Fig. 1. Case 1. Splenic nodule constituted by toast cells in a follicle. Haematoxylin and eosin, x 310 

Fig. 2. Case 1. Another follicle is partly surrounded by a crescent of toast cells infiltrating the mantle zone. Inset ( x 700) : mast cells 
have regula�9 oval or elongated nucleus with small nucleoli. The cytoplasm is large, clear, and faintly granular. Haematoxylin and 
eosin, x 260 
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Fig. 3. Case 2. The follicle is partly destroyed by a large fibrous scar, heavily infiltrated by mast cells. Giemsa, x 260 

Electron microscopy showed that the white pulp mast 
cells were associated in close contact with many eosino- 
phils (5 eosinophils per mast cell). Mast cells were acti- 
vated with numerous interdigitating cytoplasmic exten- 
sions, many vacuoles and a variable number of normal 
granules. Eosinophil granules were often heterogeneous, 
with alteration of the crystalloid and sometimes of the 
matrix. Some eosinophils exhibited degranulation lysis. 
Charcot-Leyden crystals were seen in the extracellular 
spaces. 

The diagnosis was SM according to Parwaresch et al. 
(1985) or indolent SMCD (Travis et al. 1988a; Travis 
and Li 1988). 

In case 2, the spleen weighed 330 g and measured 
17 x 6 x 5 cm. Small white macroscopic nodules were vis- 
ible. The most important finding in this case was the 
extent of fibrosis. All the lymphoid tissue appeared to 
have been destroyed by collagenous fibrosis (Fig. 3). 
This fibrosis caused either collagenous scars replacing 
the follicles or perifollicular systematized concentric 
bands. Collagenous bands were also seen around the 
centrofollicular arterioles replacing the lymphoid periar- 
teriolar sheets. The saine banding pattern was observed 
around the septa. The preserved red pulp therefore ap- 
peared as irregularly shaped areas surrounded by fibrot- 
ic areas. In the fibrosis, remnants of lymphoid tissue 
could be seen, but the architecture was completely des- 

troyed. No germinal centres, no mantle zones, no mar- 
ginal zones, and no periarteriolar sheaths were recog- 
nized. A large number of iron-laden macrophages were 
present, dispersed or in small clusters. Some plasma cells 
were also seen, mainly at the periphery of the fibrosis, 
replacing the periarteriolar sheaths. Only a careful 
search disclosed small groups of cells with faintly eosino- 
philic cytoplasm dispersed between the collagenous 
bands, around the vessels or dispersed in between the 
lymphocytes and macrophages. Giemsa staining was 
very useful, showing an unexpectedly large number of 
mast cells, the majority containing a large number of 
metachromatic granules (Fig. 4A, B). Nevertheless, 
many were degranulated to some extent, with pale cyto- 
plasm. Hence the number of granules varied greatly 
among the cells. A few eosinophils were dispersed in 
the mast cell infiltrate. Giemsa staining clearly revealed 
the destruction of the lymphoid tissue by fibrosis and 
mast cell infiltrates. It showed also the predominance 
of mast cell infiltrates around the centrofollicular and 
terminal arterioles and around capillaries. In the red 
pulp, a few mast cells were seen around the terminal 
arteries in the cords. 

At the ultrastructural level, mast cells could be recog- 
nized in the white pulp mainly clustered around arter- 
ioles and capillaries. Some eosinophils were associated 
with the toast cells (1 per 5 mast cells). The mast cells 
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Fig. 4A, B. Case 2. These different fields show : the morphology of mast cells containing a variable quantity of metachromatic granules; 
the variable amount of collagen; and the perivascular localization ofthe mast cells. Giemsa, x 100 

contained a variable number of granules and many va- 
cuoles. One-third exhibited intact granules. One-third 
were completely degranulated. The remaining third dis- 
played cytoplasmic vacuolization with degenerative 
changes of the organelles and granules. Between the 
mast cells, numerous fibroblasts with thick bundles of 
collagen were detected. 

The liver biopsy showed normal hepatic architecture 
with many mast cells associated with eosinophils, lym- 
phocytes and plasma cells infiltrating the portal spaces, 
and clusters of toast cells were seen in the intralobular 
sinusoides. Large strands of collagen fibres enlarged the 
portal spaces without cirrhosis. 

This case was diagnosed as SM (Parwaresch et al. 
1985) or SMCD associated with myeloblastic acute leuk- 
aemia (Travis et al. 1988b) in remission. 

In case 3, the spleen weighed 1300 g and exhibited 
a dark red parenchyma without tumour or nodules. The 
follicles were atrophic, represented by small round clus- 
ters of lymphoid cells without germinal centres. The ar- 
chitecture of the red pulp was preserved. The cords and, 
to a lesser degree, the sinuses were infiltrated by mast 
cells, associated with nests of erythroblasts, myelocytes 
and megakaryocytes (Fig. 5). Histiocytes with erythro- 
phagocytosis and haemosiderin were also present. Ex- 
tensive fibrosis had developed in some cords. Mast cells 
had also infiltrated the atrophic lymphoid tissue. Most 

of the mast cells contained numerous metachromatic 
granules, but many were partially degranulated. The nu- 
clei in most cells were irregular, resembling nuclei of 
interdigitating or Langerhans cells; in others they were 
large, pale, and with thick membranes. A few were multi- 
lobated, giving the appearance of bi- or trinucleated 
cells. Most of these irregular nuclei showed medium- 
sized or large nucleoli. Numerous eosinophils, either 
myelocytes or granulocytes, were associated with the 
toast cells in the white and red pulp (Fig. 6A). Megacar- 
yocytes and erythroblasts could also be recognized 
(Fig. 6B). One point should be stressed: there was no 
tumour nodule and no clusters of mast cells. These cells 
infiltrated the splenic parenchyma diffusely and were dis- 
persed in between the cells of the myeloid metaplasia 
and the reactive cells. The liver biopsy showed portal 
infiltration by mast cells. In the sinusoides there were 
many partially degranulated mast cells associated with 
neutrophil and eosinophil myelocytes, clusters of eryth- 
roblasts and megakaryocytes. The Kupffer cells were hy- 
pertrophied, exhibiting erythrophagocytosis. A variable 
number of mast cells were also present in the portal 
tracts associated with lymphocytes and plasma cells. 
Some mast cells were very large. Many had irregular, 
multi-indented or multilobated nuclei with medium- 
sized nucleoli. No fibrosis could be seen either around 
the portal tract or in the parenchyma. A paraaortic 
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Fig. 5. Case 3. Diffuse infiltration by mast cells. Haematoxylin and eosin, • 260 

Fig. 6A. Case 3. The red pulp is infiltrated here by a mixture of mast cells, myeloid cells and granulocytes. Haematoxylin-eosin, • 750. 
B Many megakaryocytes and clusters of large erythroblasts are associated. Giemsa, x 900 
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lymph node was normal with normal mast cells present 
in the sinuses and the parenchyma. 

This case was diagnosed as MM (Parwaresch et al. 
1985) or aggressive SCMD (Travis et al. 1988a; Travis 
and Li 1988). The histopathological pattern of spleen 
and liver infiltration resembled those described for mast 
cell leukaemia. 

Giemsa staining on paraffin was the most useful tech- 
nique for identifying mast cells. Even in degranulated 
cells, the rare metachromatic granules could be detected. 
Naphthol ASD chloracetate esterase activity was de- 
tected in cases 1 and 2, but not in case 3 due to Bouin's 
fixation. Alcian blue at variable plis was positive in all 
three cases, as was toluidine blue on paraffin-embedded 
tissue sections. Acridine orange fluorescence under ultra- 
violet light unambiguously demonstrated mast cells and 
their granules. 

In all three cases, the mast cells expressed the coin- 
mon leucocyte antigen (CD45). Both the toast cells and 
the granulocytic series were CD15-positive and their cy- 
toplasm was elastase-positive (NP57). The mast cells 
were also positive for the histiocytic marker CD68 
(KP1), and scored strongly positive for lysozyme and 
weakly positive for OEl-anti-trypsin and OEl-anti-chymo- 
trypsin. In contrast to previous reports, some mast cells 
in all three cases were positive for $100 protein. Neuron- 
specific enolase was also detected in the mast cells of 
the three cases. No T-cell markers were found t o b e  
expressed in the three cases. The only monoclonal anti- 
body recognizing B-related antigens to score positive 
was DBB42, which also labelled the granulocytic series. 

Discussion 

The spleens in these three reported cases of generalized 
(or systemic) mastocytosis each exhibited a different 
macroscopic and histopathological pattern. These 
should be known by pathologists so that they can diag- 
nose the disease and give a prognosis. The first case, 
SM or indolent SMCD was characterized by the splenic 
architecture being well preserved, a perivascular pre- 
dominance of the mast cells which infiltrated the white 
pulp, and the absence of atypical and/or degranulated 
mast cells. This patient is still active and in apparently 
good health. The disease probably began 10-15 years 
before the discovery of the splenomegaly. The second 
case was characterized by severe fibrosis with destruction 
of the lymphoid tissue. Mast cell infiltration was only 
detected after Giemsa staining. In this case of SM or 
SMCD with myeloblastic acute leukaemia no leukaemic 
involvement of the spleen could be found. The third 
case, MM or an aggressive SMCD without leukaemia, 
was characterized by a diffuse infiltration of the white 
and red pulp by mast cells, many being degranulated 
and many having irregular nuclei. 

Mast cell infiltration can easily be overlooked in con- 
ventional haematoxylin and eosin staining. The most 
discriminating stain is Giemsa, which clearly demon- 
strated the metachromatic granules on paraffin-embed- 

ded sections (Lennert and Parwaresch 1979; Parwaresch 
et al. 1985). On paraffin sections, PAS, alcian blue, tolui- 
din blue, naphthol ASD chloraceate esterase activity as- 
says or fluorescence of the granules after orange acridine 
impregnation can be useful in identifying the toast cells. 
All these techniques can be used to recognized partially 
degranulated toast cells. On frozen sections, toluidine 
blue or aminocaproate esterase activity assays are good 
methods for mast cell recognition. 

Mast cells are positive for some B-cell (KiB3, DBB 
42), T-cell (CD4) or histiocyte (lysozyme, CD68) 
markers. They are also positive for elastase. However 
all these markers are non-specific. Immunohistochemis- 
try, is therefore n o t a  technique that is well adapted 
for the identification of mast cells (Forni et al. 1983; 
Horny et al. 1988). It is clear that the method of choice 
is Giemsa staining of paraffin-embedded sections and 
imprints. This stain allowed the discrimination of mast 
cell infiltrates from malignant lymphoma (lymphoplas- 
macytoid lymphoma, T-cell lymphoma) from acute 
granulocytic leukaemic involvement, from histiocytosis 
X or from inflammatory granulomatous lesions with fi- 
brosis. 

There are few reports of splenic changes in general- 
ized or diffuse mastocytosis (Brunning et al. 1983; Ende 
and Chernisse 1958; Lennert and Parwaresch 1979; Par- 
waresch et al. 1985; Travis and Li 1988; Travis et al. 
1988a, b; Webb et al. 1982; Wolf and Neiman 1989). 
The spleen is involved in 11 86% of the GM or SMCD 
with a median of 47% (Travis and Li 1988; Travis et al. 
1988a). In most of the published cases, the weight of 
the spleen was increased. For example, in a series of 
14 spleens studied by Travis and Li (1988), their weights 
ranged from 102 to 1140 g, with an average of 623 g 
and a median of 453 g. Some spleens are difficult to 
cut due to fibrosis as in the above case 2 and sometimes 
due to calcification. Mast cells may be rare in the inten- 
sely fibrotic lesions (Webb et al. 1982). In most of the 
cases, the capsule is thickened. Multiple 1-2 mm nodular 
areas (our case 1) can be seen in the spleen parenchyma 
(Travis and Li 1988; Travis et al. 1988a, b). All the de- 
scriptions have stressed the predominance of the infil- 
trate around the vessels (Brunning et al. 1983; Webb 
et al. 1982; Wolf and Neiman 1989) in the white pulp 
and particularly in the marginal zone (Webb et al. 1982; 
Wolf and Neiman 1989). The presence of sometimes se- 
vere fibrosis has also been reported in many of the cases 
(Webb et al. 1982; Wolf and Neiman 1989). Diffuse infil- 
tration of the red and white pulp has only been described 
in patients with mast cell leukaemia. Eosinophilia is a 
consistent finding. Extramedullary haematopoiesis is 
frequent. 

Various authors have stressed that degranulated and/ 
or atypical mast cells indicate a poor prognosis (Horny 
et al. 1988; Lennert and Parwaresch 1979; Parwaresch 
et al. 1985; Travis and Li 1988; Travis et al. 1988a). 
These modifications were present in out cases 2 and 
3. 

In conclusion, the topography and the organization 
of the splenic infiltrate, and the presence or absence of 
degranulated and/or atypical mast cells give valuable in- 
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fo rma t ion  for diagnosis  and  prognosis .  The prognost ic  
value of  the in tens i ty  of  fibrosis is no t  known.  
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