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Abstract. A histologic review of 102 cases of Castleman's 
disease of the hyaline-vascular type, with a detailed par- 
affin immunophenotypic study of 23 of them, was under- 
taken to evaluate the morphologic variability of this dis- 
order and its immuno/cyto-architectural characteristics. 
All cases had features in common including: abnormal 
follicles, with increased vascularity, poorly formed ger- 
minal centers and predominance of the mantle zone; 
lack of sinuses; and hypervascular interfollicular tissue 
containing large numbers of KPl-positive plasmacytoid 
monocytes. Networks of actin-positive cells [fibroblastic 
reticulum cells (RCs) or "myoid cells"] and KPl-posi- 
tive dendritic cells (histiocytic RCs) were seen. There 
were differences in the proportion of follicles to interfol- 
licular tissue, which covered a continuum from a "  follic- 
ular", through a "classic", to a "stroma-rich" variant. 
The last-mentioned was qualitatively different as it 
showed loss of HECA-452 and MECA-79 reactivity in 
the blood vessels, decreased plasmacytoid monocytes 
and increased myoid cells and histiocytic RCs. In 5 cases 
there was formation of distinct nodular growths which 
varied from spindle cell foci to angio-histiocytic-RC pro- 
liferations, all of which may be confused with vascular 
or follicular dendritic RC neoplasms. From our findings, 
data from the literature and the working hypothesis that 
plasmacytoid monocytes are the precursors of both fol- 
licular dendritic RCs and sinus lining cells (Parwaresch 
et al.), a pathogenetic theory is proposed for this type 
of Castleman's disease which postulates that a develop- 
mental block in plasmacytoid monocytes results in their 
accumulation with poor formation of germinal centers 
and sinuses under stimulation. The lack of sinuses would 
lead to impaired egress of circulating lymphocytes 
which, however, would continue to enter the node 
through functional high endothelial venules and to accu- 
mulate in the mantle zone. The factors responsible for 
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angiogenesis and for the cellular growths that character- 
ize the stroma-rich variant remain to be determined, as 
do the relationships between the three variants. 
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Introduction 

Castleman's disease (CD) was first described in 1956 
as a hyperplastic lymphoid process localized in the medi- 
astinum and characterized by peculiar Hassal body-like 
germinal centers (GCs) and marked vascular prolifera- 
tion (Castleman et al. 1956); it was soon reported in 
other anatomic locations. Descriptions of systemic ef- 
fects associated with CD (Neerhout et al. 1969; Sethi 
and Kepes 1971), and the recognition of a nodal lesion 
characterized by hyperplastic GCs and an abundance 
of plasma cells (Flendrig 1970), led Keller and co- 
workers (1972) to add a plasma cell (PC) variant to 
their original type, now referred to as the hyaline-vascu- 
lar (HV) type. More recently, a systemic form of CD 
has emerged (Diebold et al. 1980; Frizzera et al. 1983, 
1985; Weisenburger et al. 1985) associated with multisys- 
tern involvement and graver prognosis. The spectrum 
of morphologic patterns to be included under the term 
of CD poses a problem to the general pathologist, More- 
over while all would agree that the PC variant is a form 
of nodal immune reaction, the plethora of synonyms 
used for the HV type (angiofollicular lymph node hyper- 
plasia, follicular lymphoreticuloma, angiomatous lym- 
phoid hamartoma, benign giant lymphoma; Harrison 
and Bernatz 1953; Zettergren 1961; Tung and McCor- 
mack 1967; Flendrig 1970) is confusing and an indica- 
tion of the uncertainty existing as to its pathogenesis. 

Our study is aimed at the HV type of CD. This is 
the most common of the two localized forms described 
by Keller et al. (1972). Essential for its diagnosis is the 
combination of abnormal follicles and hypervascular in- 
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terfoll icular tissue which, in its classical form, is easily 
recognized. The p ropor t ion  of  the two componen ts ,  
however,  may  vary  from a str iking p redominance  of  the 
follicles to a p r e d o m i n a n t l y  vascular  and  fibrotic tissue; 
h is topathologic  extremes which, if unrecognized,  ma y  
lead to serious misdiagnoses.  In an  a t tempt  to reach 
a bet ter  unde r s t and i ng  of  this morphologica l  variabil i ty,  
we have reviewed all cases of  HV CD diagnosed at  our  
ins t i tu t ion  over the past  22 years and  have carried out  
a detailed immunoh i s tochemica l  s tudy of a selected 
group of these cases, looking for clues to the pa thogene-  
sis of  this enigmat ic  disease. 

Materials  and methods 

One hundred and sixty-two cases classified as CD or angiofollicular 
lymphoid hyperplasia over a 22-year period (1970-199l) were re- 
trieved from the files of the Armed Forces Institute of Pathology 
and reviewed. After discarding cases in which the diagnosis was 
not confirmed, those of PC type and cases of HV type with insuffi- 
cient or inadequate material, we were left with 102 cases of CD, 
HV type. Clinical data were obtained from the patients' records 
and through the courtesy of contributing pathologists and their 
clinicians. 

In all cases hematoxylin and eosin (H&E) stained sections were 
available, often from several blocks, and in 23 cases, selected be- 

cause optimal formalin-fixed material was available, paraffin 
blocks were recut and immunohistochemical studies were per- 
formed using an avidin-biotin-complex technique (Hsu et al. 1981). 
The panel of reagents employed (Table 1) included antibodies to 
lymphoid cells (L26, MB2, UCHL1, CD3, MT1, MT2, Leu7), den- 
dritic and histiocytic cells (CD21, anti-Sl00 protein, KP1), endoth- 
elia (anti-factor-VIII-related antigen (anti-F8), CD34, HECA-452, 
MECA-79) and stromal elements (anti-vimentin, anti-smooth mus- 
cle actin, anti-desmin, anti-myosin). The H&E and immunoperoxi- 
dase-stained sections were evaluated for the follicular (F) and inter- 
follicular (IF) characteristics listed below. For the follicles: the 
ratios of mantle zone (MZ) to GC, of HV to hyperplastic GCs, 
of GCs with round versus "geographic" shape and of single to 
multiple GCs within a single MZ; the number of B, T, and Leu7- 
positive cells; the staining pattern with CD21, KP1 and anti-vimen- 
tin in GCs and MZs; the degree of vascularity and the endothelial 
reactivity with anti-F8 and CD34 antibodies. As for IF characteris- 
tics: the number of B, T, and Leu7-positive cells; the number and 
type of S100-protein-positive cells (interdigitating reticulum cells 
and small lymphocytes) and of KPl-positive cells (plasmacytoid 
monocytes and cells with dendritic morphology); the number of 
actin-positive and vimentin-positive cells; and the degree of vascu- 
larity and endothelial reactivity with anti-F8, CD34, HECA-452 
and MECA-79 antibodies. In addition to normal lymph nodes, 
as controls for staining patterns with specific monoclonal anti- 
bodies (HECA-452, MECA-79, anti-actin, anti-desmin, anti-myo- 
sin) we had internal controls in 5 cases, namely, uninvolved lymph 
nodes present in the section containing tissue involved by CD. 

Table 1. Antibodies employed in this study 

Antibody CD Main reactivities Dilution Source 

L26 20 
MB2 

UCHL1 45RO 

CD3 a 3 
MT1 43 
MT2 45RA 
Leu7 57 

1F8 21 

Anti-S-100-protein" 
KP1 68 
Anti-F8" 
QBEND10 34 

HECA-452 

MECA-79 

V9 (Vimentin) 

IA4 (Smooth muscle actin) 

D33 (Desmin) 

Anti-myosin a 

B cells 1:200 DAKO, Carpenteria, Calif., USA 
B cells, epithelia, 1 : 50 Biotest, Denville, N.Y., USA 
endothelia 
T cell subsets, 1 : 200 DAKO 
macrophages 
T cells 1 : 500 DAKO 
T cells 1 : 50 Biotest 
T cells, B cell subset 1 : 20 Biotest 
NK cell and T cell 1:10 Becton-Dickinson, 
subsets San Jose, Calif., USA 
FDRCs, B cell l : 50 DAKO 
subset 
IDRCs, macrophages 1:2000 Sigma, St. Louis, MO., USA 
Macrophages 1 : 400 DAKO 
Endothelia 1 : 40 DAKO 
Hemopoietic progenitor 1:100 AMAC, Westbrook, 
cells, endothelia ME., USA 
Endothelia of nodal 1:10 Dr. E.C. Butcher (ECB), Department 
high endothelial venules of Pathology, Stanford, Calif., USA 
Endothelia of nodal 1 : 10 ECB 
high endothelial venules 
Endothelia, 1 : 80 DAKO 
fibroblasts, vascular 
smooth muscle cells 
Smooth muscle cells, 1 : 1200 Sigma 
pericytes 
Striated and 1 : 100 DAKO 
smooth muscle cells 
Skeletal muscle cells 1 : 40 Chemicon, 

Temecula, Calif., USA 

F8, Factor-viii-related antigen; NK, natural killer; FDRC, follicular dendritic reticulum cell; IDRC, interdigitating dendritic reticulum 
cell 
a Polyclonal antiserum 
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Fig. 1 a, b. Classic case of hyaline-vascular (HV) type of Castleman's disease (CD), showing abnormal follicles alternating with hypervascular 
areas (a, H&E, x 20) and the HV morphology of the germinal centers (b, H&E, x 75) 

Results 

By definition, all lesions consisted of abnormal lymphoid 
tissue featuring a combination of  abnormal follicles and 
hypervascular IF areas (Fig. 1). In all cases but one (see 
below) lymph node sinuses were conspicuously lacking 
within the lesion; they could, however, be identified at 
the periphery of  the lesion in 58 of  102 cases. Fibrosis 
was common, both peripherally and in large bands with- 
in the lesion. 

Follicles varied widely in size among different cases, 
but much less so in each lesion; in most cases they were 
round in shape but in a significant minority they showed 
a "geographic"  configuration (Abell 1957). Within the 
MZ, often strikingly predominant,  one or frequently 
multiple GCs were seen; most of these had the classic 
HV morphology (Fig. 1 b) and only a few were hyper- 
plastic. 

The vascularity of the GCs and MZs varied but was 
always in excess of  normal. As a rule, CD34 detected 
blood vessels in greater number and of  smaller caliber, 
and produced consistently more intense staining than 
the anti-F8 antibody. The anti-actin antibody, by decor- 
ating the pericytes, also highlighted the vascular network 
well. Staining with CD21 showed a network of  follicular 
dendritic reticulum cells (FDRCs) which was intense and 
tight within the GCs but variable in the MZ where it 
might be intensely stained and tightly concentric (Fig. 2), 
intensely stained but broken apart, or loose and pale 
staining. With KP1, weakly reactive cells with dendritic 
morphology were detected often, but macrophages only 

Fig. 2. Dense network of CD21-positive follicular dendritic reticu- 
lum cells in the mantle zone and, even denser, in the small germinal 
centers (immunoperoxidase, • 75) 

rarely. At the periphery of some of  the MZs, a dendritic 
network with a concentric pattern was identified uncom- 
monly with KP1, but  more often with the anti-vimentin 
antibody (which also stained the endothelia). 

The B cell reagents L26 and MB2 marked more 
strongly the GCs than the MZs: the cells were MT1- 
and MT2-negative in the former, MTl-negat ive and 
MT2-positive in the latter. Varying numbers of  T cells 
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Fig. 3. High endothelial venules highlighted with MECA-79 (im- 
munoperoxidase, x 30) 

were identified using UCHL1 and polyclonal CD3, with 
a greater concentration in the hyperplastic than in the 
HV GCs. Leu7 detected small reactive lymphocytes in 
small numbers within the GCs of  all cases, but rarely 
within the MZs. Large atypical cells with giant, bizarre, 
dystrophic nuclei and inconspicuous cytoplasm were 
seen in many cases, both within the follicles and occa- 
sionally in the IF zones. Their immunohistochemical re- 
activity and nature will be addressed separately in a fu- 
ture publication. 

IF areas were highly vascular. A complex and rami- 
fied network of  vessels was present, ranging from deli- 
cate high endothelial venules to vessels with fibrotic cuff 
and lined by flattened endothelium. The endothelia of  
the IF vessels, in contrast to those of  the F vessels, ex- 
pressed the F8 more strongly than the CD34 antigen. 
In all cases, a variable vascular component  showed endo- 
thelial reactivity with HECA-452 (Duijvestijn et al. 
1988) and, even more strongly, with MECA-79 (Streeter 
etal .  1988; Fig. 3). These characteristics identify the 
high endothelial venules of  peripheral lymph nodes. 

The cellular composition of  the IF areas was some- 
what variable, but always included: (1) small, regular 
lymphocytes, predominantly of  T cell phenotype, with 
rare Leu7-positive cells; (2) an abundant  population of  
plasmacytoid monocytes (Facchetti et al. 1988), which 
occurred in clusters or large sheets, easily identifiable 
on H&E-stained sections (Fig. 4), or were scattered dif- 
fusely throughout  and were then only recognizable with 
KP1 staining (Fig. 5). These cells were also highlighted 
with HECA-452 (Facchetti et al. 1989b), but were un- 
reactive with MECA-79. A population of  cells with den- 
dritic or, rarely, spindle shapes and ovoid vesicular nu- 
clei, decorated with KP1, which will be referred to as 
histiocytic reticulum cells (HRCs), was seen (Mueller- 
Hermelink and Lennert 1978). There was a network of  
dendritic or spindle cells with plump, ovoid nuclei, reac- 
tive, like the pericytes of blood vessels, with anti-actin 
antibody (Fig. 6). These cells, corresponding to the fi- 
broblastic reticulum cells of  Mueller-Hermelink et al. 
(1981) or the myoid cells of  Pinkus et al. (1986) Toccan- 
ier-Pelte et al. (1987), were also seen regularly underlying 
the sinuses of  normal control lymph nodes, but showed 

Fig. 4a, b. Interfollicular patches of plasmacytoid monocytes with the characteristic starry-sky pattern (a, H&E, • 48) and round, pale 
staining nuclei (b, H&E, • 300) 
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Fig. 5. Staining with KP-1 highlights the abundant plasmacytoid 
monocytes scattered in the interfollicular areas (immunoperoxi- 
dase, x 75) 

Fig. 6. The anti-actin antibody decorates the pericytes of blood 
vessels and the network of "myoid" (fibroblastic reticulum) cells 
(immunoperoxidase, x 75) 

Fig. 7. The two extremes of the follicular (a) and stroma-rich variant (b), to be compared with the "classic" morphology of HV CD 
in Fig. I (both H&E, x 30) 

retained sinuses in only one focal area of  one case of  
CD. No stromal cells reacted with the anti-desmin and 
anti-myosin antibodies. A sparse and variable dendritic 
network of cells stained, like the endothelia of  blood 
vessels, with anti-vimentin antibody. This populat ion 
probably overlaps that of  the actin-positive cells and 
represents fibroblastic reticulum cells (Gloghini et al. 
1990). Sl00-protein-positive interdigitating reticulum 
cells ( IDRCs)  with large, delicate, contorted nuclei, as 
well as S100-protein-positive small/medium-sized lym- 

phocytes (Takahashi e ta l .  1987) were seen in large 
numbers in 8 of  23 cases (35%) in our series. 

Of  note was a striking lack of  " i n f l a m m a t o r y "  fea- 
tures within the IF areas: less than 5% of cases showed 
a relevant number  of  PCs, immunoblasts ,  eosinophils 
or granulomas,  cell populat ions commonly  seen in any 
reactive lymph node. 

While all cases shared the above morpho- immuno-  
phenotypic features, there were quantitative differences, 
f rom case to case, in the propor t ion of the F to the 
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F i g .  8 .  Stroma-rich variant: rich cellular and vascular proliferation 
around a small residual follicle (H&E, x 75) 

IF component .  Based on this purely quantitative criteri- 
on, the cases could be assigned to one of  three categor- 
ies: "classic" ,  with approximately equal propor t ion of  
F and IF components  (52 cases); " fol l icular"  (Fig. 7a), 
showing a predominance of  follicles (together represent- 
ing an area greater than 50% of the lymphoid tissue 
in the section) over the IF areas (30 cases); and " s t roma-  
r ich"  (Figs. 7 b, 8) showing reduced follicles, some with 
small, hyalinized GCs, and predominant  ( > 50%) 1F tis- 
sue (20 cases; in fact, in all of  these, the extent of  the 
IF component  was greater than 75% of  the section area). 

We then compared these three groups histopathologi- 
cally and, in the 23 selected cases (8 classic, 8 stroma- 
rich, and 7 follicular), immunophenotypically.  Except 
for the amount  of  F and IF components,  we found no 
substantial differences between the follicular and the 

Table 2. Stromo-vascular patterns in the stroma-rich variant 

classic subtypes in any of the morphologic or immuno-  
phenotypic characteristics evaluated. However, the least 
frequent stroma-rich variant emerged as distinct f rom 
either of  the other in two regards: for some structural 
and cytologic features of  both  the F and IF components,  
and, in 5 cases, for the presence of  IF foci of  distinctly 
different cell composition, 

In the stroma-rich variant, the IF  areas (Table 2: see 
"diffuse interfollicular") were richer in both actin-posi- 
tive myoid cells and KPl-posi t ive  HRCs.  KPl-posi t ive  
plasmacytoid monocytes were less numerous and more 
sparsely distributed and HECA/MECA-pos i t ive  high 
endothelial venules were distinctly less numerous. The 
follicles, which had a much reduced MZ and minute 
HV GCs, featured more numerous and more intensely 
F8-positive blood vessels than either the classic or the 
follicular variant  and, more frequently than either, a 
dendritic cell network reactive with KP1 and anti-vimen- 
tin ant ibody within the MZs. 

On this background,  distinct focal proliferatons were 
seen in 5 of  the 8 cases studied by immunohistochemistry 
(Table 2). In 4 cases, single or multiple loci of  storiform 
pattern were present, showing an increase in blood ves- 
sels and spindle cells, but a great reduction of  the lym- 
phoid component  (Fig. 9). The blood vessels were 
crowded and much ramified and their endothelia ex- 
pressed the F8 (Fig. 10a) and CD34 antigens strongly, 
but, in contrast  with the adjacent diffuse IF  areas, did 
not react with HECA-452 or MECA-79.  The predomi- 
nant cells were dendritic or spindle actin-positive cells 
(Fig. 10 b) with a few cells of  dendritic morphology reac- 
tive with KP1 or the anti-S100-protein antibody. Cohe- 
sive small aggregates of  CD21-positive cells (HV GCs) 
could be seen entrapped within this proliferation. The 
foci in these 4 cases qualify histochemically as "angio-  
m y o i d "  in type. 

Diffuse Focal Focal Focal 
inter- angio- angio - FDRC 
-follicular myoid cell -HRC 

Blood vessels: 
number 
morphology 

number HECA positive 

Spindle cells: 
number 
phenotype 

+ +  

+ 

+ + + +  + + + +  + 
crowded and crowded and spread out, 
ramified ramified stretched 
_ _ + §  

+ +  - -  + +  
A+ +, V+/- -  CD21 + +, A - ,  

V+ +, KP1 + 

KP1 -positive cells: 
plasmacytoid monocytes + / - + / - + / - + 
dendritic + + + + + + + 

Lymphocytes + + + / -  + + + + + + 

S- 100-positive cells : 
IDRC/small lymphocytes + / + + / + +/- -  

CD21-positive network 

+ / +  

+ +  

A, actin; V, vimentin; IDRC, interdigitating reticulum cells; HRC, histiocytic reticulum cell; FDRC, follicular dendritic reticulum 
cell 
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Fig. 9a, b. Angio-myoid cell loci from two patients. Vascular and spindle cell proliferations, forming a paler area adjacent to a more 
richly lymphoid interfollicular tissue (a) and surrounding a residual HV germinal center (b) (both H&E, x 75) 

Fig. 10. The focus in Fig. 9 a shows a richer vascular component than the surrounding interfollicular areas (a, immunoperoxidase with 
anti-factor 8 antibody, x 30) and a dense network of spindle and dendritic actin-positive cells (b, immunoperoxidase, x 200) 

In 1 case conta in ing an " a n g i o - m y o i d "  focus, a dif- 
ferent prol iferat ion was also seen, forming a larger, 
poor ly  defined nodule. This was also character ized by 
an increased, complex ne twork  o f  s t rongly F8- and 
CD34-posi t ive and H E C A / M E C A - n e g a t i v e  b lood ves- 
sels, but  conta ined abundan t  lymphocytes  and showed 

no p rominen t  cell spindling or  s tor i form pat tern  
(Fig. 11). The p redominan t  cells had a dendrit ic mor -  
pho logy  and s t rong reactivity with bo th  KP1 (Fig. 12a) 
and ant i-vimentin and are thus interpretable as H R C s .  
Other  cell types, such as KPl -pos i t ive  p lasmacyto id  
monocytes ,  S100-protein-posit ive cells and,  especially, 



376 

Fig. l la,  b. Angio-histiocytic reticulum cell focus. A hypervascular nodule, in the upper left half of the field (a, H&E, x 30) shows 
abundant lymphocytes, but no spindle cells (b, H&E, x 75) 

Fig. 12. Within the nodule shown in Fig. 11, dendritic KPl-positive cells predominate (a, immunoperoxidase, x 75), but the actin-positive 
stromal cell network is decreased, as compared to the adjacent tissue in the right and lower third of the field (b, immunoperoxidase, 
x 30) 

stromal actin-positive cells (Fig. 12b) were very sparse 
within this area, as were tiny, contracted CD21-positive 
aggregates. This focus may  be described as an "angio-  
H R C "  proliferation. 

Finally, one other case showed two large, poorly de- 
fined foci, where recognizable follicles were separated 

by a loose, storiform, vaguely nodular  proliferation of  
thin spindle cells, intermixed with abundant  small lym- 
phocytes (Fig. 13) very reminiscent of  F D R C  sarcoma 
(Monda et al. 1986). The nodular areas were highlighted 
with CD21 (Fig. 14a), the anti-vimentin ant ibody and, 
less strongly, with KP1 (Fig. 14b), which all showed an 
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Fig. 13a, b. Follicular dendritic reticulum cell focus. A vaguely nodular proliferation, adjacent to a stroma-rich area (left fifth of the 
field; a, H&E, x 15) is composed of interlacing bundles of thin spindle cells, intermixed with lymphocytes (b, H&E, x 75) 

Fig. 14. The spindle cells in the nodule shown in Fig. 13 are CD21-positive (a, immunoperoxidase, x 30) and KPl-positive (b, immunoperox- 
idase, x 200) 

identical  pa t t e rn  o f  loose, interlacing fascicles o f  reactive 
spindle cells. In contrast ,  staining for  act in revealed, 
within the nodu la r  areas,  an  in te r rupt ion  o f  the actin- 
posi t ive ret icular ne twork  seen in the adjacent  areas.  The  
b lood  vessels were spread  out  and th inned and  their 

endothel ia  were s t rongly F8-posi t ive,  weakly  CD34-pos -  
itive, and  all reacted with  H E C A - 4 5 2  and,  even m o r e  
strongly,  with MECA-79 .  We refer to this third focal  
pro l i fe ra t ion  as " F D R C "  in type. 

In 5 cases (2 follicular,  2 classic, I s t roma-r ich) ,  the 
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Fig. 15. In a section with two specimens from the same patient, 
the abundance of KPl-positive plasmacytoid monocytes in the tis- 
sue of HV CD contrasts with their absence in the uninvolved node 
(immunoperoxidase, • 15) 

presence of  a normal lymph node in the same section 
that contained tissue of  HV CD allowed the comparison 
of  structural and cytologic characteristics of  normal ver- 
sus abnormal tissue in the same patient. All these lymph 
nodes showed a distinct increase in follicles, with an 
accompanying decrease of  the paracortical areas. The 
sinuses were frequently prominent due to histiocytosis; 
a focal loss of  sinuses, also detected with anti-actin stain, 
was seen in one node. Nodular  paracortical hyperplasia 
("tertiary nodules") and microgranulomas were each 
present in 2 cases. 

The follicles were very small, with minimal vascular- 
ity, and only few contained GCs. The IF areas showed 

a normal vascular pattern (the endothelia being reactive 
with anti-F8, CD34, HECA-452 and MECA-79) and 
actin- and vimentin-positive cell networks of  variable 
intensity, not appreciably different from those of  the 
adjacent tissue of  CD. KP1 highlighted sparse cells with 
dendritic morphology, as well as plasmacytoid mono- 
cytes, either in clusters or scattered: these varied from 
uncommon (3 cases) to frequent (2 cases), but in all 
cases were distinctly less numerous than in the adjacent 
tissue of  CD (Fig. ~5). 

The clinical findings are summarized in Table 3. Our 
patients ranged in age from 7 to 75 years (median: 30 
years). The majority (66%) were females. A history of  
a mass growing slowly for many years (3-11) was elicited 
in many patients and, in one, the lesion was said to 
be a "recurrence".  The sites involved were overwhelm- 
ingly nodal (95%) and, among these, predominantly the 
cervical (42%), mediastinal (31%) and abdominal (18%) 
regions. In the remaining 5% of patients the disease 
presented in extranodal sites: soft tissue of  the arm in 
2, and subcutis of  the back, oropharynx and pericardium 
in 1 each. The size of  the excised lesion varied from 
2.5 to 10 cm in maximum diameter with a median of  
7 cm. Follow-up was available in only 10 patients (5, 
3, and 2 in the stroma-rich, classic and follicular categor- 
ies, respectively) and varied from 3 to 16 years (median: 
7.5); in none of  these patients was there evidence of  
CD after excision of  the original mass. 

A comparison of  the clinical findings in patients with 
the three variants (Table 3) showed no substantial differ- 
ences between patients with the follicular and those with 
the classic variant. However, those with the stroma-rich 
morphology had a distinct presentation in two regards: 
first, all were adults (18 or older), whereas 5 of  29 (17%) 

Table 3. Clinical findings 

All Follicular Classic Stroma-rich 
patients variant variant variant 

Age (years): 
range 7-75 9-75 263 18-74 
median 30 27 29.5 32.5 

Gender: 
male: female 32:6/ 11 :/8 17:27 4:16 
% female 66 62 61 80 

Sites 
lymph nodes: cervical 38 15 23 a _ 

axillary 3 1 2 - 
inguinal 5 1 3" 1 
mediastinal 28 9 14 5 
intra-abdominal 7 2 5 
retroperitoneal 9 3 6 

extranodal 5 2 3 

Follow-up (years): 
range 3-16 3, 5 3, 10, 11 3, 5 b, 12, 

15 c, 16 b 
median 7.5 - 10 12 

a Both sites were involved in one patient 
b TWO of the patients with angio-myoid cell foci 
~ The patient with follicular dendritic reticulum cell proliferation 
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with the follicular form and 9 of 44 (20%) with the 
classic form were younger than 18 years; and, second, 
in contrast with the predominantly cervical and medias- 
tinal nodal involvement observed in the other variants, 
their disease was most frequently abdominal. This differ- 
ence in distribution is statistically significant (P<  0.001 
by the )~2-test). In addition, their lesions tended to be 
larger (P= 0.058), their median maximum diameter be- 
ing 7.5 cm, versus 4.0 cm and 5.0 cm in the follicular 
and classic form, respectively. 

Discussion 

The histopathologic and immunophenotypic findings of 
this study, on one band, confirm the uniqueness of the 
cyto-architectural characteristics of the lymphoid tissue 
of HV CD. On the other hand, they expand the spectrum 
of changes to be recognized under this diagnosis, by 
bringing out a "stroma-rich" variant and a variety of 
cell proliferations occurring in it that may be misdiag- 
nosed as stromal malignancies. Finally, our findings also 
offer clues to a new pathogenetic interpretation. 

Common to all of our cases was a combination of: 
abnormal follicles; an IF tissue with increased vascular- 
ity and unusual cell composition; and loss of lymph 
node sinuses. The follicles were characterized by poorly 
formed GCs, composed of tight aggregates of CD21- 
positive, and often KPl-positive, FDRCs; and by a pre- 
dominant MZ, with a looser, variable dendritic cell net- 
work and increased vascularity. We found no abnormal- 
ity in the composition, or phenotypic characteristics, of 
the lymphoid component of the follicles. The composi- 
tion of the IF areas was in some ways similar to that 
of the normal nodal paracortex, with HECA-452- and 
MECA-79-positive high endothelial venules (Duijvestijn 
et al. 1988; Streeter et al. 1988), a predominance of T 
cells, and a network of dendritic or spindle cells identi- 
fied in both anti-vimentin and anti-actin stains and cor- 
responding to the fibroblastic reticulum cells of Mueller- 
Hermelink et al. (1981) and the myoid cells described 
by Pinkus et al. (1986) and Toccanier-Pelte et al. (1987). 
However, in contrast to the paracortex of the normal 
lymph node, the IF tissue of CD showed: a distinct 
increase in the number of blood vessels; a large number 
of KPl-positive cells, including plasmacytoid monocytes 
and non-phagocytic stromal cells with dendritic pro- 
cesses, for which we use the term of HDCs; a marked 
increase in S100-protein-positive small lymphocytes 
(Takahashi et al. 1987), found in 35% of cases; and an 
extreme paucity of plasma cells, eosinophils, IDRCs or 
epithelioid cells in all cases. The third remarkable char- 
acteristic of our cases was the total lack of sinuses within 
the lesion (even though they could be often seen at its 
periphery): this is one of the essential differences that 
separate the HV from the PC type. 

Within the framework of these three features, com- 
mon to all cases, there were variations in the proportion 
of the F to the IF component, which allowed a basic 
categorization of HV CD into three forms: "classic," 
with an approximately equal proportion of F and IF 
tissue; predominantly "follicular"; and "stroma-rich." 

However, the distinction between the first two forms 
is blurred by both the subjectivity of this quantitative 
evaluation and the lack of any qualitative differences 
in immuno-/cyto-architectural characteristics. In fact, 
the recognition of a follicular variant might be useful 
only in reminding pathologists to also consider HV CD 
when confronted with a lymphoid process with follicular 
pattern, in order to avoid a misdiagnosis of MZ lympho- 
ma, follicular lymphoma, or monocytoid B cell lympho- 
m a .  

The stroma-rich type, in contrast, stands out as a 
distinct histo-immunophenotypic variant, due not only 
to quantitative but substantial qualitative differences. 
The follicles, overrun by the IF tissue, were reduced in 
size and their periphery, still recognizable as a dense 
aggregation of lymphocytes, seemed to acquire IF char- 
acteristics (stronger F8 expression by blood vessels and 
often prominent KP1- and vimentin-positive dendritic 
network). The IF tissue was distinguished by loss of 
HECA and MECA reactivity (less specialized blood ves- 
sels), decreased numbers of plasmacytoid monocytes 
and, instead, increased numbers of myoid cells and 
HRCs. Both this rich, diffuse stromal cellularity and 
the occasional occurrence of discrete foci of hyperproli- 
feration may lead, in this variant, to a misdiagnosis of 
stromal malignancy. 

We found a variety of such focal proliferations which 
may be similar to others illustrated in the literature (case 
9 of Nagai et al. 1986; cases 1 and 4 of Gerald et al. 
1990). The most common among our cases featured a 
storiform pattern, due to crowded small vessels (with 
thick HECA-negative endothelium) and to plump spin- 
dle cells of myoid type; a pattern which we thus refer 
to as"  angio-myoid." A second type also showed a florid 
aggregation of HECA-negative small blood vessels, but 
had no spindling at all and the predominant cells were 
KPl-positive elements of dendritic morphology; a com- 
bination which we summarized with the term "angio- 
HRC"  proliferation. These two types of vascular prolif- 
eration may be confused with an angiosarcoma, a neo- 
plasm which may indeed develop in CD (as proven by 
the metastatic dissemination of two such cases in the 
series by Gerald et al. 1990). However, they lack atypia 
and mitoses and, we believe, are not vascular neoplasms, 
but an exaggeration of the hypervascularity of CD in 
general and of the stromal cell outgrowth characteristic 
of the stroma-rich variant. A third type of focal growth 
in our cases featured no vascular prominence at all, but 
rather a spindle cell proliferation centered on, and dis- 
rupting, the follicles. In the absence of double staining, 
we cannot say with certainty whether one or more cell 
types of spindle shape are involved. However, the close 
similarity in the pattern of reactivity with three anti- 
bodies suggests a proliferation of CD21-positive 
FDRCs, which also express the KP1 antigen and vimen- 
tin (the latter being a feature of MZ reticulum cells; 
Gloghini et al. 1990). This interpretation is also sup- 
ported by the close similarities (nodularity, spindling, 
abundance of intermixed lymphocytes and CD21 reac- 
tivity) between this third type of proliferation and the 
FDRC sarcoma (Monda et al. 1986). The distinction be- 
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tween the two, in fact, may be debatable and would 
need to rely on the absence, or presence, of atypia, mi- 
toses and invasion of adjacent soft tissues. 

In conclusion, while we agree with Ruco et al. (1991) 
that some "poorly differentiated tumors composed of 
spindle shaped cells" that arise in HV CD may be prolif- 
erations of FDRCs, rather than endothelia (our 
" F D R C "  pattern) we consider that the stroma-rich vari- 
ant of this disease is a fertile ground for other spindle 
cell proliferations, composed of endothelia and myoid 
cells (" angio-myoid "), as well as for non-spindle cell 
proliferations involving blood vessels and HRCs ("an- 
gio-HRC "). These diverse growths may develop simulta- 
neously within the same lesion, as proven by one of 
our cases, and may in fact be related. 

Whether the morpho-immunophenotypic variants we 
have described also have relevant clinical correlates is 
uncertain but our data are sufficient to support the dis- 
tinctiveness of the stroma-rich variant. When compared 
with the other two, it affected only adults (18 years or 
over) and abdominal nodes significantly more than pe- 
ripheral and mediastinal nodes, and tended to produce 
larger masses. Although we have follow-up in only 5 
patients (including 3 with focal proliferations) data at 
3-16 years provided no evidence of recurrence or dissem- 
ination of the stromal growths, supporting their hyper- 
plastic, rather than neoplastic, nature. 

The very distinct morpho-phenotypic findings of HV 
CD still require a coherent pathogenetic explanation. 
The contrasting combination of features which charac- 
terizes CD of PC type (preservation of the nodal archi- 
tecture - including sinuses - hyperplasia of the GCs and 
abundance of PCs) has been seen, since its original de- 
scription (Flendrig 1970; Keller'et al. 1972), as the ex- 
pression of an abnormal immune response. More recent- 
ly, it has been suggested that the key cells in this response 
may be an abnormal mantle cell population of CD5- 
positive B cells (Hall et al. ~989; Isaacson 1989) and 
that the stimulus to their proliferation and differentia- 
tion to PCs could come from excessive interleukin-6 
(IL-6) production by the hyperplastic GCs (Yoshizaki 
et al. 1989; Leger-Ravet et al. 1991). These explanations 
for the PC type, however, can hardly be valid for a 
lesion as histopathologically different from it as the HV 
form. 

In the past this type has been considered a hyperplas- 
tic process (Castleman et al. 1956; Flendrig 1970; Keller 
et al. 1972) or a hamartoma of the lymphoid tissue 
(Abell 1957; Lattes and Pachter 1962; Neerhout et al. 
1969; Symmers 1978). More recent studies, directing 
their attention especially to the abnormal follicles, have 
suggested a role for "an acquired T-cell immunodefi- 
ciency that results in . . .  abnormal follicle formation 
with diminished B-cell differentiation to PC" (Weisen- 
burger et al. 1986) or have presented convincing evi- 
dence for a "dysplasia" of FDRCs, which would some- 
how lead to "a  defect in GC organization" (Ruco et al. 
1991). A complete pathogenetic theory for the HV type, 
however, needs to explain not only the abnormalities 
of the follicles (poor development of the GCs and pre- 
ponderance of the MZ), but a variety of other, seemingly 
unrelated features (lack of sinuses, increase in plasmacy- 

toid monocytes, and hypervascularity) as well as the con- 
tinuum from a predominantly lymphoid, to a predomi- 
nantly stromal, growth. 

As to the first of these features, we agree with Ruco 
et al. (1991) that a primary developmental defect of the 
GC is a more likely explantation for its classic HV 
changes than regressive phenomena occurring after its 
formation, since it better explains the consistent presence 
of these changes in all the variants of HV CD. We also, 
like they and others (Harris and Bahn 1985), suspect 
that these changes reflect an abnormality of the FDRCs 
rather than of the lymphoid cells. We found, in fact, 
no abnormalities or differences among the three vari- 
ants, in the distribution or phenotype of the T and B 
cell components except what we interpret as a secondary 
decrease in both, as a result of a progressive increase 
in blood vessels and stromal cells from the follicular, 
through the classic, to the stroma-rich variant. 

Abnormalities of FDRCs, such as their extension 
from the GC into the MZ and the abnormal expression 
of the adhesion molecule V-CAM-l, which binds B lym- 
phocytes (Ruco et al. 1991), might also play a role in 
another feature of the follicles in HV CD, namely, the 
expanded MZ. However, this may be better explained 
with the continuous accumulation of recirculating 
I g M + D +  small lymphocytes (Harris and Bahn 1985; 
Martin et al. 1985; Carbone et al. 1986; Weisenberger 
et al. 1986), which can enter the tissue via functional 
(HECA/MECA-positive) high endothelial venules and 
home in the MZs (as they do in normal lymph nodes), 
but are hindered in their egress from it by the paucity, 
or absence, of the sinuses. 

This third essential feature of HV CD would also 
cause a decreased influx of antigens (de Wolf-Peeters 
and Delabie, in press) and so help explain the poor reac- 
tivity of this lymphoid tissue, as reflected in the lack 
of hyperplastic GCs (which are a result of continuous 
exposure to antigen; Kroese et al. 1990); the weak ex- 
pression of adhesion molecules in the interfollicular ar- 
eas (Ruco et al. 1991); and the paucity of reactive cells 
(plasma cells, eosinophils, epithelioid histiocytes). How- 
ever, the lack of sinuses itself has no obvious explanation 
at this point. 

Plasmacytoid monocytes are often seen focally in 
reactive nodes (Facchetti et al. 1988) and are a promi- 
nent cell component of Kikuchi's disease (Facchetti et al. 
1989a). Harris and Bhan (1987) and Hunt and Anderson 
(1989) have reported their presence in three cases of CD. 
We found a marked increase of these cells in all of our 
cases, suggesting that they may have an essential role 
in the pathogenesis of CD, HV type. Although no defi- 
nite function is yet recognized for them, plasmacytoid 
monocytes are thought to be antigen-presenting cells and 
to have secretory properties (Mueller-Hermelink et al. 
1983; Facchetti et al. 1989a). In our cases, the question 
is how their abundance is related to other features of 
HV CD, which we have discussed. 

A possible explanation, that would link plasmacytoid 
monocytes, lack of sinuses and poor GC formation, may 
lay, on one hand, in the very close immunophenotypic 
and ontogenetic relationship between sinus lining cells 
and FDRCs (Wacker et al. 1992) and, on the other, in 



381 

the hypo thes i s  tha t  p l a s m a c y t o i d  m o n o c y t e s  are  the pre-  
cursors  o f  bo th  o f  these cell types  (Prof.  Pa rware sch :  
pe r sona l  communica t i on ) .  I f  such a w o r k i n g  hypo thes i s  
is true,  one m a y  visualize tha t  the l y m p h o i d  t issue o f  
H V  C D  w o u l d  or ig ina te  wherever  an ant igenic  s t imulus  
involves a l y m p h  node  con ta in ing  a b n o r m a l  p l a smacy -  
to id  monocy te s  tha t  are  unab le  to deve lop  in to  sinus 
l ining cells and  F D R C s .  The  ensuing response  w o u l d  
be a b n o r m a l  because  s t imula ted ,  bu t  func t iona l ly  
b locked ,  p l a s m a c y t o i d  monocy te s  w o u l d  accumula t e  
and  no sinuses or  func t iona l  G C s  w o u l d  form.  As  al- 
r eady  suggested,  rec i rcula t ing  lymphocy te s  w o u l d  still 
en ter  the t issue t h rough  n o r m a l  high endo the l i a l  venules  
and  accumula te  in the M Z ,  resul t ing in a s low bu t  p ro -  
gressive mass  fo rma t ion .  

A l t h o u g h  this p r o p o s e d  pa thogenes i s  appea r s  to con-  
nect  mos t  fea tures  o f  H V  C D  we still have  no  sugges- 
t ions to offer for  the m a r k e d  increase  in vascu la r i ty  o f  
this tissue and  the var ie ty  o f  s t r o m o - v a s c u l a r  responses  
seen in our  cases a n d  in the l i t e ra ture  (Naga i  et al. 1986; 
G e r a l d  et al. 1990), no r  for  the spec t rum o f  m o r p h o l o g i c  
var ian t s  wi th in  H V  CD.  We have no evidence to decide  
whe the r  the s t roma- r i ch  fo rm is a late phase  in the evolu-  
t ion  o f  the fo l l icular  and  classic forms,  or  whe the r  the 
three  var ian ts  represen t  diverse  un re l a t ed  t issue re- 
sponses.  We have a l r eady  men t ioned  tha t  the very differ-  
ent  response  obse rved  in PC CD,  which  is one o f  B 
cell hyper reac t iv i ty ,  is mos t  l ikely due to o v e r p r o d u c t i o n  
o f  a specific B cell g rowth  fac tor ,  IL-6  (Yoshizaki  et al. 
1989; Lege r -Rave t  et al. 1991). We bel ieve tha t ,  in H V  
CD,  o ther  fac tors  need to be cons ide red :  some tha t  af- 
fect the p l a s m a c y t o i d  monocy tes ,  thus  l ead ing  to an  ac- 
cum u la t i on  o f  l y m p h o i d  cells, and  o thers  tha t  act  ma in ly  
on the s t romal  c o m p o n e n t ,  s t imula t ing  angiogenes is  and  
s t romal  cell ou tg rowth .  To de te rmine  which  fac tors  these 
are,  wha t  their  cell(s) o f  or igin m a y  be and  w h a t  their  
in te rac t ions  m a y  be, is a chal lenge for  fu ture  studies.  
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