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Summary. One hundred and seventy bone mar row biop- 
sies f rom patients with chronic myeloproliferative dis- 
orders (CMPDs)  were evaluated for the presence of  lym- 
phoid nodules (LNs) and were immunostained using a 
panel of  monoclonal  antibodies (UCHL1,  4KB5 and 
L26) recognizing different lymphocyte antigens. LNs 
were found in 35% of  cases of  idiopathic thrombocyth-  
aemia, 24.6% of  myelofibrosis/osteomyelosclerosis, 
18.2% of  polycythaemia vera, 12.1% of  chronic myeloid 
leukaemia and 19.2% of  borderline cases. Varying de- 
grees of  immunohistochemical  positivity for the three 
antibodies tested were found. LNs were always made 
up of variable proport ions of  both  T- and B-lympho- 
cytes with a prevalence of  T-cells. This latter observation 
suggests that  bone mar row LNs in CMPDs  could be 
an expression of  reactivity. 

Key words: Lymphoid  nodules - Chronic myeloprolifer- 
ative disorders Bone mar row Immunohis tochemist ry  

Introduction 

Small aggregates of  mature  lymphocytes, or lymphoid 
nodules (LNs), admixed with other cell types, are fre- 
quently found in normal  and pathological bone mar row 
(Bartl et al. 1984; Navone  et al. 1985; Rywlin et al. 
1974). This finding has stimulated many  different hy- 
potheses as regards their biological meaning (Bartl et al. 
1984, 1985; Burkhardt  et al. 1984; Frisch et al. 1984; 
Frisch and Bartl 1985; Faulkner-Jones et al. 1988; 
Horny  et al. 1989; Jaeger et al. 1983; Navone  and Val- 
preda 1983; Navone  et al. 1982, 1985; Sangster et al. 
1986). In chronic myeloproliferative disorders (CMPDs),  
LNs are reported in about  15% of cases (Frisch et al. 
1984), ranging f rom 2.5% to 27% in the different clinical 
forms (Frisch et al. 1984; Hernandez-Nieto et al. 1979; 
Navone  and Valpreda 1983; Navone et al. 1985). Their 
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significance in the course and development of  C M P D s  
is obscure and their immunophenotypical  composi t ion 
is not well known. Bone mar row immunohistochemistry 
using several monoclonal  antibodies effective on fixed, 
decalcified and either paraffin- or plastic-embedded tre- 
phines plays a major  role in bone mar row diagnosis (Ar- 
chimbaud et al. 1987; Boqu› et al. 1989; Casey and 
Beckstead 1990; Erber and McLachlan 1989; Gat ter  
1989; Hall et al. 1987; Islam et al. 1988; Schmit t -Graff  
et al. 1989; van der Valk et al. 1989; Vincic et al. 1989). 
Among  these antibodies, many  are able to recognize dif- 
ferent lymphocyte subsets (Davey et al. 1988, 1990; Hall 
et al. 1988; Horny  et al. 1990; Nor ton  and Isaacson 
1989a, b; van der Valk et al. 1989; Warnke et al. 1989) 
and, on the basis of  several reports, a panel made up 
of UCHL1 ,  4KB5 and L26 has proved to be a sensitive, 
specific and useful one, able to discriminate between B- 
and T-lymphocytes (Chan et al. 1988; Clark et al. 1990; 
Hall et al. 1987; Horny  et al. 1990). In order to evaluate 
the incidence of  LNs in CMPDs  and to characterize 
the different subsets of  lymphocytes immunologically,  
170 cases of  CMPDs  were reviewed and immunostaining 
with one selected T-cell marker  (UCHL1)  and two se- 
lected B-cell markers  (4KB5 and L26) was performed. 

Materials and methods 

One hundred and seventy bone marrow biopsies from patients af- 
fected by CMPDs were drawn from the files of the Institute of 
Pathological Anatomy at the University of Palermo. The bone mar- 
row trephines, taken from the posterior iliac crest, had been fixed 
in Schaffer solution for 12 h, decalcified in EDTA for 2 h, gradual- 
ly dehydrated in alcohol and embedded in paraffin. Sections 5 gm 
thick had been cut and stained with haematoxylin and eosin 
(H&E), Giemsa, periodic acid-Schiff (PAS), silver impregnation 
according to Gomori and Perls iron stain. The specimens, including 
22 cases of polycythaemia vera (PV), 20 cases of idiopathic throm- 
bocythaemia (IT), 33 cases of chronic myeloid leukemia (CML), 
69 cases of myelofibrosis/osteomyelosclerosis (MF/OMS) and 26 
cases of borderline lesions were histologically re-evaluated regard- 
ing the presence of LNs. Borderline cases corresponded to the 
class Il (variant) of the working classification of Burkhardt et al. 
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Table 1. Number of cases with lymphoid 
nodules (LNs) and correlation with age in 
the various chronic myeloproliferative dis- 
orders (CMPDs) 

No. of No. of M/F Mean age Mean age 
cases cases with LNs (SD) without 

with LNs LNs (SD) 

P-value 

PV 22 4 1/3 63.7 (13.4) 60.1 (13.8) 
IT 20 7 3/4 68.8 (13.9) 56.7 (13) 
CML 33 4 3/1 66.5 (9.8) 55.5 (13.9) 
MF/OMS 69 17 10/7 63.8 (8.7) 66.2 (10.4) 
Borderline 26 5 3/2 62.6 (5.5) 54.2 (16.8) 
cases 

NS 
<0.05 
< 0.05 
NS 
<0.05 

Total 170 37 20/17 64.9 (9.8) 60.2 (13.8) NS 

PV, Polycythaemia vera; IT, idiopathic thrombocythaemia; CML, chronic myeloid leukae- 
mia; MF/OMS, myelofibrosis/osteomyelosclerosis 

Fig. 1. A well-defined lymphoid nodule ruade up of lymphocytes, plasma cells, histiocytes and reticulum cells in a case of IT. H&E, 
x 400 

(1990). LNs were classified into four types (Bartl et al. 1984): type 
A, nodules with germinal centres; type B, sharply demarcated nod- 
ules; type C, well-defined nodules; type D, small aggregates of 
lymphocytes. 

Immunostaining was performed by the avidin-biotin complex 
method using the monoclonal antibodies 4KB5 (CD45RA), 
UCHLI (CD45RO) and L26 (Dakopatts Copenhagen, Denmark). 
Endogenous peroxidase activity was blocked by incubation for 
15 min with 3 % hydrogen peroxide methanol. Incubation with pri- 
mary antibody was performed overnight at 4 ~ C and normal mouse 
serum was used instead of primary antibodies as negative control. 
Estimation of UCHL1, 4KB5 and L26-positive lymphocytes was 
made by the following scale (Schmitt-Graff et al. 1989): - ,  no 
staining of LN cells; (+),  occasional staining of very rare LN 
cells; + ,  staining of less than 20% of LN cells; + + ,  staining 
of between 20% and 50% of LN cells; + + + ,  staining of more 
than 50% of LN cells. 

Results 

The d i s t r ibu t ion  o f  L N s  in the several  forms o f  C M P D  
toge ther  wi th  the m e a n  age o f  the g roups  with  a n d  wi th-  
ou t  L N s  are  shown in Table 1. Table  2 r ep roduces  in 
deta i l  the quan t i t a t ive  d i s t r i bu t ion  o f  the di f ferent  types.  
A m o n g  the 170 cases reviewed,  37 revealed  the  presence 
o f  a t  least  one  l y m p h o i d  nodule .  " A " - t y p e  nodules  were 
never  encoun t e r ed ;  in C M L  cases on ly  very smal l  clus- 
ters o f  l ymphocy te s  o f  t h e "  D "  type  were detec ted ,  while  
the o ther  d i so rders  showed a m o r e  ba l anced  d i s t r i bu t ion  
o f  the  nodules  resul t ing  in a sl ight  preva lence  (46%)  
o f  the  " C "  type  (Fig. 1). The  aggrega tes  were genera l ly  
pe r iphe ra l  or  p a r a t r a b e c u l a r  and ,  close to the  foci o f  
active h a e m a t o p o i e s i s  and  pa r t i cu l a r ly  o f  m e g a k a r y o -  



Table 2. Qualitative and quantitative distribution of lymphoid nod- 
ules in CMPDs 

No. of Type Type Type Type 
cases A B C D 
with LNs 

PV 4 - 2 (50%) 2 (50%) - 
IT 7 - 2 (28.5%) 3 (43%) 2 (28.5%) 
CML 4 - - - 4 (100%) 
MF/OMS 17 - 6 (35.3%) 9 (53%) 2 (11.7%) 
Border- 5 - - 3 (60%) 2 (40%) 
line 

Total 37 -- 10 (27%) 17 (46%) 10 (27%) 

Table 3. Immunohistochemical reactivity of the monoclonal anti- 
bodies tested with LNs in the different CMPDs 

No. of 
cases 
with LNs 

UCHLI 4KB5 L26 

PV 4 + +  + +  + 
IT 7 + + +  + +  + 
CML 4 + + + + + - 
MF/OMS 17 + + + + + + + 
Borderline 5 + + + + + + 

Total 37 

- ,  No staining of LN cells; (+), occasional staining of very rare 
LN cells; +, staining of less than 20% of LN cells; + 4,  staining 
of between 20% and 50% of LN cells; + + 4,  staining of more 
than 50% of LN cells 

poiesis, scattered lymphocytes were often detected. The 
results of  immunostaining are schematically reproduced 
in Table 3. Although staining restricted to lymphoid cells 
was achievable only in a few cases because of a variable 
degree of reaction with the myeloid lineage with two 
o f the  antibodies used (UCHL1 and 4KB5), lymphocytes 
expressed a clear ring-shaped membrane  positivity, ap- 
pearing therefore clearly distinguishable f rom the dif- 
fusely stained myeloid cells. Moreover,  their nodular  ag- 
gregation was strikingly enhanced and in some instances 
immunohistochemical  reactions revealed the presence of  
little lymphoid clusters not previously detected in the 
H & E  or Giemsa staining. 

In PV, UCHL1  stained at least 40% of  the lympho- 
cytes, whereas the rest of  them revealed a clear positivity 
for 4KB5. LNs in IT were made up of  T-lymphocytes 
as expressed by the strong ring-shaped staining to 
UCHL1  (80% of  nodule cells), whereas small amounts  
of  4 K B 5 +  cells were scattered close to the clusters of  
megakaryocytes.  Only a very low percentage ( < 2 0 % )  
of  lymphocytes was L26 + .  The behaviour of  C M L  cases 
differed significantly f rom that of  the other disorders, 
showing the lowest percentage of LNs (12.1%), consist- 
ing of very small and equivocal clusters hardly visible 
in routine staining. LNs were present only in cases show- 
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ing a considerable number  of  megakaryocytes.  Most  o f  
the aggregated lymphocytes were U C H L I +  (70%), 
whereas rare scattered 4 K B 5 +  (30%) cells were also 
detected. No L 2 6 +  cells were seen. The group of  M F /  
OMS showed rather a high incidence of  nodules occur- 
ring in 24.6% of  cases. About  50% of  the lymphocytes 
were UCHL1  + :  they were predominant ly  distributed 
in the centre of  the nodules while the peripheral cells 
showed a clear ring-shaped positivity for 4KB5 and, to 
a lesser extent, for L26 (Fig. 2 ~ d ) .  No significant immu- 
nohistochemical differences were seen between the cases 
of  M F  and OMS. In borderline cases of  CMPDs,  LNs 
were predominant ly  of  C type, showing a rather different 
composit ion with 80% of  UCHL1  + cells in some in- 
stances and 20% in others (Fig. 3a, b). Smaller aggre- 
gates were composed mainly of  B-cells both  L26-1- and 
4 K B 5 + .  

Discuss ion 

The presence of either nodular  or scattered diffuse lym- 
phocytes in bone mar row biopsies of  patients with 
CMPDs  is an event which, even if often remarked,  has 
not been explained in detail (Burkhardt  et al. 1984; 
Frisch et al. 1984; Frisch and Bartl 1985; Hernandez- 
Nieto et al. 1979; Horny  et al. 1989; Jaeger et al. 1983; 
Navone  and Valpreda 1983; Navone  et al. 1985). A re- 
view of LN incidence in CMPDs  in different series is 
reported in Table 4. 

In our study, high incidences were detected in cases 
of  IT, M F / O M S  and PV (35%, 24.6% and 18.2% re- 
spectively), while the C M L  group showed the lowest 
prevalence (12.1%). In the borderline group the results 
were unreliable owing to its lack of  homogeneity (Burk- 
hardt  et al. 1986, 1990). The correlation between the 
presence of  LNs and age in the several C M P D s  led to 
different results. The mean age of  patients with LNs 
was significantly higher in IT, C M L  and borderline 
cases, in agreement with other reports (Thiele et al. 
1989), probably  due to the decrease in immunoregula-  
tory function of  the elderly, which causes a delayed anti- 
body response (Suzuki et al. 1984). The PV and the M F /  
OMS groups behaved quite differently, showing no sig- 
nificant age differences between the patients with and 
without LNs. The forms often associated with fibrosis 
(IT, PV, MF/OMS)  have high incidences of  LNs (Frisch 
et al. 1984; Jaeger et al. 1983; Navone  and Valpreda 
1983; Navone  et al. 1985) whereas in C M L  and particu- 
larly in its histological subtypes showing a unilinear 
granulocytic proliferation devoid of megakaryocytes  and 
rarely t ransforming into myelofibrosis (Georgii et al. 
1990; Thiele et al. 1988) LNs are hardly ever found. 
Moreover,  the high incidences of  LNs in M F / O M S  and 
PV groups irrespective of  age suggest that  in these cases, 
especiaUy those of  MF,  their presence could be related 
to a relationship between stromal microenvironment  and 
immunological  processes. The latter could be either of  
autoimmune origin (Navone et al. 1985) or related to 
an activation of  the complement  system (Gordon et al. 
1981). An interaction of  immune complexes with plate- 
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Fig. 2a-d. A lymphoid nodule in a case of myelofibrosis shows 
different patterns of reactivity with the three monoclonal anti- 
bodies tested, in detail, most of UCHLI + cells are located in 
the centre of the nodule (a), whereas 4KB5 (b) and a few L26 

(e) cells are mainly peripheral (arrows). At higher magnification 
(d), lymphocytes positive to UCHL1 express a clear membrane 
positivity (arrows). ABC method with haematoxylin counterstain; 
a ,b  x400;e  x500;d  xl000 

Table 4. Incidence of LNs in CMPDs in 
different series Reference Normal PV IT LMC MF/OMS Borderline 

Hernandez- 
Nieto et al. (1979) 
Frisch et al. (1984) 

Bartl et al. (1985) 

Navone et al. (1985) 
Thiele et al. (1989) 
Present series 

2% 

15% 

3% 33.3% 

27% 20% 4% 23% (MF) 
11% (OMS) 

24.6% 18% 4% 20% (MF) 
10% (OMS) 

20.2% 6.4% 15.7% 
12% 

18.2% 35% 12.1% 24.6% 19.2% 

lets and  consequen t  mesenchyma l  ac t iva t ion  is also pos-  
sible ( Ca l i ga r i s -Capp io  et al. 1981 ; R o n d e a u  et al. 1983). 

In  our  s tudy,  the size, m o r p h o l o g y  and  pos i t i on  o f  
L N s  were a p p a r e n t l y  no t  specif ical ly  re la ted  to the sever-  
al d i f ferent  fo rms  o f  C M P D s ,  while  the i m m u n o h i s t o -  

chemica l  resul ts  differed in va r ious  diseases express ing 
dif ferent  percen tages  o f  pos i t iv i ty  o f  T- a n d  B-markers .  

In  IT  a n d  C M L ,  T - l y m p h o c y t e s  represen ted  the pre-  
vai l ing cel lular  subset  o f  LNs ,  whereas  a lower  percent -  
age o f  cells was 4 K B 5 +  a n d  on ly  a few lymphocy te s  
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Fig. 3a, b. Two borderline cases show different degrees of reactivity for the same monoclonal antibody; whereas in the first (a) UCHL1 
positive lymphocytes represent 80% of nodule cells, in the other (b) they account only for 30%. ABC method with haematoxylin 
counterstain. • 250 

reacted with L26. The behaviour of  PV and MF/OMS 
was different: in these groups the percentage of  
UCHL1 + lymphocytes was lower whereas the majority 
of  LN cells was made up of  B-lymphocytes, mainly 
4 K B 5 + .  This variation of LN cellular composition 
could suggest a different meaning for the nodules in 
the several CMPDs. Those forms in which LN incidence 
increases with age show an overwhelming majority of  
T-cells; as they are generally considered mature and ex- 
pression of reactivity (Clark et al. 1986; Horny et al. 
1989), it follows that the same reactive inference could 
be attributed to the presence of  LNs. In diseases such 
as PV and MF where LN incidences are not related 
to age, B-lymphocytes represent the main cellular subset 
supporting theories suggesting the importance of  immu- 
nological mechanisms in the development of  fibrosis 
(Caligaris-Cappio et al. 1981 ; Gordon et al. 1981 ; Ron- 
deau et al. 1983). 

A different response of  LN cells to the two B-markers 
tested was observed: most B-cells reacted with 4KB5 
whereas only a few of them were L 2 6 + .  4KB5 
(CD45RA) generally stains mantle lymphocytes more 
intensely than germinal centre cells (Chan et al. 1988; 
Davey et al. 1990), whereas L26, probably recognizing 
an intracellular ePitope of  the B-cell CD20 antigen (Ma- 
son et al. 1990), is a highly specific B-cell marker with 
germinal centre cells most intensely stained (Chan et al. 
1988; Ishii et al. 1984). Further studies could clarify 
whether this latter heterogeneous response has patho- 
genetic significance. 
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