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Immunopathology of subcutaneous rheumatoid
nodules

0 J Mellbye, 0 F0rre, T E Mollnes, L Kvarnes

Abstract
Nodules obtained from five patients with
classical seropositive rheumatoid arthritis were
studied by an immunofluorescence technique
using polyclonal antibodies to IgG, IgA, IgM,
C3c, and fibrin, and monoclonal antibodies to
the terminal (CSb-9) complement complex
(reaction with a neoantigen in C9 revealed
during activation), DR antigens, T cells,
macrophages, and interdigitating cells.

In all instances the central necrotic areas
stained strongly for fibrin and more weakly for
IgG, IgA, IgM, C3, and terminal complement
complex. The surrounding palisading ceUs
reacted with antibodies to DR and macro-
phages. In the peripheral granulomatous tissue
most of the lymphocytes reacted with the
antibodies toT celis, whereas various amounts
of the larger mononuclear cells were stained
by antibodies to DR antigens, macrophages,
and interdigitating cells. In all instances the
walls of some of the smaller vessels in the
granulomatous tissue stained for fibrin, C3,
and terminal complement complex. Plasma
cells were not seen except for scattered IgM
cells in one nodule. These results support the
view that the palisading cells are derived from
macrophages, and indicate that there is vascu-
litis with activation of C3 and the terminal
complement pathway in the granulomatous
tissue.

have supported the view that many of the
palisading cells are monocytes, as they are
usually HLA-DR and CDllb (OKM 1) posi-
tive.6 ' Many of the cells in the granulomatous
area seem to be T cells.6 8 However, it is still
debatable whether the palisading cells may be
fibroblasts, and whether vasculitis occurs in the
granulomatous tissue.192

This study looked for evidence ofcomplement
activation in the granulomatous tissue with a
monoclonal antibody to a C9 neoepitope appear-
ing during the activation of the terminal comple-
ment pathway. 3 In addition, the palisading
cells were examined with a new set of mono-
clonal antibodies to obtain more precise informa-
tion about their origin. 4

Materials and methods
RHEUMATOID NODULES
Subcutaneous nodules obtained from eight
patients with classical seropositive rheumatoid
arthritis, admitted to the Oslo Sanitetsforenings
Rheumatism Hospital, were studied. The
nodular tissues were immersed in phosphate
buffered saline (PBS) immediately after sampl-
ing and stored at 4°C for up to two hours before
quick-freezing in Tissue-Tec OCT compound
(Lab-Tek Products Division, Miles Labora-
tories, Naperville, IL, USA), using dry ice,
acetone, and isopentane. They were then stored
at - 70°C until use.
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Subcutaneous rheumatoid nodules are found in
about 20% ofpatients with rheumatoid arthritis.'
These patients almost always have serum
samples which are positive for rheumatoid
factor, and the nodules are usually found in
areas which may be subjected to external
pressure. The pathogenetic mechanisms behind
the formation ofthe nodules are largely unknown,
but proteolytic enzymes,2 trauma,3 immune
complexes,4 and genetic factors5 have been
proposed as pathogenetic factors.

Histologically, rheumatoid nodules consist of
three zones, a central necrotic area surrounded
by palisading cells, which are again surrounded
by granulomatous tissue with numerous vessels
and various degrees of infiltration by cells.' 6
Several studies have been performed to deter-
mine the composition of the necrotic material
and the types of cell involved. Conventional
staining has shown that the necrotic material
contains at least fibrin, the palisading cells
are similar to macrophages, and that the
granulomatous tissue contains various kinds of
mononuclear cells. Recent studies with mono-
clonal antibodies specific for various cell markers

IMMUNOFLUORESCENCE STUDIES
Frozen sections, washed for five minutes in PBS
and fixed for ten minutes in acetone at 4°C,
were examined with the polyclonal antisera and
monoclonal antibodies listed in table 1. When a
direct immunofluorescence technique was used,
with specific antibodies labelled with fluorescein
isothiocyanate (FITC), the sections were
incubated with the antibody for 30 minutes,
washed twice in PBS, and then mounted in
Citifluor mounting medium with glycerol/PBS
(Citifluor, London, UK). When an indirect
technique was used the sections were incubated
overnight at 4°C with the primary, unlabelled
monoclonal antibody, washed twice with PBS,
incubated with FITC labelled rabbit antimouse
immunoglobulin for 30 minutes, washed twice
more with PBS, and then mounted as described
above.
To obtain a strong signal for the detection of

T cells a mixture of antibodies for CD3 and
CD5 was used. When the existence of CD5
positive B cells was reported in normal subjects
and patients with rheumatoid arthritis,'5 ten
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Table I Antisera and antibodies used

Specificity* Source Fluorescein Mouse Ig Final IgG
to protein class! concentration
ratio subclass (wlg/ml)

Polyclonal rabbit antisera
Anti-Fc IgG-FITC Behringwerke, Marburg, Germany 3 0 1000
Anti-Fc IgA-FITC Behringwerke, Marburg, Germany 2-0 1500
Anti-C3c-FITC Behringwerke, Marburg, Germany 2-6 1500
Anti-fibrinogen/fibrin-FITCt Behringwerke, Marburg, Germany 1 5 1500
Anti-Fc IgM-FITC Dakopatts A/S, Glostrup, Denmark 2-3 900
Anti-mouse Ig-FITC Produced in this laboratory: 3-0 100

Monoclonal mouse antibodies
Anti-terminal complement
complex Produced in this laboratory§ IgG2a 40-0

Anti-CD3 (Leu 4) Becton Dickinson, Moutain View, CA, USA IgGI 6-0
Anti-CD5 (Leu 1) Becton Dickinson, Moutain View, CA, USA IgG2a 1-5
Anti-HLA-DR-FITC Becton Dickinson, Moutain View, CA, USA 4-6 IgG2a 1-2
Anti-CDl lb (OKM1) Ortho Diagnostic Systems, Raritan, NJ, USA 10
Anti-macrophage (RFD2) Kindly provided by Dr Janossy, IgGl 1:2 (dilution of
Anti-macrophage (RFD7) Department of Immunology, Royal IgGl 1:10 culture
Anti-interdigitating cell (RFDl) J Free Hospital School of Medicine, London, UK IgM 1:5 supernatant)

kFITC-fluorescein isothiocyanate.
tReferred to as antibody to fibrin in the text, as fibrin is more likely to be present in deposits than fibrinogen.
tKindly provided by Dr T Lea.
§As described by MolInes et al.13

synovial tissues were tested as control samples,
both with the mixture and with each of the two
components separately. Although the fluore-
scence was weaker in the latter, the quantitative
evaluations did not differ.'6 The cells detected
with the mixture of antibodies are therefore
referred to as CD3 and CDS positive T cells.

Figure 1 Sections ofrheumatoid nodules stained with fluorescein isothiocyanate conjugated
antibodies toDR (A) and macrophage (RFD2) (B). The palisading area is shown to the left
and the peripheral area to the rightltop right ofthe figure.

The specificity of the antisera and antibodies
was examined by testing the performance on
selected tissues known to contain the antigens.
For the antisera to immunoglobulins and fib-
rinogen the specificity was further tested by
blocking experiments performed with purified
antigens. The specificity of the various anti-
bodies to membrane antigens was also tested on
mononuclear cells isolated from peripheral
blood. Controls with FITC labelled rabbit
antimouse immunoglobulin alone were included
for each biopsy sample and were consistently
negative. Control experiments were also per-
formed with FITC labelled rabbit antimouse
immunoglobulin after incubation with normal
mouse IgG at concentrations which should
contain the immunoglobulin subclasses in
amounts corresponding to those in the specific
monoclonal antibodies. These control experi-
ments were also always negative.

For each biopsy sample one section was
stained conventionally with haematoxylin and
eosin. This section was examined first to deter-
mine whether the tissue was representative with
a clearly identifiable nodular structure. If this
was not so new sections were cut until repre-
sentative areas were obtained. In three of the
eight nodules, representative areas were not
found and these nodules were not studied
further.
The immunofluorescence microscopic exam-

inations were performed with a Leitz Orthoplan
incident light microscope. The mean number of
cells with positive immunofluorescence counted
in five 0-1 mm2 areas was recorded according to
the following scale: 0=no positive cells observed;
1=positive cells observed, but less than one per
0-1 mm2; 2=average of one to ten positive cells
per 0-1 mm2; 3=average of 11-100 positive cells
per 0-1 mm2; and 4=average of >100 positive
cells per 0-1 mm2. For quantification of extra-
cellular deposits an arbitrary grading from 0 to 4
was used.

Results
CHARACTERISATION OF MONONUCLEAR CELLS
No cells were found which reacted with anti-
bodies to IgG or IgA, whereas antibodies to IgM
reacted with cytoplasma in a few cells which
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Table 2 Concentration of mononuclear cells with
immunofluorescence staining ofthe membrane or cytoplasm in
sections of rheumatoid nodules.

Antibody Palisading Peripheral
area* granulomatous

area*

Anti-IgG 0 0
Anti-IgA 0 0
Anti-IgM 0 0-1+
Anti-DR 3-4+ 3+
Anti-macrophage
OKMI (CD llb)t 3-4+ 2-3+
RFD2 3-4+ 2-3+
RFD7 2-4+ 2-3+

Anti-interdigitating cell
RFD1 0 0-2+

Anti-T cell (CD5+3) 0-2+ 3-4+

*(O) <1 positive cell; (1+) one cell; (2+2) 2-10 cells; (3+) 11-100
cells; and (4+) >100 cells per 0-1 mm
tAlso reacts with granulocytes, but this cell type was not
observed by conventional staining of the neighbouring section.

Table 3 Extracellular deposits detected by immunofluorescence staining in sections of
rheumatoid nodules

Antibody Central necrotic Palisading Peripheral
area* area* granulomatous area*

Anti-IgG 1+, diffuse 0 0
Anti-IgA 1+, diffuse 0 0
Anti-IgM 1+, diffuse 0 0 in 4 nodules, 1+

granular in vessel
walls in 1 nodule

Anti-C3c 1+, diffuse 0 2-3+ granular, in walls
of scattered small
vessels

Anti-terminal complement 1+, diffuse 0 1-2+ granular, in walls
complex of scattered small

vessels
Anti-fibrin 3+, diffuse 0 3+ in vessel walls

*(O) no fluorescence; (1-3+) arbitrarily graded strength of fluorescence.

were similar to plasma cells in two of the five
patients (table 2). Thus plasma cells are rare in
these rheumatoid nodules. The necrotic cell
area is not included in table 2 as virtually no
cells were seen here.
The antibody to DR reacted strongly with a

large number of cells in the palisading cell area
and the granulomatous area (fig IA).: Similar
results are obtained with antibodies specific for
macrophages, although the number of positive
cells in the peripheral area was lower than with
the antibody to DR (fig IB). With IgM RFD1,
no cells were stained in the palisading cell area,
whereas in two of the five nodules, scattered
positive cells were seen in the granulomatous
area. The RFD1 antibody is directed against
interdigitating cells, macrophage related cells
which may be identical to dendritic cells. Thus
the number of cells of this type was considerably
lower than that of the macrophages.
With the mixture of the two antibodies to T

cells, a large number of T cells were found in
the granulomatous area in all patients, especially
around small vessels. Only a few positive cells
were found in the area of palisading cells.

EXTRACELLULAR DEPOSITS
There was weak and diffuse immunofluorescence
in the necrotic area and no fluorescence in the
palisading area when antisera to the immuno-
globulin classes were used (table 3). The granu-
lomatous area was also negative, except for one
nodule in which there was a weak granular

Figure 2 Sections ofrheumatoid nodules stained with
fluorescein isothiocganate conjugated antibodies to C3c
(A), terminal complement complex (B), andfibrinogenl
fibrin (C). Stainingofvessels in theperipheral(granulomatous)
area of the nodules is shown.
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fluorescence with antibodies to IgM in scattered
vessel walls. Deposits of complement were
looked for by two antibodies, one directed
against C3c, reacting both with native and
activated C3. A weak and diffuse fluorescence
was observed in the necrotic area and no
fluorescence was seen in the palisading area
using this antibody. In the peripheral granulo-
matous area there was granular fluorescence in
the walls of small vessels in all nodules (fig 2A).
A weaker granular fluorescence was obtained
with a monoclonal antibody to the terminal
complement complex, CSb-9, reacting with a
neoepitope in C9 which is revealed during
activation (fig 2B). With antibodies to fibrin
there was a strong fluorescence in the central
necrotic area and in numerous vessel walls in
the granulomatous area (fig 2C).

Discussion
This study confirms that the palisading cells are
DR positive and react with a number of
antibodies to macrophages, supporting the view
that palisading cells are derived from macro-
phages.8 In addition, the results with the
antibody to interdigitating, or dendritic, cells
suggest that few such cells are present in the
nodules. In contrast with the other monoclonal
antibodies used, this antibody is- of the IgM
class, and the rabbit antimouse immunoglobulin
antiserum which was used as the second antibody
in the detection system reacted in a weaker
manner with IgM than with IgG (results not
shown). However, some clearly positive cells
were occasionally seen in this study, suggesting
that the results are reliable. This, together
with the almost complete lack of plasma cells
seen here and elsewhere,8 suggests that a local
humoral response is not taking place in the
nodules. Altogether, these data support the
view of Duke et al5 that the inflammatory
process in nodules differs from that in rheuma-
toid synovitis.

Probably the most important finding in our
study is that fibrin and complement are found
in the vessel walls in granulomatous tissue. The
reaction with antibodies to terminal complement
complex indicates that a true activation involving
the terminal complement pathway is taking
place in situ, not merely a passive influx of
serum proteins in an inflamed area. Another
argument against the latter possibility is that in
a series of 70 biopsy samples from patients with
various kinds of rheumatoid synovitis, staining
with antibodies to terminal complement complex
in vessels was seen in only eight biopsy samples,
and with antibodies to C3c in only two biopsy
samples. 6 The same antibodies were used as in
this study, supporting the idea that the inflam-
matory process is different in these two locations.

It may seem surprising that immunoglobulin,
complement, and fibrin were observed together
in the vessel walls in only one patient. This is,

however, a common observation in patients
with vasculitis.'7 It may suggest that if comple-
ment activation is initiated by the deposition of
antigen-antibody complexes, such complexes
may only be present for a short time, whereas
complement and fibrin deposits persist. Another
explanation for this observation is that an
alternative pathway of complement activation is
taking place.

Signs of vasculitis are not uncommon in
extra-articular tissues in rheumatoid arthritis.
The development of rheumatoid nodules on
sites which are often subjected to external
pressure may thus be the result of a combination
of a general immunological process in the vessel
walls and a local mechanical factor from the
external pressure. Alternatively, the immuno-
logical process may, as recently suggested by
Ziff,"8 be local and secondary to damage to
small blood vessels.

This study was supported by the Leon and Norma Hess' legacy
and by the Grethe Harbitz' legacy.

I Kaye B R, Kaye R L, Bobrove A. Rheumatoid nodules.
Review of the spectrum of associated conditions and
proposal of a new classification, with a report of four sero-
negative cases. AmJ Med 1984; 76: 279-92.

2 Harris E D. A collagenolytic system produced by primary
cultures of rheumatoid nodule tissue. J Clin Invest 1972;
51: 2973-6.

3 Greenberg A J. Rheumatoid nodules. J Am Podiatr Assoc
1982; 72:84-8.

4 Fukase M, Koizumi F, Wakaki K. Histopathological analysis
of sixteen subcutaneous rheumatoid nodules. Acta Pathol
Jpn 1980; 30: 871-82.

5 Panayi G S, Wooley P, Batchelor J R. Genetic basis of
rheumatoid disease: HLA antigens, disease manifestations,
and toxic reactions to drugs. BMJ 1978; ii: 1326-8.

6 Hedfors E, Klareskog L, Lindblad S, Forsum U, Lindahl G.
Phenotypic characterization of cells within subcutaneous
rheumatoid nodules. Arthritis Rheum 1983; 26: 1333-9.

7 Athanasou N A, Quinn J, Woods C G, McGee J O'D.
Immunohistology of rheumatoid nodules and rheumatoid
synovium. Ann RheumDis 1988; 47: 398-403.

8 Duke 0 L, Hobbs S Panayi G S, Poulter L W, Rasker J J,
Janossy G. A combined immunohistological and histo-
chemical analysis of lymphocyte and macrophage sub-
populations in the rheumatoid nodule. Clin Exp Immunol
1984; 56: 239-46.

9 Rasker J J, Kuipers F C. Are rheumatoid nodules caused by
vasculitis? A study of 13 early cases. Ann Rheum Dis 1983;
42:384-8.

10 Miyasaka N, Sato K, Yamamoto K, Goto M, Nishioka K.
Immunological and immunohistochemical analysis of
rheumatoid nodules. Ann Rheum Dis 1989; 48: 220-6.

11 Aherne M J, Bacon P A, Blake D R, et al. Immunohisto-
chemical findings in rheumatoid nodules. Virchovs Arch
[A] 1985; 407: 191-202.

12 Andre P, Lessard R. Les dep6ts de complexes immuns dans
le nodule rheumatoide. Ann Dernatol Venereol 1986; 113:
115-24.

13 Mollnes T E, Lea T, Harboe M, Tschopp J. Monoclonal
antibodies recognizing a neoantigen of poly(C9) detect the
human terminal complement complex in tissue and plasma.
Scandl Imnunol 1985; 22: 183-95.

14 Poulter L W, Campbell D A, Munro C, Janossy G. Discri-
mination of human macrophages and dendritic cells by
means of monoclonal antibodies. Scand J Immunol 1986;
24: 351-57.

15 Casali P, Burastero S E, Nakamura M, Inghirami G, Notkins
A L. Human lymphocytes capable of making rheumatoid
factor and antibodies ofssDNA belong to the Leu-I' B cell
subset. Science 1987; 236: 77-81.

16 Paus A C, Melibye 0 J, Forre 0. Immunohistopathologic
findings in synovial biopsies before and after synovectomy
in patients with chronic inflammatory joint diseases and
their relation to clinical evaluation. Scand J Rheumatol
1990; 19:269-79.

17 SamsW M Jr. Leukocytoclastic vasculitis. In: Beutner E H,
Chorzelski T P,Bean S F, eds. Immunopathology ofthe skin.
2nd ed. New York: Wiley, 1979:463-71.

18 Ziff M. The rheumatoid nodule. Arthritis Rheum 1990; 33:
761-67.

912

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.50.12.909 on 1 D
ecem

ber 1991. D
ow

nloaded from
 

http://ard.bmj.com/

