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Clinical, biochemical, and immunohistochemical features
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Aims: To describe the clinical features of two patients with paraproteinaemia and necrobiotic
xanthogranulomatosis together with detailed immunohistochemistry of the lesions in one.
Methods: The clinical history and results of biochemical investigations of the patients were retrieved
from the files. Immunohistochemistry was used to investigate the expression of macrophage
and mast cell markers, amyloid A and P, S-100 protein, and apolipoprotein AI and B in xanthogranu-
lomatous skin lesions from patient 2. In addition, protein A–sepharose chromatography was used to
separate serum from patient 2 and apolipoprotein B and the IgG paraprotein were measured in the
fractions eluted.
Results: Monocytes/macrophages comprised the major cellular component of the lesion, and unusu-
ally for xanthomata, areas of collagen necrosis were also seen. Activated mast cells were present at
the margins of macrophage clusters and adjacent to areas of collagen necrosis. Serum paraprotein
was bound to low density lipoproteins as judged by protein A–sepharose chromatography, and was
also located within macrophagic foam cells of the lesion on immunohistochemistry.
Conclusions: These observations demonstrate many features similar to atherosclerosis including colla-
gen necrosis and mast cell activation.

Xanthomata have many features in common with athero-
matous lesions, in particular the presence of macro-
phages with foam laden cytoplasm and the elaboration of

collagen by fibroblasts. One feature of atheroma, collagen fis-
suring, is absent except in one of the rarest types of
xanthomata, necrobiotic xanthogranulomatosis (NXG),
which occurs in association with paraproteinaemia. The
fissuring or dissolution of the collagen in the lesions of
xanthogranulomatosis has been described as collagen necro-
sis.

“Necrobiotic xanthogranulomatosis consists of pro-
nounced subcutaneous xanthogranulomatous plaques
around the orbital margins, which have a tendency to
become inflamed, and is often associated with hard
nodules in the subcutaneous fascia elsewhere in the
body”

The xanthomata most often associated with paraproteinaemia
are orange planar xanthomata, located symmetrically on the
neck or thorax. This type of xanthomata can occur in myeloma
even when it is associated with hypolipoproteinaemia. Hypoli-
poproteinaemia is the most common lipoprotein disturbance
associated with neoplasia, but myeloma and benign parapro-
teinaemia can also cause hyperlipoproteinaemia. In extreme
cases, this can mimic type III hyperlipoproteinaemia with
extensive xanthomatosis. This has been reported to result
from physical association of the paraprotein with chylomicron
remnants and intermediate density lipoprotein, which inter-
feres with their catabolism.1 In 1980, Kossard and Winkel-
mann described an even more unusual form of xanthomatosis
associated with paraproteinaemia, which is now termed
NXG.2 This consisted of pronounced subcutaneous xan-
thogranulomatous plaques around the orbital margins, which
had a tendency to become inflamed, and were often associated
with hard nodules in the subcutaneous fascia elsewhere in the
body. In many of the cases subsequently reported the parapro-

teinaemia often behaved as a benign paraproteinaemia and
the serum lipid values were normal or occasionally low.3 His-
tologically, these xanthomatous lesions were different from
the xanthomata typically associated with primary hyperlipo-
proteinaemia. The anticipated Touton-type foamy macro-
phages were present, but in addition there was collagen
necrosis, which is not generally seen in other xanthomata. The
two other skin lesions in which collagen necrosis occurs are
granuloma annulare and necrobiosis lipoidica diabeticorum.

NXG is a rare disorder. Twelve years after the original
description, Mehregan and Winkelmann3 gathered 48 cases
(32 of their own and 16 from the literature). Since then, other
examples have occasionally been reported.4–7 However, in only
one case was detailed biochemical analysis reported7 and
immunohistochemistry is largely lacking from reports. In
part, this is probably because of the tendency of the lesions to
ulcerate and heal slowly after biopsy, making repeat tissue
sampling unwelcome after the initial diagnostic biopsy. Here,
we report two further cases. Both have particularly florid fea-
tures and in one a detailed biochemical and immunohisto-
chemical investigation has been undertaken.

PATIENTS
Patient 1 MP, a 65 year old woman, presented in 1973 with a
history of progressive swelling of the upper and lower eyelids,
which were yellow in colour. Initially, a diagnosis of
hypothyroidism was considered, but this was not supported by
thyroid function tests. Surgical removal was attempted in
1975, but resulted in failure of healing, recurrence of the
lesions, and periorbital oedema. The oedema subsided after
antibiotic treatment, but left the patient with pronounced
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xanthogranulomatous swellings of the eyelids (fig 1A).
Histology in 1975 revealed the histological features
of NXG with fibroblasts, foamy macrophages (Touton gi-
ant cells), a supporting vascular stroma, and areas of necrosis
frequently containing cholesterol crystals. These histological
features were not recognised as those of NXG at the time,
because this syndrome was not described until 1980.2

Planar xanthomata developed dorsally, lateral to the left
scapular region (fig 1B). Serum cholesterol was 6.49 mmol/
litre with normal fasting and serum light scattering indices
indicated normal triglyceride values.8 Serum biochemical,
haematological, and immunological tests were all within nor-
mal limits with the exception of a monoclonal IgG κ
protein present in serum, but not urine. There was no depres-
sion of IgA or IgM and bone marrow aspirate was normal in
appearance. Patient 2 AG, a 55 year old woman, presented in

1992. She had been well until the age of 51 years apart from
hypertension treated for three years. Then she began
to develop raised orange/yellow, rather vascular lesions with
an erythematous base around the orbits. These progressed
during the next four years (fig 2) and a swelling deep in the
tissues overlying the angle of her left jaw also formed.
Additional findings on examination were corneal arcus and
moderate emphysema (she smoked 20 cigarettes each day).
Biopsy of one of the orbital lesions revealed histologi-
cal features of NXG, and IgG κ paraproteinaemia (14 g/litre)
was discovered in her plasma. Bone marrow showed normal
cellularity with no excess of plasma cells or lymphocytes. The
erythrocyte sedimentation rate was in the range 49–100 mm
in the first hour, full blood count was normal, and serum IgG
was 24.7 g/litre (reference range, 5.9–15.6 g/litre), IgA
was 1.10 g/litre (reference range, 0.6–5.0 g/litre), and IgM
was 0.94 g/litre (reference range, 0.6–2.9 g/litre). Serum chol-
esterol was 6.68 mmol/litre and fasting serum triglyceride was
1.95 mmol/litre. As assessed by ultracentrifugation, serum
very low density lipoprotein cholesterol was 0.44 mmol/litre,
serum low density lipoprotein (LDL) choles-
terol was 4.87 mmol/litre, and serum high density lipoprotein
(HDL) cholesterol was 1.37 mmol/litre. Serum apolipoprotein
B (apo B) was 1220 mg/litre and serum apolipoprotein AI (apo
AI) was 1590 mg/litre. The apolipoprotein genotype was E3/3.
Fasting plasma glucose was 5.3 mmol/litre and serum thyroid
function tests indicated that she was euthyroid. Serum albu-
min, liver enzymes, creatinine, electrolytes, and calcium were
within the normal ranges.

After the removal of a tooth, the deposit in the jaw was also
found to be NXG. Since then, other nodular deposits deep to
the subcutaneous fascia have developed in the lumbosacral
region and in the mons pubis. In general, the discovery of one
of these lesions has been preceded by localised burning pain.
Mammography showed a benign nodule in the lower half of
the left breast. Marrow biopsy on three further occasions
remained normal. Paraprotein values have also re-
mained stable, in the range 13.0–19.0 g/litre, with IgG, IgA,
and IgM within normal limits. Because of the progression of
the lesions in the early phase of her illness, treatment was
attempted with cyclical melphalan (10 mg daily) and pred-
nisolone (40 mg daily) for seven days each month. However,
this caused thrombocytopenia but the patient recovered on
discontinuing the regimen. After this, plasmapheresis was
carried out every 10–14 days on five occasions, but was unac-
ceptable to the patient thereafter. Simvastatin 10 mg each
evening (which decreased the serum total choles-
terol to 4.0 mmol/litre), probucol 500 mg twice daily, and
tocopherol 200 mg daily were all tried for one year, but did not
result in resolution of the lesions, which have not, however,
progressed for the past five years despite no treatment.

METHODS
Immunohistochemical methods
Formalin fixed, paraffin wax embedded xanthogranuloma-
tous skin lesions from patient 2 were immunostained for
macrophage markers (CD68 KP1, CD68 PG-M1, and HAM56),
amyloid A and P, and S-100 protein with antibodies
obtained from Dako (Glostrup, Denmark). Mast cells were
identified with antibody to mast cell tryptase (Biogenesis,
Poole, UK) and antibodies to apo AI and apo B were obtained
from Immuno AG (Vienna, Austria) and Biogenesis, respec-
tively. Primary antibodies were detected using secondary
biotinylated antibodies followed by StreptABComplex conju-
gated to alkaline phosphatase or horseradish peroxidase (all
from Dako).

Protein A–sepharose chromatography
Serum samples (1 ml) from patient 2 and from a 35 year old,
healthy, female control were diluted with an equal volume of

Figure 1 (A) Periorbital xanthogranulomata in patient 1 several
weeks after surgery; (B) subcutaneous planar xanthomata over left
scapular region in patient 1.
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phosphate buffered saline pH 7.4 (PBS) and applied to a chro-
matography column containing 5 ml of protein A–sepha-
rose (Pharmacia, Uppsala, Sweden), pre-
equilibrated with PBS, at a flow rate of 20 ml/hour. The
column was eluted with PBS and 5 ml fractions collected until
the absorbance at 280 nm was < 0.05 absorbance
units. At this point, the column was eluted with 0.1M glycine
(pH 2.8) and 2 ml fractions were collected. The apo B concen-
tration in the fractions was analysed by our in house
immunoradiometric assay.9 The concentration of IgG parapro-
tein in the fractions was measured by electrophoresis and
immunoblotting.

RESULTS
Biopsy specimens were formalin fixed, paraffin wax embed-
ded, and sectioned, and the initial diagnosis of NXG was
reached from haematoxylin and eosin staining. The lesion
contained amorphous, acellular regions of collagenous matrix,
staining deeply eosinophilic (fig 3A). Macrophages, foam cells,
giant cells, and lymphocytes were recognised; most of the
giant cells were of the Touton type with nuclei grouped around
eosinophilic cytoplasm (fig 3B). T cell infiltrations were seen
frequently (fig 3C).

Monocytes/macrophages comprised the major cellular
component of the lesion, as demonstrated by the macro-
phage markers CD68 (KP1), CD68 (PG-M1), and HAM56 (fig
3D). Foam cells and giant cells were all
stained with CD68 (KP1), whereas HAM56 staining was most
pronounced at the periphery of the lesion, demonstrating
smaller macrophages and the absence of gi-
ant cells. Mast cells, identified by tryptase immunostain-
ing (fig 3E), were seen mainly in perivascular locations and at
the margins of macrophage accumulations, often close to
necrobiotic collagen and lymphocytes. Mast cell activation, as
judged by extracellular tryptase staining, was seen frequently
in the NXG lesion, in contrast to mast cells of the adja-
cent normal skin, which were sparse and showed no evidence
of activation/degranulation.

Immunostaining for IgG κ chains was mainly located in and
around foam cells and some plasma cells, with limited extra-
cellular staining on the perivascular matrix (fig 3F). Immuno-
staining for IgG λ chains was restricted to plasma cells (not
shown). Cholesterol clefts were seen in association with foam
cells and some giant cells, these sites also showing extracellu-
lar and intracellular lipoproteins indicated by immunostain-
ing for apo AI (fig 3G) and apo B (fig 3H).

Although amyloid was not detectable with conven-
tional Congo red staining, amyloid A immunostaining was
demonstrated both in and around some medium sized macro-
phagic foam cells (CD68/KP1+ on adjacent sections), using an

antigen retrieval method recommended by Dako
(fig 3I). In contrast, the immunolocalisation of amyloid P was
restricted to elastic fibres of the skin surrounding the NXG
lesion. Small nerve bundles in the adjacent skin tissue and
trapped in the inflammatory infiltrate surrounding the lesion,
in addition to Langerhans cells of the epidermis, were stained
with antibody to the S-100 protein (not shown). However, this
was absent from the lesion itself.

Protein A–sepharose chromatography of serum from
patient 2 (fig 4) indicated that a substantial proportion of apo
B was associated with the paraprotein.

DISCUSSION
NXG is a rare disorder for which there is no satisfactory treat-
ment. Melphalan did not shrink the lesions in patient 2 and
neither did the reduction of LDL cholesterol with Simvastatin
or antioxidant treatment. Surgery has nothing to offer, as was
dramatically illustrated by patient 1, who underwent surgery
in 1975 before NXG had been described in the literature.2 After
surgery there was failure of healing, periorbital oedema, and
recurrence of the lesions (fig 1Af1). In our present study, a
substantial proportion of the serum paraprotein co-eluted
with the apo B containing lipoproteins, on protein A–
sepharose chromatography, indicating that they are physi-
cally associated, because otherwise they would elute sepa-
rately on the basis of their different molecular masses. This
confirms a previous report that paraprotein in a pa-
tient with xanthomatosis, who had a cholesterol level that was
around average for the healthy population, can be physically
associated with lipoproteins.10 This is the first occasion that an
immunohistochemical study of the NXG lesion has been
undertaken and this revealed that macrophages in the lesion
contain both paraprotein and apo B, suggesting the possibility
that the apo B–paraprotein complex is taken up by them in
vivo. The finding that apo AI and serum amyloid A are also
present suggests either that HDL can complex with the para-
protein or that it is recruited into the lesion in response to it:
similar apo AI findings have been reported for atheromatous
lesions.11

Although uncommon, NXG has attracted renewed interest
because some of the events contributing to the lesion may
resemble those that occur in atherogenesis.12 The presence of
macrophage foam cells is common to all types of xanthomata
and to atheroma,13 but the collagen necrosis occurring in NXG
appears to be unique among xanthomata. However, it does
resemble the collagen dissolution that occurs in the fibrous
cap of atheromatous lesions in areas of macrophage and lym-
phocyte derived foam cell activity, which has been suggested
to be a feature of cholesterol rich atheromata, making them
liable to rupture.14 15 Metalloproteinases secreted by foam cells
or fibroblasts have been proposed as the mechanism responsi-
ble for the disappearance of collagen at these sites.16 The
release of the enzymes, tryptase and chymase, by the activated
mast cells that are frequently seen in NXG lesions is well
known to activate metalloproteinase precursors
secreted by macrophages.17 However, LDL uptake via the scav-
enger receptor pathway of macrophages (at least in vitro) does
not lead to metalloproteinase secretion by these cells. In con-
trast, the uptake of LDL containing immune complexes by
macrophagic U937 cells has been shown to induce matrix
metalloproteinase 1 expression.18 Macrophage uptake of LDL
aggregated with immunoglobulins has been reported to occur
by phagocytosis rather than by receptor mediated
mechanisms.19 Such LDL–immune complex aggregates were
shown in our patient 2, suggesting a potential interaction with
the monocytes/macrophages of the xanthomatosis lesions,
and thereby promoting collagenolytic activity. There have been
two in vitro studies of macrophage uptake of LDL from
patients with xanthomatosis and paraproteinaemia. These

Figure 2 Periorbital xanthogranulomata in patient 2.
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show that LDL uptake can occur both as a phagocytic
response7 and as the result of scavenger receptor activity.10

“A substantial proportion of the serum paraprotein
co-eluted with the apolipoprotein B containing lipopro-
teins, on protein A–sepharose chromatography, indicat-
ing that they are physically associated”

The presence of strongly bound LDL–immunoglobulin com-
plexes in NXG leading to phagocytic uptake by macrophages
may explain why collagen necrosis is more evident than
in other xanthomata. Indeed, a physical association between
the paraprotein and lipoproteins was not as readily demon-
strable as in our case 2 in a patient with the more com-
mon disease, planar xanthomata.20 Presumably, the foam cells
in most xanthomata are the result of LDL uptake via the scav-
enger receptors of macrophages, and one rare family has been

described in which xanthomatosis occurred as a result of the
overexpression of scavenger receptors.21

Our in situ observations of mast cells intermixed with mac-
rophages and foam cells suggest a further mechanism by
which macrophage foam cells could be formed, in addition to
LDL uptake via scavenger receptors or as LDL–
immunoglobulin complexes. Macrophage foam cells can be
formed in vitro as a result of their phagocytic uptake of LDL
aggregates induced by partial proteolysis by chymase and
carboxypeptidase and by heparin released from
mast cell granules.22 Furthermore, activated mast cells are also
reported to reduce cholesterol efflux from foam cells, a process
probably reflecting the action of chymase on HDL.23 These
observations have previously been applied to mast cell/foam
cell associations in atherosclerotic lesions,22 23 but may be
equally relevant to the NXG histology reported here.

Quite why different types of xanthomata have predilections
for different parts of the body is poorly understood. The

Figure 3 Histological features and immunoreactivity patterns of necrobiotic xanthogranulomatosis (patient 2). Part of the lesion showing (A)
fields of necrobiotic collagen and (B) numerous giant cells, mostly of the Touton type (insert: high magnification of a typical example). (C) The
accumulation of lymphocytes and a cross section of a nerve bundle in the top right corner of the microphotograph. (D) Staining for CD68 (KP1)
revealed that most of the cells surrounding the cholesterol clefts are of monocyte/macrophage lineage. (E) Mast cells scattered between
macrophages and lymphocytes showed signs of activation/degranulation as judged by extracellular staining for mast cell tryptase. (F) Staining
for IgG κ light chains was seen extracellularly, in plasma cells, and in macrophagic foam cells. (G) Apolipoprotein AI and (H) apolipoprotein B
were similarly located (inserts: negative controls). (I) Some macrophages stained for amyloid A. Original magnifications: (A–F), ×140; (G–I)
and insert in (B), ×350. Staining: (A–C), haematoxylin and eosin; (A–G) counterstained with Mayer’s haematoxylin; (H, I), no
counterstaining.
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vulnerability of periorbital subcutaneous tissues
to the more common, less florid xanthelasmata may explain
the particularly aggressive nature of NXG in this area. The
burning pain experienced in the lesions may be the
result of neural involvement, which can be a feature
of other florid xanthomata, occurring in—for example, type V
hyperlipoproteinaemia24 and primary biliary cirrhosis.25

As new cases of NXG arise, immunohistochemistry of fresh
biopsy material for metalloproteinases may provide further
insight into its pathogenesis and may also contribute to our
understanding of atheromatous plaque rupture.
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Take home messages

• Necrobiotic xanthogranulomatosis (NXG) has many fea-
tures in common with atherosclerosis including collagen
necrosis and mast cell activation

• The presence of strongly bound low density lipoprotein–
immunoglobulin complexes in NXG leading to phagocytic
uptake by macrophages may explain why collagen necro-
sis is more evident than in other xanthomata

• As new cases of NXG arise, immunohistochemistry of fresh
biopsy material for metalloproteinases may provide further
insight into its pathogenesis and may also contribute to our
understanding of atheromatous plaque rupture
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