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Cellular Characterization of the Gouty Tophus

A Quantitative Analysis

Nicola Dalbeth, Bregina Pool, Greg D. Gamble, Timothy Smith, Karen E. Callon,
Fiona M. McQueen, and Jillian Cornish

Objective. To characterize the cellular architec-
ture of the tophus and to determine the presence of
cytokines implicated in the initiation and resolution of
gouty inflammation.

Methods. Sixteen fixed, paraffin-embedded, unin-
fected tophus samples were surgically obtained from 12
patients with microscopically proven gout and were
analyzed by quantitative immunohistochemistry. The
number of cells present in the corona and fibrovascular
zones of the tophus was analyzed by Genmod mixed
models analysis.

Results. Numerous CD68+ mononucleated and
multinucleated cells were present within the corona
zone. Mast cells were identified in all tophus samples
and at similar densities throughout the corona and
fibrovascular zones. In contrast, neutrophils were rarely
observed. Plasma cells were present in very high num-
bers within the corona zone. The overall number of
CD20+ B cells was much lower. However, in 6 of 12
patients (50%), at least 1 B cell aggregate was present in
the fibrovascular zone. Large numbers of cells express-
ing interleukin-13 (IL-1f3) were observed in the corona
zone. Transforming growth factor B1 (TGFB1)-
expressing mononucleated cells were also identified.
The number of CD68+ cells correlated with the number
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of cells expressing IL-1 (r = 0.691, P = 0.009) and the
number expressing TGFB1 (r = 0.518, P = 0.04).

Conclusion. The tophus represents a complex and
organized chronic inflammatory tissue response to
monosodium urate monohydrate crystals involving both
innate and adaptive immune cells. The coexpression of
IL-18 and TGF1 suggests that both proinflammatory
and antiinflammatory factors present within the tophus
contribute to a cycle of chronic inflammation, attempted
resolution, and tissue remodeling.

Acute gout is characterized by an intense self-
limiting inflammatory response with infiltration of neu-
trophils into the synovial membrane and synovial fluid
(1). The mechanisms of acute gouty inflammation have
been extensively studied (for review, see ref. 2). Recent
studies have identified the pivotal role of the innate
immune response, in particular, NALP3 inflammasome
activation and interleukin-18 (IL-1B) release from mono-
nuclear phagosomes, in the initiation phase of acute
gout (3,4). The resolution phase of acute gout may be
mediated by a number of factors but especially by
macrophage differentiation and production of trans-
forming growth factor g1 (TGFB1) (5-7).

In the presence of persistent hyperuricemia,
some patients also develop chronic gout. The gouty
tophus is the hallmark of chronic gout. This lesion
typically occurs within subcutaneous tissues and within
the joints. Tophi are usually nontender, but they may
lead to cosmetic problems, mechanical obstruction of
joint movement, and musculoskeletal disability (8).
These lesions have also been implicated in the patho-
genesis of joint damage in gout (9).

In contrast to acute gout, the characteristics and
mechanisms of chronic gout have been much less inten-
sively examined. Microscopically, tophi appear as
chronic granulomatous lesions comprising collections of
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mononucleated and multinucleated macrophages sur-
rounding a core of monosodium urate monohydrate
(MSU) crystals and encased by dense connective tissue
(1,10,11). Various zones have been identified within the
tophus: the central crystalline core, the cellular corona
zone surrounding the central core, and the outer fibro-
vascular zone (10).

Although several studies have examined the char-
acteristics of macrophages within the gouty tophus
(10,11), the cellular characteristics of the gouty tophus
remain poorly defined. Such information is required for
an understanding of the mechanisms and potential me-
diators of tophus formation. The aim of the present
study was to characterize the cellular architecture of the
tophus and to determine the presence of cytokines
implicated in the initiation and resolution of gouty
inflammation.

PATIENTS AND METHODS

Patients and samples. This study was approved by the
local (Northern X) ethics committee, and all patients provided
written informed consent. Sixteen fixed, paraffin-embedded
tophus samples were obtained from 12 patients who underwent
surgery for removal of tophi. Clinical details were obtained by
chart review. All patients had microscopically proven gout.
Patients with gout who were undergoing surgery for infected
tophi were not included in the study.

Immunohistochemistry. Tophus samples were fixed in
neutral buffered formalin and embedded in paraffin. Consec-
utive 4 sections were made 150w apart and were mounted on
Superfrost glass slides. After dewaxing with Safsolvent (Ajax
Chemicals), slides were rehydrated through graded ethanol
solutions. Once hydrated, sections were microwave heated for
30 minutes at 96°C in Dako Target Retrieval Solution (pH 6.0
for CD20, TGFB1, and tartrate-resistant acid phosphatase
[TRAP] and pH 9.0 for CD3, CDS8, CD68, plasma cell, mast
cell tryptase, and IL-13; no antigen retrieval was required for
neutrophil elastase). For all antibodies except anti-IL-13, an
EnVision Plus Dual Link System-HRP kit containing dual
endogenous enzyme block, peroxidase-labeled polymer conju-
gated to goat anti-mouse/rabbit IgG, buffered substrate, and
diaminobenzidine (DAB+) chromogen was used (all from
Dako).

To each slide, 10% goat serum (Sigma) was added in
phosphate buffered saline (PBS) for 30 minutes, and following
washing with PBS, the slides were incubated in dual endoge-
nous enzyme block for 5 minutes. Slides were washed and then
incubated with primary antibody or isotype control in PBS with
10% goat serum for 60 minutes at room temperature, except
for CD3 and neutrophil elastase, which were incubated for 90
minutes, and TGFB1, which was incubated overnight at 4°C in
a humidified chamber. The following mouse anti-human pri-
mary antibodies and dilutions were used: anti-CD68 at a 1:50
dilution (clone PG-M1; Dako), anti-mast cell tryptase at a
1:100 dilution (clone AA1; Dako), anti-neutrophil elastase at
a 1:25 dilution (clone NP57; Dako), anti-TRAP at a 1:100
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dilution (clone ZY-9CS5; Zymed), anti-CD3 at a 1:25 dilution
(polyclonal rabbit; Dako), anti-plasma cell at a 1:50 dilution
(clone VS38c; Dako), anti-CD8 at a 1:50 dilution (clone
C8/144B; Dako), anti-CD20 at a 1:200 dilution (clone L26;
Dako), and anti-TGFp1 at a 1:50 dilution (polyclonal rabbit;
Santa Cruz Biotechnology).

After washing in PBS, the slides were incubated for 60
minutes with peroxidase-labeled polymer-conjugated goat anti-
mouse/rabbit IgG. Following further washes with PBS, the
DAB+ solution was applied to the slides for 5 minutes. Slides
were then washed with distilled water and weakly counter-
stained with hematoxylin for 25-30 seconds. Slides were then
mounted with AquaMount (BDH) and analyzed by light
microscopy.

In the case of IL-1p staining, a rabbit ABC staining kit
(Santa Cruz Biotechnology) was used. Following addition of
blocking serum and peroxidase block, slides were incubated
with anti-human IL-18 polyclonal antibody at a 1:50 dilution
(rabbit polyclonal) in PBS with 1.5% blocking serum for 90
minutes. Negative-staining control experiments were per-
formed by using an isotype-matched polyclonal antibody.
Sections were incubated for 30 minutes with a biotinylated
secondary antibody and then with AB enzyme reagent for 30
minutes prior to application of DAB+ chromogen, counter-
staining, and mounting as described above.

Quantification of staining results. In order to quantify
the number of each cell type in various locations within the
tophus, areas of the corona and fibrovascular zone were
identified in each slide, as described by Palmer et al (10). For
each cell type, 2 independent observers (BP and ND) com-
pleted all manual counting. Each observer counted the number
of positively staining cells in each zone in 5 high-power fields
throughout the slide at 20X magnification (0.48 mm?), and for
each slide, the mean number of positively staining cells in each
zone was recorded. In addition, the number of multinucleated
CD68+ cells and multinucleated TRAP+ cells (osteoclast-like
cells) was counted in a similar manner at each zone. The
presence of B cell aggregates was also recorded within the
entire slide. B cell aggregates were defined as areas of at least
20 adjacent cells with CD20+ staining. The observers were
blinded to the clinical features as well as to the scores assigned
by each other. The interobserver intraclass correlation coeffi-
cient for all markers in both zones was 0.865 (range 0.836-
0.890). The scores for the 2 observers were averaged, and the
average scores were used for analysis.

Statistical analysis. Medians with ranges and percent-
ages were used to describe the clinical characteristics of
participants. Genmod mixed models analysis was used for
analysis of the location of the cells to account for repeated
counts within the same person. The relationship between
clinical features and the total number of cells was analyzed by
Spearman’s correlations and Wilcoxon’s rank sum tests. The
median counts for each cell type within the corona and
fibrovascular zones were used to construct a cellular model of
the tophus.

RESULTS

Clinical characteristics. We analyzed 16 surgical
samples of tophi obtained from 12 patients with micro-



CELLULAR ARCHITECTURE OF THE TOPHUS

Table 1. Patient and tophus characteristics at the time of surgery

Patient characteristics (n = 12)
No. (%) male 11 (92)

Age, median (range) years 55 (44-91)
Duration of gout, median (range) years 14 (1-30)
No. (%) prescribed allopurinol 6 (50)
No. (%) prescribed antiinflammatory agents™ 6 (50)

Serum urate, median (range) mmoles/liter
Tophus characteristics (n = 16)

0.4 (0.20-0.66)

Duration of tophus, median (range) years 4 (1.5-8)

No. (%) intraarticular tophi 7 (44)

No. (%) extraarticular tophif 9 (56)

No. (%) tender 0(0)

No. (%) enlarging or stable in size at time of 16 (100)
excision

No. (%) reducing in size at time of excision 0(0)

* Includes nonsteroidal antiinflammatory drugs and colchicine.
+ Within the bursae (n = 6) and tendons (n = 3).

scopically proven gout. The clinical features of the
patients and tophi are described in Table 1. Patients
were predominantly male, with large variations in dis-
ease duration and serum urate levels. No patients were
receiving IL-1 antagonists. The tophi were resected from
the following sites: fingers (n = 6), elbows (n = 5), feet
(n = 2), ankle (n = 1), and knees (n = 2). Both
intraarticular and extraarticular tophi were examined.
No tophi were tender at the time of excision, and all
were enlarging or stable in size.

Cells of the innate immune system in gouty tophi.
Analysis of the tophus samples for macrophages con-
firmed the presence of numerous CD68+ cells within
the corona zone (Figure 1 and Table 2). The majority of
these cells were mononucleated, but multinucleated
CD68+ cells were also identified adjacent to the central
crystal core within the corona zone. Mononucleated
CD68+ cells were present in lower numbers within the
fibrovascular zone, and no multinucleated CD68+ cells
were observed in this region (Table 2). As we have
previously described (12), TRAP+ multinucleated cells
(osteoclast-like cells) were also present within the co-
rona zone (Table 2).

Mast cells were identified in all tophus samples
(Figure 1 and Table 2). These cells were present
throughout both the corona and fibrovascular zones at
similar densities. In contrast, neutrophils were rarely
observed in the samples. When present, these cells were
more often observed in the corona zone (Figure 1 and
Table 2).

Cells of the adaptive immune system in gouty
tophi. CD8+ T cells were identified in both the corona
and fibrovascular zones in all samples tested, although
these cells were present at relatively low densities (Fig-
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Macrophages (CD68)

Mast cells

Corona zong Fibrovascular zone

Neutrophils

Corona zone
Figure 1. Innate immune cells within the gouty tophus. Representa-
tive examples of staining for CD68+ cells, mast cells, and neutrophils
within the corona and fibrovascular zones of the tophus are shown.
Each asterisk marks the central core of a monosodium urate mono-
hydrate crystal. Bars = 10pu.

Fibrovascular zone

ure 2 and Table 2). Numerous plasma cells were present
within the tophi (Figure 2). Of all cell types analyzed,
the plasma cell densities within the corona zone were the
highest recorded (Table 2). In contrast, the overall
number of CD20+ B cells was much lower (Figure 2 and
Table 2). In most areas, a few B cells were scattered
throughout the corona and fibrovascular zones. How-
ever, in 8 samples from 6 of the 12 patients (50%), at
least 1 B cell aggregate was present within the fibrovas-
cular zone (Figure 2).

Cells expressing IL-18 and TGFpB1 in gouty
tophi. Large numbers of cells expressing IL-18 were
observed in the tophus samples. This was particularly
apparent within the corona zone, both in mononucleated
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Table 2. Summary of cell types in the corona and fibrovascular zones of tophi*

Tophus zone

Corona Fibrovascular P

Cells of the innate immune system

Macrophages (CD68) 50 (22.5-76.5) 10 (5-14) <0.0001
CD68+ multinucleated cells 5(3.5-19) 0 (0-0) <0.0001
TRAP+ multinucleated cells 19 (8-29) 0 (0-0) <0.0001
Mast cells 16 (10.5-24.5) 19 (11.5-24.5) 0.39
Neutrophils 0.5 (0-1.5) 0(0-1.5) 0.00995
Cells of the adaptive immune system
CD3+ T cells 14 (4-25) 11 (5-23) 0.40
CD8+ T cells 11 (8-42) 18 (5-40) 0.92
Plasma cells 64 (34.5-104) 15.5 (5-35) <0.0001
CD20+ B cells 0(0-2.0) 6 (3.5-12.5) 0.049
Cells expressing cytokines
IL-18 155 (131-206) 21 (12-23) <0.0001
TGFp1 26.5 (17.5-36.5) 6.5 (3.5-12.5) 0.0088

* A total of 16 uninfected tophi obtained from 12 patients with microscopically proven gout were analyzed.
Values are the median (interquartile range) number of cells per high-power field counted at 20X
magnification. P values were determined by Genmod mixed models analysis for repeated counts within the
same subject. TRAP = tartrate-resistant acid phosphatase; IL-13 = interleukin-18; TGFB1 = transform-
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ing growth factor B1.

and in multinucleated cells (Figure 3 and Table 2).
Perivascular expression of IL-18 was present in the
fibrovascular zone. TGFB1-expressing cells were also
identified; these cells were typically mononucleated and
were present at higher densities within the corona zone
(Figure 3 and Table 2). Analysis of cytokine-producing
cells within the corona showed that the number of
CD68+ cells correlated with the number of cells ex-
pressing IL-18 (r = 0.691, P = 0.009) and TGFB1 (r =
0.518, P = 0.04).

Relationship between clinical features and cell
counts in gouty tophi. There were no consistent differ-
ences in the extent of cellular infiltration according to
the clinical characteristics shown in Table 1. In particu-
lar, intraarticular and extraarticular tophi had a similar
pattern of distribution and a similar number of cells. The
duration of tophi was inversely associated with the
number of cells expressing IL-18 (r = -0.62, P = 0.04).

DISCUSSION

The present study demonstrates that the tophus
represents a complex and organized chronic inflamma-
tory tissue response to MSU crystals. We found that
both innate and adaptive immune cells are present in the
gouty tophus, contrasting with the well-recognized, dom-
inant role of innate immunity in the acute gout attack.
The coexpression of IL-18 and TGFf1 within the tophus
indicates that both proinflammatory and antiinflamma-
tory factors present within the same lesion may contrib-

ute to a cycle of chronic inflammation, attempted reso-
lution, and tissue remodeling.

Our analysis showed that a variety of cells are
present within the tophus, and that the cellular architec-
ture is consistent within different sites and different
patients. These findings are summarized in the cellular
model shown in Figure 4. Macrophages were present in
large numbers, particularly in the corona zone adjacent
to the central core of MSU crystals. Monocytes and
macrophages have been strongly implicated in the initi-
ation and resolution phases of acute gout (13,14), and
our data support the concept that these cells also
contribute to the development of the gouty tophus.
Macrophage-derived factors that promote granuloma
formation in response to MSU crystals are unknown.
However, it is well recognized that IL-18 is an important
macrophage-derived cytokine that contributes to the
formation of granulomas in other diseases, such as
tuberculosis, rheumatoid arthritis, and parasitic infec-
tions (15-17), and it is likely that this cytokine plays a
role in the formation of the gouty tophus. The inverse
relationship between the duration of the tophus and the
number of IL-1B-producing cells observed in our study
further supports this concept.

We also identified mast cells in all tophus sam-
ples, in both the corona and fibrovascular zones. This
finding is of significance with regard to previous studies
implicating endogenous mast cells in the development of
the acute inflammatory response to MSU crystals in the
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Corona zone Fibrovascular zone
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Fibrovascular zone
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Fibrovascular zone
Figure 2. Adaptive immune cells within the gouty tophus. Represen-
tative examples of staining for CD3+ T cells, CD8+ T cells, plasma
cells, and CD20+ B cells and B cell aggregates within the corona
and fibrovascular zones of the tophus are shown. Each asterisk
marks the central core of a monosodium urate monohydrate crystal.
Bars = 10p.

Fibrovascular zone
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Fibrovascular zone

Corona zone
TGF-ji1

Fibrovascular zone

Figure 3. Cytokine expression within the gouty tophus. Representa-
tive examples of staining for interleukin-1p8 (IL-18) and transforming
growth factor B1 (TGFB1) within the corona and fibrovascular zones
of the tophus are shown. Each asterisk marks the central core of a
monosodium urate monohydrate crystal. Bars = 10pu.

Corona zone

murine urate peritonitis model (18). Furthermore, mast
cells have been identified in the subintimal layer of the
MSU-injected pouch membrane soon after injection of
MSU crystals in the rat air-pouch model (19). These
cells have been implicated in development of inflamma-
tory arthritis (20), and they promote fibroblast activation
and proliferation, macrophage activation, cytokine ex-
pression (including IL-18 and TGFp1), angiogenesis,
and osteoclast differentiation (for review, see ref. 21), all
of which are features that are observed within the gouty
tophus. Whether mast cells directly participate in the
development of the gouty tophus is uncertain; in vivo
studies modeling tophus formation are needed to ad-
dress this question.

Our analysis of the cellular architecture of the
tophus has implicated adaptive immunity in the devel-
opment of these lesions. In particular, numerous plasma
cells are present, predominantly in the corona zone. It is
well recognized that MSU crystals are coated with
immunoglobulins in vivo, and that this coating regulates
the cellular responses to MSU crystals (22-25). Immu-
noglobulins (predominantly IgG and IgM) have been
identified within the gouty tophus (22). Immunoglobu-
lins (particularly IgM) also contribute to MSU crystal
formation (25,26). These observations, together with our
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Corona zone

Figure 4. A cellular model of the gouty tophus. Cells are depicted in the corona and fibrovascular zones based on the
type and number of cells identified by quantitative immunohistochemistry. MNC = mononuclear cells; TRAP =

tartrate-resistant acid phosphatase.

finding that numerous plasma cells are located adjacent
to the central core of the MSU crystal in the tophus,
suggest that these cells contribute directly to both crystal
formation and coordination of the cellular response
within the tophus. The distribution of plasma cells within
the tophus contrasts with the observed distribution of B
cells. The presence of B cell aggregates within the
fibrovascular zone in some tophi is reminiscent of the B
cell aggregates present within the synovium and bone
marrow in some patients with rheumatoid arthritis
(27,28) and further implicates adaptive immunity in the
formation of the gouty tophus. The functional relevance
and factors contributing to the development of these
aggregates in the gouty tophus are unknown.

The expression of IL-183 within the tophus is
particularly interesting in light of the pivotal role of this
cytokine in the initiation phase of the acute gout attack.
Our data indicate that this cytokine is expressed by large
numbers of cells within the tophus, which is perhaps
surprising given the apparent lack of overt clinical
features of inflammation (such as tenderness, erythema,
or heat) within most tophi. The paucity of neutrophils
within the tophus may explain some of these findings,
considering the importance of neutrophil influx and
activation in the “second-phase” perpetuation response
of the acute gout attack (4). Previous studies have
indicated that IL-1 release is closely followed by neu-

trophil influx in acute gout (3). The dissociation between
IL-18 expression and neutrophil influx in the gouty
tophus contrasts with acute gout and warrants further
investigation.

Tophi are strongly associated with joint and bone
damage in chronic gout (9). The mechanisms of this
matrix damage are unclear. It seems unlikely that local
pressure by the intraarticular tophus is sufficient to
cause such matrix damage. Local production of matrix
metalloproteases and tumor necrosis factor o within the
tophus may contribute to the development of joint
damage (11). The presence of osteoclast-like cells within
the tophus may also lead to bone erosion (12). The high
expression of IL-1B3 within the tophus may coordinate
the matrix damage in this disease, through modulation
of osteoclastogenesis and induction of matrix-degrading
enzymes by stromal cells (29).

The finding that IL-18 and TGFR1 expression is
present within the same lesion is also noteworthy. These
results contrast with those of previous studies using in
vitro models of acute gout, which showed that macro-
phage expression of these cytokines is disconnected and
depends on the maturation state of the macrophage (6).
It is conceivable that within a complex structure such as
the tophus, both proinflammatory and antiinflammatory
mediators have parallel biologic effects. In addition to its
antiinflammatory role in acute gout, TGFB1 has been
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implicated in tissue remodeling, angiogenesis, and fibro-
sis in granulomatous disease (30). Thus, this cytokine
may contribute to development of the outer fibrovascu-
lar zone during tophus formation.

In the current study, we analyzed the cellular
architecture of gouty tophi in human patients, using a
cross-sectional study design, and raised a number of
interesting research questions. This study was not able to
analyze the interactions between MSU crystals and the
cells within the corona zone, since residual crystals were
dissolved during the dewaxing and rehydration stage of
the immunohistochemistry protocol. Analysis of these
interactions, particularly cytokine production, using
other techniques will be of great interest in future
studies. Furthermore, it is unclear whether the cells
identified within the lesion play a direct role or are
bystanders in the initiation and coordination of tophus
development. Not all patients develop tophi, even
though intraarticular MSU crystals can be detected in
almost all previously inflamed joints in patients with
untreated gout (31). It is likely that the local burden of
MSU crystals does play an important role in tophus
formation. However, our data suggest that the host
response to intraarticular MSU crystals may also con-
tribute to the development of these lesions.

Longitudinal analysis of tophus formation is cur-
rently limited by the lack of adequate models of chronic
gout and by the difficulty in obtaining serial samples of
human tophi. Although sequential analysis using the
air-pouch or peritonitis model of gout has provided
insights into the mechanisms of acute gout, such models
are not currently used for studying chronic gout and
tophus development (18,19,32). Development and vali-
dation of an in vivo model with which to study tophus
formation and the chronic inflammatory response to
MSU crystals are now required to determine the host
responses that directly contribute to the development of
the gouty tophus.
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