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Abstract
Impact statement

Synovial fluid analysis is one of the most important
laboratory tests in Rheumatology. It determines
and correlates the degree of inflammation with
disease severity. More important is its role inthe
immediate diagnosis of septic and crystal arthritis.
The most studied cell populations in synovial fluid
are monocytes, lymphocytes and polymorphonuclear
cells. These cells are involved in the induction and
in the resolution of the inflammatory process, but
there’s no distinct phenotypes associated with specific
rheumatological disease. By contrast, in this work we
found that cytophagocytic mononuclear cells, best
known as Reiter’s cells, are commonly associated with
spondyloarthritis and present a seasonal variation
with an increased frequency during spring and
autumn. This finding can impact the initial evaluation
of a patient with arthritis and offer new insights into
the pathogenetic mechanisms of spondyloarthritis.

Cytophagocytic mononuclear (CPM) cells, previously known as Reiter’s cells,
are macrophages containing apoptotic polymorphonuclear leucocytes. Although
they can be found in synovial fluid (SF) from different arthropathies, their role
remains unclear. This study was performed to determine the frequency and
disease distribution of CPM cells in SF in a large cohort of patients with rheumatic
diseases over a 12-year period. We also investigated the seasonal variation in
their incidence. This record review study included the reports pertaining to SF
analyses performed between January 2010 and December 2021. Data were
retrieved from the charts of inpatients and outpatients at Rheumatology and
Emergency Departments of Padova. The total number of SF samples containing
CPM cells was 189: 69% was from patients with seronegative spondyloarthritis
(SpA), thus indicating a strong association between CPM cells and SpA. SF
samples containing CPM cells were predominantly inflammatory. Our analyses
demonstrated a 6-month cyclical fluctuation in concentrations of CPM cells, with
an increase in spring and autumn. The presence of CPM cells in SF might offer
diagnostic insight into the definition of SpA. Further studies are warranted to
ascertain the link between CPM cells and the apoptotic process, shedding light

on the mechanisms leading to their formation.
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Introduction

Synovial fluid (SF) plays a vital role in maintaining joint
integrity, lubrication and function. The varying degrees of
inflammation in joint diseases result in alterations of the cel-
lular and molecular composition of the SF. Consequently, SF
analysis constitutes an important diagnostic tool in patients
with musculoskeletal symptoms, especially in the early
stages of the disease. Cell count analysis allows the classifica-
tion of SF according to the total number of leucocytes and the
percentage of mono- and polymorphonuclear cells (PMNs).

Neutrophils correlate positively with the degree of
inflammation expressed by total white cell count, levels of
inflammatory cytokines and other biomarkers.! In addi-
tion to monocytes, lymphocytes, and neutrophils, other cell
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populations of the mesenchymal or haematopoietic lineage
can be found in SF, including chondrocytes, synoviocytes,
mast cells, and cytophagocytic mononuclear (CPM) cells.??

CPM cells, previously known as Reiter cells, are mac-
rophages containing apoptotic polymorphonuclear leu-
cocytes at varying stages of degeneration (Figure 1). They
were first described by Pekin et al.# in SF collected from two
patients with reactive arthritis, formerly known as Reiter’s
syndrome. Although of poor diagnostic value,> CPM cells
have been associated with reactive arthritis, psoriatic arthri-
tis, and ankylosing spondylitis.? In the absence of infective
or crystal-induced arthritis (CIA), their presence is still con-
sidered as evidence of possible reactive arthritis.

We aimed to investigate the distribution of CPM cells
in SF samples in a large cohort of patients with different
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Figure 1. Disease distribution of cytophagocytic mononuclear cells during the studied period.

Two CPM cells (*) are depicted on the right side.

AOSD: adult-onset Still's disease; CIA: crystal-induced arthritis; OA (C +): osteoarthritis with calcium crystals; RA: rheumatoid arthritis; SA: septic arthritis; SpA:

spondyloarthritis; UCTD: undifferentiated connective tissue disease.

arthropathies over a 12-year period. Furthermore, using
laboratory data and evidence-based observations, we also
set out to ascertain possible seasonal variations in their
incidence.

Materials and methods

The study was a record review study and have been con-
ducted following the guiding checklist for the assess-
ment of quality of RRS studies.® We analyzed SF analysis
reports from the charts of all inpatients and outpatients in
the Rheumatology and Emergency Departments of Padova
University Hospital, between January 2010 and December
2021. We identified all SF samples containing CPM cells and
gathered the following data: age, sex, SF, white blood cell
(WBC) count, PMN and monocytes (M) percentage, as well
as monosodium urate (MSU) and calcium pyrophosphate
(CPP) crystals. A subsequent search on the hospital clini-
cal database was performed to record the diagnosis of each
enrolled patient. The investigators deidentified all patients’
protected health information from the data set.

SF examinations were performed according to standard
methods. We used a Biirker counting chamber and pre-
stained slides for cell morphology (Testsimplets®) to calcu-
late total and differential WBC count, respectively; whereas
the crystal search was performed using compensated polar-
ized light microscopy.

CPM cells, when present, were evidenced under ordinary
light in the Testsimplets® slide using one drop of fresh SF
and a 1000x final magnification. They were recorded during
differential cell determination by counting 100 consecutive
leucocytes and expressing their number as percentage. To
test whether CPM cell frequency presented a cyclical (sea-
sonal) trend of variation, we calculated the percentage of
CPM-positive SF samples for each month, adjusted to the
total number of SF samples examined over the same period,
reported the mean over 12 years, and combined data accord-
ing to the four seasons: winter (December to February),
spring (March to May), summer (June to August), and
autumn (September to November).

Nonlinear regressions were used to derive a sine wave
function, fitted to the per month percentage of CPM positive
SF samples, using least squares method to identify the best
parameter combination.

Non-parametric Kruskal-Wallis test with Dunn’s multiple
comparison test was performed to compare SF characteris-
tics among the diseases.

Results

We found CPM cells in 189 samples, with a percentage rang-
ing from 1% to 3% per sample and distributed among the
following diseases: spondyloarthritis (SpA), CIA, rheuma-
toid arthritis (RA), undifferentiated connective tissue disease
(UCTD), osteoarthritis (OA) with crystals, septic arthritis
(SA) and adult-onset Still’s disease (AOSD) (Table 1). We
found that CPM cells were more frequent (69%) in SpA vs
remaining arthropathies (Figure 1).

The characteristics of SF containing CPM cells according
to disease distribution are also reported in Table 1. Except
for OA with calcium crystals (3 patients), all samples were
inflammatory with a variable percentage of PMN cells. WBC
in SF of patients with SpA were significantly lower vs patients
with CIA, whereas no differences were found between SpA
and RA. WBC in SF of patients with OA were significantly
lower vs all the other arthropathies. SpA patients were the
youngest among the population considered (Table 1).

Notably, we detected a seasonal pattern in the presence of
CPM cells in SF with an increased frequency during spring
and autumn (Figure 2). Using non-linear fit tools, we found
monthly fluctuations in CPM cell frequency by a quantity
that could be described by a sine wave function. In detail,
the best-fit values demonstrated that a cyclical increase of
CPM cell frequency could be observed about every 6 months,
with an amplitude of variation estimated to be around 1.6 %.

Discussion

Our study explored the distribution of CPM cells in SF sam-
ples collected from a large cohort of patients with various
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Table 1. Features of the synovial fluid containing CPM cells according to disease distribution.

Synovial fluid cytophagocytic cells

841

Disease SF with CPM Age Sex (M/F) WBC Differential count
cells (N.) (N/mms3)
PMN (%) M (%) L (%)

SpA 130 48.32 (15.49)* 57/73 8168.22* (7004.89) 47.64* (27.18) 48.12 (25.41) 5.16 (4.93)
CIA 26 64.47 (23.24) 21/5 15,213.79 (15,237.82) 68.24 (24.51) 30.62 (23.40) 3(1.89)
RA 22 51.25 (16.16) 715 14,256.52 (14,404.53) 53.33 (26.02) 50. 91 (28.54) 5.77 (4.63)
UCTD 4 49.66 (12.50) 1/3 10,733.33 (12,133.15) 34.66 (41.96) 62 (40.59) 3.33 (56.77)
OA (C+) 3 71. 66 (14.64) 12 233.33** (57.73) 7. 33 (5.03) 91.33 (5.77) 1.33 (2.31)
SA 2 6 (19.8) 0/2 42,000 (16,970.56) 8 (5.65) 9 (4.24) 3(1.41)
AOSD 2 46 (5.65) 0/2 22,500 (23,334.52) 48 5 (48.79) 5 (43.84) 5 (4.94)

SF: synovial fluid; CPM: cytophagocytic mononuclear; WBC: white blood cell; PMN: polymorphonuclear cells; SpA: spondyloarthritis; CIA: crystal-induced arthritis;
RA: rheumatoid arthritis; UCTD: undifferentiated connective tissue disease; OA (C +): osteoarthritis with calcium crystals; SA: septic arthritis; AOSD: adult-onset Still's

disease; SD, standard deviation.

Data are expressed as mean (SD).

Kruskal-Wallis on WBC P < 0.001. Dunn’s multiple comparison test.
*<0.05 SpA vs CIA.

**<0.05 OA vs all diseases.
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Figure 2. Seasonal variation of cytophagocytic mononuclear cells during the studied period.

arthropathies, using a chart review method. We found that
CPM cells can be found in inflammatory SF and are mainly
associated with seronegative SpA.

CPM cells have been described as macrophages
involved in the clearance of apoptotic PMN cells as part of
the resolution of joint inflammation.” Spent neutrophils are
cleared via phagocytosis by macrophages and collected in
the cytoplasm, thus forming a CPM cell.”® Therefore, the
presence of CPM cells in SF might be related to apoptosis
undergone by neutrophils. There are little data in the lit-
erature on the process of apoptosis in SF and the formation
of CPM cells. Furthermore, it is not clear whether apopto-
sis is more pronounced in SF of patients with SpA vs other
arthropathies.

In this regard, distinct levels of SF leucocyte apopto-
sis have been reported in different diseases. In the earliest
clinically phase of RA, for instance, the inhibition of neu-
trophil and lymphocyte apoptosis allows to distinguish the
disease from other early-stage arthritides. This process has
been linked to the high levels of anti-apoptotic cytokines
found in the joints of these patients, hence contributing to
the accumulation of leucocytes.” Another possible explana-
tion might be linked to the association between neutrophil
survival and osteopontin, a glycosylated phosphoprotein
that functions as a proinflammatory cytokine. Osteopontin

and its cleaved forms have been shown to protect neutro-
phils from apoptosis and have been found significantly
higher in SF of patients with RA vs PsA.1 Lower levels of
osteopontin in the SF of SpA patients may explain, at least
in part, increased neutrophil apoptosis and resolution of
inflammation via CPM cell formation. Moreover, leucocyte
apoptosis is also inhibited by adenosine, which has been
found elevated in SF of patients with RA and inversely
correlated with the number of apoptotic neutrophils.” The
second interesting observation of this study concerns the
seasonal variation of CPM cell levels in SF. Our analyses
revealed a 6-month cyclical variation in the presence of
CPM cells with an increase in spring and, albeit to a lesser
extent, in autumn. Seasonal cyclicity is a common feature
of many diseases, especially those of infectious origin.
Other features such as blood pressure, diabetes, psoriasis
and vitamin D levels!?!3 also present cyclical variations.
Vitamin D deficiency, for instance, worsens during autumn
and is associated with a higher risk of infection and chronic
inflammation.!* Moreover, dietary intake follows seasonal
patterns and may result in alterations in the gut micro-
biome with repercussions on the pathogenesis and disease
activity of many pathologies.!*15

Regarding the increased frequency of CPM cells
in spring, we hypothesize an association between the
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presence of these cells and an increased number of flares
in the patients. It has been reported that infectious trig-
gers may play a role both in the pathogenesis and flares of
SpA,'¢ thus suggesting a possible link between infection,
flares, and the presence of CPM cells in SF. However, a
study conducted on a large cohort of patients with multiple
follow-up visits over time, found that patients” character-
istics and disease activity did not appear to be affected by
the change of seasons.” Although no association between
improvement or flare and seasons has been found, we can-
not rule out this hypothesis because of the different climate
zones of the two works and the lack of further observations.
We would remiss not to mention some of the limitations
of our study. First, the design of the study may result in
some information bias during data collection and analysis.
Second, the strength of the association between CPM cells
and SpA cannot be exactly established.

Although further epidemiological studies are warranted,
CPM cells may offer an additional diagnostic datapoint for
the definition of SpA. Furthermore, ascertaining the relation-
ship between CPM cells and the apoptotic process may help
clarify the mechanisms of their formation.
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