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Abstract

Free light chains (FLC), considered a biomarker of B cell activity, are frequently elevated in different systemic inflammatory-

autoimmune diseases. As systemic sclerosis (SSc) clinical course may be variable, this study aimed to assess FLCs levels in serum

and urine of affected individuals, as biomarkers of disease activity. We assessed FLC levels in serum and urine of 72 SSc patients

and 30 healthy controls (HC). Results were analyzed in comparison with overall clinical and laboratory findings, disease activity

index (DAI) and disease severity scale (DSS). SSc patients displayed increased levels of k and λ FLC in serum, significantly

higher than HC (p=0.0001) alongside with the mean levels of free k/λ ratio and of the k+λ sum (p=0.0001). In addition, SSc

patients had significant higher levels in the urine of free k and of k/λ ratio than HC (p=0.0001). SSc patients with increased

k+λ sum in serum showed a statistically higher levels of erythro-sedimentation rate (p=0.034), C-reactive protein (p=0.003),

higher DAI (p=0.024) and DSS (p=0.015) than SSc patients with normal levels of FLC. A positive linear correlation was found

between serum levels of free k and DAI (r=0.29, p=0.014). SSc patients with increased free k in urine had statistically higher

DAI (p=0.048) than SSc patients with normal level of free k. The significant increased levels of FLC correlated with disease

activity in SSc patients. Our results strengthen the role of FLC as useful biomarkers in clinical practice to early diagnosis and

monitor disease activity with an improvement of SSc patients’ management.

Introduction

Systemic sclerosis (SSc) is an autoimmune disease characterized by microvascular dysfunction, multi-systemic
fibrosis and autoantibodies production. Immune dysregulation, vasculopathy and collagen accumulation
with fibrosis in the skin and internal organs lead to major complications that negatively affect quality of life
[1]. Although the pathogenesis of SSc remains poorly understood, activation and dysregulation of B cells
play a key role. In SSc patients, abnormal immunological mechanisms promote survival and activation of
self-reactive B cells, able to secrete inflammatory mediators and/or profibrotic cytokines inducing collagen
secretion by fibroblast. Noteworthy, both serum and skin of SSc patients displayed increased levels of B
lymphocyte stimulator (BAFF), a B cell survival factor that supports autoreactive B cells and prevents
their deletion [2]. B-cell activation causes polyclonal synthesis of immunoglobulins and release of circulating
Immunoglobulin- (Ig-) free light chains in serum (sFLC). FLCs, produced in slight excess of heavy chains
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. during the synthesis of intact Ig by plasma cells, have a short half-life of 2-6 h in serum, due to a rapid
removal by the kidneys: more than 99% of sFLC, filtered by the glomerulus, is reabsorbed from the cells of
the proximal convoluted tubule resulting in the traces amounts in the urine (10-30 mg/day) [3]. Therefore,
in subjects with normal kidney function, their serum levels can be considered as a direct biomarker of B
cell activity, which explains the growing interest of clinicians. More important, the well-demonstrated FLC
contribution to inflammation in experimental disease models sparked a new light into their pathogenic role
in different chronic autoimmune-based inflammatory diseases [4]. An increased level of polyclonal sFLC,
described in several autoimmune diseases (ADs), may represent a reliable potential biomarker of disease
evolution or remission [5]. In SSc high sFLC is independently associated with interstitial lung disease (ILD),
activity and severity disease [6].

Inflammatory/autoimmune-related symptoms complained by corona virus disease 2019 (COVID-19) patients,
reflect the strong pathogenetic association between the severe acute syndrome corona virus2 (SARS-CoV-2)
infection and autoimmunity [7, 8]. COVID-19 subsequent effects of an inflammatory-immune dysregulation
significantly impaired the management of chronic rheumatic diseases, including systemic sclerosis. Cytokines
storm cascade virus-triggered raises the possibility of severe endotheliopathy with a higher risk, in SSc
patients, of worsening progression into an endothelial dysfunction [9].

To our knowledge, only two reports assessed sFLC levels in SSc patients but none regarding urine FLC
(u-FLC) and their potential role in the SSc [6, 10]

In this study, we aimed to analyze both serum and urine FLC levels in SSc patients in comparison healthy
controls (HC) and to evaluate their correlations with activity and severity of disease.

Materials and Methods

Patients and clinical assessment

We enrolled 72 SSc patients [F=63, median age 55 years (IQR 46-65)], fulfilling the American College of
Rheumatology/European League Against Rheumatism Collaborative Criteria for SSc [11]. According to
Le Roy et al, 33 out of 72 Thirty-three (45.8%) showed diffuse cutaneous SSc (dcSSc) and 39 out of 72
(54.2%) limited cutaneous SSc (lcSSc) [12]. Demographic and clinical features of SSc patients are shown in
Table 1. We also enrolled in the study 30 HC matched for sex and age were. Exclusion criteria were renal
failure, monoclonal gammopathies and hematological malignancies, immunosuppressive therapy in the last
six months, pregnancy, and breastfeeding. Informed written consent was obtained from all the participants
and the study was conducted according to the Declaration of Helsinki.

Demographic and clinical features were recorded. Disease subset [12], disease duration, nailfold videocap-
illaroscopy (NVC) pattern (early, active, late) [13], disease activity index (DAI) [14], disease severity scale
(DSS) [15] and modified Rodnan skin score (mRSS) [16] were evaluated.

In the evaluation of SSc, DAI consists of variables among which skin thickening, digital ulcers, impaired
single breath carbon monoxide diffusing capacity, tendon friction rubs and C-reactive protein (CRP) while
DSS measures disease severity in organ systems from general health to specific organ involvement.

Renal function was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation to estimate glomerular filtration rate (eGFR) and serum creatinine was measured [17]. Moreover,
all patients had an eGFR [?]60 mL/min/1.73m2.

Laboratory assessment

Antinuclear antibodies detection by the indirect immunofluorescence assay (IIFA) was performed using
HEp-2 cells (Menarini, Florence, Italy) and antigen specificity was determined by ELISA test. Erythrocyte
sedimentation rate (ESR), CRP, C3, uric acid, serum creatinine (sCr) and urinalysis were evaluated.

The serum and urine were collected for the determinations of FLC concentrations on OPTILITE instruments
(The Binding Site Group Ltd, Birmingham, UK). The quantitative detection of FLC has been obtained using
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. the latex particle enhanced Freelite® k and λ immunoassays (The Binding Site Group Ltd, Birmingham,
UK) following the manufacturer’s instructions.

The lower limit of quantification was 0.1 mg/L. The immunoassay consisted of two separate measurements
in serum, for free k (normal range: 3.3-19.4 mg/L) and free λ (normal range: 5.7-26.3 mg/L). A ratio of k/λ
<0.26 or >1.65 is abnormal, according to the manufacturer’s recommendations. In urine, the normal value
of free k is 0.39–15.1 mg/L and free λ is 0.81–10.1 mg/L. A ratio of k/λ uFLC >1.80 is considered abnormal.
Samples were thawed only once and immediately assayed in a single batch, following the manufacturer’s
instructions. All the determinations were performed by an operator without knowledge of the clinical in-
formation of the handled sample. Each sample was tested twice to minimize eventual discrepancies, and all
tests were performed in the same laboratory with the same instruments.

Ethical Consideration

The ethic committee of institution (Azienda Ospedaliera Universitaria, Policlinco Umberto I, Università
“La Sapienza”, Rome , Italy ) approved the study (ID: 5435, CE, SAPIENZA). All patients gave written
informed consent to the use of their clinical and serological data in this study. The whole study was conducted
according to the Declaration of Helsinki, as revised in 2013.

Statistical Analysis

SPSS version 25.0 software was used for statistical analysis and all results are expressed as median and
interquartile range (IQR). The coefficient of skewness and the Shapiro-Wilk test were used to evaluate
normal distribution of data. Group comparisons were made by Mann-Whitney test. The chi-square test or
Fisher’s exact test, as appropriate, were used to compare categorical variables. Pearson product-moment
correlation coefficient or Spearman’s rank correlation coefficient, as appropriate, were used to test for an
association between numerical variables. P -values < 0.05 were considered significant.Results

Free serum and urine light chains in SSc patients and HC

The median value of serum and urine FLC in SSc patients and HC are shown in Table 2. The median value
of serum free k and free λ levels, k + λ sum and k/λ ratio was significantly higher in SSc patients compared
with HC. SSc patients displayed significantly higher mean serum levels of free k (23.5 mg/L vs 8.1 mg/L, p
=0.0001) and free λ (17.5 mg/L vs 10.1 mg/L, p =0.0001) than HC. Free k serum levels were higher than
19.4 mg/L in 57/72 (79.2%) SSc patients while none of the HC displayed free k in serum higher than 19.4
mg/L (p =0.0001). Serum free λ levels were higher than 26.3 mg/L in 7/72 (9.7%) SSc patients while none
of the HC showed serum free λ higher than 26.3 mg/L (p =0.102). The median of k/λ sFLC ratio (1.4 vs
0.8) and the median of k + λ sFLC (40.5 mg/L vs 19.6 mg/L) were significantly higher in SSc patients if
compared with HC (p =0.0001). The k/λ sFLC ratio was higher than 1.65 in 22/72 (30.6%) SSc patients
while none of the HC presented k/λ sFLC ratio higher than 1.65 (p =0.0001).

In addition, SSc patients had statistically significant higher levels in urine of free k-uFLC (13.5 mg/L vs 6.1
mg/L, p =0.0001) than HC. There was no difference in the mean value of λ-uFLC between SSc patients and
HC (2.1 mg/L vs 2.4 mg/L, p =0.453]. Urine free k levels were higher than 15.1 mg/L in 32/72 (44.4%) SSc
patients while none of the HC presented higher levels of free k (p=0.0001); only 1/72 SSc patient (1.4%)
had urine free λ levels higher than 10.1 mg/L and none of the HC presented higher levels of λ (p =0.706).
In SSc patients, the mean level of the k/λ ratio in urine was higher than in HC (6.7 vs 2.1, p =0.00019. The
urine k/λ ratio was higher than 1.80 in 63/72 (87.5%) SSc patients and in 19 (63.3%) HC (p =0.007).

The mean value of the urine k + λ sum (16.5 mg/L vs 8.1 mg/L,p =0.001) was significantly higher if
compared with HC.

Correlation between serum and urine free light chains and clinical correlates in SSc patients

No significant difference was found between sFLC and uFLC and disease subsets, NVC and autoantibody
specificity (p >0.05). SSc patients with increased λ-sFLC had statistically higher serum levels of ESR [43
mm/h (25 mm/h - 74 mm/h) vs 16 mm/h (9 mm/h - 32 mm/h), p=0.005] and CRP [5600 mcg/l (3800 mcg/l
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. - 16300 mcg/l)vs 1500 mcg/l (800 mcg/l - 3100 mcg/l), p=0.008] than SSc patients with λ-sFLC under 26.3
mg/L cut-off.

SSc patients with increased serum k + λ sum had statistically higher serum levels of ESR [23 mm/h (16
mm/h - 43 mm/h) vs 16 mm/h (9 mm/h - 30 mm/h), p=0.034] and CRP [2800 mcg/l (1900 mcg/l - 6050
mcg/l) vs 1200 mcg/l (700 mcg/l - 2900 mcg/l), p=0.003] than SSc patients with normal levels of total
sFLC. Moreover, SSc patients with increased serum k + λ sum had statistically higher DAI [2.5 (1.55 - 3.86)
vs 1.5 (0.6 - 2.5), p=0.024] and DSS [6 (5 - 7)vs 5 (3 - 6), p=0.015] than SSc patients with normal levels of
total sFLC.

A trend of a positive linear correlation was found between k-sFLC and DAI (r=0.290, p=0.014).

SSc patients with increased k-uFLC had statistically higher DAI [1.9 (1.2 - 3.3) vs 1.4 (0.5 - 2.13), p=0.048]
than SSc patients with k-uFLC under 15.1 mg/L.

No differences emerged in patients diagnosed with arterial hypertension and both serum and urinary FLC
(p >0.05).

Discussion

Elevated levels of sFLC have been found in a variety of ADs, including systemic lupus erythematosus,
rheumatoid arthritis, Sjögren’s syndrome, ankylosing spondylitis, psoriatic arthritis, vasculitis although many
studies included a small number of patients [5, 18, 19].

In these ADs, sFLC correlated strongly with inflammatory mediators, activity and severity index demons-
trating their potential for predicting disease activity [19, 20].

Few studies have quantified the FLC in SSc and only one in the serum [10]. Bosello et al found elevated k-
sFLC vs HC that correlated with restrictive lung disease, disease activity and inflammatory biomarkers such
as ESR, CRP and interleukin-6 (IL-6) [6]. IL-6 is produced by activated B cells and the authors suggest that
sFLC may play a role in the pathogenetic mechanisms of SSc. As multifunctional cytokine, IL-6 plays a well-
recognized role in inflammatory, immunoregulatory and haemopoietic responses. Thanks to a trans-signaling
mechanism mediated by its soluble receptor, IL-6 may orchestrate a wide range of inflammatory-immune
properties [21-23]. Among biological properties of IL-6, the stimulation of collagen synthesis by dermal
fibroblasts is well recognized [24].

In fact, high levels of IL-6 are found in the skin and serum of SSc patients connecting the role of this cytokine
in the onset of inflammation and fibrosis through the activation of B cell and the subsequent production of
sFLC [25]. Moreover, Lanteri et al, analyzing 134 SSc patients found a correlation between sFLC and BAFF
levels [10] The BAFF family, play a pivotal fundamental role in B cell development, maturation, and survival
and it is found higher in the skin and serum and of SSc patients [25].

Serum FLC is a marker of polyclonal activation and here we showed that in our patients both serum free
k and λ and k + λ sum correlate with ESR and CRP. In addition, a linear correlation was found between
serum free k with DAI and DSS. In addition, when specific cut-off values for normal range of sFLC were
considered, SSc patients with abnormal serum free k and k+ λ-sum showed a positive correlation with DAI
and DSS.

Thus, supporting the role of B cell activation in the pathophysiology of SSc, an overproduction of FLCs may
occur because of chronic immune stimulation. This fit well with the proposed role of FLC as a biomarker of
B cell activity as suggested in many studies on Ads [5].

To our knowledge, this is the first study that includes the evaluation also of urinary FLC in patients with
SSc.

The main result of our study is that urinary FLC levels were found to be elevated in comparison to the HC.
Higher urine free k levels, k+ λ sum, k/λ ratio>1.80 were found in SSc patients, while urine λ levels were
comparable to HC.

4
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. Since in SSc the clinical features are heterogeneous and disease course variable, the introduction of new
biomarkers is crucial to early determine systemic complications.

Biomarkers are useful to predict disease activity and progression, to identify patients at high risk of flares and
monitor response to treatment. In a large cohort of individual without plasma cell disorder, the findings of
FLC levels above the normal range proved to be predictors of worse overall survival in the general population
of individual without plasma cell disorders [26]. The urinary levels of polyclonal FLC strongly depend on
the rate of production and serum concentrations, on the range of proteinuria, presence of tubular damage
and the affinity of the tubules for all different FLC [27]. The system of reabsorption by the proximal tubular
is very efficient but saturable. Measurement of uFLCs is most used in course of plasma cell malignancy as
multiple myeloma, with an excess of monoclonal k or λ FLC [28].

On the other hand, the clinical significance of polyclonal FLC is to monitor activity of the disease, especially
in those characterized by activation of the B such as ADs and chronic inflammatory disorders [5].

In SSc, subclinical renal involvement is characterized by abnormal resistive index [29], isolated reduction
in glomerular filtration rate (GFR) rate and reduced kidney reserve [30]. Livi et al evaluated the renal
functional reserve from response of the kidney to an amino acid challenge in normotensive patients with
normal renal function and no urinary abnormalities [31]. They found in SSc patients an abnormal activation
of renal functional reserve (RFR). RFR is a parameter to measure the ability of the undamaged kidney to
increase GFR in response to protein overload and it depends on the activation of preglomerular vasodilating
mechanisms. In SSc, a functional derangement of vascular tone control is evident, favouring the prevalence
of vasoconstrictor over vasodilating factors.

The lack of correlation between serum and urinary FLC suggests the kidney’s inability to reabsorb the sFLC
produced. It is well known that a high prevalence of silent renal changes is observed in SSc kidneys, including
a reduced renal blood flow [32].

In clinical practice, the polyclonal elevations of FLCs are observed in patients with chronic kidney disease
and high blood pressure [33]. However, in our study the mean value of eGFR in SSc patients was 93 ml/min
and no differences were found between patients with and without arterial hypertension with both serum and
urinary FLC levels. Thus, we can confirm that the clearance and loss of FLC is not GFR and comorbidity
dependent.

The continuous reabsorption and accumulation of sFLC within the proximal tubule lumen led to inflamma-
tion, tubular cells apoptosis, activation of redox pathways and production of profibrotic cytokines [34, 35].
In the present study SSc patients with abnormal urine free k have higher DAI, although there is a weak
positivity. The analysis of both urine and serum for the assessment of FLC levels offer a simplified route
to evaluating the presence of activity and severity disease in ADs. The increased levels of uFLC in these
patients could be the result of non-specific polyclonal B cell activation as occurs in other ADs.

The FLC production observed in different systemic rheumatic autoimmune diseases reflect the clone expan-
sion of B cells with specific autoreactivities [4]. Due to their short half-life, FLC may be considered a direct
biomarker of B cell activity, recently described also in organo-specific autoimmune disorders [36]. Increased
FLC levels maybe a marker of disease severity and can be useful for therapeutic monitoring or to assess
recurrences investigating and reporting the association between pathogenic viruses (SARS-Cov2) with the
development of inflammatory condition in autoimmune diseases.

In conclusion, we suggest that both serum and urinary levels of FLC could be considered a reliable biomarker
to early diagnosis and monitoring of disease activity, leading to an optimization of specific patients’ man-
agement.
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Table 1. Demographic and clinical features of SSc patients.

Age, years, median and IQR 55 (46-65)
Female, n (%) 63 (87.5)
dcSSc, n (%) 33 (45.8)
Disease duration, years, median and IQR 11 (6-20)
mRSS, median and IQR 13 (7-18)
SSc-specific autoantibodies:
Anti-topoisomerase I, n (%) 33 (45.8)
Anti-centromere, n (%) 24 (33.3)
Anti-RNA polymerase III, n (%) 4 (5.6)
None, n (%) 11 (15.3)
DAI, median and IQR 1.5 (0.8-2.9)
DSS. median and IQR 5 (4-6)
Telangiectasias, n (%) 38 (52.8%)
ESR, mm/h, median and IQR 19 (12-34)
CRP, mcg/L, median and IQR 1600 (800-3500)
C3, mg/L, median and IQR 1045 (925-1180)
Nailfold capillaroscopic pattern:
Early, n (%) 13 (18.1)
Active, n (%) 23 (31.9)
Late, n (%) 36 (50)
sCr, mg/dL, median and IQR 0.8 (0.6-0.9)
eGFR, mL/min, median and IQR 93 (80-108)
Arterial hypertension, n (%) 22 (30.6%)

SSc:systemic sclerosis; dcSSc:diffuse cutaneous systemic sclerosis; mRSS: modified Rodnan Skin Score;
DAI:Disease Activity Index; DSS:Disease Severity Scale; sCR:serum creatinine; eGFR: estimated glomerular
filtration rate.

Table 2. Serum and urine free light chains in SSc Patients and healthy controls.
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.

SSc HC p
k-sFLC levels, mg/L, median and IQR 23.5 (19.7-28.4) 8.1 (7.1-10) p=0.0001
λ-σΦΛ῝ λεvελς, mg/L, median and IQR 17.5 (13.2-20.7) 10.1 (7.9-16.2) p=0.0001
κ/λ σΦΛ῝ ρατιο, median and IQR 1.4 (1.2-1.8) 0.8 (0.6-0.9) p=0.0001
κ-σΦΛ῝ + λ-σΦΛ῝ λεvελς, mg/L, median and IQR 40.5 (35.6-46.4) 19.6 (15.8-24.7) p=0.0001
k-sFLC >19.4 mg/L, n (%) 57 (79.2) 0 (0) p=0.0001
λ-σΦΛ῝ >26.3 mg/L, n (%) 7 (9.7) 0 (0) p=0.102
κ/λ σΦΛ῝ ρατιο >1.65, n (%) 22 (30.6) 0 (0) p=0.001
k-uFLC levels, mg/L, median and IQR 13.5 (4.8-22.5) 6.1 (3.6-7.6) p=0.0001
λ-υΦΛ῝ λεvελς, mg/L, median and IQR 2.1 (0.6-3.6) 2.4 (1.3-3.1) p=0.453
k-uFLC >15.1 mg/L, n (%) 32 (44.4) 0 (0) p=0.0001
λ-υΦΛ῝ >10.1 mg/L, n (%) 1 (1.4) 0 (0) p=0.706
κ/λ υΦΛ῝ ρατιο, median and IQR 6.7 (3.4-11.7) 2.1 (1.8-3.2) p=0.0001
κ-υΦΛ῝ + λ-υΦΛ῝ λεvελς, mg/L, median and IQR 16.5 (6-25.6) 8.1 (5.4-10.7) p=0.001
κ/λ υΦΛ῝ ρατιο >1.80, n (%) 63 (87.5) 19 (63.3) p=0.007

ΣΣς: σψστεμις σςλεροσις· Η῝: ηεαλτηψ ςοντρολς· κ-σΦΛ῝: κ σερυμ φρεε λιγητ ςηαινς· λ-σΦΛ῝: λ σερυμ φρεε

λιγητ ςηαινς· κ-υΦΛ῝: κ υρινε φρεε λιγητ ςηαινς· λ-υΦΛ῝: λ υρινε φρεε λιγητ ςηαινς.

Figure 1. Free light chains distributions in in SSc Patients and healthy controls
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