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Summary

Several reports have highlighted the abnormal increments of serum im-
munoglobulin free light chains (FLCs) in the course of systemic autoim-
mune rheumatic diseases (SARD), but a comparative analysis among dif-
ferent conditions is still lacking. A strong association between elevated 
FLC and hepatitis C virus (HCV)-related mixed cryoglobulinaemia 
(HCVMC) has been well established. Here, we aimed to analyse serum 
FLC levels in patients with four different SARD in comparison with 
HCVMC. Using a turbidimetric assay, free κ and λ chains were quantified 
in sera from 198 SARD patients (37 rheumatoid arthritis, RA; 47 systemic 
lupus erythematosus, SLE; 52 anti-phospholipid syndrome, APS; 62 primary 
Sjogren’s syndrome, pSS), 62 HCVMC and 50 healthy blood donors (HD). 
All patient groups showed increased κ levels when compared to HD: 
33·5  ±  2·6 mg/l in HCVMC, 26·7  ±  2·3 mg/l in RA, 29·7  ±  1·9 mg/l in 
SLE, 23·8  ±  1·1 mg/l in APS, 24·2  ±  1·1 mg/l in pSS; 10·1  ±  0·6 mg/l in 
HD. Free λ levels displayed a significant increase only for HCVMC 
(20·4  ±  1·4 mg/l) and SLE (18·4  ±  1·0 mg/l) compared to HD (13·6  ±  0·9 
mg/l). The increase of κ compared to λ takes into account a κ /λ ratio of 
1·6 for all groups. Our results substantially analyse and strengthen the 
association between FLC and SARD focusing the questions regarding their 
role in the pathogenesis and diagnosis of human diseases. Unfortunately, 
the biochemical differences distinguishing normal from pathological FLC 
have not been identified. Production of different isotypes is probably con-
nected to still-unknown pathways.
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bodies, SARD

Introduction

Activation of autoreactive B lymphocytes, leading to their 
differentiation into autoantibody-producing plasma cells, 
represents the most important pathogenetic mechanism in 
several autoimmune diseases. Immunoglobulin (Ig) free light 
chains (FLCs) are produced in excess of heavy chains dur-
ing synthesis of Igs by plasma cells. Thanks to their short 
half-life and in subjects with normal kidney function, their 
serum levels can be considered as a direct marker of B 
cell activation, as has been reported in several autoimmune 

diseases. An abnormal FLC ratio has been shown to be a 
risk factor for progression of monoclonal gammopathy of 
undetermined significance, smouldering (asymptomatic) 
myeloma and solitary plasmacytoma of bone, and is prog-
nostic in multiple myeloma [1–3]. Even if the functional 
relevance is still poorly investigated, FLCs could be con-
sidered bioactive molecules rather than a secondary product 
of the synthesis of Igs. Each clone of FLC displays distinct 
physicochemical properties and different bioactivities that 
may lead to differential injury in damaged tissues. Their 
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contribution to inflammation has been reported in experi-
mental disease models [4]. FLCs modulate inhibition of 
neutrophil apoptosis and viral replication and the induction 
of mast cell degranulation [5]; the increased levels of FLCs, 
detected in the course of autoimmune disorders, correlate 
with disease activity [6]. All these data suggest that they 
could act as ‘mini-autoantibodies’.

FLCs belong to a heterogeneous family of molecules 
produced by different B cell clones that share only the 
molecular weight and constant region. Light chains’ com-
plementarity determining region (CDR) consists of a part 
of the antigen-binding site of self- and non-self-antibodies 
despite Ig light chains, when separated from antigen-specific 
polyclonal antibodies, displaying little or no antigen-binding 
activity [7]. The light chain replacement appears to be 
the dominant form of ‘receptor editing’ that can switch 
the unfavourable antibody reactivity and convert danger-
ous self-reactive into innocuous antibodies [8,9]. A periph-
eral B cell tolerance checkpoint further eliminates 
autoreactive new emigrant B cells before they enter the 
mature naive B cell compartment. In systemic autoimmune 
rheumatic diseases (SARD), both the central and peripheral 
checkpoints are defective [10].

SARD consist of a heterogeneous group of diseases 
that affect connective tissues mainly resulting from 
uncontrolled autoimmune responses, complement activa-
tion and associated inflammation. B cells carry out a 
central role in the pathogenesis of autoimmune disease. 
In addition to the production of different specific autoan-
tibody patterns, B cells may contribute to disease devel-
opment by presenting autoantigens to autoreactive T 
cells and by secreting proinflammatory cytokines and 
chemokines [11,12]. In nearly all SARD, autoantibody 
production and immune dysregulation precede the clini-
cal onset. The detection of autoantibodies is currently 
widely used for diagnosis. However, the ongoing research 
is focused on improving biomarker utilization for diag-
nosis, prognosis, treatment selection and optimized 
therapy. Since 2001, when an assay for determining serum 
FLCs levels was developed, increased levels of FLC have 
been investigated and described in patients with gen-
eralized B cell stimulation [6,13–15].

Different immunological dysfunctions have been fre-
quently reported in hepatitis C virus (HCV)-positive 
patients, including mixed cryoglobulinaemia (MC) [16,17]. 
HCV chronic infection triggers aberrant immunoglobulin 
production by non-specific autoreactive B cell clones and 
may contribute to the pathogenesis of cryoglobulinaemic 
vasculitis [18–20]. FLC patterns have been associated with 
MC [21–23].

Chronic diseases such as SARD and HCVMC represent 
a burden to humans because of lifelong debilitating ill-
ness, increased mortality and morbidity due to the 

involvement of multiple organ systems and to the high 
costs of therapy and care [24]. B lymphocyte activation 
associated with the increased FLC production prompted 
us to investigate serum free κ and λ levels in these 
conditions. Here, we report our results on FLCs analysis 
in four patient groups with different SARD [rheumatoid 
arthritis (RA); systemic lupus erythematosus (SLE); anti-
phospholipid syndrome (APS); primary Sjogren’s syn-
drome (pSS)] in comparison with HCVMC as a prototype 
of a B cell-sustained chronic inflammation induced by 
a well-known aetiological agent.

Patients and methods

Patients

Sera from 260 patients (62 HCVMC, 37 RA, 47 SLE, 52 
APS, 62 pSS) enrolled at the Dipartimento di Medicina 
Interna e Gastroenterologia, Fondazione Policlinico 
Universitario ‘A. Gemelli’, IRCCS (Rome, Italy) were collected 
between January 2010 and December 2015 for the deter-
mination of FLC levels. Sera from 50 sex- and age-matched 
healthy blood donors (HD) were tested as control.

Exclusion criteria comprised subjects with diagnoses of 
plasma cell dyscrasia disorders, cancer and renal failure (esti-
mated glomerular filtration rate was <  60 ml/min/1·73 m2).

Sixty-two HCVMC patients [40 females (F); 22 males 
(M)] were defined by the presence of serum type II CGs. 
Alanine aminotransferase was available for all patients 
(mean value  =  108·4, 9  ±  10  U/l) and the METAVIR 
score, assessed by transient elastography Fibroscan, ranged 
from F2 to F3, according to the classification criteria for 
MC as proposed by the Italian Group for the Study of 
Cryoglobulinemias in 1989 and later revised in 2002 [16]. 
A positive pattern for anti-nuclear autoantibody (ANA) 
was assessed. All HCVMC patients displayed a type II 
cryoglobulinaemia.

The study included 37  RA patients (25F, 12M) with a 
diagnosis based on the 1987 American College of 
Rheumatology (ACR) criteria and/or 2010 ACR/European 
League Against Rheumatism (EULAR) classification criteria 
for RA [25,26]; 47  SLE patients (35F, 12M), with at least 
four ACR criteria for the classification of SLE [27,28]; 
52 APS patients (40F and 12M) fulfilled the Sydney criteria 
for APS [29]; 62  pSS patients (50F, 12M) who fulfilled 
2016 ACR–EULAR criteria for pSS were also included [30].

The study was approved by the ethical committee of 
Università Cattolica of Rome. The protocol was carried 
out in accordance with the Declaration of Helsinki as 
revised in Seoul 2008. Upon assessment of the importance 
of the study and that the information resources were 
appropriately expressed, patients and HD gave their 
informed consent.
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Laboratory investigations

Sera were collected and stored at –80° C, except samples 
for cryoglobulin (CG) determination that was performed 
on the same day. CGs were characterized by immunofixa-
tion electrophoresis, with a G26 fully automated system 
(Interlab, Rome, Italy) [31,32].

Rheumatoid factor (RF) measurements were performed 
according to the manufacturer’s protocol on the BNII 
automated analyzer from Siemens Healthcare (Erlangen, 
Germany). An RF value of >  20  IU/ml was considered 
positive.

ANA levels were determined by an indirect immuno-
fluorescence assay (IIFA) on a HEp-2 cell line. Baseline 
ANA levels greater than 1  :  80 were regarded as positive 
[33,34]. ANA detection by IIFA was followed by a double-
strength DNA enzyme-linked immunosorbent assay 
(ELISA) that allows the determination of antigen specificity; 
subsequently an immunofluorescence test for antibodies 
to native DNA, using the kinetoplast of Crithidia luciliae 
as substrate, has been assessed and appeared to have great 
specificity as a diagnostic test for SLE.

The quantitative HCV-RNA detection was measured by 
a routine method and virus genotype was determined for 
each sample (Siemens Healthcare).

Laboratory criteria included persistent presence of anti-
phospholipid antibodies, a heterogeneous group of autoan-
tibodies, lupus anti-coagulant, anti-cardiolipin and 
anti-beta 2-glycoprotein I antibodies of IgG or IgM isotypes 
at medium/high titres. Chemiluminescent immunoassays 
employing antigen-specific paramagnetic beads were used 
in accordance with the manufacturer’s instructions.

A specific single test diagnostic for pSS is lacking. 
Currently, the diagnosis requires either the presence of 
extractable nuclear antigen antibodies, anti-SSA (Ro) or 
anti-SSB (La) in ELISA and ANA in IIFA-positive.

FLCs were assessed by means of turbidimetric assay 
(Freelite Human Kappa and Lambda Free Kits, The Binding 
Site, Birmingham, UK) and performed with the Optilite® 
instrument (The Binding Site). The immunoassay consisted 
of two separate measurements, for free κ (normal 
range  =  3·3–19·4 mg/l) and free λ (normal range  =  5·7–
26·3  mg/l). A ratio of κ/λ <  0·26 or >  1·65 is abnormal, 
according to the manufacturer’s recommendations. 
Calibrators and controls were provided by the manufacturer 
and consisted of stabilized human sera containing poly-
clonal λ- and κ-FLC; calibrators and controls were diluted 
to the appropriate concentrations for serum determinations, 
following the manufacturer’s instructions.

Total IgG, IgM and IgA, C3 and C4 were part of the 
routine clinical care of each patient and were assessed 
on the same day of blood sample collection.

The analysis was performed by an operator without knowl-
edge of the clinical information of the handled sample.

Statistical analysis

Statistical analyses were performed by using the software 
package r (3.5.2 release). Four candidate biomarkers were 
considered: serum κ-levels (mg/l), serum λ levels (mg/l), 
κ/λ ratio (unit-less quantity) and κ + λ (mg/l). Continuous 
variables were reported as mean  ±  standard error of 
the mean (SEM). Biomarkers were analysed by the modi-
fied Levene equal variance test (F-test) to determine 
whether the variances in the groups are equal, followed 
by Welch’s analysis of variance (anova) test for unequal 
variances. Biomarkers were also tested for normality by 
a visual inspection of the QQ-plot, followed by a Shapiro–
Wilk test. Although it was found that selected data sets 
showed some degree of deviation from normality, Welch’s 
anova was preferred over Kruskal–Wallis because many 
authors have reported that the former is robust to devia-
tion from normality, while the latter is adversely affected 
by heteroscedastic data, as determined by the Levene 
test.

Post-hoc analysis was carried out by a Games–Howell 
test for multiple means comparisons. The results were 
displayed by plotting the difference in means together 
with the corresponding 95% confidence interval (CI). 
Correlations between variables were evaluated by a linear 
regression analysis and by calculating the Spearman’s cor-
relation coefficients. Strength of correlation was judged 
using correlation coefficients of >  0·70 as strong, 0·3–0·7 
as moderate and <0·3 as weak.

Results

Determinations of FLC levels in sera from 62 HCVMC 
(mean age  =  61·4  ±  12), 37  RA (mean age  =  57·6  ±  13), 
47  SLE (mean age  =  60·0  ±  14), 52  APS (mean age  = 
63·2  ±  13) and 62  pSS patients (mean age  =  61·8  ±  11) 
are reported in Table 1; sera from 50  HD (mean 
age  =  51  ±  10·2) were tested as negative control.

In Fig. 1a we show κ levels for HCVMC patients 
(κ  =  33·5  ±  2·6  mg/l), for RA patients (κ  =  26·7  ± 2·3  mg/l), 
for SLE patients (κ  =  29·7  ±  1·9  mg/l), for APS patients (κ  = 
23·8  ±  1·1  mg/l), for 62  pSS patients (κ  =  24·2  ±  1·1  mg/l) 
and for 50  HD (κ  =  10·1  ±  0·6 mg/l). No HD display 
increased κ levels (>  19·4  mg/l) (dashed black lines in 
Fig. 1a). A Welch’s anova for unequal variances revealed 
that FLC levels differed significantly in the six groups: 
(F(5,125)  =  60·628, P  <  1e-6 for κ levels; F(5,125)  =  5·7723, 
P  =  7·926e-05 for λ levels). A Games–Howell post-hoc 
analysis revealed that all patient groups showed increased 
κ levels when compared to HD (Fig. 1b). HCVMC patients 
showed also higher κ levels than SLE and APS patients.

In Fig. 1c we show λ levels for HCVMC patients (λ  = 
20·4  ±  1·4  mg/l), for RA patients (λ  =  14·4  ±  1·0  mg/l), 
for SLE patients (λ  =  18·4  ±  1·0  mg/l), for APS patients 
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(λ  =  14·7  ±  0·8  mg/l), for 62 pSS patients (λ  =  14·4  ± 
0·6  =  mg/l) and for 50  HD (λ  =  13·6  ±  0·9  mg/l). No 
HD display any increase in λ levels (> 26·3) (dashed black 
lines in Fig. 1c). The λ levels display a different distribu-
tion, with a significant increase only for HCVMC and 
SLE patients compared to HD. No statistically significant 
differences were observed for APS, pSS and RA patients. 
Moreover, λ levels in HCVMC and SLE patients were 
statistically higher than in APS patients (Fig. 1d).

Figure 1e shows the κ/λ ratio for the five groups of 
patients compared to the HD. A Welch’s anova test revealed 
statistically significant differences among the six groups 
(F(5,126)  =  74·19, P-value  <  2·2e-16). Interestingly, the post-
hoc pairwise comparisons with the Games–Howell test 
showed that the κ/λ ratio were statistically higher in the 
five groups of patients than in the control group; no sta-
tistically significant differences were observed by comparing 
different groups of patients (Fig. 1f). The same Welch’s 
anova test followed by a Games–Howell post-hoc test was 
carried out for κ + λ values (Fig. 1g,h), and the behaviour 
was similar to κ levels (Fig. 1a,b).

The correlation among κ and λ levels and age were 
investigated by computing the Spearman’s correlation 
coefficient. No statistically significant correlation was 
observed between κ levels and age and λ levels and 
age. A strong correlation between κ and λ levels was 
found for RA, SLE patients and HD (Fig. 2a), and a 
moderate correlation for HCVMC, pSS and APS patients 
(Fig. 2a).

We carried out a linear regression analysis to analyse 
more clearly a relationship between κ and λ levels. In 
Fig. 2, we show λ levels as a function of κ levels for 
HCVMC (Fig. 2b), RA (Fig. 2c), SLE (Fig. 2d), APS (Fig. 
2e), pSS patients (Fig. 2e) and HD (Fig. 2f). Data were 
fitted to a linear trend (dashed black line). Prediction 
bands are also reported. On one hand, linear regression 
confirmed a positive correlation between κ and λ levels 
in each of the six groups of subjects (Fig. 2b–g). In all 
the subject groups, we found the intercept of the linear 
regression systematically higher than zero. This result 

suggests that, at low levels, λ mean levels were higher 
than κ levels. Of note, in the five patient groups slopes 
were systematically lower than λ (see insets of Fig. 2b–f), 
and were thus between 0 and 1. On the other hand, in 
the control group we measured a slope of 1·15  ±  0·13, 
which is consistent with λ within one standard deviation. 
The results of the linear regression analysis also accounted 
for the behaviour of the κ/λ ratio, as shown in Fig. 1e. 
In the control group, κ and λ levels increased at the 
same rate, but λ was higher than κ at low FLC levels, 
thus giving a κ/λ ratio lower than λ (0·78  ±  0·03; data 
are expressed as mean ± s.e.m.). Conversely, the increase 
of κ compared to λ takes into account a κ/λ ratio of 
approximately 1·6 for all the patient groups (Fig. 1e).

Discussion

Due to the multiple mechanisms that can lead to a break-
down of tolerance and to the multitude of lesions associ-
ated with autoimmune diseases, specific patterns of 
biomarkers are still widely needed to identify patients at 
risk of relapse and for the management of patients under 
drug treatments in order to limit organ damage [23,35,36]. 
Significant increments of polyclonal FLCs are reported 
in a wide spectrum of inflammatory and autoimmune 
conditions in correlation with disease activity, suggesting 
their role as therapeutic targets and biomarkers of B cell 
activity [2,6,37]. Here we evaluated FLCs levels in four 
patient groups with different systemic autoimmune rheu-
matic disorders (RA, SLE, APS, pSS) in comparison with 
patients with HCVMC, an inflammatory immune condi-
tion sustained by a well-defined stimulus.

From our data analysis, only an increase of κ levels 
occurred in each rheumatic condition that we analysed, 
while κ and λ levels rose at the same rate in HD. Moreover, 
the κ/λ ratio was statistically higher in the five groups 
of patients (SARD  +  MC) than in HD.

Each SARD is characterized by specific patterns of autoan-
tibodies (towards unknown antigens) that resemble the 
different B cell clones’ origin, and is paralleled by an  

Table 1. Age and concentration of free light chains (FLC) in the study population expressed as mean ± standard deviation

  n Age (years) κ (mg/l) λ (mg/l) κ /λ κ + λ (mg/l)

HCVMC 62 61·4 ± 12 33·5 ± 2·6 (P < 0·0001) 20·4 ± 1·4 (P = n.s.) 1·60 ± 0·08 (P < 0·0001) 56·2 ± 4·0 (P < 0·0001)
RA 37 57·6 ± 13 26·7 ± 2·3 (P < 0·0001) 14·4 ± 1·0 (P = n.s.) 1·70 ± 0·07 (P < 0·0001) 43·0 ± 3·6 (P < 0·0001)
SLE 47 60·0  ± 14 29·7 ± 1·9 (P < 0·0001) 18·4 ± 1·0 (P = n.s.) 1·59 ± 0·05 (P < 0·0001) 49·1 ± 2·8 (P < 0·0001)
APS 52 63·2 ± 13 23·8 ± 1·1 (P < 0·0001) 14·7 ± 0·8 (P = n.s.) 1·56 ± 0·05 (P < 0·0001) 38·1 ± 1·6 (P < 0·0001)
pSS 62 61·8 ± 11 24·2 ± 1·1 (P < 0·0001) 14·4 ± 0·6 (P = n.s.) 1·50 ± 0·05 (P < 0·0001) 37·8 ± 1·3 (P < 0·0001)
HD 50 51 ± 10·2 10·1 ± 0·6 13·6 ± 0·9 0·78 ± 0·03 23·7 ± 1·5

Normal range for FLCs: 3·30–19·40 mg/l for κ; 5·71–26·30 mg/l for λ. A ratio of κ/λ < 0·26 or > 1·65 is abnormal.
P was calculated between each patients group and healthy donors (HD).
HCVMC  =  hepatitis C virus-related mixed cryoglobulinaemia; RA  =  rheumatoid arthritis; SLE=  systemic lupus erythematosus; APS  =  anti- 

phospholipid syndrome; pSS = primary Sjogren’s syndrome; n.s.= not significant.
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Fig. 1. Free light chain (FLC) levels in patients and controls. (a) The κ levels in different patient subgroups and controls. (b) Comparison of κ levels 
among the various patient subgroups and controls. (c) The λ levels in different patient subgroups and controls. (d) Comparison of λ levels between the 
various patient subgroups and controls. (e) The κ/λ levels in different patient subgroups and controls. (f) Comparison of κ/λ levels among the various 
patient subgroups and controls. (g) The κ + λ levels in different patient subgroups and controls. (h) Comparison of κ + λ levels between the various 
patient subgroups and controls.
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Fig. 2. Free light chain distribution between different patient subgroups and controls. (a) Correlation between κ and λ levels in patient subgroups. (b) 
The λ levels as a function of κ levels for patients with hepatitis C virus-related mixed cryoglobulinaemia (HCVMC). (c) The λ levels as a function of κ 
levels for rheumatoid arthritis (RA) patients. (d) The λ levels as a function of κ levels for systemic lupus erythematosus (SLE) patients. (e) The λ levels 
as a function of κ levels for anti-phospholipid syndrome (APS) patients. (f) The λ levels as a function of κ levels for primary Sjogren’s syndrome (pSS) 
patients. (g) The λ levels as a function of κ levels for healthy blood donors.
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increase in FLC production, as we report here. Different 
papers on the biological functions of FLCs have demon-
strated their immunological properties; in some cases, FLCs 
may activate mast cells through the binding on specific 
surface receptors [5,38,39]. It is conceivable that not only 
mast cells but also B lymphocytes could display specific 
surface receptors for FLCs. In this way, through their CDRs, 
FLCs might influence the individual antigen-binding capac-
ity, the pathogenic potential and the ability to interact with 
immune cells, acting as ‘mini-autoantibodies’. In this hypo-
thetical scenario, antigen-bound FLCs may activate B cells, 
through an autocrine activation loop, into plasma cells 
producing FLC and autoreactive Igs (Fig. 3). From this 
point, the outcome of immune reaction should depend 
upon (auto)antigenic stimulus persistence. Production of 
different FLC isotypes by B lymphocytes is probably con-
nected to any still-unknown pathways. In these conditions, 
FLCs could sustain inflammation and disease progression 
[40,41].

MC is characterized by circulating cryoglobulins result-
ing from an abnormal interaction between a host pre-
disposition and a well-defined environmental trigger (e.g. 
HCV infection) that leads to an aberrant B cell dysfunc-
tion. Chronic inflammation selects a multi-step progres-
sion from a simple serological alteration towards  
more complex disorders and ultimately to overt malignant 
B lymphoproliferation. The increment of FLCs that we 
observed in MC represents an index of plasma cell 
activity; an altered κ/λ ratio seems to be positively cor-
related with the worsening progression of the HCV-
related lymphoproliferative disorder [2]. Unfortunately, 
specific biochemical differences distinguishing normal 
from pathological FLCs have not been identified, and 
currently no experimental evidence supports our 
hypothesis.

In conclusion, we believe that our results are relevant 
for a clearer understanding of mechanisms behind the 
dysregulated immune response that we observed in SARD. 
Our findings confirm that a modification of FLC profile 
is strongly associated with various autoimmune conditions, 
even if lacking disease specificity; however, the addition 
of FLC analysis in routine panels may improve the quality 
of laboratory diagnosis, providing clinicians with a direct 
viewpoint on B cell activation. Moreover, assessment of 
the pretreatment FLC profile may represent a useful pre-
diction tool for the response to therapy, as we have already 
reported [2,21,42]. A more in-depth research investigation 
is necessary to demonstrate the pathogenetic role of FLC 
as ‘mini-autoantibodies’ that we hypothesize here. In a 
translational pathway, FLCs and their cell receptors should 
be explored as novel attractive therapeutic targets to reduce 
inflammation and disease activity (this concept is still 
unexplored). Another challenge will be to increase our 
knowledge of the bone marrow microenvironment allow-
ing the self-antigen presentation to newly generated B 
cells producing FLCs, and for the processes of selection. 
Further investigations are necessary to exploit their patho-
genetic potential in disease activity.
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