
12 EJD, vol. 33, n° 1, January-February 2023

Investigative report Eur J Dermatol 2023; 33(1): 12-18

The potential role of serum polyclonal free 
light chains as markers of immune activation in 
psoriatic patients

Background: Polyclonal free light chains (FLCs) of  immunoglobulins 
include κ and λ chains and represent a sensitive marker of  
activation and/or dysfunction of the immune system. Objectives: The 
aim of this study was to investigate the role of FLCs as markers of  
immune activation in the management of psoriatic patients treated 
with biologics. Materials & Methods: The overall study population 
included 45 patients affected by mild-to-severe psoriasis with either 
ongoing biological treatment or without any current systemic therapy. 
Peripheral blood samples were taken from all patients and 10 healthy 
subjects in order to determine immunoglobulins, light chains and 
FLCs by quantitative nephelometric assay. Moreover, antinuclear 
antibodies (ANA) were detected by immunofluorescence. Results: 
Psoriatic patients showed significant increased levels of κ and λ FLCs 
compared to healthy controls. Interestingly, κ and λ FLCs values were 
significantly increased only in psoriatic patients with ongoing biolog-
ical treatment and, in particular, in responder subjects. Furthermore, 
both κ and λ FLCs significantly correlated with duration of therapy. 
For patients with FLC levels above normal range and under biolog-
ical treatment for more than 12 months, the odds of being ANA+ 
was greater relative to patients with FLC levels above normal range 
but under biological treatment for less than 12 months. Conclusions: 
Increased FLC levels may represent a marker of immune reactivation 
in psoriatic patients treated with biologic agents. We suggest that 
determining FLC levels has clinical relevance, with a cost/benefit ratio 
justifying such evaluation in the clinical management of psoriasis.
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P soriasis (Pso) is a chronic-relapsing inflammatory 
disease affecting 2-3% of the general population 
worldwide [1]. Patients suffering from Pso,  

especially those with a moderate-to-severe form, may 
present with various comorbidities such as psoriatic 
arthritis (PsA), inflammatory bowel diseases, metabolic 
syndrome and a higher cardiovascular risk [2-6]. 
Therefore, effective long-term control of this pro- 
inflammatory status is mandatory [4, 5]. Over the last 
decades, the introduction of biotechnological therapies 
has represented the therapeutic cornerstone for Pso [7, 8].  
Nevertheless, the incidence of patients with recalcitrant 
Pso continues to be relatively frequent [9, 10]. Moreover, 
the development of the use of biological agents in some 
patients has led to the observation of auto-antibodies, in 
particular, antinuclear antibodies (ANA), which are usu-
ally a sign of immune system reactivation. Thus, it is of 
interest to search for possible markers, to predict immune 
reactivation at an early stage, in order to improve the ther-
apeutic response and aid clinicians in their investigation 
[11]. In view of this, the polyclonal free light chains (FLCs) 
of the immunoglobulins (Igs) may prove to be useful. 
These include the κ and λ chains that are synthesized daily  

and released in the blood at varying quantities  
(500 mg/day) [12]. Moreover, they are physiologically presi-
ent in traces in all biological fluids, such as synovial fluid, 
cerebrospinal fluid, saliva and urine [12-13]. Their half-life 
of 2-6 hours renders them suitable as sensitive markers of 
the activation and/or dysfunction of the immune system 
[13]. Since the first investigations by Bence in 1847 [14], 
they have been widely used in onco-haematology  
where their monoclonal form represents one of the 
parameters evaluated for monitoring therapeutic out-
comes and prognosis of immune-proliferative disorders 
[15, 16]. However, FLCs may increase in the case of 
chronic inflammation or autoimmune diseases, in  
hypersensitivity reactions or in response to viral infec-
tions, however, in these cases, the κ/λ ratio is unmodified 
[12, 17-19]. Only preliminary investigations on FLCs have 
been performed in patients with Pso. In particular, some 
authors have found elevated FLCs in synovial fluid and 
serum of patients suffering from PsA [20, 21].
The aim of this study was to investigate the potential 
role of FLCs as markers of immune activation in Pso 
patients and determine how they are modulated by  
biological therapy.
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Materials and methods

Study population
The overall study population included 45 patients 
enrolled at Pso units of the University of Naples Federico 
II and University of Bologna. Inclusion criteria included 
a diagnosis of mild-to-severe Pso made by a dermatolo-
gist and either ongoing treatment with biologics or with-
out any current systemic therapy. A group of Pso patients 
(n=15) at baseline (W0) and after 16 weeks (W16) of 
therapy with adalimumab (ADA) was included for a  
prospective evaluation of FLCs. In addition, 10 healthy 
volunteers matched by age and sex were enrolled as  
controls. Peripheral blood samples were taken from all 
patients and healthy subjects. Dermatologists were asked 
to fill out a medical form registering current clinical data, 
including PASI score, pathological anamnesis and remote 
pharmacological history for each patient. The experimen-
tal protocol was performed according to the current ver-
sion of Helsinki Declaration, and each subject provided 
written informed consent before the onset of the study.

Quantitative nephelometric assay
Sera were obtained by standard centrifugation, divided 
into aliquots, and stored frozen until analysis. Samples 
were thawed only once and immediately assayed. Serum 
immunoglobulins (Igs), light chains (LCs) and FLC con-
centrations were quantified by nephelometry using a BN 
II (Siemens, Healthcare Diagnostics, Marburg, Germany). 
In detail, total serum IgG, IgA and IgM as well as LC 
concentrations were quantified by nephelometric test kits 
(Siemens, Healthcare Diagnostics); serum FLC concen-
trations were measured using N Latex FLC kappa and 
N Latex FLC lambda kit for serum FLCs (Siemens, 
Healthcare Diagnostics), according to the manufacturer’s 
instructions. Normal ranges were defined as: κ LC:  
1.70-3.70 g/L; λ LC: 0.90-2.10 g/L; LC κ/λ ratio: 1.35-2.65 
for serum LCs, and κ FLC: 6.7-22.46 mg/L; λ FLC:  
8.3-27.00 mg/L; FLC κ/λ ratio: 1.35-2.65 for serum FLCs.

Detection of antinuclear antibodies and their 
specificity
ANA were detected by indirect immunofluorescence 
(IFI). Patient and control sera were incubated on slides 
with HEp-2 cells substrate (Kallestad HEp-2 Cell Line 
Substrate, 12 well slides, Bio-Rad Laboratories, 
Hercules, CA) at a screening dilution of 1:100 to allow 
antibody binding. Bound IgG antibodies were detected 
by incubation of the substrate with a fluorescein-labelled 
anti-human IgG conjugate, whereas unbound antibodies 
were removed by rinsing using ZENIT UP (Menarini 
Diagnostics, Italy). Reactions were observed under a 
fluorescence microscope equipped with appropriate  
filters using a ZENIT G-SIGHT (Menarini Diagnostics) 
with positive value of ≥1:160.

Statistical analysis
Data that passed the normality test were analysed using 
a two-tailed, t-test, otherwise the Mann-Whitney test 

was used to calculate statistical differences. Correlations 
were evaluated with the non-parametric Spearman’s rho 
test. Considering ANA positivity as an outcome  
variable, we conducted multivariate logistic regression 
analysis taking into account the following variables: FLC 
κ within normal range (6.7-22.46 mg/L) or above normal 
range (>22.46 mg/L), and FLC λ within normal range 
(8.3-27.00 mg/L) or above normal range (>27.00 mg/L); 
also, FLC κ >22.46 mg/L in patients with ongoing ther-
apy for: i) <12 months or ii) ≥12 months, and FLC λ 
>27.00 mg/L in patients with ongoing therapy for: i) <12 
months, or ii) ≥12 months. We adjusted and controlled 
by calculating odds ratios (ORs) and 95% confidence 
intervals (CIs) for each variable. Statistical analyses were 
performed using GraphPad Prism 6.0 (GraphPad 
Software Inc, La Jolla, CA, USA) or SAS software v 9.3 
(SAS Institute Inc., Cary, NC, USA). Values of p<0.05 
were considered statistically significant. 

Size calculation
Since there are few published data to accurately estimate 
the significant pathogenetic increase in serum FLC levels 
in Pso patients, we assumed that we would obtain results 
similar to those reported by Redegeld et al. [22]. 
Moreover, in order to have an adequate number of sam-
ples to establish a minimum hypothetic difference 
between pre and post anti-TNF-α treatment in terms of 
serum FLC levels with respect to baseline at 10%, 15 
samples were required. A drop-out rate of about 10% 
was taken into account.

Results

Patients’ characteristics
The enrolled patients comprised 21 males (47%) and 24 
females (53%), with a mean age of 58.42±14.86 years 
and mean PASI score of 12.62±11.08, and 20 of them 
had ongoing treatment with biologics. Characteristics 
of the study population are outlined in table 1.

Immunoglobulins, light chains and free light chains 
Determinations of total serum IgG, IgA and IgM, as 
well as κ and λ LCs, from Pso patients and healthy con-
trols are reported in table 2. Although all measurements 
remained within normal range, the levels of IgG, IgA 
and both κ and λ LCs were significantly higher in Pso 
patients than in controls (table 2). In addition, Pso 
patients showed increased levels of κ and λ FLCs  
compared to healthy controls (figure 1A). Indeed, the 
mean concentrations were 25.92±6.03 mg/L and 35.67± 
10.90 mg/L in Pso patients versus 18.79±9.17 mg/L 
(p<0.05) and 22.06±6.56 mg/L (p<0.01) in healthy 
 controls for κ FLCs and for λ FLCs, respectively. To 
evaluate whether the FLC levels could be influenced by 
the current therapy, patients were stratified into ongoing 
treatment with biologics (Pso Tx) and naïve to biologics 
without any ongoing systemic therapy (Pso No Tx). 
Interestingly, κ and λ FLCs values were significantly 
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Table 1. Patients’ characteristics.

Patient Age Sex PASI Ongoing treatment Duration of treatment
(months)

Previous biological 
treatment

1 50 M 3 UST 48 No
2 76 M 5 SCK 14 No
3 84 F 0 UST 26 No
4 68 M 0 IFX 48 No
5 62 M 0 ADA 120 No
6 70 M 3 SCK 9 No
7 29 M 2 UST 12 Yes
8 89 F 1 IXE 10 Yes
9 39 F 1 SCK 12 Yes
10 89 F 7 SCK 12 Yes
11 47 M 0 ADA 14 No
12 76 F 0 SCK 120 No
13 59 F 3 SCK 14 No
14 51 M 4 UST 27 No
15 56 F 0 SCK 75 No
16 37 F 8 SCK 10 Yes
17 53 F 6 SCK 10 Yes
18 32 F 0 SCK 15 Yes
19 62 F 4 SCK 10 Yes
20 46 M 3 UST 10 Yes
21 56 M 12 *ADA 3 No
22 40 M 16.3 *ADA 3 No
23 73 M 19.1 *ADA 3 No
24 58 F 14 *ADA 3 No
25 72 F 23.0 *ADA 3 No
26 70 F 15.2 *ADA 3 No
27 45 M 23.4 *ADA 3 No
28 71 F 22.1 *ADA 3 No
29 49 M 16.9 *ADA 3 No
30 62 F 28.7 *ADA 3 No
31 53 M 22.4 *ADA 3 No
32 72 F 17.0 *ADA 3 No
33 57 F 23.5 *ADA 3 No
34 46 M 20.1 *ADA 3 No
35 58 F 13 *ADA 3 No
36 57 M 11 - -
37 38 M 46.4 - -
38 75 F 25.7 - -
39 53 F 22.2 - -
40 68 M 10.4 - -
41 72 F 17.9 - -
42 32 F 22.0 - -
43 65 M 16.3 - -
44 52 M 38.8 - -
45 60 F 20.4 - -

ADA: adalimumab; IFX: infliximab; IXE: ixekizumab; SCK: secukinumab; UST: ustekinumab.
*Patients starting ADA therapy at baseline (W0) and followed up to W16 (four months).

increased in the Pso Tx group but not in the Pso No Tx 
group (figure 1B).

FLCs in responder and non-responder subjects
To evaluate whether the FLC levels could be influenced 
by the therapeutic response to ongoing treatment, Pso 
patients were stratified into responders (R) and 

non-responders (NR). Responders were defined as 
patients who had achieved after three months and main-
tained overtime a PASI response ≥75 to the prescribed 
biologic agent. Conversely, non-responders were patients 
who at the time of the enrolment had failed to maintain 
a PASI response ≥75 in the previous three months. We 
observed that κ and λ FLC values were significantly 
increased in the R but not the NR group (figure 1C).
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Figure 1. A) Free light chains (FLCs) in psoriatic (Pso) and healthy control subjects (Ctrl). B) FLCs in Pso subjects with 
ongoing (Tx) and without any treatment (No Tx). C) FLCs in responder (R) and non-responder (NR) Pso subjects. Data 
are presented as mean±SD. Statistical analysis was performed using the Mann-Whitney test with respect to Ctrl. *p<0.05; 
**p<0.01.
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Table 2. Serum immunoglobulins (IgG, IgA, IgM) and light chains (κ, λ, κ/λ ratio).

Pso
(n=30)
Mean±SD

Ctrl
(n=10)
Mean±SD p value

IgG 
(7.37-16.07 g/L) 

11.31±1.90 8.35±1.86 0.0032

IgA 
(0.70-4.00 g/L) 

3.14±1.74 1.96±1.38 0.0277

IgM 
(0.40-2.30 g/L) 

1.28±0.93 1.07±0.49 0.9505

κ 
(1.70-3.70 g/L) 

2.86±0.38 1.96±0.64 0.0044

λ 
(0.90-2.10 g/L) 

1.74±0.44 1.22±0.44 0.0233

κ/λ 
(1.20-2.70 g/L)

1.57±0.19 1.63±0.19 0.5335

FLCs and treatment duration 
Given that biological therapy increased FLCs in our 
population and in particular in R patients, we stratified 
R and NR groups according to duration of therapy. R 
patients were treated with biologics for a significant lon-
ger period than NR patients (50.6±41.39 vs 10.9±1.83, 
mean±SD months; p<0.01). Moreover, both κ and λ 
FLCs were shown to significantly correlate with dura-
tion of therapy (r=0.5 and r=0.6, respectively) (figure 2).

FLCs, ANA and treatment duration
Since it is well known that Pso patients under treatment 
with anti-TNF-α or other biologics may become positive 
for antinuclear antibodies (ANA+), the sera from 
patients with ongoing treatment were assayed also for 
ANA determination and ANA+ titres were found in 
35% of patients (7/20). None of the patients who devel-
oped ANA also developed autoimmune disease. Patients 
with FLC levels above the normal range had higher odds 
of being ANA+ relative to those with FLC values within 
normal range (κ: OR=1.86 and λ: OR=2.33, respectively) 
(table 3). In particular, patients with FLC levels above 
the normal range and under biological treatment for 
more than 12 months showed higher odds of being 

ANA+ relative to patients with FLC levels above nor-
mal range but under biological treatment for less than 
12 months (κ: OR=3.33 and λ: OR=3.67, respectively) 
(table 3).

FLCs before starting and during biological 
treatment
In the light of these results, we also evaluated FLCs in 
a prospective manner, before starting and during  
biological treatment. In particular, FLC levels were  
measured in a group of Pso patients (n=15) before (W0) 
and after 16 weeks (W16) of ADA therapy. The levels 
of both κ and λ chains were significantly higher at W16, 
but remained within normal range (figure 3).

Discussion

In this study, we have shown that both κ and λ FLCs 
levels significantly increased in Pso patients with respect 
to controls. Moreover, although all measurements 
remained within normal range, IgG, IgA and LCs were 
also shown to be significantly higher. Elevated concen-
trations of FLCs have been previously observed in 
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Figure 2. Correlation of k FLCs (A) or λ FLCs (B) with treatment duration. Statistical analysis was performed using the 
non-parametric Spearman’s rho test.
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Figure 3. Free light chains (FLCs) in psoriatic patients at 
baseline (W0) and after 16 weeks (W16) of ADA therapy. 
Data are presented as mean±SD. Statistical analysis was 
performed using the Mann-Whitney test with respect to 
Ctrl. *p<0.05.
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Table 3. Fully adjusted logistic regression model to assess 
the association between FLCs and antinuclear antibody 
positivity (ANA+). Odds ratios (OR) and 95% confidence 
intervals (CI) are depicted.

ANA+OR (95% CI)
Total population 20

FLC κ
  >22.46 mg/L
  6.7-22.46 mg/L

13
7

Reference: 6.7-22.46 mg/L
1.86 (0.46 to 7.49)

FLC λ 
  >27.00 mg/L
  8.3-27.00 mg/L

14
6

Reference: 8.3-27.00 mg/L
2.33 (0.56 to 9.64)

FLC κ >22.46 mg/L
  ≥12 months
  <12 months

10
3

Reference <12 months
3.33 (0.63 to 17.60)

FLC λ >27.00 mg/L
  ≥12 months
  <12 months

11
3

Reference: <12 months
3.67 (0.70 to 19.13)

several systemic autoimmune diseases such as Sjogren’s 
syndrome, systemic lupus erythematosus and rheuma-
toid arthritis (RA) [16, 20, 23-25]. However, an increase 
in circulating FLCs has also been recently reported in 
inflammatory conditions that are not typically associ-
ated with autoantibody production [17]. For example, 
FLCs have been reported to trigger inflammation via 
activation of mast cells [22]. Passive sensitization of mice 
with antigen-specific FLCs, followed by antigen 

challenge, induces an immediate hypersensitivity-type 
response [26]. This inspired other researchers to  
investigate FLCs in atopic dermatitis (AD). Firstly, 
Kayserova et al. showed that there were increased levels 
of both κ and λ FLCs, as well as their ratio, in a cohort 
of children with severe forms of AD. Interestingly, the 
differences in the FLC levels between AD subjects and 
controls reached very high levels of statistical signifi-
cance even if the absolute FLC levels were only slightly 
above normal population values [27]. Conversely, Thijs 
et al. demonstrated that serum κ FLCs levels in adult 
AD patients were not increased compared to non-atopic 
controls and that no correlation with disease severity 
could be observed [28]. However, mast cells are not the 
only cellular target of FLCs since neutrophils as well as 
neural cells have also been found to respond to FLCs. 
Indeed, FLCs bind to neutrophils and prompt the release 
of CXCL8, which blocks their apoptosis and contributes 
to severe chronic inflammation [29]. Moreover,  
expression of FLCs has been associated with basal-like 
cancers with aggressive phenotypes in a large cohort of 
breast cancer patients [30]. In our study, FLCs signifi -
cantly increased in Pso patients who were receiving treat-
ment with biologics (Pso Tx) but not in those naïve to 
biological therapy without any ongoing systemic treat-
ments (Pso No Tx) (figure 1B). These results are partially 
in line with those of Gottenberg et al. who showed that 
serum κ and λ FLC levels in RA patients (mostly on 
treatment with anti-TNF-α) were significantly higher 
than those of controls [23]. To assess possible  
modulation by the therapeutic response to biologic treat-
ment, we stratified patients into R and NR groups and 
FLCs were found to be significantly increased only in R 
subjects. To date, there are no data that clearly correlate 
FLC levels with the most widely used biological agents 
for the treatment of chronic inflammatory skin diseases. 
Nevertheless, previous investigations have revealed that 
serum FLCs correlate with disease activity and with the 
clinical response to B-cell depletion therapy with  
rituximab in RA [31]. Kormelink et al. reported that a 
significant decrease in κ and λ FLC serum concentra-
tions at three and six months after initiation of rituximab 
treatment compared to baseline was achieved in only 
good-to-moderate responding patients [31]. To verify 
whether the duration of biological therapy may account 
for the higher FLC levels in R Pso patients, we  
investigated the association between time on treatment 
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and FLCs levels, revealing a positive correlation. Despite 
their excellent efficacy, biologic agents can potentially 
be associated with a variety of immunological effects 
which influence normal immune responsiveness. 
Important effects related to the use of these agents 
include immunomodulation, which might result in out-
comes such as infection and autoimmunity. Biologic 
agent-induced autoimmune manifestations range from 
the isolated presence of a single class of autoantibodies, 
such as antinuclear antibodies (ANA), to full-blown 
autoimmune diseases [32]. Pso patients treated with 
infliximab (with or without arthritis) were reported to 
have a higher ANA prevalence [33]. Moreover,  
Silvy et al. found that 11/20 negative sera of PsA patients 
before anti-TNF treatment became ANA+ after treat-
ment [34]. In our study, 35% (7/20) of patients with curw-
rent treatment were ANA+. In particular, patients with 
κ and λ FLCs above normal range had a higher odds of 
being ANA+ with respect to those with FLCs values 
within normal range. Moreover, patients with FLC  
levels above normal range on treatment for more than 
12 months showed an even higher odds of producing 
ANA. In line with these results, the levels of both κ and 
λ chains were significantly higher in Pso patients after 
16 weeks of ADA therapy, but remained within normal 
range (figure 3). Thus, an increased FLC level would 
seem to act as a marker of immune reactivation in Pso 
patients on treatment with biologic agents, and in par-
ticular, an increase might predict ANA production in 
these patients. The prospective investigation of FLCs, 
before starting and during biological treatment, also 
seems to confirm that their increase could be a warning 
of immune reactivation in relation to the duration of 
therapy. However, 16 weeks probably represents an 
insufficient period of therapy to appreciate a very signif-
icant enhancement in FLC production. The induction 
of autoantibodies in patients on treatment with biologics 
has been suggested to result from a reduction in the con-
centrations of cytokines that participate in the clearance 
of nuclear material during apoptosis, thus leading to a 
greater predisposition to formation of ANAs as well as 
development of autoimmunity. Moreover, a possible 
association between cellular apoptotic abnormalities and 
biological therapy has also been reported in predisposed 
individuals with consequent release of antigens in the 
nucleosome and formation of anti-dsDNA antibodies 
[35]. Because of their rapid turnover, in contrast to total 
Igs, increased FLC levels could be used to assess this 
autoantibody production in real-time [36]. In addition, 
FLC-associated autoantibodies form immune complexes 
(e.g. with apoptotic cells) which are known to activate 
the complement pathway and to increase monocyte IFN 
type-I production that promotes, in turn, plasmablast 
differentiation and immunoglobulin production [37]. In 
conclusion, we suggest that the determination of FLC 
levels has clinical relevance, with a cost/benefit ratio jus-
tifying this approach in the clinical management of Pso. 
Nevertheless, our study is descriptive and was performed 
using a relatively small sample size of patients, thus fur-
ther investigations will be necessary to validate FLCs as 
a valuable tool to predict immunological fluctuations, 
which occur in these patients during biological therapy, 
and to monitor their clinical management.

Acknowledgements: the patients in this manuscript have 
given written informed consent to publication of their case 
details.

Financial support: none.

Conflicts of interest: none.

References

1. Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med 2009 ; 361 : 
496-509.
2. Ritchlin CT, Colbert RA, Gladman DD. Psoriatic arthritis. N Engl J Med 
2017 ; 376 : 957-70.
3. Feldman S, Srivastava B, Abell J, et al. Gastrointestinal signs and 
symptoms related to inflammatory bowel disease in patients with  
moderate-to-severe psoriasis. J Drugs Dermatol 2018 ; 17 : 1298-308.
4. Gisondi P, Tessari G, Conti A, et al. Prevalence of metabolic  
syndrome in patients with psoriasis: a hospital-based case-control study.  
Br J Dermatol 2007 ; 157 : 68-73.
5. Armstrong EJ, Harskamp CT, Armstrong AW. Psoriasis and major  
adverse cardiovascular events: a systematic review and meta-analysis of 
observational studies. J Am Heart Assoc 2013 ; 2 : e00006.
6. Caiazzo G, Fabbrocini G, Di Caprio R, et al. Psoriasis, cardiovascu-
lar events, and biologics: lights and shadows. Front Immunol 2018 ; 9 : 
1668.
7. Galvan-Banqueri M, Marin Gil R, Santos Ramos B, Bautista Paloma FJ. 
Biological treatments for moderate-to-severe psoriasis: indirect compari-
son. J Clin Pharm Ther 2013 ; 38 : 121-30.
8. Paul C, Cather J, Gooderham M, et al. Efficacy and safety of apremi-
last, an oral phosphodiesterase 4 inhibitor, in patients with moderate-to-se-
vere plaque psoriasis over 52 weeks: a phase III, randomized controlled 
trial (ESTEEM 2). Br J Dermatol 2015 ; 173 :1387-99.
9. Nisar MK. Combining secukinumab and apremilastto successfully 
treat refractory psoriatic skin and joint disease: a novel approach. Eur J  
Rheumatol 2018 ; 19 : 1-2.
10. Ganzetti G, Campanati A, Bettacchi A, et al. Switching from a bio-
logical therapy to another biologic agent in psoriatic patients: the experi-
ence of PsOMarche group. G Ital Dermatol Venereol 2018 ; 153 : 5-10.
11. Jiang S, Hinchliffe TE, Wu T. Biomarkers of an autoimmune skin  
disease-psoriasis. Genom Proteom Bioinform 2015 ; 13 : 224-33.
12. Basile U, Gulli F, Gragnani L, et al. Free light chains: eclectic multipur-
pose biomarker. J Immunol Methods 2017 ; 451 : 11-19.
13. Brebner JA, Stockley RA. Polyclonal free light chains: a biomarker of 
inflammatory disease or treatment target? F1000 Med Rep 2013 ; 5 : 4.
14. Bence Jones H. Papers on chemical pathology: prefaced by the 
Gulstonian lectures, read at the Royal College of Physicians. Lancet 
1846 ; 50 : 88-92.
15. Graziani MS, Merlini, G. Serum free light chain analysis in the  
diagnosis and management of multiple myeloma and related conditions. 
Expert Rev Mol Diagn 2014 ; 14 : 55-66.
16. Charafeddine KM, Jabbour MN, Kadi RH, Daher RT. Extended use of 
serum free light chain as a biomarker in lymphoproliferative disorders: a 
comprehensive review. Am J Clin Pathol 2012 ; 137 : 890-97.
17. Burmeister A, Assi LK, Ferro CJ, et al. The relationship between 
high-sensitivity CRP and polyclonal free light chains as markers of inflam-
mation in chronic disease. Int J Lab Hematol 2014 ; 36 : 415-24.
18. Sarto C, Cappellini F, Giagnacovo M, Brambilla P. IgMκ-IgMλ pair 
quantitation in the clinical laboratory practice. Clin Biochem 2018 ; 51 : 
56-60.

https://www.ncbi.nlm.nih.gov/pubmed/?term= 19641206
https://www.ncbi.nlm.nih.gov/pubmed/?term= 19641206
https://www.ncbi.nlm.nih.gov/pubmed/?term= 28273019
https://www.ncbi.nlm.nih.gov/pubmed/?term= 28273019
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30586262
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30586262
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30586262
https://www.ncbi.nlm.nih.gov/pubmed/?term= 17553036
https://www.ncbi.nlm.nih.gov/pubmed/?term= 17553036
https://www.ncbi.nlm.nih.gov/pubmed/?term= 17553036
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23557749
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23557749
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23557749
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30150978
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30150978
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30150978
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23442134
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23442134
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23442134
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26357944
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26357944
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26357944
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26357944
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30071939
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30071939
https://www.ncbi.nlm.nih.gov/pubmed/?term= 30071939
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27845513
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27845513
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27845513
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26362816
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26362816
https://www.ncbi.nlm.nih.gov/pubmed/?term= 28931470
https://www.ncbi.nlm.nih.gov/pubmed/?term= 28931470
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23413370
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23413370
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24308339
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24308339
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24308339
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22586047
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22586047
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22586047
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24188493
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24188493
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24188493
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27838406
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27838406
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27838406


18 EJD, vol. 33, n° 1, January-February 2023

19. Tietsche de MoraesHungria V, Allen S, Kampanis P, Soares EM.  
Serum free light chain assays not total light chain assays are the standard 
of care to assess Monoclonal Gammopathies. Rev Bras Hematol Hemoter 
2016 ; 38 : 37-43.
20. Canete JD, Celis R, Yeremenko N, et al. Ectopic lymphoid neogenesis 
is strongly associated with activation of the IL–23 pathway in rheumatoid 
synovitis. Arthritis Res Ther 2015 ; 17 : 173.
21. Assmann G, Zinke S, Ney JT, et al. Serum immunoglobulin free light 
chain assessment in psoriatic arthritis. SA0286, Poster EuLAR. 2013.
22. Redegeld FA, Thio M, Kormelink TG. Polyclonal immunoglobulin free 
light chain and chronic inflammation. Mayo Clin Proc 2012 ; 87 : 1032-33.
23. Gottenberg JE, Seror R, Miceli-Richard C, et al. Serum levels of be-
ta2-microglobulin and free light chains of immunoglobulins are associated 
with systemic disease activity in primary Sjögren’s syndrome. Data at 
the enrollment in the prospective ASSESS cohort. PLoS One 2013 ; 8 : 
e59868.
24. Ye Y, Li SL, Xie M, Jiang P, Liu KG, Li YJ. Judging disease activity in 
rheumatoid arthritis by serum free kappa and lambda light chain levels. 
Kaohsiung J Med Sci 2013 ; 29 : 547-53.
25. Chice, L, Cournac JM, Mancini J, et al. Normalization of serum free 
light chains in patients with systemic lupus erythematosus upon rituximab 
treatment and correlation with biological disease activity. Clin Rheumatol 
2011 ; 30 : 685-89.
26. Redegeld FA, van der Heijden MW, Kool M, et al. Immunoglobu-
lin-free light chains elicit immediate hypersensitivity-like responses. Nat 
Med 2002 ; 8 : 694-701.
27. Kayserova J, Capkova S, Skalicka A, et al. Serum immunoglobulin 
free light chains in severe forms of atopic dermatitis. Scand J Immunol 
2010 ; 71 : 312-16.
28. Thijs JL, Knipping K, Bruijnzeel-Koomen CA, Garssen J, de  
Bruin-Weller MS, Hijnen DJ. Immunoglobulin free light chains in adult 
atopic dermatitis patients do not correlate with disease severity. Clin 
Transl Allergy 2016 ; 6 : 44.

29. Braber S, Thio M, Blokhuis BR, et al. An association between neutro-
phils and immunoglobulin free light chains in the pathogenesis of chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 2012 ; 185 : 
817-24.
30. Kormelink TG, Powe DG, Kuijpers SA, et al. Immunoglobulin free 
light chains are biomarkers of poor prognosis in basal-like breast cancer 
and are potential targets in tumor-associated inflammation. Oncotarget 
2014 ; 5 : 3159-67.
31. Kormelink TG, Tekstra J, Thurlings RM, et al. Decrease in 
 immunoglobulin free light chains in patients with rheumatoid arthritis 
upon rituximab (anti-CD20) treatment correlates with decrease in disease  
activity. Ann Rheum Dis 2010 ; 69 : 2137-44.
32. Her M, Kavanaugh A. Alterations in immune function with biologic 
therapies for autoimmune disease. J Allergy Clin Immunol 2016 ; 137 : 
19-27.
33. Lora V, Bonaguri C, Gisondi P, et al. Autoantibody induction and 
adipokine levels in patients with psoriasis treated with infliximab. Immunol 
Res 2013 ; 56 : 382-89.
34. Silvy F, Bertin D, Bardin N, et al. Antinuclear Antibodies in Patients 
with Psoriatic Arthritis Treated or Not with Biologics. PLoS One 2015 ; 
10 : e0134218.
35. Bardazzi F, Odorici G, Virdi A, et al. Autoantibodies in psoriatic 
patients treated with anti-TNF-α therapy. J Dtsch Dermatol Ges 2014 ; 
12 : 401-6.
36. Bettacchioli E, Le Gaffric C, Mazeas M, et al. An elevated polyclonal 
free light chain level reflects a strong interferon signature in patients with 
systemic autoimmune diseases. J Transl Autoimmun 2021 ; 4 : 100090.
37. Burbano C, Villar-Vesga J, Vásquez G, et al. Proinflammatory  
differentiation of macrophages through microparticles that form immune 
complexes leads to T- and B-cell activation in systemic autoimmune  
diseases. Front Immunol 2019 ; 10 : 2058.

https://www.ncbi.nlm.nih.gov/pubmed/?term= 26969773
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26969773
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26969773
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26969773
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26156866
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26156866
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26156866
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23036675
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23036675
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23717383
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23717383
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23717383
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23717383
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23717383
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24099109
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24099109
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24099109
https://www.ncbi.nlm.nih.gov/pubmed/?term= 21221683
https://www.ncbi.nlm.nih.gov/pubmed/?term= 21221683
https://www.ncbi.nlm.nih.gov/pubmed/?term= 21221683
https://www.ncbi.nlm.nih.gov/pubmed/?term= 21221683
https://www.ncbi.nlm.nih.gov/pubmed/?term= 12068287
https://www.ncbi.nlm.nih.gov/pubmed/?term= 12068287
https://www.ncbi.nlm.nih.gov/pubmed/?term= 12068287
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20384876
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20384876
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20384876
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27980722
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27980722
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27980722
https://www.ncbi.nlm.nih.gov/pubmed/?term= 27980722
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22227380
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22227380
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22227380
https://www.ncbi.nlm.nih.gov/pubmed/?term= 22227380
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24931643
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24931643
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24931643
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24931643
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20679475
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20679475
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20679475
https://www.ncbi.nlm.nih.gov/pubmed/?term= 20679475
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26768759
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26768759
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26768759
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23572429
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23572429
https://www.ncbi.nlm.nih.gov/pubmed/?term= 23572429
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26230924
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26230924
https://www.ncbi.nlm.nih.gov/pubmed/?term= 26230924
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24797746
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24797746
https://www.ncbi.nlm.nih.gov/pubmed/?term= 24797746
https://www.ncbi.nlm.nih.gov/pubmed/?term= 33817614
https://www.ncbi.nlm.nih.gov/pubmed/?term= 33817614
https://www.ncbi.nlm.nih.gov/pubmed/?term= 33817614
https://www.ncbi.nlm.nih.gov/pubmed/?term= 31555283
https://www.ncbi.nlm.nih.gov/pubmed/?term= 31555283
https://www.ncbi.nlm.nih.gov/pubmed/?term= 31555283
https://www.ncbi.nlm.nih.gov/pubmed/?term= 31555283

