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Etiopathogenic Role of Surfactant Protein D in the 
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Antoni Siso-Almirall, Francisco Lozano, and Manuel Ramos-Casals

ABSTRACT. Objective. To analyze the etiopathogenic role of genetic polymorphisms and serum levels of
surfactant protein-D (SP-D) in primary Sjögren syndrome (pSS).
Methods.We analyzed 210 consecutive patients with pSS. SFTPD genotyping (M11T polymorphism
rs721917) was analyzed by sequence-based typing and serum SP-D by ELISA.
Results. Thirty-two patients (15%) had the Thr11/Thr11 genotype, 80 (38%) the Met11/Met11
genotype, and 96 (46%) the Met11/Thr11 genotype; 2 patients could not be genotyped. Patients
carrying the Thr11/Thr11 genotype had a higher prevalence of renal involvement (13% vs 1% and
4% in comparison with patients carrying the other genotypes, p = 0.014). Serum SP-D levels were
analyzed in 119 patients (mean 733.94 ± 49.88 ng/ml). No significant association was found between
serum SP-D levels and the SP-D genotypes. Higher mean values of serum SP-D were observed in
patients with severe scintigraphic involvement (851.10 ± 685.69 vs 636.07 ± 315.93 ng/ml, p =
0.038), interstitial pulmonary disease (1053.60 ± 852.03 vs 700.36 ± 479.33 ng/ml, p = 0.029), renal
involvement (1880.64 ± 1842.79 vs 716.42 ± 488.01 ng/ml, p = 0.002), leukopenia (899.83 ± 661.71
vs 673.13 ± 465.88 ng/ml, p = 0.038), positive anti-Ro/SS-A (927.26 ± 731.29 vs 642.75 ± 377.23
ng/ml, p = 0.006), and positive anti-La/SS-B (933.28 ± 689.63 vs 650.41 ± 428.14 ng/ml, p = 0.007),
while lower mean values of serum SP-D were observed in patients with bronchiectasis (489.49 vs
788.81 ng/ml, p = 0.019).
Conclusion. In pSS, high SP-D levels were found in patients with severe glandular involvement,
hypergammaglobulinemia, leukopenia, extraglandular manifestations, and positive anti-Ro/La
antibodies. The specific association between SP-D levels and pulmonary and renal involvements may
have pathophysiological implications. (First Release Nov 1 2014; J Rheumatol 2015;42:111–18;
doi:10.3899/jrheum.140394)
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Sjögren syndrome (SS) is a systemic autoimmune disease
that presents with sicca symptomatology of the main
mucosal surfaces1. The main sicca features (xerophthalmia

and xerostomia) are determined by specific ocular (Rose
Bengal staining, Schirmer test) and oral (salivary flow
measurement, parotid scintigraphy) tests. The histological
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hallmark is focal lymphocytic infiltration of the exocrine
glands, determined by biopsy of the minor labial salivary
glands2. The spectrum of the disease extends from sicca
syndrome to systemic involvement (extraglandular manifes-
tations) and may be complicated by the development of
lymphoma. Patients with SS present a broad spectrum of
analytical features (cytopenias, hypergammaglobulinemia)
and autoantibodies, of which antinuclear antibodies are the
most frequently detected, anti-Ro/SSA the most specific,
and cryoglobulins and hypocomplementemia the main
prognostic markers3.

The study of innate immunity has led to an increasing
interest in autoimmune diseases. Innate immunity is an
ancient and universal form of host defense against invading
pathogens, but also an integral part of a broader system
responsible for the homeostasis of the internal environment
in multicellular organisms. Its main function is to detect
non-self or modified-self molecules and eliminate them,
whether directly or through the stimulation of an adaptive
immune response. To do this, the innate immune system
relies on a relatively small number of nonpolymorphic and
broadly distributed receptors that have evolved to mainly
recognize the so-called pathogen-associated molecular
patterns, which are conserved pathogenic structures,
essential for pathogen survival, and not shared by the host4.

Collectins are pattern-recognition receptors that prefer-
entially bind to carbohydrate moieties expressed on a
variety of pathogens, thereby enhancing aggregation,
opsonization, or complement activation5. Surfactant
protein-D (SP-D), a member of the collectin family, is a
highly versatile innate immune molecule involved in a range
of immune functions, including the neutralization and
clearance of microorganisms and downregulation of
allergic/inflammatory processes. Its receptor is located in a
wide variety of cells, including endothelial cells, B lympho-
cytes, and antigen-presenting cells. In addition, the SP-D
receptor can bind to the major IgG subclasses, suggesting it
may play a role as a link between the innate and adaptive
immune system6. SP-D is primarily synthesized by the
respiratory epithelium (alveolar type II cells)7, but is also
expressed by extrapulmonary epithelia8,9,10. Serum levels of
SP-D are genetically regulated, and a common polymor-
phism in the SP-D gene on chromosome 10 (Met11Thr) has
been associated with serum levels and multimerization of
SP-D11,12. The Thr11 variant has been associated with
reduced oligomerization, reduced binding capacity of
microbes, and low serum levels in healthy subjects12.

The recent detection of SP-D in epithelial cells and in
luminar material from the ducts of glandular tissues,
including lacrimal and salivary glands10, might suggest an
etiopathogenic role in primary SS (pSS) which, pathogeni-
cally, is defined as an “autoimmune epithelitis”13. Our study
investigated the relationship between genetic polymor-
phisms and serum levels of SP-D on the one hand, and

clinical and immunological disease expression on the other
hand, in a large series of patients with pSS.

MATERIALS AND METHODS
We analyzed 210 consecutive patients who fulfilled the current classifi-
cation criteria for pSS14,15. In all patients, an exhaustive evaluation was
made, discarding other causes of sicca syndrome (coexisting systemic
autoimmune diseases, chronic viral infections, metabolic disorders, and
preexisting lymphoma). Extraglandular involvement was evaluated
according to the 2010 European League Against Rheumatism (EULAR) SS
disease activity index at the time of blood extraction16; pulmonary
involvement was defined by the presence of respiratory symptoms
associated with altered pulmonary diagnostic tests (pulmonary function
tests and/or computed tomography), although the EULAR Sjögren
Syndrome Disease Activity Index (ESSDAI) definition also included
asymptomatic patients with altered pulmonary imaging and those with
persistent respiratory symptoms but normal imaging studies16. With respect
to renal involvement, the ESSDAI includes both tubular and glomerular
involvements16. Salivary scintigraphic results were classified according to
the criteria proposed by Schall and Di Chiro17. Samples of blood donors
ethnically matched were used for SFTPD genotyping in healthy controls.
Clinical and laboratory data were collected and computerized according to
our standard department protocol18. The study was approved by the Ethics
Committee of the Hospital Clinic (Barcelona, Spain) and all patients gave
informed, written consent. After blood extraction, all patients were
followed up with regular visits at 6–12-month intervals, and the main
outcomes (cardiovascular disease, infections, neoplasia, and death) were
evaluated at the last visit.
SFTPD genotyping. Genomic DNA was extracted from EDTA-treated
whole blood samples using the QIAamp DNA blood mini kit following the
manufacturer’s instructions (QIAGEN GmbH) and stored at –20°C until
used. The SFTPD rs721917 polymorphism was genotyped using a typing
technique based on PCR sequencing. In brief, a 317-bp fragment corres-
ponding to exon 1 was obtained by PCR amplification using the sense
5′-AGC CCT AAA CCA TGT CCA TGA-3′ and antisense 5′-AGG AAT
GGT CAT TGG AAC TGT-3′ primers and GoTaq DNA Polymerase
(Promega). The cycling conditions were 1 cycle of 94°C for 5 min; 35
cycles of 94°C for 30 s, 65°C for 30 s, 72°C for 60 s; and finally, 1 cycle of
72°C for 7 min. Five ml of each PCR were treated with ExoSAP-IT (USB
Corp.) and subjected to direct sequencing with the BigDye Terminator v1.1
Cycle Sequencing Kit (Applied Biosystems), and the sense and antisense
gene-specific primers mentioned above following the manufacturer’s
instructions. Sequencing reactions were analyzed on an automated capillary
DNA sequencer (ABI Prism 3100 Genetic Analyzer, Applied Biosystems).
Determination of serum SP-D levels. Serum samples were available from
119 patients. SP-D was measured by sandwich ELISA using the Human
SP-D ELISA kit (Hycult Biotech, Cat No Hk335) following the manufac-
turer’s instructions. All analyses were done in duplicate. The measurement
range was between 6.3 and 400 ng/ml. According to the specifications
included in the ELISA kit, although the standard measurement range is
between 6.3 and 400 ng/ml, basal SP-D levels are highly variable and may
range in healthy individuals from 200 ng/ml to 5200 ng/ml.
Statistical analysis. Descriptive data are presented as the mean and SD for
continuous variables or number and percentage for categorical variables.
Qualitative variables were compared using the chi-square test and Fisher’s
exact test. Quantitative variables were analyzed with the Student t test. All
significance tests were 2-tailed and values of p < 0.05 were considered
significant. Bonferroni correction was applied for the variables that were
statistically significant in the univariate analysis. The statistical analysis
was performed using the SPSS program (IBM SPSS Statistics, version 20).

RESULTS
Prevalence and clinical relevance of Met11Thr SP-D
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polymorphisms. Of the 210 patients with pSS, 96 (46%)
carried the heterozygous Met11/Thr11 genotype, 80 (38%)
the homozygous Met11/Met11 genotype, and 32 (16%) the
homozygous Thr11/Thr11 genotype; DNA could not be
genotyped in 2 patients. Genotype distribution was similar
in healthy controls (42%, 40%, and 18% for the
Met11/Thr11, Met11/Met11, and Thr11/Thr11 genotypes,
respectively).

Analysis of the relationship between Met11Thr SP-D
polymorphisms and the main epidemiological, clinical, and
immunological characteristics of pSS (Table 1) showed
statistically significant associations only for a higher preva-
lence of renal involvement in patients carrying the
homozygous Thr11/Thr11 genotype (13% vs 1% and 4% in
patients carrying the Met11/Thr11 and Met11/Met11
genotypes, respectively, p = 0.014). A significant trend was
found in patients carrying the homozygous Thr11/Thr11
genotype for a lower frequency of vasculitis (0% vs 10%
and 6%), and a higher frequency of severe parotid scinti-
graphy results (60% vs 48% and 46%), interstitial lung
disease (ILD; 16% vs 8% and 8%), and positive anti-La
antibodies (38% vs 21% and 30%) in comparison with
patients carrying the other Met11Thr SP-D genotypes.

Serum SP-D levels and clinical/immunological expression.
Serum SP-D levels were analyzed in 119 patients (mean
733.94 ± 49.88 ng/ml, median 588.72 ng/ml). No significant
differences were found between serum SP-D levels and the
SP-D genotypes (median serum levels of 577.59 ng/ml in
Met11/Met11 genotype carriers, 633.49 ng/ml in Met11/Thr11
genotype carriers, and 519.62 ng/ml in Thr11/Thr11
genotype carriers, p = 0.53). Patients fulfilling the 2002
criteria14 for SS showed median higher levels in comparison
with those fulfilling the American College of Rheumatology
criteria, although the differences were not significant
(627.79 ± 70.69 vs 558.32 ± 60 ng/ml, p = 0.141).

Table 2 and Table 3 summarize the mean values of serum
SP-D according to the presence or absence of the main
epidemiological, clinical, and laboratory features at the time
of blood extraction. Epidemiologically, no correlation was
found between age and SP-D serum levels (Pearson corre-
lation coefficient –0.082, bilateral p value = 0.377); males
had higher mean values than females, although the
difference was not significant (p = 0.192). Clinically, higher
mean values of serum SP-D were observed in patients with
severe involvement (grades III/IV) in parotid scintigraphy
(851 ± 685.69 vs 636.07 ± 315.93 ng/ml, p = 0.038), renal
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Table 1. Epidemiological, clinical, and immunological features of patients with pSS according to SP-D
genotypes (Met11/Met11, Met11/Thr11, and Thr11/Thr11). Values are n (%) unless otherwise specified.

Characteristics Met11/Met11, Met11/Thr11, Thr11/Thr11, p
n = 80 n = 96 n = 32

Male sex 5 (6) 7 (7) 1 (3) 0.837
Age, mean ± SD 54.56 ± 13.62 56.76 ± 13.99 60.28 ± 11.52 0.126
Dry mouth 79 (99) 93 (97) 32 (100) 0.46
Dry eyes 79 (99) 92 (96) 31 (97) 0.51
Altered ocular tests 70 (87) 89 (93) 32 (100) 0.47
Parotid scintigraphy grade III/IV 32/70 (46) 41/85 (48) 15/25 (60) 0.23
Positive salivary gland biopsy 27/39 (69) 33/47 (70) 12/14 (86) 0.46
Parotid enlargement 20 (25) 22 (23) 11 (34) 0.43
Fever 6 (8) 14 (15) 2 (6) 0.216
Arthralgia 49 (61) 50 (52) 21 (65) 0.29
Arthritis 8 (10) 12 (13) 8 (25) 0.22
Raynaud phenomenon 15 (18) 26 (27) 4 (13) 0.16
Vasculitis 5 (6) 10 (10) 0 (0) 0.13
Bronchiectasis 8 (10) 15 (16) 7 (22) 0.244
Pulmonary interstitial disease 6 (8) 8 (8) 5 (16) 0.374
Autoimmune liver disease 5 (6) 11 (11) 5 (16) 0.28
Renal involvement 3 (4) 1 (1) 4 (13) 0.014
Peripheral neuropathy 4 (5) 12 (13) 2 (6) 0.18
CNS involvement 5 (6) 11 (11) 3 (9) 0.49
ESR, mean ± SD 39.24 ± 30.53 35.77 ± 32.27 37.47 ± 29.54 0.504
Anemia, Hb < 10 g/l 13 (16) 15 (16) 4 (13) 0.880
Leukopenia, < 4 × 109/l 16 (20) 25 (26) 5 (16) 0.397
Thrombocytopenia, < 100 × 109/l 2 (2) 9 (9) 1 (3) 0.118
ANA+ 64 (80) 86 (90) 28 (88) 0.186
RF+ 35/79 (44) 36 (38) 13 (41) 0.660
Anti-Ro/SS-A+ 28 (35) 30 (31) 12 (38) 0.769
Anti-La/SS-B+ 24 (30) 20 (21) 12 (38) 0.134

pSS: primary Sjögren syndrome; SP-D: surfactant protein-D; CNS: central nervous system; ESR: erythrocyte
sedimentation rate; ANA: antinuclear antibody; RF: rheumatoid factor.
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interstitial involvement (1880.64 ± 1842.79 vs 716.42 ±
488.01 ng/ml, p = 0.002), and interstitial pulmonary disease
(1053.60 ± 852.03 vs 700.36 ± 479.33 ng/ml, p = 0.029)
while patients with pulmonary bronchiectasis had lower
SP-D levels (489.49 ± 219.74 vs 789 ± 566.88 ng/ml, p =
0.019). With respect to laboratory variables, higher SP-D
levels were found in patients with leukopenia (899.83 ±
661.71 vs 673.13 ± 465.88 ng/ml, p = 0.038); we also found
a positive correlation with erythrocyte sedimentation rate
values (Pearson coefficient 0.163, p = 0.076) and with
serum gammaglobulin levels (Pearson coefficient 0.26, p =
0.005). We retrospectively analyzed in a subset of patients
the correlation between SP-D levels and serum immuno-
logical markers, including serum immunoglobulins IgG,
IgM, and IgA, C-reactive protein, β2-microglobulin, soluble
selectin, serum CD5 and CD6, and cytokines [interleukin
(IL)-2, IL-6, IL-10, and tumor necrosis factor (TNF)-α]. A
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Table 2. Epidemiological and clinical features of patients with pSS
according to SP-D serum levels.

Characteristics SP-D levels, ng/ml, Bilateral p
mean ± SD

Sex 0.192
Male 992.07 ± 654.26
Female 719.98 ± 525.30

Xerostomia 0.665
Yes 739.42 ± 540.06
No 603.45 ± 212.32

Xerophthalmia 0.319
Yes 745.13 ± 540.75
No 473.13 ± 146.83

Ocular tests 0.477
Altered 751.05 ± 543.57
Not altered 525.95 ± 119.06

Parotid scintigraphy 0.038
Severe dysfunction 

grades III/IV 851.10 ± 685.69
Grades I/II 636.07 ± 315.93

Salivary biopsy 0.745
Positive 727.98 ± 526.35
Negative 675.71 ± 565.14

Parotid enlargement 0.113
Yes 863.93 ± 534.82
No 688.92 ± 529.40

Fever 0.943
Yes 745.33 ± 446.41
No 734.64 ± 547.67

Arthralgia 0.954
Yes 738.39 ± 567.01
No 732.66 ± 491.20

Arthritis 0.727
Yes 774.27 ± 557.82
No 728.25 ± 532.02

Raynaud phenomenon 0.430
Yes 649.48 ± 409.40
No 753.46 ± 556.24

Vasculitis 0.657
Yes 801.39 ± 447.94
No 728.65 ± 544.45

Pulmonary bronchiectasis 0.019
Yes 489.49 ± 219.74
No 788.81 ± 566.88

Pulmonary interstitial disease 0.029
Yes 1053.60 ± 852.03
No 700.36 ± 479.33

Renal involvement 0.002*
Yes 1880.64 ± 1842.79
No 716.42 ± 488.01

Peripheral neuropathy 0.629
Yes 672.51 ± 441.56
No 745.38 ± 548.56

CNS involvement 0.525
Yes 656.26 ± 358.89
No 740.62 ± 572.02

* Statistically significant in the Bonferroni correction. pSS: primary
Sjögren syndrome; SP-D: surfactant protein-D; CNS: central nervous
system.

Table 3. Laboratory and immunological features of patients with pSS
according to the SP-D serum levels.

Characteristics SP-D levels, ng/ml, Bilateral p
mean ± SD

Haemoglobin levels 0.736
< 10 g/l 769.97 ± 495.17
> 10 g/l 727.84 ± 545.40

White blood cell count 0.038
< 4 × 109/l 899.83 ± 661.71
> 4 × 109/l 673.12 ± 465.88

Platelet count 0.924
< 100 × 109/l 719.45 ± 553.04
> 100 × 109/l 737.34 ± 535.32

ANA 0.695
Positive, > 1/40 743.04 ± 559.24
Negative 683.05 ± 292.86

RF 0.064
Positive, > 25 UI/l 851.23 ± 677.74
Negative 663.94 ± 411.43

Anti-Ro/SS-A 0.006*
Positive 927.26 ± 731.29
Negative 642.75 ± 377.23

Anti-La/SS-B 0.007*
Positive 933.28 ± 689.63
Negative 650.41 ± 428.14

Monoclonal band 0.778
Positive 776.65 ± 401.17
Negative 736.48 ± 607.55

Cryoglobulins 0.563
Positive 817.60 ± 620.96
Negative 724.02 ± 517.99

C3 levels 0.442
< 0.82 g/l 828.77 ± 510.82
> 0.82 g/l 720.52 ± 538.98

C4 levels 0.246
< 0.11 g/l 536.75 ± 322.26
> 0.11 g/l 752.29 ± 545.78

* Statistically significant in the Bonferroni correction. pSS: primary
Sjögren syndrome; SP-D: surfactant protein-D; ANA: antinuclear
antibody; RF: rheumatoid factor; C3: complement factors.
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significant correlation was only found for IgG levels (p =
0.012) and statistically significant trends with serum CD5 
(p = 0.113), TNF-α (p = 0.12), and soluble selectin (p =
0.112) levels. With respect to autoantibodies, higher SP-D
levels were found in patients with positive rheumatoid
factor (RF; 851.23 ± 677.74 vs 663.94 ± 411.43 ng/ml, p =
0.064), anti-Ro/SS-A antibodies (927.26 ± 731.29 vs 642.75
± 377.23 ng/ml, p = 0.006), and anti-La/SS-B antibodies
(933.28 ± 689.63 vs 650.41 ± 428.14 ng/ml, p = 0.007).
After correction for multiple comparisons, SP-D levels
correlated with renal involvement and anti-Ro/La antibodies.

Table 4 summarizes the mean values of serum SP-D
according to the development of the main adverse outcomes
during the followup after blood extraction. Patients who
developed hyperuricemia (1133.35 ± 928.96 vs 707.44 ±
481.66 ng/ml, p = 0.047) and infections (896.31 ± 736.24 vs
688.93 ± 453.25 ng/ml, p = 0.076) had higher serum SP-D
levels.

DISCUSSION 
To our knowledge, ours is the first study to evaluate the
relationship between genetic polymorphisms and serum
levels of SP-D in patients with pSS, one of the most
prevalent systemic autoimmune diseases. SP-D is involved
in innate immune responses and has been investigated in
patients with other systemic autoimmune diseases, includ-
ing systemic sclerosis (SSc), systemic lupus erythematosus
(SLE), and rheumatoid arthritis (RA)19,20,21,22,23. Our

results showed that SP-D serum levels had a stronger associ-
ation with disease expression than Met11Thr polymor-
phisms, suggesting a poor correlation between SP-D
polymorphisms and serum levels in pSS.

We found no significant differences in the prevalence of
the Met11Thr polymorphisms of the SP-D gene between
patients with pSS and controls, whose percentages were also
similar to those found in healthy controls included in
previous studies in European populations (Met11/Met11
35%, Thr11/Thr11 18%, Met11/Thr11 46%)23. With respect
to the clinical significance of the Met11Thr polymorphisms
in patients with pSS, we found no correlation with most
epidemiological, clinical, and immunological SS features,
except for a higher frequency of renal involvement in
patients carrying the Thr11/Thr11 genotype. Other studies in
autoimmune diseases have also found a poor correlation
between SP-D genotypes and clinical disease expression in
patients with RA22,23 and SLE21. In contrast, some studies
have correlated genetic variants with poor outcomes in
patients with pulmonary diseases24,25.

The mechanisms involved in the synthesis of SP-D are
unknown, but seem to be genetically influenced. In healthy
subjects, some studies have shown that the Thr11/Thr11
genotype is associated with SP-D deficiency11,12. In our
patients with pSS, we found no significant correlation
between genetic polymorphisms and serum SP-D levels.
Some authors have suggested that the association with
serum levels from a single polymorphism may under-
estimate the genetic association, which could be represented
by haplotype blocks26. In addition, Sorensen, et al11 found
that serum SP-D is influenced not only by the effect of
Met11Thr variations, but also by additive genetic effects and
environmental factors while other studies have found that
serum SP-D levels increased with male sex, age, smoking
status, and physical activity27. In addition, oligomerization
of SP-D may be influenced by the Met11Thr polymorphism,
and studies have suggested a differentiated role in the
immune response of SP-D multimers (antiinflammatory)
with respect to SP-D trimers (proinflammatory)28,29,30. It
could be hypothesized that, in pSS, genetic polymorphisms
may have an influence on the etiopathogenic local epithelial
process while serum SP-D levels may reflect the enhanced
inflammatory systemic response seen in patients with
greater clinical and immunological activity.

The clinical utility of measuring serum SP-D levels is
centered on the correlation between high levels and chronic
pulmonary diseases or cancer31,32,33. Some studies have also
evaluated SP-D levels in patients with autoimmune and
rheumatic systemic diseases and have found lower levels of
SP-D in patients with SLE (mean of 800 ng/ml)21 and RA
(mean 693–878 ng/ml)22,23 in comparison with healthy
subjects, who have a mean of > 900 ng/ml21,23. Our study
found lower levels of SP-D in patients with pSS (mean of
734 ng/ml) as reported in patients with SLE and RA. In
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Table 4. Cardiovascular risk factors and outcomes of patients with pSS
according to the SP-D serum levels.

Characteristics SP-D levels, ng/ml, Bilateral p
mean ± SD

Cardiovascular risk factors 0.729
Yes 744.92 ± 552.41
No 702.92 ± 468.69

Hyperuricemia 0.047
Yes 1133.35 ± 928.96
No 707.44 ± 481.66

Metabolic syndrome 0.896
Yes 747.62 ± 466.72
No 732.40 ± 555.77

Cardiovascular disease 0.169
Yes 581.21 ± 286.81
No 765.39 ± 565.54

Infections 0.076
Yes 896.31 ± 736.24
No 688.93 ± 453.25

Neoplasia 0.214
Yes 860.82 ± 691.87
No 706.08 ± 488.93

Death 0.588
Yes 803.64 ± 513.97
No 725.48 ± 539.05

pSS: primary Sjögren syndrome; SP-D: surfactant protein-D.
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contrast, higher SP-D levels have been reported in patients
with SSc19,20,34,35, especially those with pulmonary involve-
ment. Therefore, it could be postulated that SP-D levels are
higher in autoimmune diseases with a higher frequency of
interstitial pulmonary involvement, and lower in diseases in
which the majority of patients have no pulmonary inflam-
matory involvement.

Thus, the rationale for correlating SP-D levels with
chronic pulmonary diseases (even those with a different
etiology) seems clear because, as mentioned, SP-D is
synthesized primarily in the lungs. SP-D has been linked to
the maintenance of the equilibrium of the pulmonary
immune system, and plays a double role as both an anti-
inflammatory agent in basal conditions and as a promoter of
inflammation in clearance of pathogens6,36,37,38. It has also
been associated with a potential antitumoral effect39 and
with other spliced proteins involved in mucosal innate
immunity, such as DMBT140. Other immune-related
functions of SP-D include cytokine secretion, clearance of
apoptotic cells, or reduction of autoantibody generation in
mice models41,42,43. An association has been observed
between pulmonary diseases and increased serum levels of
SP-D, which correlate with disease activity44,45 in patients
with idiopathic ILD46, hepatitis C virus infection treated
with interferon47, and in patients with SSc, especially those
with pulmonary involvement19,20,21,36,37,48. Our results
show that, in spite of the low mean levels found in our
patients with pSS, those with SS-related ILD had elevated
serum levels of SP-D (> 1000 ng/ml) as reported in patients
with SSc-related ILD, suggesting that measurement of
serum SP-D could be a potentially useful soluble biomarker
in clinical practice. Interestingly, we found an inverse corre-
lation between SP-D levels and bronchiectasis, another
frequent pulmonary disease in patients with pSS49. A
possible explanation could be the frequent asymptomatic
presentation of bronchiectasis in pSS in contrast to ILD, and
also the different etiopathogenic role of SP-D, which has
been clearly shown to be involved in the remodeling of an
animal model of lung fibrosis50.

The finding that SP-D is expressed in other extrapul-
monary tissues suggests that it might play a role in the
development of autoimmune damage in other organs. Our
results show that patients with SS-related renal involvement
had higher serum SP-D levels. The presence of SP-D in
glomeruli and renal tubules7 has been described. A study by
Hu, et al51 found that SP-D functions as an antiinflam-
matory factor in renal tubular epithelial cells and may
modulate tubulointerstitial fibrosis in the kidney. Xie, et al52
correlated serum SP-D levels with the prognosis in patients
with chronic renal disease. These studies, together with our
findings in pSS, suggest that SP-D could play a role in renal
involvement because of its potential proinflammatory role
in the tubular epithelial cells.

Gardai, et al36 found that SP-D may induce either pro-

inflammatory or antiinflammatory responses, depending on
the orientation of the molecule. This dual role of SP-D is
important in maintaining homeostasis in the lungs through
suppression of inflammation in naive healthy lungs and
through induction of inflammation when active clearance of
damaging pathogens, allergens, and apoptotic and necrotic
cells is required37. In systemic inflammation, it seems that
serum SP-D may act as an acute-phase reactant. In systemic
autoimmune diseases, it could be hypothesized that high
serum SP-D levels may be associated to a nonspecific
systemic inflammation (consequence of the immune system
activation) or may be closely related to the pathogenesis of
the disease. In our study, we found that high serum SP-D
levels were more closely associated with B cell hyper-
activity (hypergammaglobulinemia, raised IgG levels, and
positive RF, anti-Ro, and anti-La antibodies) and less with
acute reactant proteins.

The etiopathogenic role of SP-D in pSS seems to be
centered on peripheral serum levels, with genetic polymor-
phisms having little influence. Patients with greater
glandular and extraglandular involvement had higher SP-D
serum levels, as did patients carrying anti-Ro/La autoanti-
bodies. Serum SP-D levels may have a potential role as a
soluble marker of systemic disease activity in patients with
pSS, especially those with interstitial pulmonary and renal
involvement.
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