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Abstract The purpose of this study was to investigate the
characteristics of primary Sjögren’s syndrome (pSS) patients
with IgG4 positive (IgG4+) plasma cell infiltration in labial
salivary glands (LSGs). Paraffin sections of LSGs from 336
pSS patients were stained with IgG4 and IgG monoclonal
antibodies. According to the infiltration of IgG4+ plasma cells,
patients were divided and clinical and serological characteris-
tics were analyzed and compared. Based on the infiltration of
IgG4+ plasma cells in the LSGs, patients were divided into
three subgroups, low IgG4, moderate IgG4, and high IgG4
groups. A negative association between the number of infil-
trated IgG4+ plasma cells and the disease characteristics was
observed. We found that the higher the IgG4+ expression in
plasma cells, the lower the positive rates of serum anti-SSA
antibodies, anti-SSB antibodies, antinuclear antibodies

(ANA), and rheumatoid factor (RF). Besides, patients from
the high IgG4 group had the highest frequency of interstitial
lung disease (ILD, 30.6%) and tubulointerstitial nephritis
(TIN, 13.9%), but the lowest frequency of leucopenia
(13.9%), thrombocytopenia (11.1%), and abnormal thyroidal
function (0%). PSS patients with different IgG4+ plasma cells
infiltration in the LSGs had distinctive clinical and laboratory
characteristics. It may help us to further understand the role of
IgG4+ plasma cells in pSS.
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Introduction

Primary Sjögren’s syndrome (pSS) is a chronic autoimmune
disease characterized by early and progressive exocrine glan-
dular dysfunction with autoantibody production. The clinical
hallmark is the persistent symptoms of drymouth and dry eyes
due to chronic inflammation of the salivary and lachrymal
glands. In addition, a considerable proportion of pSS patients
developed extraglandular manifestations [1, 2]. According to
the American-European Group Consensus (AEGC) criteria
(2002) and the cri teria of the American College
Rheumatology in 2012 (ACR 2012), histological analysis of
labial salivary gland biopsy (LSGB) is a widely used diagno-
sis method for pSS [3, 4].

IgG4-related disease (IgG4-RD) is a new disease charac-
terized by high serum IgG4, infiltration of IgG4-positive
plasmacytes, and fibrosis of various organs, such as the sali-
vary and lacrimal glands, liver, kidney, et al. [5]. Mikulicz’s
disease (MD), one of the IgG4-RD, is characterized by en-
larged lacrimal and parotid glands infiltrated by lymphocytes
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[6]. Since it shares several histopathological similarities with
pSS, MD has been regarded as a subtype of pSS previously.
However, recent studies have identified distinctive character-
istics of these two diseases. Different from pSS, IgG4-RD
shows a substantially lower frequency of sicca symptoms,
articular complaints, and autoantibodies and responds better
to glucocorticoid therapy [7].

To date, little data are available on the prevalence of IgG4
in the labial salivary glands (LSGs) in pSS, and its correlation
with characteristics of pSS has yet to be clarified. The main
purpose of this study was to evaluate the infiltration of IgG4+

plasmacytes in the LSGs of pSS and understand the associa-
tion between clinical and laboratory characteristics with IgG4
in LSGs.

Methods

Patients

Three hundred thirty-six pSS patients from the Affiliated
Drum Tower Hospital of NanjingMedical University between
2010 and 2014 were enrolled in the study. PSS was diagnosed
according to the 2002 revised AEGC criteria for pSS [3].
Patients accompanied by any other systemic autoimmune dis-
ease, sarcoidosis, amyloidosis, lymphoma, with histories of
cervical irradiation, with viral hepatitis, or human immunode-
ficiency virus-positive, were excluded. The study was ap-
proved by the local Ethics Committee.

Histological evaluation and immunohistochemistry

Three hundred thirty-six pSS patients have undergone
LSGB. Hematoxylin and eosin (H&E)-stained sections
were assessed according to the Chisholm and Mason
grading system (grades 0–4) [8]. The LSGs sections
were stained with monoclonal antibodies to IgG4 and
IgG. Two pathologists, who were blind to clinical data,
evaluated the sections.

The numbers of IgG4+ and IgG+ plasma cells per high
power field (HPF) were counted. IgG4+ plasma cells were
counted in areas with marked IgG+ plasma cell infiltration in
five HPFs. The mean number of IgG4+ cells per HPF and the
ratios of IgG4+ to IgG+ plasma cells were calculated. We
divide the patients into three groups according to the
methods described by Kamisawa et al. [9], high IgG4
group, IgG4+/IgG+ cell ratio > 40% and >10 IgG4+ plas-
ma cells/HPF; moderate IgG4 group, 10% ≤ IgG4+/IgG+

cell ratio ≤ 40%, and 5 ≤ IgG4+ plasma cells/HPF ≤ 10;
and low IgG4 group, IgG4+/IgG+ cell ratio < 10%, and
IgG4+ plasma cells/HPF < 5.

Statistics

Data are presented as means ± standard deviation. Differences
between groups were compared by nonparametric Mann–
Whitney U test. Categorical data were analyzed by chi-
square or Fisher exact probabilities. The Spearman rank cor-
relation was used to determine correlations between IgG4+/
IgG+ ratio and laboratory parameters. All statistical analyses
were performed using SPSS 19.0 statistical package. P < 0.05
was considered statistically significant.

Results

Characteristics of the patients

The clinical and immunological features of pSS patients were
summarized in Table 1. The cohort consisted of 304 females
(90.5%) and 32males (9.5%) (female to male ratio 9.5:1). The
mean age and disease duration were 49.3 and 3.1 years, re-
spectively. Two hundred forty-seven (73.5%) patients
complained of dry mouth and 144 (42.9%) of dry eye symp-
toms. Two hundred ninety (86.3%) patients presented
extraglandular manifestations. Two hundred sixteen (64.3%)
had a positive result for LSGB (grade III or IV).
Extraglandular manifestations presented in most of the
pSS patients, articular involvement in 158 (47%), intersti-
tial lung disease (ILD) in 67 (19.9%), tubulointerstitial
nephritis (TIN) in 18 (5.4%), and primary biliary cirrhosis
(PBC) in 13 (3.9%).

Histological evaluation

The LSGs from 36 pSS patients contained numerous IgG4-
producing cells that infiltrated in the tissues around the acinar
and ductal cells (Fig. 1a). According to the staining of IgG
(Fig. 1b), the IgG4-producing cells in the glands were identi-
fied as plasma cells.

Association of IgG4 with clinical and laboratory
manifestations

According to the infiltration of IgG4+ plasma cells, 336 pa-
tients were divided into the low IgG4 group (n = 194), mod-
erate IgG4 group (n = 106), and high IgG4 group (n = 36). The
clinical and laboratory features of the pSS patients were sum-
marized in Table 2. Statistical differences were found, includ-
ing positive ratio of anti-SSA, anti-SSB, antinuclear antibod-
ies (ANA) (≥1:320), rheumatoid factor (RF), leucopenia,
thrombocytopenia, and positive parotid sialography and sali-
vary gland biopsy. We found that patients from the high IgG4
group had the highest frequency of ILD (30.6%) and TIN
(13.9%) and the lowest frequency of leucopenia (13.9%),
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thrombocytopenia (11.1%), and abnormal thyroidal function
(0%). In addition, the high IgG4 group is characterized by a
slight decrease in glucocorticoids prescription (72.2%).

IgG4+/IgG+ cell ratio in LSGs was positively correlated with
age, C-reactive protein (CRP), white blood count, and plate-
lets, while negatively correlated with RF and urine specific
gravity (Supplemental Table 1).

Discussion

This study described the differences and similarities among
the pSS patients with different infiltration of IgG4+ plasma
cells in the LSGs. 10.7% of pSS patients had positive IgG4
infiltration (IgG4+/IgG+ plasma cells ratio >40% and >10
IgG4+ plasma cells/HPF), which was associated with ILD
and TIN, but negatively correlated with autoantibodies includ-
ing anti-SSA, anti-SSB, ANA, and RF. 10.7% fulfilled the
histopathologic criteria for IgG4-RD. However, due to the
lack of serologic IgG4 data, these patients could not be diag-
nosed as IgG4-RD according to comprehensive diagnostic
criteria.

To date, little is known about the pathogenesis of IgG4-RD.
Previous studies have reported an overlap syndrome of IgG4-
RD with systemic autoimmune disease [10]. Our study
showed that 10.7% of pSS patients exhibited probable IgG4-
RD. These probable IgG4-RD patients presented with the
lowest frequency of anti-SSA (36.1%), anti-SSB (2.8%),
ANA (19.4%), and RF (16.7%). In addition, the patients in
the high IgG4 group had less lymphocytic infiltration in the
LSGs than the low and moderate IgG4 groups. Our results
revealed that pSS patients with high IgG4 infiltration were
accompanied by an elevated incidence of ILD (30.6%) and
TIN (13.9%), whereas the incidence of leucopenia (13.9%),
thrombocytopenia (11.1%), and abnormal thyroidal function
(0%) were the lowest. Meanwhile, these probable IgG4-RD
patients have not presented with salivary gland enlargement.

In pSS patients, ILD is the most common pulmonary man-
ifestation, ranging from 28 to 33% [11–13]. In the present

Table 1 Clinical and laboratory characteristics of 336 pSS patients

Characteristic N (%)

Age (years) 49.3 ± 15.6
Gender (male/female) 32/304
Duration (years) 3.1 ± 5.3
Xerostomia 247 (73.51%)
Xerophthalmia 144 (42.86%)
Salivary gland enlargement 4 (1.19%)
Extraglandular involvement 290 (86.31%)
Articular involvement 158 (47.02%)
Dermatological involvement 79 (23.51%)
ILD 67 (19.94%)
TIN 18 (5.36%)
PBC 13 (3.87%)
Thyroidal involvement
Abnormal thyroidal function 26 (7.74%)
Hashimoto thyroiditis 11 (3.27%)
Allergic history 50 (14.88%)
Fever 127 (37.8%)
Infection 57 (16.96%)
Anti-SSA (+) 184 (54.76%)
Anti-SSB (+) 61 (18.15%)
ANA ≥1:320 100 (29.76%)
RF (+) 91 (27.08%)
AMA-M2 (+) 27 (8.04%)

Hypergammaglobulinaemia
High serum globulin 116 (34.52%)
IgG 146 (43.45%)
IgA 86 (25.6%)
IgM 61 (18.15%)
Hypocomplementaemia 127 (37.8%)
High ESR 212 (63.1%)
High CRP 97 (28.87%)
Leucopaenia 105 (31.25%)
Anemia 120 (35.71%)
Thrombocytopaenia 76 (22.62%)
High ALT/AST△ 86 (25.59%)
High ALP/GGT△ 107 (31.85%)
High TBIL/DBIL△ 26 (7.74%)
Schimer’s test (≤5 mm in 5 min) 189/295

(64.07%)
Cornea fluorescein staining (+) 121/264

(45.83%)
Parotid sialography (+) 208/263

(79.09%)
Positive salivary gland biopsy (grade III or
IV)

216 (64.29%)

Treatment
Glucocorticoids 273 (81.25%)
Immunosuppressive agents 303 (90.18%)

ILD interstitial lung disease, TIN tubulointerstitial nephritis, PBC primary
biliary cirrhosis, Anti-SSA anti-SSA antibody, Anti-SSB anti-SSB anti-
body, ANA antinuclear antibody, RF rheumatoid factor, AMA anti-
mitochondrial antibody, ESR erythrocyte sedimentation rate, CRP C-
reactive protein, ALTalanine aminotransferase, ASTaspartate aminotrans-
ferase, ALP alkaline phosphatase, GGT gamma-glutamyl transpeptidase,
TBIL total bilirubin, DBIL direct bilirubin
△ ’/’ = or

Fig. 1 Immunohistological findings in the labial salivary glands (LSGs)
specimens of pSS patients. a IgG4-positive (IgG4+) plasma cells were
brown on the picture (black arrows) in LSGs specimens from pSS
patients. b Expression of IgG-positive (IgG+) plasma cells (black
arrows) in LSGs specimens from pSS patients (original magnification
×200)
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Table 2 Comparison of clinical
and laboratory characteristics
among three subgroups

Characteristic Low IgG4 group Moderate IgG4
group

High IgG4 group

N 194 (57.74%) 106 (31.55%) 36 (10.71%)
Age (years) 47.9 ± 1.1 50.6 ± 1.5 52.8 ± 2.7
Gender (male) 16 (8.25%) 10 (9.43%) 6 (16.67%)
Duration (years) 3.2 ± 5.5 3.5 ± 5.6 1.6 ± 2.8
Xerostomia 148 (76.29%) 70 (66.04%) 29 (80.56%)
Xerophthalmia 83 (42.78%) 42 (39.62%) 19 (52.78%)
Salivary gland enlargement 1 (0.52%) 3 (2.83%) 0
Extraglandular involvement 171 (88.14%) 89 (83.96%) 30 (83.33%)
Articular involvement 90 (46.39%) 49 (46.23%) 19 (52.78%)
Dermatological involvement 49 (25.26%) 22 (20.75%) 8 (22.22%)
ILD 30 (15.46%) 26 (24.53%) 11 (30.56%)▲

TIN 6 (3.09%) 7 (6.60%) 5 (13.89%)▲

PBC 10 (5.15%) 3 (2.83%) 0
Abnormal thyroidal function 22 (11.34%) 4 (3.77%) 0
Hashimoto thyroiditis 8 (4.12%) 3 (2.83%) 0
Allergic history 21 (12.28%) 21 (19.81%) 8 (22.22%)
Fever 67 (34.54%) 46 (43.4%) 14 (38.89%)
Infection 33 (17.01%) 15 (14.15%) 9 (25%)
Anti-SSA (+) 123 (63.4%) 48 (45.28%)** 13 (36.11%)**
Anti-SSB (+) 49 (25.26%) 11 (10.38%)** 1 (2.78%)**
ANA ≥1:320 68 (35.05%) 25 (23.58%)* 7 (19.44%)
RF (+) 63 (32.47%) 22 (20.75%)* 6 (16.67%)
Anti-dsDNA (+) 12 (6.18%) 7 (6.60%) 1 (2.78%)
AMA-M2 (+) 17 (8.76%) 6 (5.66%) 4 (11.11%)
High serum globulin 72 (37.11%) 33 (31.13%) 11 (30.56%)
High IgG 93 (47.94%) 40 (37.94%) 13 (36.11%)
High IgA 53 (27.32%) 24 (22.64%) 9 (25%)
High IgM 36 (18.56%) 19 (17.92%) 6 (16.67%)
Hypocomplementaemia 77 (39.69%) 37 (34.91%) 13 (36.11%)
High CRP 51 (26.29%) 34 (32.08%) 12 (33.33%)
High ESR 123 (63.4%) 64 (60.38%) 25 (69.44%)
Leucopaenia 74 (38.14%) 26 (24.53%)* 5 (13.89%)**
Anemia 71 (36.6%) 37 (34.91%) 12 (33.33%)
Thrombocytopaenia 53 (27.32%) 19 (17.92%) 4 (11.11%)*
High ALT/AST△ 57 (29.38%) 23 (18.70%) 6 (16.67%)
High ALP/GGT△ 63 (32.47%) 32 (30.19%) 12 (33.33%)
High TBIL/DBIL△ 17 (8.76%) 8 (7.55%) 1 (2.78%)
Schimer’s test (≤5 mm in 5 min) 110/167 (65.87%) 62/96 (64.58%) 17/32 (53.13%)
Cornea fluorescein staining (+) 78/153 (50.98%) 30/83 (36.14%) 13/28 (46.43%)
Parotid sialography (+) 122/148 (82.43%) 67/84 (79.76%) 19/31 (61.29%)**◇

Salivary gland biopsy (grade III or IV) 137 (70.62%) 67 (63.21%) 12 (33.33%)***◇◇

Glucocorticoids 168 (86.6%) 79 (74.53%)* 26 (72.22%)**
Immunosuppressive agents 172 (88.66%) 97 (91.51%) 34 (94.44%)

Three hundred thirty-six pSS patients were divided into three subgroups based on IgG4-positive plasma cells
infiltration in the labial salivary gland, high IgG4 group (IgG4+ /IgG+ cell ratio > 40% and >10 IgG4+ plasma
cells/HPF), moderate IgG4 group (10% ≤ IgG4+ /IgG+ cell ratio ≤ 40%, and IgG4+ plasma cells 5–10/HPF), and
low IgG4 group (IgG4+ /IgG+ cell ratio < 10%, and IgG4+ plasma cells <5/HPF)

ILD interstitial lung disease, TIN tubulointerstitial nephritis, PBC primary biliary cirrhosis, Anti-SSA anti-SSA
antibody, Anti-SSB anti-SSB antibody, ANA antinuclear antibody, RF rheumatoid factor, AMA anti-mitochondrial
antibody, ESR erythrocyte sedimentation rate, CRP C-reactive protein, ALT alanine aminotransferase, AST aspar-
tate aminotransferase, ALP alkaline phosphatase, GGT gamma-glutamyl transpeptidase, TBIL total bilirubin,
DBIL direct bilirubin
△ ’/’ = or

*P < 0.05, lower compared with the low IgG4 group

**P < 0.01, lower compared with the low IgG4 group

***P < 0.001, lower compared with the low IgG4 group
▲P < 0.05, higher compared with the low IgG4 group
◇P < 0.05, lower compared with the moderate IgG4 group
◇◇P < 0.01, lower compared with the moderate IgG4 group
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study, the prevalence of ILD is 19.9% and even higher
(30.6%) in high IgG4 infiltration patients. There was no dif-
ference in clinical and laboratory characteristics about ILD
among various IgG4 infiltration groups. Previous study clas-
sified non-specific interstitial pneumonia (NSIP) as a common
pattern of IgG4-related interstitial pneumonitis [14]. In addi-
tion, one distinguishing feature of IgG4-related pulmonary
diseases is that the arteries are frequently involved and oblit-
erated as opposed to other body sites wherein veins are selec-
tively involved [15, 16]. The lung histopathological data of
our patients were absent.

Tubulointerstitial disease is widely regarded as the
most common form of renal dysfunction in pSS [17].
This condition is usually manifested by a low urine spe-
cific gravity and an alkaline urine PH. Similar to pSS, the
most frequent renal manifestation in patients with IgG4-
RD is TIN, which has the same histopathology as in other
organs, infiltration of large numbers of IgG4+ plasma
cells, storiform fibrosis, and moderate tissue eosinophilia
[18]. Our results indicated that the greater the IgG4 infil-
tration in the LSGs, the higher the frequency of TIN. TIN
in the high IgG4 group was accompanied by downregu-
lated serum complement (Supplemental Table 2). Since
IgG4 cannot bind to complement effectively, the basis
of hypocomplementaemia in TIN among the high IgG4
group is unlikely due to IgG4. One plausible explanation
is that hypocomplementaemia results from the formation
of immune complexes that contain IgG1 or IgG3, sub-
classes that are raised to a lesser degree in many cases
and bind to complement more effectively [19, 20].

The patients with high IgG4 in the LSGs showed the
lowest frequency of leucopenia (13.9%), thrombocytope-
nia (11.1%), and abnormal thyroidal function (0%).
However, the low IgG4 group presented the highest fre-
quency of these extraglandular involvements (38.1, 27.3,
and 11.3%, respectively). Referring to thyroid involve-
ment, Riedel’s thyroiditis, a probable fibrosing variant
of Hashimoto’s thyroiditis, is acknowledged to be part
of the IgG4-RD spectrum [21].

In conclusion, the present study suggests that a con-
siderable proportion of pSS patients showed abundant
IgG4+ plasma cells infiltration in the LSGs, which could
be classified as probable IgG4-RD. However, there is
not enough evidence to confirm the diagnosis, highlight-
ing the fact that histologic characteristics of our patients
are not specific for IgG4-RD and overinterpretation of
IgG4 immunostaining measurements alone may lead to
an overdiagnosis of IgG4-RD. There are some limita-
tions in our study. It is a monocentric retrospective
analysis, lacking of serologic IgG4 data and follow-up
data. More cases are needed to further clarify whether
high IgG4 in LSGs of pSS is misdiagnosised IgG4-RD
or a special state of pSS.
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