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Rituximab Therapy Leads to Rapid Decline of
Serum IgG4 Levels and Prompt Clinical Improvement in
IgG4-Related Systemic Disease

Arezou Khosroshahi, Donald B. Bloch, Vikram Deshpande, and John H. Stone

Objective. Patients with IgG4-related systemic
disease (IgG4-RSD) frequently show an incomplete re-
sponse to treatment with glucocorticoids and traditional
disease-modifying antirheumatic drugs (DMARDs). B
lymphocyte depletion is a therapeutic strategy known to
be effective for pemphigus vulgaris, an autoimmune
condition mediated by IgG4 autoantibodies. This study
was performed to assess the clinical and serologic
responses to B lymphocyte depletion therapy with ritux-
imab in patients with IgG4-RSD.

Methods. Four patients with IgG4-RSD were
treated with 2 intravenous doses (1 gram each) of
rituximab. Clinical improvement was assessed by mon-
itoring the tapering/discontinuation of prednisone and
DMARDs, and by measuring the serum concentrations
of B lymphocytes, immunoglobulins, and IgG subclasses
before and after therapy.

Results. Clinical features of IgG4-RSD in these 4
patients included autoimmune pancreatitis, sclerosing
cholangitis, lymphoplasmacytic aortitis, salivary gland
involvement, orbital pseudotumor, and lacrimal gland
enlargement. The 3 patients with elevated serum IgG
and IgG4 levels at baseline had a mean IgG concentra-
tion of 2,003 mg/dl (normal range 600-1,500 mg/dl) and
a mean IgG4 concentration of 2,160 mg/dl (normal
range 8-140 mg/dl). Among these patients, the serum
IgG4 concentrations declined by a mean of 65% within 2
months of rituximab administration. All 4 patients
demonstrated striking clinical improvement within 1
month of the initiation of rituximab therapy, and taper-
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ing or discontinuation of their treatment with pred-
nisone and DMARDs was achieved in all 4 patients. A
decrease in IgG concentration was observed for the
IgG4 subclass only.

Conclusion. Treatment with rituximab led to
prompt clinical and serologic improvement in these
patients with refractory IgG4-RSD, and is a viable
treatment option for this condition. The decline in
serum IgG4 concentrations was substantially steeper
than that of the autoantibody concentrations in
immune-mediated conditions in which rituximab is ef-
fective, such as in rheumatoid arthritis. In addition, the
reduction in IgG-subclass levels appeared to be specific
for IgG4. The swift improvement of IgG4-RSD suggests
that rituximab achieves its effects in IgG4-RSD by
depleting the pool of B lymphocytes that replenish
short-lived IgG4-secreting plasma cells.

Recognition of disease processes that are associ-
ated with elevated serum concentrations or tissue dep-
osition of IgG4 has grown substantially (1-3). Some
conditions associated with elevated serum IgG4 concen-
trations share striking histopathologic similarities across
a wide range of organ systems (4). These shared features
have led to the concept of IgG4-related systemic disease
(IgG4-RSD) (3.5). The rapidly expanding list of organs
associated with this condition includes the pancreas,
biliary tree, salivary glands, periorbital tissues and ocular
adnexa, kidneys, lungs, lymph nodes, meninges, aorta,
breast, colon, prostate, and thyroid gland (6-8). The
different organs affected by IgG4-RSD can be involved
simultaneously, but organ system involvement is often
observed to be metachronous, thereby making the full
recognition of this disorder challenging (9). Serum as-
says to determine the concentration of IgG4 have indi-
cated that IgG4 levels are elevated in the majority, but
not all, of the patients with this condition. The sine qua
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non of this disease is the presence of tissue-infiltrating
plasma cells that bear 1gG4 (10).

The optimal treatment approach for IgG4-RSD
has not been established. Data on treatment are derived
primarily from previous experience with patients with
autoimmune pancreatitis. Several reports have empha-
sized that serum IgG4 concentrations decline in most
patients after treatment with glucocorticoids, but they
still remain above normal levels (11,12). In some pa-
tients, the disease remains refractory to glucocorticoid
tapering (13). Autoimmune pancreatitis appears to re-
lapse in up to one-third of patients treated with a
maintenance dose of glucocorticoids and in more than
half of those in whom a maintenance glucocorticoid
regimen is not used (14). Reports of the experience with
disease-modifying antirheumatic drugs (DMARD:s) as
steroid-sparing agents are limited in both number and
detail.

B lymphocyte depletion with rituximab is now
utilized as a treatment approach in a growing number of
conditions associated with autoimmunity. In many cases,
the initial rationale for rituximab treatment is to blunt
the effects of disease-associated autoantibodies. How-
ever, the precise mechanisms through which rituximab
achieves its effects appear more complex than simply via
the elimination of autoantibodies (2,15). Indeed, strong
indications of the clinical efficacy of rituximab have been
reported in many diseases, despite the persistence of
disease-associated autoantibodies (16).

We hypothesized that B lymphocyte depletion
might be effective in patients with IgG4-RSD that is
refractory to treatment with glucocorticoids and
DMARDs, because rituximab has been observed to be
an effective therapy for pemphigus vulgaris, another
disorder in which IgG4 plays an important role (2).
Herein we report our experience with 4 patients treated
with rituximab in whom conventional treatment ap-
proaches had failed. The patients’ responses to this
intervention provide important information on how B
lymphocytes achieve their effects in this condition, and
raise important questions about the pathophysiology of
IgG4-RSD.

PATIENTS AND METHODS

Diagnosis of IgG4-RSD. Our patients were diagnosed
as having IgG4-RSD based on the following criteria: 1) his-
topathologic features consisting of a lymphoplasmacytic infil-
trate, obliterative phlebitis, fibrosis, and sclerosis within the
involved organs (7-17), and 2) either an IgG4+:IgG+ plasma
cell ratio of >50% within the parenchyma of affected organs or
>10 IgG4-bearing plasma cells per high-power field (3). All 4

KHOSROSHAHI ET AL

of our patients had a history of elevated serum IgG4 concen-
trations. In addition, all 4 patients had displayed an incomplete
response to glucocorticoids and DMARDs and had demon-
strated refractoriness to glucocorticoid tapering.

IgG4 plasma cell quantitation and serum assay. We
quantified the degree of plasma cell infiltration and IgG4
staining within biopsy specimens using the following methods.
Immunohistochemical studies were performed on formalin-
fixed, paraffin-embedded tissue sections using antibodies to
IgG4 (1:200 dilution; Zymed) and IgG (1:3,000 dilution;
Dako). For each case, the number of plasma cells staining for
IgG4 was assessed in 3 nonoverlapping high-power fields
(400x magnification). The 3 fields with the highest degree of
1gG4 reactivity were selected for quantitation. The number of
IgG4+ plasma cells was then divided by the total number of
IgG-bearing plasma cells in these fields.

The serum concentrations of IgG4 were measured by
nephelometry (Mayo Medical Laboratories).

Rituximab regimen. Patients received 2 doses of ritux-
imab (1 gram each), administered intravenously 2 weeks apart,
except for that in patient 3, whose interval between the 2 doses
was 1 month apart. Patients received methylprednisolone (100
mg) with each rituximab infusion, to prevent infusion reac-
tions.

RESULTS

Case series. The baseline clinical histories of the
4 patients are summarized in Table 1. The mean interval
between symptom onset and the diagnosis of IgG4-RSD
was 0.5 years (range 3-9 years). Descriptions of the
clinical courses of the patients before and after ritux-
imab treatment are provided below. All patients
achieved B lymphocyte depletion after the administra-
tion of rituximab.

Clinical course. Patient 1. Patient 1 is a 70-year-
old man who had undergone replacement of his bicuspid
aortic valve and dilated ascending aorta (9). Preopera-
tive assessment showed extensive mediastinal and hilar
lymphadenopathy. A lymph node resected at surgery
showed follicular hyperplasia. Histopathologic examina-
tion of the aorta revealed chronic sclerosing aortitis.
One year later, the patient developed painless swelling
in both submandibular glands, a symptom consistent
with sialadenitis.

Two years after his aortic surgery, he presented
with painless jaundice. Computed tomography (CT)
evaluation of the abdomen showed a hypodense lesion in
the liver, intrahepatic ductal dilatation, and thickening
of the abdominal aortic wall. A liver biopsy revealed a
lymphoplasmacytic infiltrate with positive staining for
I1gG4 (37 IgG4+ plasma cells per high-power field;
IgG4+:IgG+ plasma cell ratio 0.92). The serum IgG
concentration was 4,160 mg/dl (normal range 600-1,500
mg/dl), of which 86% was of the IgG4 subclass (total
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Table 1. Characteristics of the 4 patients with IgG4-related systemic disease (IgG4-RSD)
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Serum IgG4, mg/dl*

Treatment before rituximab Before
Patient/age/sex IgG4-RSD manifestations (duration) rituximab After rituximab
1/70/M Lymphoplasmacytic aortitis, submandibular Prednisone (3 years), azathioprine 3,580 889 (6 months after)

gland enlargement, autoimmune
pancreatitis, sclerosing cholangitis,
lymphadenopathy

2/53/M Orbital soft tissue infiltration and lacrimal
gland enlargement, sialadenitis of the
parotid and submandibular glands

3/65/M Lymphoplasmacytic aortitis, mediastinal
lymphadenopathy
4/54/F Orbital pseudotumor, sialadenitis of the

parotid glands

100 mg/day (2 months),
mycophenolate mofetil 1,000
mg twice daily (18 months),
6-mercaptopurine (1 month)

Prednisone (4 years), 1,560
methotrexate 15-20 mg/week
(4 years)

Prednisone (1 year) 1,340

Prednisone (18 months), 67
methotrexate 17.5 mg/week
(1 year)

104 (8 months after
first course; 2
months after
second course)

305 (6 months after)

58 (4 months after)

* Normal range 8-140 mg/dl.

IgG4 concentration 3,580 mg/dl, normal range 8-140
mg/dl). The patient was diagnosed as having I[gG4-RSD,
with involvement of the liver, pancreas, aorta, subman-
dibular glands, and lymph nodes. His serum IgG4 con-
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centration decreased substantially, but did not normal-
ize, following the institution of prednisone (60 mg/day)
(Figure 1A).
In this patient, the IgG4-related cholangitis was
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Figure 1. Serum immunoglobulin concentrations in patients with IgG4-related systemic disease (IgG4-RSD) treated with prednisone followed by
rituximab. A-C, IgG and IgG4 concentrations from the time of diagnosis of IgG4-RSD in patients 1, 2, and 3. D, Concentrations of IgG, IgA, and
IgM and all IgG subclasses (IgG1, IgG2, IgG3, and IgG4) in patient 2, showing no significant decline in any IgG subclass except for IgG4.
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Table 2. Results of liver function tests and serum assays for IgG4 and IgG in patient 1 according to

treatment course*

Alk. Total

AST, ALT, phos., bilirubin, IgG4, IgG,

Treatment units/liter units/liter units/liter ~ mg/dl mg/dl  mg/dl

No therapy, presentation 2006 53 88 498 13.3 3,580 4,160
Prednisone 60 mg/day 48 44 127 0.5 949 1,830
Prednisone 10 mg/day 66 85 328 0.6 1,910 2,460
Mycophenolate mofetil plus prednisone 61 61 304 22 1,890 2,550
Before rituximab 211 216 492 12 >2,000 2,310
1 month after rituximab 39 53 155 0.5 1,220 1,670
2 months after rituximab 33 45 128 0.6 823 1,740
6 months after rituximab, off 30 40 123 0.5 889 1,830

prednisone

* Normal ranges are as follows: for aspartate aminotransferase (AST), 10-55 units/liter; for alanine
aminotransferase (ALT), 10-44 units/liter; for alkaline phosphatase (Alk. phos.), 45-115 units/liter; for
total bilirubin, 0-1 mg/dl; for IgG4, 8-140 mg/dl; and for IgG, 600-1,500 mg/dl.

refractory to glucocorticoid tapering, and his condition
remained active despite treatment with prednisone at a
dose of 20 mg/day and azathioprine at 100 mg/day.
Biochemical evidence of active inflammation within the
liver and biliary tree persisted following the replacement
of azathioprine with mycophenolate mofetil at 1,000 mg
twice daily; the patient did not tolerate treatment with
6-mercaptopurine (Table 2). He therefore underwent
treatment with rituximab. Within 7 weeks of completing
the rituximab course, the patient’s serum IgG4 concen-
tration declined from its peak of 2,020 mg/dl right before
rituximab administration to 823 mg/dl at 7 weeks after
rituximab administration (a 60% decline) (Figure 1A).
The levels of liver enzymes declined promptly (Table 2)
and continued to decline to normal levels within 6
months after administration of the rituximab infusions.

In this patient, treatment with prednisone was tapered
and then completely discontinued 6 months after the
initiation of rituximab therapy. His serum IgG4 concen-
tration 6 months after rituximab therapy was 889 mg/dl,
which was ~2,700 mg/dl lower than the concentration at
baseline (pretreatment).

Patient 2. Patient 2 is a 53-year-old man with a
history of asthma who developed left eye swelling 8 years
before presentation. He had marked enlargement of the
extraocular muscles, swelling of the left fifth cranial
nerve, and abnormal soft tissue extending from his left
orbit through the left greater palatine foramen into the
pterygomaxillary cistern. He was diagnosed as having an
idiopathic orbital pseudotumor following a biopsy of the
periorbital region. Treatment with prednisone (60 mg/
day) improved his periorbital swelling, but lowering of

A

B

Figure 2. Decrease in parotid gland swelling 2 months after (B) versus before (A) rituximab therapy in a patient with IgG4-related systemic disease
(patient 2). Color figure can be viewed in the online issue, which is available at http://www.arthritisrheum.org.
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parotid gland with a germinal center (arrow) surrounded by a lymphoplasmacytic infiltrate (stained with hematoxylin and eosin) (A), as well as
numerous IgG4+ cells, including some within the germinal center (stained with IgG4 immunoperoxidase) (B), and IgG+ plasma cells (stained with
IgG immunoperoxidase) (C). The ratio of IgG4+ to IgG+ cells is >0.9. (Original magnification X 100.)

the daily prednisone dose resulted in recurrent, bilateral
periorbital disease and parotid enlargement (Figure
2A). A biopsy of his parotid gland revealed chronic
sialadenitis (Figure 3A). Six years before presentation,
mediastinal lymphadenopathy was detected on a chest
radiograph, and a large lymph node was noted in the left
axilla. Biopsy of the axillary node revealed lymphoid
hyperplasia without evidence of malignancy.

Four years before presentation, weekly injections
of methotrexate (15-20 mg/week) were added to the
patient’s prednisone regimen (at that time, 20 mg/day).
Attempts to taper the dose of prednisone were accom-
panied by worsening periorbital and parotid gland dis-
ease and the development of recurrent sinusitis. Serum
IgG-subclass concentrations were measured because of
concern about a possible immunodeficiency. The serum
IgG4 concentration was 1,560 mg/dl (normal range
8-140 mg/dl). Reevaluation of the parotid gland biopsy
findings revealed a lymphoplasmacytic infiltrate with
intense IgG4 staining (120 IgG4+ plasma cells per
high-power field; IgG4+:IgG+ plasma cell ratio >0.9)
(Figures 3B and C).

This patient tolerated treatment with methotrex-
ate poorly, experiencing nausea after treatment, and
developed hypertension, hyperglycemia, and obesity
while receiving prednisone. For these reasons, treatment
with rituximab was initiated. During rituximab treat-
ment, the patient’s serum IgG4 concentrations declined,
as shown in Figure 1B. Within 1 month of completing
the rituximab regimen, the ocular and salivary gland
swelling had improved dramatically (Figure 2B). CT
imaging confirmed substantial decreases in the size of
the left extraocular muscles, the left lacrimal gland, and
the left parotid soft tissue lesion. Six months after
receiving the rituximab infusions, the patient’s serum
IgG4 concentration had declined from 1,560 mg/dl at

baseline to 178 mg/dl. Among all of the IgG subtypes,
only the IgG4 concentration decreased, accounting en-
tirely for the decline in total serum IgG concentrations
(Figure 1D).

The patient’s B cells began to return 6 months
after his initial course of rituximab, and his serum
showed an elevation in the IgG4 concentration to 206
mg/dl. He was given a second course of rituximab using
the same infusion protocol. Three weeks after the
second rituximab course, the patient’s serum IgG4 con-
centration had normalized, this being the first normal-
ization of his IgG4 levels known to occur during his
treatment course, to a concentration of 104 mg/dl (1,400
mg/dl lower than his pretreatment peak concentration).
This patient has been able to completely discontinue
prednisone treatment for the first time in several years.

Patient 3. Patient 3 is a 65-year-old man with a
history of mediastinal lymphadenopathy and a lymph
node biopsy that showed reactive follicular hyperplasia.
He was found to have a focal aortic dissection in the
ascending aorta (8). He underwent repair of the ascend-
ing aorta and hemiarch, as well as replacement of the
aortic valve. Pathologic analysis of the aorta revealed the
presence of lymphoplasmacytic aortitis. Immunohisto-
chemical studies yielded positive staining for IgG4
(IgG4+:1gG+ plasma cell ratio 0.74). His serum IgG
concentration was 1,863 mg/dl (normal range 600-1,500
mg/dl), and his serum IgG4 concentration was 1,340
mg/dl (normal range 8-140 mg/dl). Reexamination of
the lymph node, which was removed 4 years earlier,
revealed extensive infiltration by IgG4+ plasma cells,
with more than 50% of plasma cells staining for IgG4.

The patient was treated with glucocorticoids in
order to prevent recurrent aortitis. He began treatment
with 40 mg/day prednisone, which was tapered to 30
mg/day after 1 month and 10 mg/day after 6 months. His
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serum I[gG4 concentration declined, initially to 347
mg/dl (normal range 8-140 mg/dl), but rose to 688 mg/dl
after his daily prednisone dose was tapered to 10 mg/day
(Figure 1C). He tolerated treatment with prednisone
poorly, as indicated by a posttreatment 20-pound weight
gain and development of hyperglycemia. He was there-
fore treated with rituximab as a potential glucocorticoid-
sparing agent. Four weeks after treatment with ritux-
imab, the serum IgG4 concentration had declined to 424
mg/dl. The patient’s prednisone dose was tapered to 2.5
mg/day within 1 month of the rituximab infusions.

Six months after receiving his first rituximab
dose, his serum IgGG4 concentration continued to decline
to its lowest level ever recorded, 305 mg/dl (more than
1,000 mg/dl lower than his pretreatment peak concen-
tration). Currently, the patient has been able to achieve
complete discontinuation of his prednisone treatment. A
followup CT scan revealed a decrease in his mediastinal
lymphadenopathy.

Patient 4. Patient 4 is a 54-year-old woman who
developed swelling of her eyelids and sinus discharge 9
years before presentation. She underwent unsuccessful
sinus surgeries for her symptoms, which were attributed
to allergies. Five years before presentation, the patient
underwent a biopsy of her enlarged periorbital soft
tissue. The histologic findings were interpreted as indic-
ative of reactive lymphoid hyperplasia. The eye swelling
responded to a 1-month course of glucocorticoids. Three
years before presentation, the patient’s periorbital swell-
ing worsened and she developed bilateral parotid gland
enlargement. An orbital CT scan showed abnormal soft
tissue widening at the pterygopalatine fossa bilaterally
and enlargement of the lacrimal and parotid glands.
Histopathologic examination of her retrobulbar tissue
revealed a sclerosing inflammatory pseudotumor. More
than 50% of the infiltrating plasma cells stained for
IgG4. The serum IgG4 concentration was 401 mg/dl
(normal range 8-140 mg/dl).

The patient began receiving prednisone (15 mg/
day) for Mikulicz’s disease, which improved her symp-
toms. After 9 months of prednisone, her serum IgG4
concentration had decreased to 95.4 mg/dl (normal
range 8-140 mg/dl). Methotrexate was added as a
glucocorticoid-sparing agent, and the dose was increased
to 17.5 mg/week, but periorbital and parotid gland
swelling increased whenever the prednisone dose was
decreased to below 10 mg/day. The patient received
more than 6 months of methotrexate therapy at a dose of
17.5 mg/week. She experienced side effects from the
prednisone and methotrexate regimens, which included
obesity, hypertension, hyperglycemia, alopecia, and se-
rum transaminase elevation, and was therefore treated
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with rituximab. Decreases in periorbital swelling and
parotid gland firmness were detected within 2 weeks of
her first rituximab infusion. She was able to discontinue
both the methotrexate and the prednisone within 1
month of completing the rituximab infusions, without
worsening of her symptoms. The patient has been able to
remain off these medications, and her serum IgG4
concentration at 4 months after rituximab treatment is
58 mg/dl (normal range 8-140 mg/dl).

DISCUSSION

In this report, we describe 4 patients with diverse
manifestations of IgG4-RSD who underwent B lympho-
cyte depletion therapy with rituximab. Their treatment
responses suggest that B lymphocyte depletion is a viable
therapeutic option for patients with refractory IgG4-
RSD. The results in these patients also provide impor-
tant information about the mechanism of the effective-
ness of rituximab and raise important questions about
the pathophysiology of IgG4-RSD.

Four major observations have framed the con-
cept of IgG4-RSD. First, the entity of autoimmune
pancreatitis was identified in the early to mid 1990s (18).
Second, it was recognized that autoimmune pancreatitis
is associated with elevations in the serum IgG4 concen-
tration (17-19). Third, the similarity of histopathologic
findings across a spectrum of organ systems infiltrated
by IgG4-bearing plasma cells was established (20). Fi-
nally, the frequent co-occurrence of similar disease
processes within at least 2 organs of the same patient was
recognized (14). IgG4-RSD is capable of involving mul-
tiple organs in an insidious and potentially destructive
manner (8,9,21). The fundamental nature of [gG4-RSD,
and whether IgG4+ plasma cell infiltration is actually a
primary phenomenon or, rather, a secondary phenome-
non remain unclear.

Rituximab is a chimeric monoclonal antibody
directed against the B lymphocyte—specific antigen
CD20. The CD20 antigen is first expressed in the bone
marrow on components of the B lymphocyte lineage at
the pre-B lymphocyte stage (15). This antigen is lost
following the maturation of fully developed B lympho-
cytes into plasma cells. Rituximab depletes all compo-
nents of the B lymphocyte lineage from the pre-B
lymphocyte stage through the mature B lymphocyte
stage within 2—4 weeks of administration (22). Of note,
the infiltrating cells in patients with IgG4-RSD are
plasma cells, not B lymphocytes. Plasma cells do not
normally express CD20 and are not affected directly by
anti-CD20 strategies.

We hypothesize that rituximab achieves its effects



RITUXIMAB THERAPY FOR IgG4-RSD

in IgG4-RSD by disrupting the normal differentiation of
IgG4-bearing B lymphocytes into plasma cells. This
hypothesis is supported by the observed rapid decrease
in serum IgG4 concentrations relative to those of other
IgG subclasses and total IgG, suggesting that IgG4-
bearing plasma cells are inherently shorter-lived than
plasma cells that express other IgG subclasses. Treat-
ment with rituximab leads indirectly to the disappear-
ance of IgG4-bearing plasma cells within 2 weeks; such
plasma cells are not replaced because of the effects of
rituximab on IgG4-bearing B lymphocytes. The dramatic
shrinkage of the parotid glands in patient 2 (Figures 2A
and B) and the rapid decline in the levels of liver
enzymes in patient 1 (Table 2) are consistent with the
effects achieved in other conditions by the removal of
cells, leading to relief of a mechanical obstruction. It is
likely that our patients’ swift clinical improvement was
mediated by a reduction in the plasma cell mass.

Our observation of a rapid decrease in the IgG4
concentrations contrasts significantly with the effects of
rituximab in other diseases. In rheumatoid arthritis
(RA), the impact of rituximab on immunoglobulin con-
centrations is far less pronounced. After treatment,
titers of rheumatoid factor decrease by 30-60%, but this
only begins 3—-6 months after rituximab administration
(23,24). The decline in anti-cyclic citrullinated peptide
antibody titers is less marked. RA patients treated with
rituximab demonstrate modest declines in serum IgG
concentrations, but the overall concentrations remain
normal. Serum IgM concentrations decline slowly, but
continuously, with each subsequent course of rituximab
(25). In patients with systemic lupus erythematosus, the
effects of rituximab vary according to the specific auto-
antibody. Levels of antibodies to double-stranded DNA
and Clq decrease as early as 2 months after rituximab
administration (22). In contrast, autoantibodies directed
against the Sm, RNP, Ro, and La antigens remain
unchanged (23,26). To our knowledge, the effect of
rituximab on the concentrations of IgG subclasses has
not been reported in RA, lupus, or other diseases.

The etiology of IgG4-RSD remains obscure. In-
filtration by IgG4+ plasma cells and the histopathologic
features of storiform fibrosis, eosinophilic infiltration,
and obliterative phlebitis are consistent findings in IgG4-
RSD, regardless of the organs affected (7,17). The
cellular histopathology is also characterized by numer-
ous T and B lymphocytes, some of which are organized
into lymphoid aggregates. Germinal centers, packed
with B lymphocytes, are prominent, particularly in the
salivary and lacrimal glands. IgG4-bearing plasma cells
are frequently seen within these germinal centers. Prom-
inence of fibroblasts and tissue fibrosis are typical of
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IgG4-RSD, which is often regarded as a sclerosing
disease.

Two explanations for the elevated number of
IgG4-bearing plasma cells in this disease appear plausi-
ble. First, the overproduction of IgG4-bearing plasma
cells could be caused by a subset of dysregulated T cells
that recruit IgG4-bearing B lymphocytes to the affected
organs and thus drive their differentiation into secretory
IgG4-bearing plasma cells. In support of this point, Treg
cells have been reported to be present in large numbers
within the tissue of patients with IgG4-related auto-
immune pancreatocholangitis (27). These Treg cells are
accompanied by excessive quantities of cytokines, e.g.,
interleukin-4 (IL-4), IL-5, IL-13, IL-10, and transform-
ing growth factor B (TGFp), that fall within a Th2
profile (27). Both IL-4 and IL-10 play major roles in
directing B lymphocytes to produce IgE and IgG4,
respectively (28,29). Cytokines produced by these Treg
cells could fuel the infiltration of secretory IgG4-+
plasma cells into the different organs and explain the
elevated serum concentrations of IgG4. The tissue fibro-
sis that is characteristic of IgG4-RSD corresponds to the
presence of TGFp.

A second possibility is that the primary overpro-
duction of IgG4 is an antigen-driven Th2 immune re-
sponse, triggered by an infection, autoantigen, allergen,
or some other environmental factor. In this scenario, the
production of IgG4+ B lymphocytes and subsequent
differentiation of these cells into plasma cells is the
primary event; Treg cells are recruited secondarily to the
affected tissues for the purpose of dampening the im-
mune response. The frequent presence of eosinophils
within involved tissues, reports of elevated serum IgE
concentrations in patients with IgG4-RSD, and the
elevations of serum IgG4 concentrations are consistent
with both this theory and the first theory discussed
above (30).

Caution is appropriate when interpreting these
results. This report includes data on only 4 patients with
IgG4-RSD, and the followup on these patients remains
relatively short. The findings reported herein require
confirmation and refinement in larger studies of pro-
spectively collected cohorts of patients whose clinical
features represent the broad spectrum of IgG4-RSD. It
is possible that certain disease subsets with IgG4-RSD
will respond better than others to B cell depletion
strategies, and that duration of disease, the degree of
tissue fibrosis, and other factors will also affect treat-
ment response.

Thus, rituximab appears to be a viable treatment
option for patients with IgG4-RSD that is refractory to
conventional immunosuppressive therapy. The precise
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mechanism of the effectiveness of rituximab is not
known, but hypotheses concerning either dysregulated T
cells or antigen-driven processes must be explored fur-
ther. Detailed investigations of B lymphocyte depletion
strategies in this condition are essential in order to
determine the precise place of rituximab in the treat-
ment algorithm. In addition, mechanistic studies that
examine the specific effects of B lymphocyte depletion
on different components of the immune system may
yield new insights into the nature of IgG4-RSD.

AUTHOR CONTRIBUTIONS

All authors were involved in drafting the article or revising it
critically for important intellectual content, and all authors approved
the final version to be published. Dr. Stone had full access to all of the
data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.

Study conception and design. Khosroshahi, Bloch, Deshpande, Stone.
Acquisition of data. Khosroshahi, Bloch, Deshpande, Stone.
Analysis and interpretation of data. Khosroshahi, Bloch, Deshpande,
Stone.

REFERENCES

1. Glassock RJ. Human idiopathic membranous nephropathy: a
mystery solved? N Engl J Med 2009;361:81-3.

2. Mouquet H, Musette P, Gougeon ML, Jacquot S, Lemercier B,
Lim A, et al. B-cell depletion immunotherapy in pemphigus:
effects on cellular and humoral immune responses. J Invest
Dermatol 2008;128:2859-69.

3. Masaki Y, Dong L, Kurose N, Kitagawa K, Morikawa Y,
Yamamoto M, et al. Proposal for a new clinical entity, IgG4-
positive multiorgan lymphoproliferative syndrome: analysis of 64
cases of [gG4-related disorders. Ann Rheum Dis 2009;68:1310-5.

4. Kamisawa T. IgG4-related sclerosing disease. Intern Med 2006;45:
125-6.

5. Kamisawa T, Okamoto A. IgG4-related sclerosing disease. World
J Gastroenterol 2008;14:3948-55.

6. Stone JH, Caruso PA, Deshpande V. Case records of the Massa-
chusetts General Hospital. Case 24-2009: a 26-year-old woman
with painful swelling of the neck. N Engl J Med 2009;361:511-8.

7. Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K,
et al. A new clinicopathological entity of IgG4-related auto-
immune disease. J Gastroenterol 2003;38:982-4.

8. Stone JH, Khosroshahi A, Hilgenberg A, Spooner A, Isselbacher
EM, Stone JR. IgG4-related systemic disease and lymphoplasma-
cytic aortitis. Arthritis Rheum 2009;60:3139-45.

9. Khosroshahi A, Stone JR, Pratt DS, Deshpande V, Stone JH.
Painless jaundice with serial multi-organ dysfunction. Lancet
2009;373:1494.

10. Tabata T, Kamisawa T, Takuma K, Anjiki H, Egawa N, Kurata M,
et al. Serum IgG4 concentrations and IgG4-related sclerosing
disease. Clin Chim Acta 2009;408:25-8.

11. Church NI, Pereira SP, Deheragoda MG, Sandanayake N, Amin
Z, Lees WR, et al. Autoimmune pancreatitis: clinical and radio-
logical features and objective response to steroid therapy in a UK
series. Am J Gastroenterol 2007;102:2417-25.

12. Kamisawa T, Yoshiike M, Egawa N, Nakajima H, Tsuruta K,
Okamoto A. Treating patients with autoimmune pancreatitis:
results from a long-term follow-up study. Pancreatology 2005;5:
234-8.

13. Matsushita M, Ikeura T, Fukui T, Uchida K, Okazaki K. Refrac-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

KHOSROSHAHI ET AL

tory autoimmune pancreatitis: azathioprine or steroid pulse ther-
apy? [letter]. Am J Gastroenterol 2008;103:1834.

Okazaki K, Kawa S, Kamisawa T, Ito T, Inui K, Irie H, et al.
Japanese clinical guidelines for autoimmune pancreatitis. Pan-
creas 2009;38:849-66.

Renaudineau Y, Devauchelle-Pensec V, Hanrotel C, Pers JO,
Saraux A, Youinou P. Monoclonal anti-CD20 antibodies: mecha-
nisms of action and monitoring of biological effects. Joint Bone
Spine 2009;76:458-63.

Anolik JH, Looney RJ, Lund FE, Randall TD, Sanz I. Insights into
the heterogeneity of human B cells: diverse functions, roles in
autoimmunity, and use as therapeutic targets. Immunol Res 2009.
E-pub ahead of print.

Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu T,
et al. High serum IgG4 concentrations in patients with sclerosing
pancreatitis. N Engl J Med 2001;344:732-8.

Yoshida K, Toki F, Takeuchi T, Watanabe S, Shiratori K, Hayashi
N. Chronic pancreatitis caused by an autoimmune abnormality:
proposal of the concept of autoimmune pancreatitis. Dig Dis Sci
1995;40:1561-8.

Kamisawa T, Egawa N, Nakajima H. Autoimmune pancreatitis is
a systemic autoimmune disease [letter]. Am J Gastroenterol
2003;98:2811-2.

Deshpande V, Chicano S, Finkelberg D, Selig MK, Mino-Kenud-
son M, Brugge WR, et al. Autoimmune pancreatitis: a systemic
immune complex mediated disease. Am J Surg Pathol 2006;30:
1537-45.

Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K, Kawa S.
Prevalence and distribution of extrapancreatic lesions complicat-
ing autoimmune pancreatitis. J Gastroenterol 2006;41:1197-205.
Anolik JH, Barnard J, Cappione A, Pugh-Bernard AE, Felgar RE,
Looney RJ, et al. Rituximab improves peripheral B cell abnormal-
ities in human systemic lupus erythematosus. Arthritis Rheum
2004;50:3580-90.

Cambridge G, Leandro MJ, Teodorescu M, Manson J, Rahman A,
Isenberg DA, et al. B cell depletion therapy in systemic lupus
erythematosus: effect on autoantibody and antimicrobial antibody
profiles. Arthritis Rheum 2006;54:3612-22.

Rosengren S, Wei N, Kalunian KC, Zvaifler NJ, Kavanaugh A,
Boyle DL. Elevated autoantibody content in rheumatoid arthritis
synovia with lymphoid aggregates and the effect of rituximab.
Arthritis Res Ther 2008;10:R105.

Keystone E, Fleischmann R, Emery P, Furst DE, van Vollenhoven
R, Bathon J, et al. Safety and efficacy of additional courses of
rituximab in patients with active rheumatoid arthritis: an open-
label extension analysis. Arthritis Rheum 2007;56:3896-908.
Jonsdottir T, Gunnarsson I, Risselada A, Henriksson EW, Klares-
kog L, van Vollenhoven RF. Treatment of refractory SLE with
rituximab plus cyclophosphamide: clinical effects, serological
changes, and predictors of response [published erratum appears in
Ann Rheum Dis 2009;68:764]. Ann Rheum Dis 2008;67:330—4.
Zen Y, Fujii T, Harada K, Kawano M, Yamada K, Takahira M, et
al. Th2 and regulatory immune reactions are increased in immu-
noglobin G4-related sclerosing pancreatitis and cholangitis. Hepa-
tology 2007;45:1538-46.

Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker
SM, Wilcock LK, et al. Grass pollen immunotherapy induces
mucosal and peripheral IL-10 responses and blocking IgG activity.
J Immunol 2004;172:3252-9.

Jeannin P, Lecoanet S, Delneste Y, Gauchat JF, Bonnefoy JY. IgE
versus 1gG4 production can be differentially regulated by IL-10.
J Immunol 1998;160:3555-61.

Hirano K, Shiratori Y, Komatsu Y, Yamamoto N, Sasahira N,
Toda N, et al. Involvement of the biliary system in autoimmune
pancreatitis: a follow-up study. Clin Gastroenterol Hepatol 2003;
1:453-64.



