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INTRODUCTION

IgG4-related disease (IgG4-RD) is an immune-mediated
inflammatory condition that is capable of affecting multiple
organs. Hallmarks of IgG4-RD are dense lymphoplasmacytic
infiltrations with a predominance of IgG4 plasma cells in the
affected tissue, which provoke tumor-like swelling of involved
organs [1]. Clinical manifestations to the intracranial of IgG4-
RD are known to be in the pituitary gland or meninges [2].
There have been many reported cases of hypophysitis or pachy-
meningitis and their pseudotumor characteristics which
might be related with IgG4-RD conditions. However, no lit-
erature can be found that IgG4-RD has any associations with
an intracranial tumor. We report a case of meningioma and
another case of pituitary adenoma with high infiltrates of lym-
phocytic plasma cells as a manifestation of I[gG4-RD.

CASE REPORT

Case 1
A 36-year-old male patient presented with progressive mo-
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lgG4-related disease (IgG4-RD) is an immune-mediated inflammatory condition which is characterized
by dense lymphoplasmacytic infiltrations with a predominance of IgG4 plasma cells in the affected tis-
sue. Although pachymeninx and pituitary gland are the most common sites where 1gG4-RD infiltrates,
the associations with IgG4-RD and a true intracranial tumor have not been yet reported in literature.
Herein, we report two cases with intracranial tumors associated with IgG4-RD; a 36-year-old male pa-
tient with a huge meningioma and another 54-year old woman with a pituitary macroadenoma. Path-
ological examination revealed their tumors were substantially infiltrated by IgG4 plasma cells indicating
its possible relation with IgG4-RD.

IgG4-related disease; Meningioma; Pituitary adenoma.

tor weakness for one year. He was afebrile and neurological
examination revealed grade 4 motor weakness in his four ex-
tremities with exaggerated deep tendon reflexes. He had nei-
ther papilledema nor meningeal signs. He showed normal
complete blood count, erythrocyte sedimentation rate, and
serum C-reactive protein level. Brain MRI and CT demon-
strated a large extra-axial tumor on the right posterior fossa
destructing the occipital bone, petrous part of temporal bone,
the occipital condyle and C1 vertebra (Fig. 1A and B). Cere-
bral angiography revealed a strong vascular supply from the
right occipital, right posterior inferior cerebellar and right
posterior meningeal arteries (Fig. 1C and D). The patient un-
derwent suboccipital craniectomy with complete resection of
the tumor. The intraoperative findings were consistent with a
meningioma. Histopathological examination showed exten-
sive lymphoplasmacytic infiltration together with meningo-
thelial cell proliferation, which was confirmed by immuno-
histochemistry directed against epithelial membrane antigen
and vimentin (Fig. 2). IgG4 immunohistochemical staining
was performed using a mouse monoclonal IgG4 antibody
(clone HP6025, 1:1,000 dilution; Caltag Laboratory, San Fran-
cisco, CA, USA) and a rabbit polyclonal immunoglobulin G
(IgG) antibody (dilution 1:100,000; Dako, Carpinteria, CA,
USA). We performed immunohistochemical staining using a
VENTANA-BenchMark XT autostainer with the XT ultra-
View DAB Kit (Ventana Medical Systems, Oro Valley, AZ, USA)
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Fig. 1. Preoperative radiological findings of a 36-year-old male patient (Case 1). A: MRI shows a large extra-axial tumor on the right posteri-
or fossa. B: CT reveals extensive destruction of the occipital bone. C and D: Cerebral angiography demonstrates a strong vascular supply
from the right occipital artery, right posterior inferior cerebellar artery, and right posterior meningeal artery.

according to the vendor’s protocol. The numbers of IgG4-posi-
tive and IgG-positive plasma cells were counted in five high
power fields (HPFs) containing the highest concentration of
inflammatory cells. The average number of IgG4-positive cells
was 85.4/HPE. The average percentage of 1gG4/IgG-positive
cells was 94.0%, which meets the diagnostic criteria of [gG4-RD.

Case 2

A 54-year old woman with history of diabetes mellitus pre-
sented with right visual field defect for one month. Sellar MRI
showed an invasive tumor up to 3.3 cm in diameter at sella with
right cavernous sinus invasion and optic chiasm compression
(Fig. 3A). Humphrey test demonstrated impaired visual field
in right temporal area. There was no definite hormone eleva-
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tion or hormone deficiency in pituitary function test. The pa-
tient had no other general symptoms such as fever or myalgia,
and lab results showed normal WBC count, neutrophil, or eo-
sinophil. The patient underwent transsphenoidal surgery for
tumor removal. During surgery, extensive mucosal thicken-
ing of the sphenoid sinus and thick granulation tissue was
found throughout the sellar floor. After excision of hypertro-
phied dura, hard and partially calcified mass was identified.
Intrasellar part of the tumor was completely removed, how-
ever, a part of suprasellar tumor and cavernous sinus-invad-
ing tumor was remained (Fig. 3B). Pathological report showed
pituitary adenoma, but dense chronic inflammation was also
found along with substantial infiltrates of plasma cells (Fig. 4).
Kappa, lambda immunostain was performed to rule out plas-
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Fig. 2. Pathological findings of a 36-year-old male patient (Case 1). A: The first case shows a well demarcated extra-axial dura-based mass
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(H&E, x12). B: High power view shows neoplastic meningothelial proliferation with many areas of plasmacytic infiltration (H&E, %<200). C: In
addition, the meningothelial cells show EMA immunoreactivity (EMA, x100). D and E: On immunohistochemistry, a high IgG4 (IgG4, x100)/

19G (IgG, x100) ratio is noted.

ma cell neoplasm, but no monoclonality was found. IgG4 im-
munohistochemistry showed abundant positive [gG4 plasma
cells with 24.8% of IgG4/IgG-positive cells, which was lower
than the diagnostic cutoft of IgG4-RD. However, based on the
laboratory test that showed no abnormal findings but eleva-
tion of serum IgG4 (2,750 mg/L), we made a diagnosis of pos-
sible IgG4-RD [3]. Patient did not experience any new neuro-
logical symptoms after surgery and her visual field defect did
not improve. The postoperative course was uneventful until
she was discharged 9 days after the surgery. She was asymp-
tomatic throughout regular outpatient clinic’s follow-up. How-
ever, she visited our clinic’s emergency room two months af-
ter discharge, presenting with symptoms of diplopia, ptosis
and eyeball pain of the left eye which developed over a week.
Her left pupil was anisocorically dilated up to 5 mm upon
physical examination, and brain MRI showed newly devel-
oped bulging contour in the left cavernous sinus with adja-
cent profound dural thickening (Fig. 3C). As MRI finding was
more indicative of inflammatory pseudotumor rather than
true tumor, steroid medication was immediately started. The
patient showed dramatic response to steroid treatment and
her neurological symptoms greatly improved. After discharge,
the patient was treated with oral steroid and immunosuppres-
sant such as azathioprine henceforth. Follow-up MRI showed
decreased extent of cavernous sinus infiltration (Fig. 3D). The
patient underwent proton beam therapy for the remnant pi-
tuitary adenoma. Thereafter, she has experienced several times

of flare-up of IgG4-RD which was medically well controlled.
Other systemic lesions such as tubular cystic lesions in the
pancreatic head and diffuse bronchial wall thickening with
peribronchial infiltrations in both lungs were identified by
systemic diagnostic workup, however, they have been simply
followed up without pathological confirmation.

DISCUSSION

IgG4-RD is a chronic immune-mediated fibro-inflamma-
tory condition with systemic infiltration of multiple organs.
The pathologic hallmarks of IgG4-RD are dense lymphoplas-
macytic infiltrations with a predominance of IgG4 plasma
cells in the affected tissue with storiform fibrosis and obliter-
ative phlebitis [1]. The number of IgG4-positive plasma cells
per HPF ranging from minimum of 30 to 50 is regarded as a
sufficient criterion for the diagnosis of IgG4-RD [4]. Elevated
levels of serum IgG4 is frequent in the acute phase up to 51%-
70% [5], and patients usually have a good recovery after being
treated with systemic glucocorticosteroid. Any organs can be
involved, but the most commonly involved organs are the pan-
creas, kidneys, orbital adnexal structures, salivary glands, and
retroperitoneum [6]. Due to its specific histopathological fea-
tures and tumor-like swelling of involved organs, IgG4-RD af-
fected patients are often misdiagnosed as having a malignan-
cy since the lesions can mimic tumors, infections, or immune-
mediated disease [7].
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Fig. 3. Radiological findings of a 54-year-old female patient (Case 2). A: MRI shows invasive adenoma invading right cavernous sinus. B: Post-
operative MRI shows subtotal removal status of pituitary adenoma. C: MRI shows newly developed bulging contour in the left cavernous sinus
with adjacent dural thickening. D: After repetitive administration of steroid, follow up MRI shows decreased dural thickening lesion in the left
cavernous sinus.

Their intracranial presentation is relatively rare, although
various manifestations are recognized. There are published
descriptions of hypertrophic pachymeningitis, inflammatory
lesions of the pituitary gland, inflammatory orbital pseudotu-
mor, pterygopalatine fossa, and cranial nerve involvement in
IgG4-RD [8]. Among them, hypertrophic pachymeningitis
and hypophysitis are the most frequent manifestations [2].
The first report of intracranial involvement by IgG4-RD oc-
curred in the context of hypophysitis [9]. Since then, hyper-
trophic pachymeningitis has also been recognized to occur
as part of the IgG4-RD spectrum, and IgG4-RD may account
for a substantial percentage of cases previously regarded as
idiopathic [10].

The pathogenesis of [gG4-RD is still under debate, yet there
is growing evidence that it has an autoimmune basis, with im-
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portant roles for both B and T cells, especially CD4+ and T-
follicular helper cells. CD4+ T cells, the most abundant cells
within affected tissues, are dispersed throughout IgG4-RD le-
sions [11]. These cytotoxic T cells make products such as gran-
zyme B, perforin, IL-1, transforming growth factor-beta, and
interferon-gamma that are potentially important mediators
of the fibrosis which is a dominant part of histopathology in
IgG4-RD [11]. A T-follicular helper cell response that is sep-
arate from the CD4+ cytotoxic T lymphocytes is likely to be
responsible for the development of germinal centers within
lymph nodes (and involved organs) and the production of cy-
tokines that drive the IgG4 class-switch, culminating in the cre-
ation of IgG4-secreting plasmablasts and long-lived plasma
cells [12]. Taken together, it is suggested that CD4+ cytotoxic
T cells play a central role in the disease and that they are sus-
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lower) and dura with inflammation (right upper). B: High power view (H&E, x100) shows a classic histological findings of pituitary adenoma
C: Dura with dense inflammation (H&E, x40) is noted. D: High power view (H&E, x200) shows dense inflammatory cell infiltrates with many
plasma cells. E and F: The IgG4 positive plasma cells/IgG positive cells ratio was 24.8% based on IgG (E, x200) and IgG4 (F, x200) staining.

tained by continuous antigen presentation by cells of the B lym-
phocyte lineage, including but not limited to plasmablasts [11].
Recent consensus is that the IgG4 antibodies in this disease are
not pathogenic themselves, but rather represent an epiphenom-
enon, possibly having an anti-inflammatory role.

As discussed earlier, because IgG4-RD’s extensive infiltra-
tion tends to form a mass-like lesion, it is often confused with
neoplasms. Despite its mass-forming characteristics, the spe-
cific histopathologic features of IgG4-RD are distinct from
that of neoplasms. However, there have been increasing stud-
ies that reported a spectrum of malignancies occurring in as-
sociation with IgG4-RD, including solid tumors located in the
lung, pancreas, gastrointestinal tract, and prostate, as well as
lymphoma [13-17]. Tang et al. [18] reported in a cohort study
that IgG4-RD patients have a 2.78-fold increased risk of hav-
ing malignancy. The relationships between these two diseases
remain unclear and are the subject of on-going research.

Although the mechanism underlying the co-occurrence of
IgG4-RD and malignancies has not been fully determined to
date, there have been numerous suggestive hypothesis. It is
thought to be established that long-standing chronic inflam-
mation plays a critical role in the development of cancer through
the process of inflammation-associated carcinogenesis [19].
It could be because IgG4-RD causes sustained inflammation
that may induce preferable cancerous microenvironments.
Some suggests that elevated IgG4 and extensive lymphoplas-
macytic inflammation shown in IgG4-RD might be an evoked

response caused by antigenicity of initial cancer [14].

Other than the relationship between the malignancies and
IgG4-RD, it is noteworthy that various kinds of malignancies
show positive correlation with elevated IgG4 itself. IgG4 re-
sponses have also been reported in different cancers such as
melanoma [20-22], extrahepatic cholangiocarcinoma [23],
pancreatic cancer [24], and glioblastoma [25]. IgG4 is usually
the least-represented IgG subclass in human serum, compris-
ing less than 4% of the total IgG. High IgG4 levels usually oc-
cur following repeated or chronic exposure to an antigen, and
are associated with inflammation in a range of chronic patho-
logical conditions [26]. Elevated levels of IgG4 are also associ-
ated with immune tolerance under conditions of chronic expo-
sure to a specific antigen. IgG4 was found to positively correlate
with regulatory T-cells and to negatively correlate with cyto-
toxic T lymphocytes, supporting its involvement to immune
tolerance [27]. If tumor lesions are thought of as pathological
conditions which resemble chronic inflammation, IgG4 ele-
vations may be a response triggered by antigenicity in tumor
microenvironment [28]. Because there is yet a lack of evidence
for tumor-associated IgG4 antibodies, it seems that IgG4 ele-
vation in several types of malignancies may be a nonspecific
secondary response for immune tolerance, rather than a spe-
cific response for tumor-associated antigen. Crescioli et al.
[28] inferred that additional research should be required to
ascertain the tumor reactivity and antigen specificity of tu-
mor-associated IgG4 in patients with cancer.
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There yet has been no literature that reported the co-exis-
tence or sequential occurrence of IgG4-RD with true intra-
cranial tumors, nor any that described pathologically con-
firmed IgG4-positive cells within the tumor. We hereby report
two cases with a meningioma and a pituitary adenoma strong-
ly associated with IgG4-related condition. Interestingly, their
origins of tumors; meninges and the pituitary gland, are the
most common intracranial sites that [gG4-RD infiltrates. Be-
cause both cases are benign tumors, their pathogenesis may
not necessarily depict that of other IgG4-related malignancies
as described above. According to recent literature, systemic se-
rum IgG4 elevation in IgG4-RD or some types of malignan-
cies seem to be a secondary epiphenomenon rather than IgG4
antibodies being pathogenic themselves [28,29]. However, it
is noteworthy that in our cases the regional tumors were di-
rectly infiltrated by IgG4-positive inflammatory cells. This on-
site direct interaction between inflammatory cells and tumor
of their origins may be different from the hypothesized patho-
genesis of various malignancies associated with IgG4-RD.
Also, the benign nature of the two cases is somewhat eccen-
tric compared to the known literature, indicating a need for dif-
ferent description of their pathogenesis.

We implicate from these unorthodox feature of our cases
that further investigation of IgG4 immunology should be con-
ducted. This could help us better understand the pathogene-
sis of IgG4-RD and lymphocytic tumor, and also lead us to a
better understanding of the pathogenesis of [gG4-RD and also
tumor antigenicity.
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