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Abstract:

This is the first report describing primary pulmonary mucosa-associated lymphoid tissue (MALT) lym-
phoma with the high expression of IgG4. The histological findings were compatible with the diagnostic crite-
ria for MALT lymphoma and IgG4-related respiratory disease (IgG4-RRD). An unfixed sample for Southern
blotting was not obtained since computed tomography findings showed multiple lung cysts, which is rare in
patients with MALT lymphoma. However, polymerase chain reaction using paraffin sections showed the
clonality of the immunoglobulin heavy chain variable region gene rearrangement, confirming a diagnosis of
MALT lymphoma. This is an instructive case in which primary pulmonary MALT lymphoma was histologi-

cally compatible with IgG4-RRD.
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Introduction

Mucosa-associated lymphoid tissue (MALT) lymphoma is
a low-grade B-cell lymphoma that occurs in various organs,
including the stomach, lungs, salivary glands, orbits, and
skin (1). It is known to develop against a background of
chronic inflammatory conditions, such as the development
of gastric MALT lymphoma in association with Helicobac-
ter pylori infection (2). Some recent reports demonstrated
the development of MALT lymphoma superimposed on IgG
4-related disease (IgG4-RD) or with the high expression of
IgG4 in several organs, including the orbits and skin (3, 4).
However, no previous report has described an association
between IgG4 and primary pulmonary MALT lymphoma.

Primary pulmonary MALT lymphoma originates from
bronchus-associated lymphoid tissue (BALT) and is rela-

tively rare, representing <1% of lung tumors (5). It presents
with a variety of shadows, typically consolidation, nodules,
and ground glass shadows, on chest computed tomography
(CT). Additionally, a few reports have described multiple
cystic lesions as a rare CT finding of the disease (6, 7). The
diagnosis of MALT lymphoma is generally established by
identifying immunoglobulin gene rearrangement in Southern
blotting using unfixed samples; however, polymerase chain
reaction (PCR) using paraffin sections is also useful, espe-
cially when unfixed samples are not available (8, 9).

This report describes the first case of a primary pulmo-
nary MALT lymphoma presenting with a high IgG4 expres-
sion level. Interestingly, the histological findings were com-
patible with the diagnostic criteria for MALT lymphoma and
IgG4-related respiratory disease (IgG4-RRD) (10). Because
of the presence of clonal gene rearrangement of immuno-
globulin heavy chain variable region (IgVH) in PCR using
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paraffin sections, the patient was diagnosed with MALT
lymphoma. This is an instructive case, suggesting a potential
association between the expression of IgG4 and the patho-
genesis of primary pulmonary MALT lymphoma.

Case Report

The patient was a 53-year-old woman who initially visited
a local hospital for the evaluation of abnormal shadows on a
chest radiograph. She underwent chest CT, which showed
multiple lung cysts, ground glass shadows, and nodules.
Therefore, she was referred to our hospital. The patient had
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Figure 1. A chest radiograph obtained at the first visit. The

radiograph did not show any obvious abnormal findings.

44

no symptoms, including fever and dyspnea. She was an ex-
smoker (2.5 pack-years, until 30 years of age). She had
glaucoma but had never taken any drugs. She was an office
worker and did not have any relevant family history or aller-
gic diseases. Oxygen desaturation was not observed, and no
abnormalities were found on a physical examination. Chest
radiography did not show any obvious abnormal findings
(Fig. 1). However, chest CT revealed multiple thin-walled
cysts, ground glass shadows, and nodules, without evidence
of mediastinal lymphadenopathy (Fig. 2). Fluorodeoxyglucose-
positron emission tomography (FDG-PET) showed that the
maximal standardized uptake value of the nodule in the right
S7 was 3.5 (Fig. 3).

We suspected lung cancer, granulomatous polyangiitis,
pulmonary lymphangioleiomyomatosis, and lymphocytic in-
terstitial pneumonia (LIP) associated with Sjogren’s syn-
drome based on the CT findings. Blood tests were per-
formed for the differentiation of these conditions; however,
no obvious abnormalities were found, with the exception of
mild elevation of the alanine transaminase level (Table). The
levels of anti-nuclear antibodies, anti-SS-A/B antibodies,
anti-neutrophil cytoplasmic antibodies, and tumor markers
including soluble interleukin-2 receptor were within their re-
spective normal ranges. Additionally, this patient was not
suffering from ocular or oral dryness; thus, Sjogren’s syn-
drome and Sjogren’s syndrome-associated LIP were ruled
out.

Flexible bronchoscopy was performed for histological di-
agnosis. Bronchoalveolar lavage fluid was obtained, and the
total cell count was normal (8.98x10‘mL; macrophages:

Figure 2. A chest computed tomography (CT) scan obtained at the first visit. CT showed multiple
thin-walled cysts (white arrows), ground glass shadows (black arrows), and a nodule (dotted circle).
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Figure 3. A fluorodeoxyglucose-positron emission tomography (FDG-PET) scan obtained before
admission. FDG-PET showed the increased uptake of FDG. The maximal standard uptake value of

the nodule in the right S7 was 3.5, while the values of other areas were up to 1.5.

Table. Laboratory Findings at the First Visit.
Hematology Biochemistry
WBC 7,930 /uL TP 7.4 ¢/dL KL-6 268 IU/mL
Neut 72.1 % Alb 4.3 g/dL ANA %80
Lymp 22.4 % AST 23 TU/L Anti SS-A 1.9 IU/mL
Mono 45 % ALT 45 IU/L Anti SS-B <1.0 IU/mL
Eos 0.9 % T-bil 136 mg/dL. PR3-ANCA <1.0
RBC 4.89x10° /uL LDH 136 IU/L MPO-ANCA  <1.0
Hb 13.8 g/dL  y-GTP 61 IU/L IeG 1,331 mg/dL
PLT 35.8x10* /uL BUN 20 mg/dL. 1gG4 70.3 mg/dL
Cre 0.56 mg/dL  IgA 163 mg/dL
Glu 110 mg/dL.  IgM 162 mg/dL
Na 139 mEqg/L
K 4.6 mEgq/L  Tumor marker
Cl 104 mEq/L  Pro-GRP 52.5 pg/mL
Ca 9.6 mg/dL  CEA 1.2 ng/dL
CRP 0.02 mg/dL  CYFRA 1.5 ng/dL
sIL-2R 347 IU/mL

WBC: white blood cells, Neut: neutrophils, Lymp: lymphocytes, Mono: monocytes, Eos: eosino-
phils, RBC: red blood cells, Hb: hemoglobin, PLT: platelets, TP: total protein, Alb: albumin, AST:
aspartate transaminase, ALT: alanine transaminase, T-bil: total bilirubin, LDH: lactate dehydroge-

nase, -GTP: gamma glutamyltransferase, BUN: blood urea nitrogen, Cre: creatinine, Glu: glucose,

Na: sodium, K: potassium, Cl: chlorine, Ca: calcium, CRP: C-reactive protein, KL-6: Krebs von den

Lungen 6, ANA: antinuclear antibody, SS: Sjogren’s syndrome, PR3: proteinase 3, ANCA: anti-

neutrophil cytoplasmic antibody, MPO: myeloperoxidase, Ig: immunoglobulin, GRP: gastrin releas-

ing peptide, CEA: carcinoembryonic antigen, CYFRA: cytokeratin fragment, sIL: soluble interleukin

84.8%, lymphocytes: 15.9%, neutrophils: 0.3%, eosinophils:
0.0%, CD4/CDS8: 1.31). Transbronchial lung biopsies
showed no specific findings. Therefore, thoracoscopic partial
resection of nodules in right S7 and S10 was performed.
The histopathological examination of the specimens re-
vealed the diffuse infiltration of lymphocytes with poor
atypia and plasma cells, follicular colonization, and the pres-
ence of lymphoepithelial lesions (Fig. 4A, B). Although the
histological findings were consistent with multicentric Cas-
tleman disease, the clinical diagnostic criteria were not met
because of the absence of lymphadenopathy, elevation of in-
flammatory markers, and hepatosplenomegaly. The lympho-
cytes were immunohistochemically positive for CD20 and
CD79, and negative for CD3, CD5, and CD10 (Fig. 4C, D).

These findings were compatible with MALT lymphoma.
However, marked lymphocytic infiltration into the stroma of
the peribronchovascular sheath and the interlobular septal
wall, obliterative vasculitis, and storiform-like fibrosis were
also seen (Fig. 4E, F). These findings suggested IgG4-RRD,
and therefore, immunostaining for IgG4 was additionally
performed. Although IgG4-positive plasma cells were sparse
in the germinal center, the number of IgG4-positive plasma
cells was 130/high-power field (HPF), and the IgG4/IgG-
positive cell ratio was 60% (Fig. 4G, H). These histological
findings were also compatible with the diagnostic criteria for
[gG4-RRD (10), although there were no typical findings of
IgG4-RD in the serum IgG4 level, lung tissue other than
MALT lymphoma, or the extra-thoracic organs. MALT lym-
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G. IgG (x200) H. IgG4 (x200)

Figure 4. Histopathological and immunohistochemical findings of the specimen obtained from the
lower lobe of the right lung (S7) by surgical biopsy. (A, B) Hematoxylin and Eosin (H&E) staining
showing the diffuse infiltration of lymphocytes with poor atypia around bronchovascular bundles and
bronchioles, follicular colonization, and lymphoepithelial lesions (A: H&E staining, x40; B: H&E
staining, x200). (C, D) Immunohistochemical staining demonstrating that the lymphocytes were posi-
tive for CD20 and CD79a (C: CD20, x200; D: CD79a, x200). (E) H&E staining showing storiform-like
fibrosis. (H&E staining, x100). (F) Elastica van Gieson (EVG) staining showing obliterative vasculitis
(EVG, x100). (G, H) Immunohistochemical staining for IgG and IgG4. The number of IgG4-positive
plasma cells was 130/high-power field (HPF), and the IgG4/IgG-positive cell ratio was 60% (G: IgG,
x200; H: IgG4, x200). IgG4-positive plasma cells were mainly observed around the lymphoid follicle.

phoma can be differentiated from IgG4-RRD, by analyzing with MALT lymphoma, an unfixed sample was not retained
B-cell clonality. However, since the CT findings of the lung for Southern blotting. Therefore, PCR was performed using
showed multiple cystic lesions, which are rare in patients paraffin sections, which revealed the clonality of IgVH
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3% agarose gel
M : 50bp DNA ladder marker

1:TgVu (~250 bp)

300 bp

2 : B-actin (148 bp)

Figure 5. The PCR analysis of immunoglobulin heavy chain
variable region (IgVH) gene rearrangement using paraffin sec-
tions revealed the clonality of IgVH.

(Fig. 5). Thus, we diagnosed primary pulmonary MALT
lymphoma. Since the patient was asymptomatic, she was
kept under observation.

Discussion

This is the first report describing primary pulmonary
MALT lymphoma with histopathological features consistent
with IgG4-RRD. The association between MALT lymphoma
and IgG4-positive plasma cells is still unclear. One possible
mechanism is the stromal infiltration of IgG4-positive
plasma cells resulting in morphological changes similar to
IgG4-RRD. Fujimoto et al. reported six cases of non-small
cell lung cancer that met the histological criteria for IgG4-
RRD, although none met the diagnostic criteria for IgG4-
RD (11). Another possibility is that IgG4-RD could progress
to MALT lymphoma, because several reports have shown
that orbital MALT lymphoma develops superimposed on
IgG4-RD (4, 12). Additionally, IgG4-RD has been reported
to elevate the incidence of malignancies (13, 14). In this
case, the serum levels of IgG4 were within the normal
range, and no systemic manifestations of IgG4-RD were ob-
served in the non-neoplastic lung tissue or extra-thoracic or-
gans. Additionally, only a few IgG4-positive plasma cells
were observed in the germinal center of the MALT lym-
phoma. These findings suggest that IgG4-positive plasma
cells may infiltrate the stromal tissue of the MALT lym-
phoma resulting in histological changes similar to IgG4-
RRD; however, further investigations are needed to deter-
mine the association between the high expression of IgG4
and pulmonary MALT lymphoma.

Primary pulmonary MALT lymphoma shows a variety of
shadows; however, cysts are rare. Two factors may be re-
sponsible for the development of cysts. One is the MALT
lymphoma itself. Pulmonary MALT lymphoma originates
from BALT, which is found along the bifurcations of the up-
per bronchi, directly beneath the epithelium. Additionally, a
previous study showed that the proliferation of BALT re-

sulted in lower respiratory tract obstruction (15). These ob-
servations suggest that proliferated BALT might act as a
check valve followed by cystic changes via overinflation of
the alveoli. Another possibility is that the cysts that develop
in patients with primary pulmonary MALT lymphoma are
associated with an underlying collagen disease. Noguchi et
al. reviewed eight patients with primary pulmonary MALT
Ilymphoma who presented with cystic abnormalities and re-
ported that three of them had Sjogren’s syndrome as an as-
sociated comorbidity. Multiple lung cysts are a common
manifestation in patients with Sjogren’s syndrome (7). How-
ever, our patient did not present with Sjogren’s syndrome.
These data suggest that MALT lymphoma itself contributed
to the development of the lung cysts in this case, although
further investigations are needed to elucidate the mecha-
nisms underlying the development of lung cysts in pulmo-
nary MALT lymphoma.

In this case, primary pulmonary MALT lymphoma was
diagnosed on the basis of monoclonal IgVH gene rearrange-
ment by PCR using paraffin sections. Southern blotting with
unfixed samples is the gold standard method for identifying
the clonality of immunoglobulin gene rearrangement. Never-
theless, PCR is also useful because it has higher sensitivity
than Southern blotting and therefore paraffin sections can be
used for the detection of clonality (9). In this case, the pos-
sibility of a primary pulmonary MALT lymphoma was not
considered before surgical lung biopsy because of the rare
CT findings; thus, unfixed specimens were not retained for
Southern blotting. In such situations, PCR can be performed
using paraffin sections to detect clonality and additional bi-
opsy can be avoided.

Conclusion

This is the first case of primary pulmonary MALT lym-
phoma with histopathological features consistent with IgG4-
RRD. This report suggests a potential association between
IgG4 and primary pulmonary MALT lymphoma.
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