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Abstract: The patient, a 42-year-old man, was diagnosed as having an anterior mediastinal tumor. Examination
of the resected tumor showed findings consistent with a primary thymic mucosa-associated lymphoid tissue lym-
phoma, stage IA. Postoperative 6F-fluorodeoxyglucose-positron emission tomography/computed tomography dem-
onstrated fluorodeoxyglucose accumulation at the site of tumor excision. This accumulation was interpreted as
representing a residual lesion, and the patient was treated with rituximab. The patient has since been in a state of
complete remission for about 3 years. Sporadic mucosa-associated lymphoid tissue lymphoma cells that appeared
to have a propensity for differentiating into plasma cells in this case were analyzed for IgG and 1gG subclass expres-
sion by immunohistochemical staining. The mucosa-associated lymphoid tissue lymphoma cells that showed a
propensity for differentiating into 1gG-positive plasma cells were IgG3-positive and IgG1-, IgG2- and 1gG4-negative.
An increase in 1gG3 or IgG1 expression in immune cells has been previously demonstrated in immune responses
to continuous exposure to the same proteins or peptide antigens and most mucosa-associated lymphoid tissue
lymphomas show increased IgG3 and/or IgG1 expression. It is consistent with the fact that inflammation due to
stimulation by a pathogenic antigen is considered to be etiologically responsible for the development of mucosa-
associated lymphoid tissue lymphoma.

Keywords: Mucosa-associated lymphoid tissue (MALT) lymphoma, thymus, 1gG1, 18G3, paraffin-embedded tissue
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Introduction No more than about 50 cases of primary thymic
MALT lymphoma have been reported since the

Mucosa-associated lymphoid tissue (MALT) first case was reported by Isaacson et al. in

lymphoma may develop in various organs that
have a background of chronic inflammation or
of autoimmune diseases such as Helicobacter
pylori infection-induced gastritis, Hashimoto’s
disease or Sjogren’s syndrome. Malignant lym-
phomas account for approximately 10-20% of
all primary mediastinal tumors and often occur
in the anterior mediastinum in adult cases.
Malignant lymphomas that are commonly en-
countered in clinical practice include Hodgkin’'s
lymphoma, diffuse large cell lymphoma and T
cell blastoid lymphoma. In contrast, primary
thymic MALT lymphoma is extremely rare.

1983 [1, 2]. The disease characteristically oc-
curs in women aged about 50 years old who
reside in East Asia, in whom the lesions are
confined to the thymus, are usually not associ-
ated with symptoms and show slow progression
[3]. Autoimmune disorders, cyst formation in
the tumor, and IgA expression on the tumor cell
surface are also frequently found, and the
serum IgA may be elevated. The API2-MALT1 fu-
sion gene is rarely demonstrated. Trisomy 3 is
detected in about 50% of cases and trisomy 18
in about 7%, although neither trisomy was dem-
onstrated in the case reported herein. In the
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Figure 1. Chest X-ray, Computed tomography (CT) and magnetic resonance imaging (MRI). A: Chest X-ray. A mass
shadow overlapping the right atrial segment of the cardiac silhouette is indicated (yellow encircled). B: Chest CT
image showing a tumor consisting of an admixture of calcification and cyst formation in the area encompassing the
anterior to middle mediastinum, immediately adjacent to the heart. C, D: T2-weighted images of chest MRI. An irreg-
ular mass measuring 1.5 cm in diameter is noted in the mediastinum, with a continuous irregular bifurcating mass
extending downwards to around the heart. In particular, the mass abutting the right cardiac margin is a multilocular
cystic mass lesion measuring 6 cm in anteroposterior diameter and 3 cm in width, and was strongly suspected to
extend into the thymus and pleura. A slightly increased intensity was noted in the furcal region.

present case, the tumor was negative for the
immunoglobulin M protein. However, since im-
munostaining demonstrated that the tumor
cells with a predilection for differentiating into
plasma cells were |gG-positive, we explored the
IgG subclass expression profile of these cells.
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The results showed that the plasma cells that
were sporadically seen among the tumor cells
of the MALT lymphoma were positive for 1gG3,
and negative for 1gG1, 18G2 and 1gG4. This is
the first report to document IgG3 expression on
tumor cells that are sporadically seen in MALT
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Figure 2. Pathology of the thymic MALT lymphoma. A-B: Hematoxylin and eosin-stained (H & E) sections of thymic
MALT lymphoma (A, B). (A) (x40), (B) (x600). The normal follicular architecture of the thymus is almost completely
destroyed, with intense infiltration by ellipsoid, relatively small to medium-sized monocytoid cells which occasion-
ally have Dutcher bodies; some of the cells have pale cytoplasm. Plasma cells with amyloid deposits surrounded
by lymphocytes are sporadically seen. (C-I) mmunostaining of monocytoid cells. (C) CD20 (x600), positive; (D) CD3
(x600), negative; (E): CD5 (x600), negative, and (F) keratin (x600), showing partial infiltration of epithelial cells.
These data indicate the presence of CD20-positive, CD5-negative B cells. A lymphoepithelial lesion (LEL) consist-
ing of small to medium-sized lymphocytes was noted in the keratin-positive glandular tissue of some Hassall's
corpuscles. G-l: Immunohistochemical staining of follicular colonization of the MALT lymphoma. (G) Ki-67 (x600),
almost completely negative; (H) CD10 (x600), negative and (I) CD21 (x600). CD10-negative lymphocytes and was
devoid of CD21-positive follicular dendritic cells (FDCs). (J-R) Immunostaining of IgG-subclass expression in sporadic
plasma cells. (J) IgG (x600); positive, (K) (x600), positive; and (L) (x600), negative. (M-R) Immunostaining of the IgG
subclass profile of some of the I1gG-positive plasma cells. (M) IgG1 (x600), negative; (N) IgG2 (x600), negative; (0)

18G3 (x600), positive; (P) 1G4 (x600), negative; (Q) IgA (x600), negative and (R) IgM (x600), negative.

lymphomas and that show a propensity for dif-
ferentiation into plasma cells.

Case report

A 42-year-old man presented with the chief
complaints of cough and fever. He had under-
gone an appendectomy when he was 16 years
old and suffered from a gastric ulcer when he
was 21. The patient was examined for the chief
complaints of cough and fever of the present
illness at the Department of Respiratory Me-
dicine of this hospital in February 2011. Com-
puted tomography (CT) and magnetic resona-
nce imaging (MRI) of the chest revealed a tumor
of the anterior mediastinum. The patient was
referred to the Department of General Thora-
cic Surgery, where thoracoscopic excision of
the mediastinal tumor was performed. In May
2011, a final diagnosis of primary thymic extra-
nodal marginal zone lymphoma of MALT lym-
phoma was made. The patient was referred to
the Department of Hematology of this hospital
in June 2011.

Status at initial examination: height, 179 cm;
weight, 71 kg; temperature, 36.9°C; blood pre-
ssure, 118/86 mmHg; and pulse, 78/min, regu-
lar. He was mentally alert and general physical
examination revealed no pallor or icterus. No
pulmonary flow murmurs or heart murmurs
were heard. The liver and spleen were not pal-
pable. There was no superficial lymphadenopa-
thy, nor any edema.

Laboratory findings at the time of the first visit:
The white blood cell (WBC) count was slightly
decreased to 3.8 x 10%/L; the serum IgG level
was slightly increased to 1804 mg/dL; serum
M protein was not detected; the rest of the lab-
oratory tests were non-contributory. Images of
the chest X-ray and chest CT obtained before
surgical excision of the mass lesion are shown
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in Figure 1A, 1B. The images showed a tumor
with an admixture of calcification and cyst for-
mation, encompassing the anterior to middle
mediastinum, immediately contiguous with the
heart. No other lesions were noted on whole-
body CT-scanning. T2-weighted MRI scans of
the chest obtained prior to tumor excision are
presented in Figure 1C, 1D. An irregular mass
measuring 1.5 cm in diameter was noted in the
mediastinum with a continuous irregular bifur-
cating mass extending downwards to around
the heart. In particular, the mass abutting the
right cardiac margin was a multilocular cystic
mass lesion measuring 6 cm in anteroposterior
diameter and 3 cm in width, and this mass was
strongly suspected to extend into the thymus
and pleura. A slightly increased intensity was
noted in the furcal region.

As seen in Figure 2, hematoxylin and eosin
(H&E)-stained sections of the lesion showed
almost complete disappearance of the thymic
follicular architecture that was associated with
intense infiltration by ellipsoid, relatively small-
to medium-sized lymphocytes and sporadic
intercalatedplasmacells.Immunohistochemical
examination demonstrated monocytoid B-cells
with pale cytoplasm that were positively stained
for CD20 and negatively stained for CD5.
Amyloid deposits that were surrounded by lym-
phocytes were present, as well as a lymphoepi-
thelial lesion (LEL) composed of small to medi-
um-sized lymphocytes in the glandular tissue of
Hassall’'s corpuscles. Thus, follicular coloniza-
tion of a MALT lymphoma was found that con-
sisted almost entirely of Ki-67-negative, CD10-
negative lymphocytes and was devoid of CD21-
positive follicular dendritic cells (FDCs); sporad-
ic MALT lymphoma cells showing a predilection
for differentiating into IgGk-positive plasma
cells were also noted.
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Figure 3. Paraffin-embedded tissue section-fluorescence in situ hybridization (PS-FISH) analysis of the thymic MALT
lymphoma. The percentage of cells that presented features (split signals) suggestive of splitting of the gene regions
of (A) IgH (14923); 3.0%, (B) MALT1 (18qg21.1); 0.0%, (C) BCL2 (18g21.3); 0.0% and (D) BCL6 (3927); 0.0% was
determined using PS-FISH analysis. No trisomy 18 (B, C) or trisomy 3 (D) was detected. For (A) and (B); Red signals
(centromeric side) and green signals (telomeric side). For (C) and (D); Green signals (centromeric side): red signals
(telomeric side).

The 1gG subclass expression of the MALT lym-
phoma cells that showed a propensity for dif-
ferentiating into IgGk-positive plasma cells was
analyzed by immunohistochemical staining. Th-
is analysis showed that the cells stained posi-
tive for IgG and negative for IgA and IgM. Re-
garding 1gG subclass expression, the cells st-
ained positive for IgG3 and negative for 1gG1,
IgG2 and 1gG4.

As seen in Figure 3, fluorescence in situ hybrid-
ization of paraffin-embedded tissue sections
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(PS-FISH) showed immunoglobulin heavy chain
(IGH) split signals in 3% of the cells, while none
of the cells exhibited MALT1 or B-cell lympho-
ma 2 (BCL2) split signals; there was no evi-
dence of trisomy 18. None of the cells exhibited
BCL6 split signals and there was no evidence of
trisomy 3. Based on these data, a final diagno-
sis of primary thymic MALT lymphoma was
made. Since no fresh specimens were avail-
able, neither IgH-JH locus assay by Southern
blotting nor chromosomal analysis was fea-
sible.
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Figure 4. '®F-fluorodeoxyglucose positron emission
tomography-computed tomography. A: A post-tumor
excision residual lesion (maximum standardized up-
take value: 3.2) was noted in the mediastinal lymph
node. B: The abnormal accumulation of *#F-fluorode-
oxyglucose was not observed after rituximab therapy.

Regarding clinical progression, the blood leuko-
cyte count returned to normal and the serum
soluble interleukin-2 receptor (sIL-2R) level de-
creased slightly following tumor excision. Since
post-tumor excision 8F-fluoro-2-deoxy-D-gluc-
ose-positron emission tomography/computed
tomography (FDG-PET/CT) raised the suspicion
of a probable postoperative residual lesion
(Figure 4), the patient was administered eight
cycles of rituximab starting from November
2011 (Figure 5). A subsequent FDG-PET/CT sh-
owed disappearance of the residual lesion,
with normalization of the serum sIL-2R and IgG
levels. Complete remission has since been ma-
intained for about 3 years.

Discussion

The features of the present case are collated
along with the documented characteristics of
primary thymic MALT lymphomas in Table 1
[3-17]. The shared features are: patients of Ja-
panese ethnicity, similar tumor size, tumor sur-
face negative for immunoglobulin k-light chain
and the API2-MALT1 fusion gene, and no dis-
ease progression. Sjogren’s syndrome may be
associated with chronic inflammation of the th-
ymic glandular tissue but Sjégren’s syndrome
was not present in our case. Surgical excision is
usually indicated for the treatment, disease
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Figure 5. Clinical course. Changes in the level of pa-
rameters such as leukocyte count, serum soluble
interleukin-2 receptor (sIL-2R) and serum IgG levels
over the clinical course are shown. Times of tumor
excision, and of administration of eight cycles of
rituximab monotherapy, which was initiated when
post-tumor excision 8F-fluorodeoxyglucose positron
emission tomography-computed tomography (FDG-
PET/CT) raised the suspicion of a residual lesion,
are indicated. Complete remission was determined
based on normal sIL-2R and serum IgG levels and a
repeat FDG-PET/CT, which could not detect any re-
sidual lesion. The state of complete remission has
been maintained since for about 3 years.

progression is uncommon and the prognosis is
favorable.

We reviewed the literature regarding the as-
sociation of chromosomal aberrations with
MALT lymphomas. Of the 13 cases assessed
for 1(11;18)(021;921), t(14;18)(q32;021) and
1(1;14)(p22;932), no case showed any of these
chromosomal aberrations, although trisomy 3
was reported in 50% (7/14) of the cases and
trisomy 18 in 7% (1/14) [15]. The chromosomal
aberration profile of the above 14 cases was
similar to that seen in MALT lymphomas of the
thyroid and salivary glands. MALT lymphomas
can probably be grossly classified into two sub-
types; cases with trisomy 3, and cases with
1(11;18)(921;921), since concurrence of these
two chromosomal aberrations in these tumors
is extremely rare. Although there has been a
report suggesting that trisomy 3 is associated
with MALT lymphoma cells that show a predilec-
tion for differentiating into plasma cells [18],
there is also the view that such an association
is unlikely, because conspicuous differentiation
into plasma cells is often observed even in
cases without trisomy 3 [15]. Furthermore, for
CD10-negative low-grade B cell lymphomas,
the likelihood of a tumor being a MALT lympho-
ma is greater if FISH analysis of BCL6 (3q27)
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Table 1. Comparison of clinical characteristics between primary thymic MALT lymphoma cases and

the present case

Factors Reported cases (n=72) Present case
Age (years) 14-75 (mean 52) 45
Gender Female (55)", Male (18) Male
Ethnicity Japanese (36)", Chinese (4), Korean (7), Caucasian (2), Canada (1) Japanese™
Symptoms Absent (26)", Discomfort (2), Pain (4), Hemoptysis (2), Cough (1), Other (5) cough
Other site None (18)%, Salivary (5), LN (8), Lung (3), Stomach (2), Other (3) LN
Autoimmune SiS (33)", RA (6), Other (6), Absent (13) Absent
Size (cm) 1.5-17.5 (mean 8.1) 6"
Cyst formation Present (36)", Absent (6) Present™
Serum Ig 1gA (37)%, 1gG (10), IgM (6), Monoclonal (12)*, Polyclonal (11) 186G
Surface Ig K (29)%, A (18), IgA (12)*, 18G (3) K, 1gG
API2-MALT1 Present (1), Absent (38)*, IgH (0/20) Absent™
Chromosome NA (40)*, Normal (1), Trisomy 18 (3), 46Xdup(X)(p11g22) (1) Trisomy 3" (8/20), Other (1) NA**
Treatment TE (29)%, CT (1), TE&CT (5), TE&RT (5), CT&RT (4), Ope&R (1) TE&R
Prognosis Alive (26)", Dead (1), Transformation (1), LN metastasis (1) Alive™

Abbreviations: CT chemotherapy, LN lymph node, NA not available, Prog prognosis, RA rheumatoid arthritis, Rit rituximab, RT Radiation therapy, SjS sjogren’s syndrome,

TE tumor excision, “frequent matters; ““consistent with this present case.

reveals trisomy 3, whereas the likelihood of the
tumor being a follicular lymphoma (FL) is great-
er if such FISH analysis reveals a BCL6 translo-
cation. These findings may be of value for diag-
nostic differentiation between FL and MALT ly-
mphomas.

It is of great interest that, in our case, the spo-
radic cells in the MALT lymphoma that showed
a propensity for transformation into plasma
cells were positive for 1gG3 expression, but
were negative for 1gG1, 1gG2 and 1gG4. Although
the relevant data are not presented here, many
of the sporadic plasma cells in the MALT lym-
phoma were negative for both 1gG2 and IgG4,
and positive for IgG3 and/or IgG1. According to
a previous report, the frequency of lymphocyte
surface IgG subclass expression in patients
with non-Hodgkin’s lymphoma is as follows:
IgG1 > 1gG3 > 1gG2 > IgG4 [19]. In particular,
plasma cells are liable to emerge in MALT lym-
phomas, which arise on a background of inflam-
mation due to chronic infection. The fact that
the sporadic cells that we observed showed
marked expression of 1gG3 or IgG1 was of pro-
found interest in terms of tumor development
since these IgG subclasses have been demon-
strated to be increased in immune responses
to continuous exposure to the same protein or
peptide (e.g., viruses). The increased expres-
sion of these IgG subclasses in the tumor cells
may therefore represent a reaction to patho-
gens that leads to the development of MALT
lymphoma. This finding may be of use in diag-
nosing MALT lymphoma, as well as in determin-
ing the etiology of the disorder.
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In summary, we encountered a case of primary
thymic MALT lymphoma. The patient was a man
with relatively typical clinical features of the dis-
ease, except that he did not have Sjogren’s syn-
drome. Since such lymphomas do not show
1(11;18)(921;921) and are frequently associat-
ed with trisomy 3 according to the literature,
the present data suggest the potential useful-
ness of PS-FISH (BCL6) analysis for cases wh-
ere diagnostic discrimination between FL and
MALT lymphoma is difficult. With regards to IgG
subclass expression, the plasma cells that
were differentiated from MALT lymphoma cells
and the plasma cells admixed with the tumor
cells in the MALT lymphoma were found to be
solely 1gG1- and/or 1gG3-positive. This feature
is considered useful for the diagnosis of MALT
lymphoma and for the determination of its etiol-
ogy. In the future, we plan to study the relation-
ship between IgG subclass expression and dis-
ease state of this disorder.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Kei-Ji Sugimoto, De-
partment of Hematology, Juntendo University Ura-
yasu Hospital, 2-1-1 Tomioka, Chiba 279-0021, Ja-
pan. Tel: +81-47-353-3111; Fax: +81-47-381-5054;
E-mail: keijis@juntendo.ac.jp

References

[1] Isaacson P and Wright DH. Malignant lympho-
ma of mucosa-associated lymphoid tissue. A
distinctive type of B-cell lymphoma. Cancer
1983; 52: 1410-1416.

Int J Clin Exp Pathol 2014;7(12):8980-8987



(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

IgG3 subclass-positive primary thymic MALT lymphoma

Isaacson PG, Chan JK, Tang C and Addis BJ.
Low-grade B-cell lymphoma of mucosa-associ-
ated lymphoid tissue arising in the thymus. A
thymic lymphoma mimicking myoepithelial si-
aladenitis. Am J Surg Pathol 1990; 14: 342-
351.

Sunohara M, Hara K, Osamura K, Tashiro N,
Shibuya H, Nakahara K, Kishida Y, Tamura K
and Hisada T. Mucosa associated lymphoid tis-
sue (MALT) lymphoma of the thymus with tri-
somy 18. Intern Med 2009; 48: 2025-2032.
Lorsbach RB, Pinkus GS, Shahsafaei A and
Dorfman DM. Primary marginal zone lympho-
ma of the thymus. Am J Clin Pathol 2000; 113:
784-791.

Moriyama E, Yokose T, Kodama T, Matsuno Y,
Hojo F, Takahashi K, Nagai K, Nishiwaki Y and
Ochiai A. Low-grade B-cell ymphoma of muco-
sa-associated lymphoid tissue in the thymus of
a patient with pulmonary amyloid nodules. Jpn
J Clin Oncol 2000; 30: 349-353.

Inagaki H, Chan JK, Ng JW, Okabe M, Yoshino
T, Okamoto M, Ogawa H, Matsushita H, Yokose
T, Matsuno Y, Nakamura N, Nagasaka T, Ueda
R, Eimoto T and Nakamura S. Primary thymic
extranodal marginal-zone B-cell lymphoma of
mucosa-associated lymphoid tissue type ex-
hibits distinctive clinicopathological and mo-
lecular features. Am J Pathol 2002; 160:
1435-1443.

Ortonne N, Copie-Bergman C, Remy P, Delfau-
Larue MH, Alonso MA, Mariette X, Dierlamm J,
Leroy K and Gaulard P. Mucosa-associated
lymphoid tissue lymphoma of the thymus: a
case report with no evidence of MALT1 rear-
rangement. Virchows Arch 2005; 446: 189-
193.

Shimizu K, Ishii G, Nagai K, Yokose T, Ishizawa
K, Tamaru J, Yoshida J, Nishimura M and Oc-
hiai A. Extranodal marginal zone B-cell lympho-
ma of mucosa-associated lymphoid tissue
(MALT lymphoma) in the thymus: report of four
cases. Jpn J Clin Oncol 2005; 35: 412-416.
Masunaga A, lwamoto S, Nakamura H, Usuda
R, Masuda M, Suzuki S, Miyazaki A, Suzuki T,
Mitsuya T and Yoshitake T. Thymic epithelial
cells expressed unusual follicular dendritic cell
markers: thymic extranodal marginal zone
B-cell lymphoma of mucosa-associated lym-
phoid tissue. Pathol Int 2008; 58: 402-405.
Nishida T, Karamatsu S, Mittsui T, Sugiura H,
Nakamae K and Tanaka H. [A case or thymic
MALT lymphoma with Sjégren syndrome]. Rin-
sho Gekagakkai 2009; 70: 1670-1674.

8987

(11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

Kurabayashi A, Iguchi M, Matsumoto M, Hiroi
M, Kume M and Furihata M. Thymic mucosa-
associated lymphoid tissue lymphoma with
immunoglobulin-storing histiocytosis in Sjog-
ren's syndrome. Pathol Int 2010; 60: 125-130.
Shimizu K, Yoshida J, Kakegawa S, Astumi J,
Kaira K, Oshima K, Miyanaga T, Kamiyoshihara
M, Nagai K and Takeyoshi |. Primary thymic
mucosa-associated lymphoid tissue lympho-
ma: diagnostic tips. J Thorac Oncol 2010; 5:
117-121.

Go H, Cho HJ, Paik JH, Park CM, Oh YH, Jung
KC, Kim CW and Jeon YK. Thymic extranodal
marginal zone B-cell lymphoma of mucosa-as-
sociated lymphoid tissue: a clinicopathological
and genetic analysis of six cases. Leuk
Lymphoma 2011; 52: 2276-2283.

lwabuchi T, Kimura Y, Suzuki T, Hayashi H, Fu-
jimoto H, Hashimoto Y, Ogawa T, Kusama H,
Fukutake K and Ohyashiki K. [Successful treat-
ment with rituximab in a patient with primary
thymic MALT lymphoma complicated with ac-
quired von Willebrand syndrome and Sjoégren
syndrome]. Rinsho Ketsueki 2011; 52: 210-
215.

Kominato S, Nakayama T, Sato F, Yamada S,
Xia H, Fujiyoshi Y, Hattori H and Inagaki H. Ch-
aracterization of chromosomal aberrations in
thymic MALT lymphoma. Pathol Int 2012; 62:
93-98.

Naithani R, Ngan BY, Roifman C, Crump M, Ba-
ruchel S and Abla O. Thymic mucosa-associat-
ed lymphoid tissue lymphoma in an adoles-
cent girl. J Pediatr Hematol Oncol 2012; 34:
552-555.

Kang LY, Ho SP and Chou YP. Primary thymic
mucosa-associated lymphoid tissue lympho-
ma with multiple thin walled lung cysts: case
report and literature review. Chin J Cancer Res
2013; 25: 354-357.

Chng WJ, Remstein ED, Fonseca R, Bergsagel
PL, Vrana JA, Kurtin PJ and Dogan A. Gene ex-
pression profiling of pulmonary mucosa-asso-
ciated lymphoid tissue lymphoma identifies
new biologic insights with potential diagnostic
and therapeutic applications. Blood 2009;
113: 635-645.

Bradwell AR. 1gG Subclasses in Disease.
Birmingham, UK: Sales Print Design Ltd; 1993.

Int J Clin Exp Pathol 2014;7(12):8980-8987



